Vol 22 No.4 October-December 1992

SPur

|SSN 0813 - 1988

€ JOURNAL

South Pacific Underwater M edicine Society Incorporated

EDITORIALS
The Editor’s Offering 187
Some facts about SPUMS John Knight 188
ORIGINAL PAPERS
Flying after treatment for decompression illness: when isit safe? Christopher Butler 189
On no-stop time limits, safety stops and ascent rates Bruce Wienke 192
THEWORLDASIT IS
Isthe AMA really interested in preventive medicine? John Knight 203
Resort scuba courses in Queensland: numbers and costs Jeffery Wilks 206
SPUMSNOTICES
Change of address 208
Constitutional amendment 208
Minutes of the Executive Committee teleconference 30th August 1992 208
LETTERSTO THE EDITOR
SPUMS Journal - for doctors or divers ? Peter Mosse 210
Gerry Stokes 211
Hyperbaric Technicians and Nurses Association Steve Goble 211
BOOK REVIEW
Diving medicine for scuba divers C Edmonds, B McKenzieand R Thomas 212
Medical writing: a prescription for clarity Goodman NW and Edwards MB 212
Oxygen first aid for divers John Lippmann 213
SPUMSANNUAL SCIENTIFIC MEETING 1990
Scuba diving incident reporting: the first 125 incidents Chris Acott 214

REPORTS OF OTHER MEETINGS, GLEANINGS FROM MEDICAL JOURNALS, COURSES
AND MEETINGS ARE DETAILED ON THE BACK COVER

DISCLAIMER

All opinions expressed are given in good faith and in @l cases represent the views of the writer

and are not necessarily representative of the policy of SPUMS.

PRINTED BY
Registered by Australia Post

Publication Number VBH3527

SNAP PRINTING
344 Burwood Road
Hawthorn, Victoria 3122



SPUMS JOURNAL Vol 22 No.4 October-December 1992

OBJECTSOF THE SOCIETY

To promote and facilitate the study of all aspects of underwater and hyperbaric medicine.
To provide information on underwater and hyperbaric medicine.
To publish ajournal.
To convene members of the Society annually at a scientific conference.

OFFICE HOLDERS

President Dr Des Gorman Hyperbaric Unit, RNZN Hospital ,
Naval Base, Auckland, New Zealand

Past President Surgeon Commaodore Tony Slark 19 Stanley Point Road, Devonport,
Auckland 9, New Zealand.

Secretary Dr Darryl Wallner  Cl/o Australian and New Zealand College of Anaesthetists,
Spring Street, Melbourne, Victoria 3000.

Treasurer Dr Sue Paton 248 Willoughby Road, Crows Nest,
New South Wales 2065.

Editor Dr John Knight SPUMS Journal, Suite 304, 126 Wellington Parade,
East Melbourne,Victoria 3002.

Education Officer Dr David Davies Suite 6, Killowen House, St Anne’s Hospital,
Ellesmere Road, Mount Lawley, Western Australia 6050.

Public Officer Dr John Knight 34 College Street, Hawthorn,
Victoria 3122.

Committee Members Dr Chris Acott Hyperbaric Medicine Unit, Royal Adelaide Hospital,
North Terrace, Adelaide, South Australia 5000.

Dr Guy Williams 8 Toorak Street, Tootgarook,

Victoria 3941.

Dr John Williamson Hyperbaric Medicine Unit, Royal Adelaide Hospital,

North Terrace, Adelaide, South Australia 5000.
New Zealand Chapter

Chairman Dr Andy Veale 42 Omahu Road, Remuera, Auckland.
Secretary Dr Rees Jones P.O.Box 349, Whangarei.
North American Chapter
Chairman Dr Ray Rogers P.O.Box 759, Blairsville, Georgia 30512.
Secretary Steve Dent 3565 Sherbrooke Drive, Evendale, Ohio 45241
MEMBERSHIP AIR MAIL DELIVERY
Membership is open to medical practitioners and The SPUMSJournal canbeairmailed at thefollow-

those engaged in research in underwater medicine and  ing annua extra costs.
related subjects. Associate membershipisopentoall those,
who are not medical practitioners, who areinterestedinthe  Zonel eg. PapuaNew Guinea

aims of the society. & the South Pacific $11.00
The subscription for Full Membersis $A80.00and Zone2 e.g. Indonesiaand Malaysia. $13.00

for Associate Members is $A40.00. Zone3 eg. Indiaand Japan. $16.00
The Society’s financial year is now January to Zone4 eg. U.SA.andlIsrad $19.00

December, the same as the Journal year. Zone5 eg. Europe, Africa& Sth America $21.00
Anyoneinterested in joining SPUM Sshould writeto Thoseinterested in havingtheir copiesof the SPUMS

Journal airmailed should write to
SPUMS Membership, C/o

Australian and New Zealand College of Anaesthetists, SPUMS Journd
Spring Street, Suite 304, 126 Wellington Parade,
Melbourne, Victoria 3000, East Melbourne,

Australia Victoria 3002, Australia.



SPUMS JOURNAL Vol 22 No.4 October-December 1992

INSTRUCTIONSTO AUTHORS

The SPUMS Journal welcomes contributions (in-
cluding letters to the Editor) on all aspects of diving and of
hyperbaric medicine. Manuscripts must be offered exclu-
sively to the SPUMS Journal, unless clearly authenticated
copyright exemption accompanies the manuscript.

Minimum Requirementsfor Manuscripts

All contributions should be typed, double-spaced,
using both upper and lower case, on one side of the paper
only, on A4 paper with 45 mm left hand margins. All pages
should be numbered. No part of the text should be under-
lined. These requirements also apply to the abstract, refer-
ences, and legendsto figures. Measurementsaretobein Sl
units (mm Hg are acceptable for blood pressure measure-
ments) and normal ranges should be included. All tables
should be typed, double spaced, and on separate sheets of
paper. No vertical or horizontal rules are to be used. All
figuresmust be professionally drawn. Freehand letteringis
unacceptable. Photographs should be glossy black-and-
white. Colour prints or slides will normally be printed as
black andwhite. Colour reproductionisavailableonly when
itisessential for clinical purposesand may beat theauthors
expense. Legendsshouldbelessthan40words, andindicate
magnification. Two (2) copiesof all text, tablesandillustra-
tions are required.

Abbreviations do not mean the sameto al readers.
To avoid confusion they should only be used after they have
appeared in brackets after the complete expression, e.g.
decompressionillness(DCI), and thereafter czn bereferred
toas DCI.

The preferred length of original articles is 2,500
words or less. Inclusion of more than 5 authors requires
justification. Original articles should include a title page,
giving thetitle of the paper and thefirst namesand surnames
of theauthors, an abstract of no more than 200 wordsand be
subdivided into Introduction, M ethods, Results, Discussion
and References. After the references the authors should
providetheir initials and surnames, their qualifications, and
the positions held when doing thework being reported. One
author should be identified as correspondent for the Editor
andfor readersof theJournal. Thefull current postal address
of each author, with the telephone and facsimile numbers of
the corresponding author, should be supplied with the con-
tribution. No morethan 20 references per major articlewill
be accepted. Acknowledgements should be brief.

Abstracts are also required for all case reports and
reviews. Lettersto the Editor should not exceed 400 words
(including references which should be limited to 5 per
letter). Accuracy of the references is the responsibility of
authors.

References

The Journal referencestyleisthe”Vancouver” style,
printed in the Medical Journal of Australia, February 15,
1988; 148: 189-194. Inthisreferences appear in thetext as
superscript numbers.2 The references are numbered in
order of quoting. Index Medicus abbreviations for journal
names are to be used. Examples of the format for quoting
journals and books are given below.

1 Anderson T. RAN medica officers' training in under-
water medicine. SPUMSJ 1985; 15 (2): 19-22

2 Lippmann Jand Bugg S. The diving emergency hand-
book. Melbourne: J.L.Publications, 1985: 17-23

Computer compatibility

The SPUMS Journal is composed on a Macintosh
using Microsoft Word and PageMaker. Contributions on
Macintosh discs, 400 or 800 k, preferably in Microsoft
Word, or in any programme which can be read as“text” by
Microsoft Word 3, save typing time. They must be accom-
panied by hard copy set out asin Minimum Requirements
for Manuscripts above.

Consent

Any report of experimental investigation on human
subjects must contain evidence of informed consent by the
subjectsand of approval by therelevant institutional ethical
committee.
Editing

All manuscripts will be subject to peer review, with
feedback to the authors. Accepted contributions will be
subject to editing.
Reprints

The Journal does not provide reprints.

Addressfor all Contributions

Dr John Knight, Editor, SPUM S Journal, Suite 304,
126 Wellington Parade, East Melbourne, Victoria 3002,
Australia. Facsimile 61-(0)3-417 5155.

Telephone enquiries should be made to Dr John
Knight (03) 417 3200, or Dr John Williamson (08) 2245116.



SPUMS JOURNAL Vol 22 No.4 October-December 1992

SPUMSANNUAL SCIENTIFIC MEETING 1991

Emergency air sharing Glen Egstrom 221
Respiratory function in intending divers Andy Veale 226

SPUMSANNUAL SCIENTIFIC MEETING 1992

Diving safety, where are we going? John Knight 229
Diver rescue and retrieval in North Queensland Geoff Gordon 232

REPORTSOF OTHER DIVING AND HYPERBARIC MEETINGS

Hyperbaric Technicians and Nurses Association 235

GLEANINGSFROM MEDICAL JOURNALS
Abstracts from the Undersea and Hyperbaric Medical Society Annual Scientific M eeting 1992

Observations on asthma in the recreational diving population Bove AA , Neuman T, Kelson Set al. 236
A survey of diving asthmatics Corson KS, Moon RE, Nealen ML et al. 237
Concordance: a problem with the current classification

of diving disorders Smith DJ, Francis TIR et al. 237
Climatic and environmental factors in the aetiology of DCI Broome JR 237
A retrospective review of diving accidents in Puerto Rico Sholar JB and Ames JW 238
Gender-related risk of decompression sickness in hyperbaric chamber

inside attendants: a case control study Dunford RG and Hampson NB 238
Cerebral involvement in decompression sickness Pearson RR, Pezeshkpour GH and Dutka AJ 239
Femoral head decompression sickness as a concomitant of

central nervous system decompression sickness Smith LA, Hardman JM, Sandberg GD et a. 239
Presentation of concurrent decompression sickness and carbon monoxide

poisoning - treatment with HBO Slade B 239
Radiographic imaging in neurological decompression illness Moon RE, Massey EW, Debatin JF et al. 240
Demonstration and explanation of the breach of the pulmonary filter

with transesophageal bubble contrast echocardiography Harch PG, Gottleib SF, Van Meter K et al. 240
MEETINGSAND COURSES 209, 210, 242

THE MARINE STINGER HOTLINE DIVER EMERGENCY SERVICE
AUSTRALIA WIDE 008-088-200
TOLL FREE NUMBER 008-079-909 The DES number 008-088-200 can only be
used in Australia.
For advice about the treatment of marine stinger For access to the same service from outside
injuries dial 008-079-909. Australiaring 1SD 61-8-223-2855.

PROJECT STICKYBEAK
This project is an ongoing investigation seeking to document all types and severities of diving- related accidents.
Information, all of which istreated asbeing CONFIDENTIAL inregardsto identifying details, is utilised in reports and
casereportson non-fatal cases. Such reports can befreely used by any interested person or organisation toincrease diving
safety through better awareness of critical factors.
Information may be sent (in confidence) to:
Dr D. Walker

P.O. Box 120, Narrabeen, N.S.W. 2101.



SPUMS Journal Vol 22 No 4 October-December 1992

187

The Editor's Offering

This issue has more letters about what the SPUM S
Journal should be. These arefirmly on the side of being an
independent medical journal. Wehave alwaysattempted to
be this.

TheJournal containsoriginal articles, which arepeer
reviewed, and should not haveappearedin any other journal .
There have been some recent breaches of thisrule, because
authors did not mention that the papers had been published
before. An important part of the Journal is the section of
SPUMS Notices. By publishing the minutes of Executive
Committee meetingswe keep al readers up to date with the
running of the Society. The presentations at Annual Scien-
tific Meetings (ASMs) are also printed so that all members
can benefit from them. These are expected to be original
contributions or, at the worst, new versions of previously
publishedinformation Thismeansthat thetextssupplied by
some guest speakers have to be reworked into new presen-
tations. Thisisdoneif the supplied text has obviously been
published before. Sending photocopiesof previouspublica-
tionsor textsheaded “ Presented at” isan obvious giveaway.
Asan educational servicewereprint articlesof interest from
other journals, with permissionfrom, and acknowledgement
of, the origina source. Finally there is a selection of
abstractsreprinted, with permission and acknowledgement,
fromother journals. Thisisanattempt to helpmemberskeep
up to date with underwater and hyperbaric medicine.

Problems have arisen from the publication of ASM
papers. Probably fromlack of knowledge of our no-censor-
ship policy people have assumed that these presentations
havebeen“officialy approved”. Thisisamisapprehension.
SPUMS, like all medical societies, encourages new infor-
mation and discussion, and if necessary disagreement, at its
meetings. Thesituation has been exacerbated by some non-
medical peopleclaimingthat presentationat aSPUMSASM
isan*“official SPUM Sendorsement” of theviewsexpressed
there. Again one assumesthat such people did not know of
theno-censorship policy. Oneshould alwaysread thecover
page and remember the disclaimer at the bottom.

Wehavefoundthat someoriginal papersarenot truly
scientific but well worth publishing. So this issue sees the
start of anew section. In THE WORLD ASIT ISwe will
publish peer reviewed papers of interest to divers. We start
withapaper about the odd attitude of the AustralianMedical
Association (AMA) to diving medicals. The article ends
with apleato members and associates to writeto the AMA
supporting the SPUMS stance that diving medicals should
only bedoneby thosewho havetheappropriatetraining. We
hope that many readers will inform the AMA of our views
and influence them to change their tack. The other paper
discussesthe numbersand costsof resort coursesin Queens-
land. Thereisno doubt that thisis big business.

Readers may be surprised to find a book review
reprinted fromthe BritishMedical Journa (BMJ). Itisthere
because the Editor dislikes having to rewrite papers submit-
ted for publication. Whileit isrewarding to have an author
write that hiswork has been much improved by editing, the
process takes much time and effort. Intending authors are
encouraged to use their Mastercard, Visa or American
Express card to purchase “Medica writing: a prescription
for clarity”.

Chris Acott’ s paper on diving incidents shows once
again that drugs and alcohol are incompatible with safe
diving. An incident due to incompetence with the diving
tables or being medically unfit to dive is associated with a
high chance of damage to the diver.

Glen Egstrom’ s paper on emergency air sharingisof
great interest. The Editor would not like to be offered a
deviceattachedtothedonor’ spower inflator to breathefrom
for fear of interfering with the donor’s buoyancy control.
That isapersonal opinion. Andy Veale's paper on respira
tory function inintending diversisinformative and timely.
Unfortunately itisunlikely that any medical ethical commit-
tee would be willing to sanction a controlled trial of diving
for asthmatics. So we will never know how dangerous
asthma makes diving. But asthmatics have figured in the
diving deaths and at | east three unpublished cases of uncon-
sciousness underwater in asthmatic trainee divers have oc-
curredintheMelbourneareainthepast 15 years. Theretwo
abstractsdealingwith diversand asthmaprintedin GLEAN-
INGS FROM MEDICAL JOURNALS.

The two papers from the 1992 ASM cover diving
safety and diver rescue. The latter isfactual while the first
in the Editor’s persona views on how to improve diving
safety, compressed into a 12 minute presentation. There
should be a scope for readers to write many letters to the
Editor putting forward their views on what should (or
perhaps should not) have been included.

We are pleased to print areport of the first Annual
Scientific Meeting of therecently formed Hyperbaric Tech-
nicians and Nurses Association (HTNA). They and the
ANZHMG will be having adiving and hyperbaric medicine
meeting in Darwin next year. A call for papers appearsin
thisissue. We wish both organisations much success.

With thisissue comesalist of SPUMS members, in
Australiaand New Zealand, who have the proper training to
do diving medicalsand whereto find them. Itisincomplete
as much of the information provided by members was
incompleteand sothosenamesdo not appear. Theback page
isfor letting the Secretary of SPUM S know you want to be
onthelist.
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Some facts about SPUMS

It has become abundantly clear that many people
have odd ideas about what SPUMS (the South Pacific
Underwater Medicine Society) is. This editorial was ap-
proved by the SPUMS Executive Committee at its last
meeting.

Tohelp clear upthecurrent confusionwedetail afew
facts.

WHAT SPUMSIS

SPUMS isan association of doctors. The Society is
run by a committee of doctors. Non-doctors who are
engagedinfull timedivingmedical researcharealsoeligible
for membership.

Only the Executive Committee can make SPUMS
policy. ThePresident and the Secretary are the two official
spokesmen for the Society. No one else can speak for
SPUMS unless authorised to do so on some special topic,
like this editorial. The Editors Offering appearing at the
begining of every Journal isto be read asthe Editor's views
and not an official expression of SPUMS' policies.

The objects of the Society are to promote and facili-
tate the study of all aspects of underwater and hyperbaric
medicine, to provideinformation on underwater and hyper-
baric medicine, to publish a journal (the SPUMS Journal)
and to convene members of the Society annually at ascien-
tific conference.

Because people other than doctors are interested in
underwater and hyperbaric medicine non-medical people
can join the Society as associate (non-voting) members.
Organisations which earn income by providing services to
divers, libraries and government bodies can join as a sub-
group of associate members paying a higher subscription
(corporate members). The SPUMS Journal is sent to all
members and associates four times a year.

SPUM S providesfree adviceto thosewho request it.
SPUM S represents diving medicine on two Committees of
Standards Australia.

SPUM SawardsaDiplomain Diving and Hyperbaric
Medicine. Candidates must have proper training and expe-
rienceand provideathesis. Theseareassessed by the Board
of Censors who also approve, as adequate training, diving
medicine courses.

WHAT DESIS

TheDiver Emergency Serviceisavoluntary service,
for al divers, provided by hyperbaric medicine experts

based at the Royal Adelaide Hospital. It provides free
telephone advice, on 008 088 200, twenty four hours aday.

It is a direct descendant of the unofficial 24 hour
service started by Dr Carl Edmonds at the Royal Australian
Navy School of Underwater Medicine, using the RAN
Diving School watchkeepersto passon messagesto theduty
doctor.

DES existsbecause Dr Des Gorman and otherswere
able to persuade the late John Friedrich, of the National
Safety Council of Australia (Victorian Division), to fund it
asacommunity service. Since the collapse of the National
Safety Council of Australia(Victorian Division) fundingthe
non-medical costs of the service, telephone and secretarial,
has been a problem. The part-funding provided by the
Commonwealth Government has now been withdrawn.

Treatment of injured diversisnot afunction of DES.
It isthefunction of theindividual hyperbaric unitsto which
divers are referred. One of these units is at the Royal
Adelaide Hospital. It is the individual hyperbaric units
which provide DES with treatment statistics.

The Diver Incident Monitoring Study is conducted
by Dr Chris Acott of the Royal Adelaide Hospital.

WHAT SPUMSISNOT

SPUMS has no link with DES except to provide
money to help keepitin existence. Thefact that the doctors
whorun DESand provideadvicefreeto diversare members
of SPUMS does not make DES a SPUM S body.

SPUMS is not part of the “diving industry” except
that its members buy diving gear and make use of commer-
cial diving boatsin exactly the same way that all diversdo.

The only links SPUMS has with diver training or-
ganisations are that some of these organisations are corpo-
rate members and many diving instructors are associate
members. Neither group have voting rights.

SPUM Sdoesnot run any coursesindiving medicine.
Thesearerun by variousnaval and hospital hyperbaric units
and the Diving Medical Centre in Brishane.

Only afew members of SPUMS, and many doctors
who arenot members, dodiving medicals. Tothebest of our
knowledge only one doctor in Australia, Dr Carl Edmonds,
practices solely at diving medicine.

John Knight
Editor, SPUMS Journal
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ORIGINAL PAPERS

FLYING AFTER TREATMENT FOR
DECOMPRESSION ILLNESS:
WHEN ISIT SAFE?

Christopher Butler

Introduction

When is it safe for a diver who has sustained an
episode of decompression illness (DCI) to ascend to alti-
tude?

Inanagewhenmany diversfly toandfromtheir dive
locations, thisis a common and important question. It has
been appreciated since the 1930’s that atitude ascent can
precipitate or exacerbate symptoms of DCI.! However,
thereisawiderange of opinion regarding when thisaltitude
ascentissafe, andthisvariability isdueto alack of datafrom
adequate clinical studies.

The objective of thispaper isto review theliterature
and to suggest safe and supportable advicethat can be given
to diversin this situation.

Theclinical problem

A high proportion of divers who suffer DCI have
flown to their diving location. A review of patients treated
for DCI at Townsvillefrom 1977 to 1988 showed that 26%
werefromoverseas.? A further 14% werefrominterstate. It
istherefore common to have to advise divers on when they
can fly after treatment for DCI. These divers usually feel
well and arekeentotravel home, soany delay of flying needs
to be justified.

Bubble effects with altitude

Ascentto atituderesultsin adecreasein theambient
pressure. Most modern airliners, for reasons of fuel effi-
ciency and weather conditions, fly at an altitude above 9,000
m (30,000 ft). To prevent hypoxia and for passenger
comfort, the aircraft cabin is usually pressurized to give an
equivalent altitude of 2,440 m (8,000 ft), at which the
ambient pressure is 0.74 bar.?

Such a decrease in ambient pressure will cause any
gas bubble present in atissueto increase in volume by 35%
accordingto Boyle' sLaw (figure 1). Thisexpansion corre-
sponds to an increase in bubble radius of 10.6%. Such
changes in bubble size may appear small, but cases have
been documented where such altitude exposures provoked
DCI in previously asymptomatic divers.*

FIGURE 1

BUBBLE EXPANSION WITH ALTITUDE
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Flying after diving in asymptomatic divers

Asymptomatic divers who have been exposed to
reduced ambient pressureafter a3 hour surfaceinterval have
had venous bubble formation detected by Doppler at alti-
tudes of 1,000 mto 3,000 m.5 Similarly, the provocation of
DCI with altitude exposure has been shown experimentally
in dogs.® This risk to the asymptomatic diver decreases
rapidly during the 24 hours following the dive.”

Thosewho go to altitude soon after diving arelikely
tohavetissuesthat are supersaturated with inert gas. Ascent
makes the development of bubbles, or the enlargement of
previously asymptomatic bubbles, morelikely. Thereduc-
tion of thisrisk over arelatively short time span can best be
explained by theelimination of much of theinert gasloadvia
the lungs.

Conversely, if flying prior to diving is associated
with the devel opment of asymptomatic bubbles, the risk of
DCI following a subsequent dive may be increased.?

This subject has been extensively reviewed recently
by Sheffield,° withrecommended surfaceinterval sfor flying
after asymptomatic diving.
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Flying after diving followed by DCI

The problem of flying after the development of
clinical DCI differsfrom the situation above in two impor-
tantways. First the patient with symptomatic DCI must have
developed bubblesand tissue damage before atitude expo-
sure. Secondly, the safe time period before atitude ascent
for those suffering from DCI suggested by someauthors (up
to 4 weeks)™ is considerably longer than that for asympto-
matic divers discussed above. Such an in interval should
allow theinert gas dissolved in the body to equilibrate with
theatmospheric partial pressure of that gas. Thismeansthat
it isessential to know how long bubbles can exist in tissues
following their development.

Logically, it might be expected that bubbles could
exist in atissue for arelatively short time, probably for no
more than several half times for that particular gas in that
particular tissue. This expectation is reinforced by both
mathematical and in vitro models of bubble dissolution.*
Evidenceexistshowever that thisisnot alwaysthe case, and
that bubbles may remain in tissues for much longer.

It has long been appreciated that the presence of X-
ray “streaking” in periarticular tissues can correlate with
DCI.22 Hills and Le Messurier (unpublished observations)
followed up adiver in Adelaideusing X-rays, and found that

SPUMS Journal Vol 22 No 4 October-December 1992

asymptomatictissuebubblescouldstill beidentified 22 days
after his bends-provoking dive.

Evidence also exists regarding the efficacy of de-
layed treatment of DCI. Diverswith symptomatic DCI who
delay recompression for up to 10 dayscan till respond with
full resolution of their symptoms.®® This suggests that they
still had tissue bubbles. These time periods far exceed any
of the theoretical half times for gas-tissue kinetics that are
used for the calculation of dive tables.

Casereports

There are few case reports of recurrence of DCI
following altitude ascent. This is probably due to these
recurrences being both infrequent and under-reported. The
United States Air Force (USAF) reported no cases of recur-
rent altitude DCI following treatment in the period 1970-
1980.* This is despite a policy of allowing flying when
airmen became asymptomatic, without stipul ating aspecific
period of grounding.

However, other reportsindicate that such apolicy is
too liberal. Recurrent episodes of atitude DCI can be
considered significant and due to the presence of residual
bubbles if the recurrent symptoms mimic the initial symp-

TABLE 1

SUMMARY OF OPINIONSFOR FLYING AFTER DCI

Author or Organization

Rayman & McNaughton (USAF)*

Davis®

United States Navy*

Professional Association of Diving Instructors (PADI)®

Williamson J (Personal communication)

Arthur and Margulies®

Bassett®

AS 2299%

Suggested Timeinterval

Once asymptomatic and treatment is completed.
No specific time given.

24 hours after treatment of Type 1.
72 hours after treatment of Type 2.

24 hours after surfacing for Type 1.

48 hours after treatment of Type 2.
Minimum 72 hours if symptoms persist.
72 hours following treatment of DCS.
28 days following treatment.

1 week after onset of Type 1.
30 days after onset of Type 2.

48 hours after treatment of symptoms resovled.
At discretion of diving medical consultant if unresolved.

Not greater than 300 m for 7 days.
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tomsand therecurrence developsat alower atitudethanthe
initial episode. Thisis even more significant if the recur-
rence occurs at an atitude below 18,000 ft (5,400 m)®,
which isthe usually accepted lower limit for altitude DCI.

A seriesof cases of atitude DCI reported by Allant®
showed recurrent DCI symptoms developing at up to 2
weeks after their initiation. Theserecurrenceswere consid-
ered by that author to be the result of previous injury, but
bubbles had probably remained over that time to produce a
recurrence of identical symptoms. Another case of recur-
rence at 3 days after resolution was reported by Furry.

An unreported seriesof 4 diverstreated at the Royal
Adelaide Hospital had recurrence of their symptoms with
ascent to 300 m (1,000 ft), 2 days after their last treatment.
These cases indicate that some divers require adelay of at
least several days after symptom resol ution before ascent to
altitude can be tolerated.

Present recommendations

Current opinion about when adiver treated for DCI
can fly varies greatly. Many authors and organizations
recommend very different intervals. Given thelack of data,
substantiation of any of these viewsisimpossible. Table 1
givesasummary of these opinions. A review by Sheffield
demonstrates a similar variability of opinion.®

Neurological effects

It isimportant to consider what constitutesthe clini-
cally asymptomatictreated diver. A review of diverstreated
for DCI wasconducted by theRoyal Australian Navy. This
study involved aclinical neurological examination, aseries
of psychological tests, a 19 lead EEG and a CT scan of the
head. Clinical resolution of symptomsoccurred in 84 of the
87 treated divers. The EEG follow up demonstrated that, of
46 divers, at one week 22 and at one month 8 divers had
abnormal EEGs. It is not known whether these residual
abnormalitieswere due to the continuing presence of tissue
bubbles, the haematological abnormalities subsequent to
bubble formation, or the residual effects of damaged nerve
tissue. Regardlessof theexact pathogenesi sof such changes,
this datawould indicate that 1 week after treatment may be
too short a convalescence before altitude exposure.

Type 1 versus Type 2 disease

Three of the opinions presented in Table 1 vary the
management of DCI according to the Type 1 and Type 2
categories as originally proposed by Golding et al.* This
symptomatic classification was suggested to differentiate
“simple” limb bends from the “more serious’ neurological
and cardiopulmonary manifestations of DCI. Recent re-
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viewsof diverssuffering DCI in Australiasuggest that most
diverswith limb bends have neurol ogical manifestations of
their disease.?® This is further substantiated when these
“pain only” sufferers are subjected to EEG examination.?
This would indicate that no attempt should be made to
differentiate, on the basis of presenting symptoms, when
divers should ascend to altitude.

Conclusions and recommendations

Because of the lack of systematic patient follow-up
and of controlled studies, it is difficult to estimate the
frequency of DCI recurrence with ascent to atitude, al-
though the USAF review would suggest that it is uncom-
mon.* Inthiscontext, itisnot surprising that opinionsabout
the safetimeinterval before atitude ascent areinconsistent.
| have found unpublished evidence that asymptomatic bub-
bles can exist in tissues for periods of up to 3 weeks and
published evidence that such stable bubbles may lead to a
recurrence of DCI symptoms.***” Thereisal so evidencethat
treated asymptomatic divers have EEG abnormalities that
resolve during the month after treatment.?

Asitisimpossibletoidentify which diverswill have
a prolonged risk of recurrence, it would seem prudent to
recommend a period of 4 weeks from the end of treatment
until ascent is permitted. Many diverswould consider such
atime interval to be too restrictive and as such would be
likely to fly earlier and accept an increased risk of recur-
rence. However, athough this interval is arbitrary, it is
longer than any reported bubble survival intissue, aswell as
being longer than theinterval reported to be associated with
recurrences. Thereisalsogood supporting evidencethat this
advice should not be varied on the basis of presenting
symptoms.

The recommendation is based on limited informa-
tion, mainly from isolated case reports. It isimpossible on
present information to quantify therisk of recurrenceof DCI
withflying after shorter periodsof conval escence, or at what
atitude these risks become significant.

It is important that a controlled follow-up study of
divers suffering DCI is carried out. The information re-
quiredis(a) thetimefrom end of treatment to altitude ascent,
(b) the altitude ascended to, and (c) the presence of any
recurrent symptoms. As most treated divers in Australia
cannot be reviewed by the treating Hyperbaric Unit, such a
study would have to rely on patient reporting, probably by
questionnaire. Such astudy would allow some quantifica-
tion of therisk of DCI recurrence.

Withtheincreasing popul arity of recreational diving
and the greater mobility of diving populations, flying after
diving will continue to occur with greater frequency. Con-
sequently, detailed follow-up studies of treated divers are
now essential.
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ON NO-STOP TIME LIMITS, SAFETY STOPSAND
ASCENT RATES

Bruce Wienke
Introduction

The past ten years, or so, havewitnessed anumber of
important changesin diving protocol sand table procedures,
such as shorter no-stop time limits, slower ascent rates,
discretionary safety stops, repetitive dive profilesrequiring
all dives to be shallower than the one before, multi-level
techniques, both faster and slower tissue half-times control -
ling repetitive dives, lower critical tensions (M-values) and
longer flying-after-diving surface intervals. Stimulated by



SPUMS Journal Vol 22 No 4 October-December 1992

Doppler technology, decompression meter development,
theory, statistics, or safer diving concerns, these modifica
tions affect a gamut of activity, spanning bounce to multi-
day diving. Of these changes, conservative no-stop time
limits, non-decompression safety stops and slower ascent
rates (less than the standard 18m (60 ft)/min) are much in
vogue, and deserve a closer look. Asit turns out, thereis
good support for shorter no-stop limits, safety stops, and
slow ascent rates on practical, experimental and theoretical
grounds.

Discretionary protocols

Spencert poineered bubble counting by the use of
Doppler. His results, showing many bubbles at no-stop
limits, led him to suggest reductionsin the no-stop limits of
the US Navy (USN) tables. A reduction inthe M value, of
the order of a repetitive group or two at each depth in the
tables (1-4 ft in critical tensions), was recommended to
lower bubble counts. Others have made similar recommen-
dations over the past 15 years.

Smith and Stayton? noted marked reductionsin pre-
cordial bubbleswhen ascent rateswerecut from 18 m (60ft)/
min to 9 m (30 ft)/min. In similar studies, Pilmanis* and
Neuman, Hall and Linaweaver* witnessed an order of mag-
nitude drop in venous gas emboli (VGE) counts in divers
making short safety stops following bounce exposures to
30m (100 ft).

An American Academy of Underwater Sciences
(AAUS) workshop on repetitive diving, recorded by Lang
and Vannand Divers Alert Network (DAN) statistics®
suggest that present diving practices become riskier with
increasing exposure time and pressure (depth) This evi-
dence has encouraged the development of ancillary safety
measures for multi-level, repetitive and multi-day diving.
Dunford, Wachholz, Huggins and Bennett” noted persistent
Doppler scores in divers performing repetitive, multi-day
diving, suggesting the presence of VGE in divers, al the
time, under such loadings.

Ascent rates, safety stops, decompression computers
and altitudediving wereal so the subject of extensivediscus-
sion at workshops and technical forums sponsored by the
American Academy of Underwater Sciencesand the Under-
seaand Hyperbaric Medical Society (UHMS) and havebeen
summarized by L ang and Hamilton,? Lang and Egstrom® and
Sheffield.*®* The discussions culminated in a set of recom-
mendations, based on standard Haldane' table and meter
procedures, even for exposures not exceeding time limits
nor critical tissue tensions.

The upshot of these studies, workshops, discussions
and testsis a set of discretionary protocols, not necessarily
endorsed in all diving sectors, but which might be summa-
rized asfollows:
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1 reduce no-stop timelimitsarepetitive group, or two,
below the standard USN limits;

2 keep ascent rates below 18 m (60 ft)/min, preferably
slower and required to be slower at altitude;

3 limit repetitive divesto amaximum of three per day,
none exceeding 30 m (100 ft);

4 avoid multi-day, multi-level, or repetitive dives to
increasing depths;

5 wait 12 hours before flying after no-stop diving, 24
hrs after heavy diving (taxing, near decompression,
or prolonged repetitive ) activity, and 48 hrs after
decompression diving;

6 avoid multipleascentsto the surface and short repeti-
tive dives (spikes) with surface intervalsless than 1
hour;

7 surface intervals of more than an hour are recom-
mended for repetitive diving;

8 safety stops for 2-4 minutes in the 3-9 m (10-20 ft)
zone are advisablefor al diving, but particularly for
deep, near 30 m (100 ft), repetitive and multi-day
exposures,

9 do not dive at altitudes above 10,000 ft using modi-
fied conventional tables, or linear extrapolations of
sea-level critical tensions;

10 in short, dive conservatively, remembering that ta-
bles and meters are not bends-proof.

Proceduressuch asthose aboveare prudent, theoreti-
cally sound and accepted safe diving practice. Ultimately,
they can al belinked to bubble decompression models, and
our interests here are no-stop limits, safety stops and ascent
rates. Inconsidering theseitems, aquick look at bubblesand
related dynamicsisfirst necessary.

Bubble dynamics

Internal pressures in bubbles exceed ambient pres-
sures by amounts equal to the effective surface tensions of
thebubbles(Figurel). Toeliminatebubbles, or reducetheir
growth, increased ambient pressure isrequired, not only to
restrict the size, but also to drive gas out of the bubble by
diffusion, and across the tissue-bubbleinterface (Figure 2).
The shorter the desired time of elimination, the greater must
bethe ambient pressure. Experiments conducted in decom-
pressed gels, notably by Yount and Strauss,? Kunkle and
Beckman,® and Y ount,**> have been illuminating, showing
that the smaller the bubble, the shorter the dissolution time
(Figure 3).

Theimplicationsfor divingareclear. Inthepresence
of even asymptomatic bubbles increased off-gassing pres-
sureisprudent. Atany pressure, thelength of timerequired
to dissolve bubbles of 250 micron diameter is significantly
shorter than that required to dissolvelarger bubbles. Imme-
diaterecompression, within lessthan 5 minutes, isadequate
treatment for bubbleslessthan 100 micronsin diameter and
forms the basis for Hawaiian emergency in-water recom-
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FIGURE 1

BUBBLE PRESSURE BALANCE
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FIGURE 2

BUBBLE GASDIFFUSION

Thetotal gas pressure, P, within an air bubble equals
the sum of ambient pressure, P, plus effective surface ten-
sion, 2y/r, according to,

P=P+ 2y/2
P,= PO, + PN,+ PH,0 + PCO,

Atsmall radii, surfacetension effectsarelarge, while
at large radii effects of surface tension vanish. Effective
surface tension is the difference between Laplacian (thin
film) tension and skin (surfactant) tension. Stabilized nuclei
exhibit zero effective surface tension, so that total gas
pressures and tensions are equal. When nuclei are de-
stabilized (bubbles), any gradients between free and dis-
solved gasphaseswill drivethe system to different configu-
rations, that is, expansion or contraction, until anew equilib-
rium is established.

Anair bubblein hydrostatic equilibriumwill grow or
contract, depending on its size and any relative gradients
between free gas in the bubble and dissolved gasin tissue.
Gradients are inward if tissue tensions exceed bubble gas
presures and outward if bubble gas pressures exceed tissue
tensions. A critical radius, r,, separates growing from
contracting bubblesfor agiven set of pressures. Thecritical
radius depends on the total tension, p, ambient pressure, P,
and effective surface tension, y,

r.=_2y
p-P
P, = PN, + PO, + PH,0 + pco,

where growth occursfor r>r_and contraction for r>r. Some
stabilized gasmicronucle inthebody can alwaysbeexcited
into growth by pressure changes (compressi on-decompres-
sion).

pression procedures. |If one assumes that gel and tissue
bubblesrespond to pressurein much the samemanner, these
facts support the arguments for safety stops when conven-
tional tablesare pushed to thelimitsof timesor onrepetitive
dives.

Bubbles, which are unstable, might grow from mi-
cronsizegasnuclei, formedand stabilized over short periods
of time and resisting collapse due to permeable skins of
surface-activated molecules (surfactants), or possibly by
reduction in surface tension at tissue interfaces or crevices.
Gas nuclei seem to pervade all manner of fluids and their
existence in blood serum and egg albumin has been estab-
lished by Y ount and Strauss.*? Familiesof micronuclei vary
in size and surfactant content.

Micronulcei theoretically are small enough to pass
throughthepulmonary vascul ar bedfilters, yet denseenough

not to float to the surfacesof their environments, withwhich
they are in both hydrostatic (pressure) and diffusion (gas
flow) equilibrium. When nuclei are stabilized their net
surfacetension iszero. Then all pressures and gastensions
areequal.

However, on decompression, these stable pockets,
which have had extragasdiffuseinto them during the period
of compression, can be destabilized by the reduced ambient
pressure, so that net surface tension is no longer zero, and
subsequently they can enlarge into bubbles, which will
expand as surrounding gas diffuses into them. The rate at
which bubbles grow, or contract, depends directly on the
difference between tissue tension and the local ambient
pressure, effectively the supersaturation gradient. At some
point intime, acritical volume of bubbles, or separated gas,
is established and bends symptoms become statistically
more probable.
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FIGURE 3

DISSOLUTION TIME FOR GRADED BUBBLES
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Bubbles develop and grow over longer time scales than nuclear stabilization. Y et, the rapid dissolution of bubbles
in decompressed saturated gelatin (and the body proper) requires immediate and adequate repressurization. The absolute
length of time required to dissolve bubbles with given overpressure is directly proportional to the size of the bubble.
Obvioudly, the smaller the bubble, the shorter the time needed to dissolve that bubble at any overpressure. The bubbles
studied in this experiment by Kunkle and Beckman grew to approximately 1 mm in 5 hours, starting from stabilized
micronuclei. Such experiments have provided vital information, corroborating nucleation and bubble theories in vitro.

Nucleation

Nucleation-bubble theory is consistent with various
diving observations. Diverscansignificantly increasetoler-
ance against bubble formation and therefore bends, by
following three ssimple practices, originaly suggested by
Strauss,** Evans and Walder,*” and many others:

1 make the first dive a deep, short (crush) dive, to
compress micronulcei down to asmaller, safer size;

2 make succeeding divesprogressively shallower, that
isdiving within the crush limits of thefirst dive and
S0 minimizing excitation of smaller micronuclei;

3 makefrequent dives(likeevery other day), todeplete
thenumber of micronulcei availabletoformbubbles.

The mechanics of nucleation, stabilization and bub-
ble growth are fairly complex, with stabilization mecha-
nisms only recently quantified. Source and generation
mechanisms before stabilization are not well understood.

Some candidates include cosmic radiation and charged
particles, dissolved gases in the fluid we drink, lymph
draining from tissues into veins, collisional coalescence,
blood turbulence and vortices, exercise, thestomach and the
thin air-blood endothelium in the lungs. More direct meth-
ods of bubbleformation arealso certainly possible. Cavita-
tion, produced by therapid tearing or moving apart of tissue
interfaces, is a candidate, as well as surface friction
(tribonucleation). Crevicesin tissues may form or trap gas
phases, with later potential for release. Vortices in blood
flow might cause small microbubbles. Whatever the pro-
duction and stabilization mechanisms of micronuclei, once
destabilized the ensuing bubblesfoll ow the dynamic growth
and contraction patterns shown in Figures 1 and 2.

Stable or unstable, the presence of copious
microbubbles in the venous circulation would affect dis-
solved gas elimination adversely, possibly impairing the
lungsor escaping into the arterial network. The presence of
bubblesinthearterial circulationmightresultinemboli. The
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chokes, aseriousform of decompression sickness, isthought
to be due to bubbles clogging the pulmonary circulation.
Cerebra decompression sicknessis believed by someto be
dueto arterial emboli. Microbubblesin thevenouscircula-
tion would render gas uptake and elimination more asym-
metrical than it normally is by slowing down elimination.
Displacing blood, microbubbleswould reduce the effective
area and volume for tissue-blood gas exchange.

Sites

Bubblesmay hypothetically formintheblood (intra-
vascular) or outsidetheblood (extravascul ar). Onceformed,
intravascularly or extravascularly, a number of critical in-
sultsare possible. Intravascular bubbles may induce blood
sludging and chemistry changes. Circulating gas emboli
may clog the pulmonary filters, and occlude the arteria
flow. Extravascular bubbles may remain locally in tissue
sites, enlarging by diffusion from adjacent supersaturated
tissue, and compress nerves or compress a blood vessel and
occlude it causing ischaemia. Extravascular bubbles can
also passthrough capillary wallsand so enter veins, at which
point they become intravascular bubbles.

Many doubt that bubblesform in the blood directly,
but intravascul ar bubbles have been seenin both the arterial
and venouscirculation after very rapid decompression, with
vastly greater numbers detected in venous flow known as
venous gas emboli(VGE). Ischaemia resulting from bub-
blescaught in the arterial network haslong beeninvoked as
a cause of decompression sickness. Since the lungs are
effective filters of venous bubbles, arterial bubbles must
either form in the arteries or have bypassed the lung. The
morenumerousvenousbubblesaresuspectedtoformfirstin
lipid tissues drained by the veins. Lipid tissue sites also
posses very few nerve endings, possibly masking critical
insults. Veinsbeing thinner than arteries, are more suscep-
tible to extravascular gas penetration.

Extravascular bubblesmay formin aqueous (watery)
or lipid (fatty) tissuesin principle. For all but extreme, or
explosive, decompression bubbles are seldom observed in
musclesor liver tissue. Most gasis seen in fatty tissue, not
surprisingly considering the five-fold higher solubility of
nitrogen in lipid tissue compared to aqueous tissue. Since
fatty tissue has few nerve endings, tissue deformation by
bubblesisunlikely to cause painlocally. Ontheother hand,
formationsof largevolumesof extravascular gaswhichthen
entersthe capillaries could induce vascular damage, depos-
iting both fat and bubbles into the circulation as has been
seen in anima experiments. If mechanical pressure on
nervesisaprimecandidatefor thecritical insult, thentissues
with high concentrations of nerve endings, such astendon or
spinal cord, are candidate structures. The spinal cord with
high nerve density and much lipid insulating axons and a
high blood flow isagood environment for bubbleformation
and growth aswell as an obvious site for mechanical insult.
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VGE

Sound reflected off amoving boundary undergoesa
shift in acoustic frequency, the so-called Doppler shift. The
shift is directly proportional to the speed of the moving
surface (component in the direction of sound propagation)
and theacousticfrequency of thewaveandinversely propor-
tional to the sound speed. Acoustic signalsinthemegahertz
range, termed ultrasound, have been directed at moving
blood in the pulmonary artery, where blood flow is fastest
(near 20 cm/sec), with resulting Doppler shifts, in the form
of audible chirps, snaps, whistle, and pops, noted and re-
corded. Sounds heard in divers have been ascribed to VGE
asall venousblood passesthrough the pulmonary artery. In
vitro simulations have established minimum bubble detec-
tion size as afunction of blood velocity. Coalesced lipids,
platelet aggregates and agglutinated red blood cells formed
during decompression aso pass through the pulmonary
circulation, but are less reflective than bubbles, and are
usually smaller. Bubbleswith radii in the 20 micron range
represent the smallest dectable by Doppler using signal's of
afew megahertz.

As blood constitutes no more than 9% of the total
body capacity for dissolved gas, the volume of the venous
circulation cannot account for the amount of gasdetected as
VGE. VGE are not the direct cause of bends per se, unless
they block the pulmonary circulation, or pass through the
pulmonary filters and enter the arterial system to lodge in
critical sites. Thelikely culpritsarebubblesforminginfatty
tissuessurrounding nervesor inpoorly perfusedtissuessuch
as tendons. Intravascular bubbles probably first form at
extravascular sites. According to Hills?” electron micro-
graphs have shown bubbles breaking into capillary walls
from adjacent lipid tissue bedsin mice. The Lambertsen®
studies of vascular disruption, subcutaneous bruising and
venous emboli point to bubble formation in tissues as the
culprit. Fatty tissue, possessing few nerve endings, is
thought to be an extravascular site of bubble formations.

No-stop limits

Ultrasound techniques for monitoring moving gas
emboli in the pulmonary circulation are popular today.
Silent bubbles, aterm applied to the V GE detected in sheep
undergoing bends-free USN table decompressionsby Spen-
cer and Campbell,*® were a first indication that asympto-
matic free gaswas present in blood, even under bouncedive
loadings. Similar results were reported by Walder, Evans
and Hempleman.®® After observing and contrasting VGE
counts for various no-stop exposures at depth, Spencer!
suggested that no-stop limits be reduced below the USN
(Workman) table limits. These shorter times produced a
20% drop in V GE counts compared to the USN limits. The
newer no-stop limits, t, satisfy areduced Hempleman rela-
tionship,®2 that is, dt¥><465 ft min,*> where d is depth.
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TABLE 1

COMPARATIVE NO-STOP TIME LIMITSIN MINUTES

Depth Workman

msw fsw

9 30
12 40 200
15 50 100
18 60 60
21 70 50
24 80 40
27 90 30
30 100 25
33 110 20
36 120 15
39 130 10

Table 1 compares no-stop time limits according to
the Workman,? and more recent Spencer,* Bihlmann,? and
Wienke-Y ount/Hoffman?*? algorithms. Further reduction
in time limits would seem to increase safety. Limits much
bel ow the Spencer, Biihlmann and Wienke-Y ount-Hoffman
times would restrict repetitive diving, but at the expence of
bounce diving.

Statistics gathered by Gilliam? suggest that divers
using conservative time limits (Buhimann based diving
computer) have compiled an enviable track record, with an
incidence of decompression sickness below 0.01% in com-
bined tableand meter usage. Many regard such anincidence
rate as acceptable.

Another way to restrict repetitive and multi-day
diving, suggested by bubble models employing the critical
phase volume trigger point, is to reduce the permissible
supersaturation tensions on successive dives. Thisdoesnot
restrict no-stop time limits for single bounce dives. The
permissible, or critical, tensions are the maximum dissolved
gaspartial pressuresallowed ineachtissuecompartment and
the critical phase volume is the maximum allowable sepa-
rated gas volume present in all the compartments. The
reduced gradient bubble model* (RGBM) is one such dual
phase model. It systematically reduces critical tensions on
repetitive dives by constraining both dissolved and free
phase gas build-up.

Table 2 lists the corresponding maximum (critical)
surfacing tensions (M) for four algorithms. Three, the
Workman, Spencer and Bhilmann, have fixed Haldane-
model values. The fourth is the variable bubble model
(RGBM). Thecritical tensionsinthelatter three algorithms
aresmaller, by some0.3-1.2msw (1-4ft), thantheWorkman
(USN) values, effectively shortening the no-stop timelimits
agroup, or two, compared with the USN tables.

Spencer Buhlmann Wienke-Yount
and Hoffman

225 290 250
135 125 130
75 75 73
50 54 52
40 38 39
30 26 27
25 22 22
20 20 18
15 17 15
10 15 12
5 11 9

The numbers of V GE detected with ultrasound Dop-
pler techniques can be correlated with no-stop limitsand the
bubble free limit can then used to fine tune the critical
tension matrix for select exposure ranges. However funda-
mental issuesare not necessarily resolved by V GE measure-
ments.

What has not been established is the link between
V GE, possible micronuclei and bubblesin critical tissues.
Any such correlations of VGE with tissue micronulcei
would unquestionably requireconsiderabl efirst-handknowl-
edge of nuclei size distributions, sites and tissue thermody-
namic properties. Recent Doppler studies and correlations
by Powell and Rogers,?® Eckenhoff,® and Sawatzky and
Nishi? do hint that the variability in gas phase formation, is
probably less than the variability in symptom generation.

Whatever the origins of VGE, procedures and
protocols which reduce gas phases anywhere in the body
deserveattention, ontheassumptionthat venousbubblesare
areflection of tissuesbubbling. Themoving Doppler bubble
may not bethebendsbubble, but perhapsthedifferencemay
only beitssite. The numbers of VGE may reflect the state
of critical tissueswheredecompression sicknessdoesoccur.
Studiesbased on Doppler detection of VGE arestill theonly
viable means of monitoring free gas phasesin the body.

Ascent rates and stops

Theeffectsof slower ascent ratesand safety stops, in
the context of dissolved gas models, are consistent with
bubble mechanics. Both reduce bubble growth rate and
bubbleformation because of greater off-gassing at theend of
the dive. That is a strong endorsement for the practice.
Someregard slower ascent rates, safety stopsand increased
bubble off-gassing pressures as treatment for bubbles, par-
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TABLE 2

COMPARATIVE SURFACING CRITICAL TENSIONS (M)

Half-time Workman Spencer Buhlmann Wienke-Yount
and Hoffman
minutes Mo (fsw) M, (fsw) M, (fsw) M, (fsw)
5 104 100 102 100-70
10 88 84 82 81-60
20 72 68 65 67-57
40 58 53 56 57-49
80 52 51 50 51-46
120 51 49 48 48-45

ticularly near the surface where ambient pressure reduction
enhancesbubblegrowth. Gasnucleation theory and experi-
ments show that on any given dive (compression-decom-
pression), families of micronuclei, larger than a critical
(minimum) size, areexcitedinto bubblegrowth, so onemust
pay attentiontofreephase (bubbl e) devel opment throughout
the dive. Experiments and calculations suggest that slow
ascent rates and shallow, short stops not only reduce bubble
build-up, but also reduce dissolved gas in faster tissues.
Reducing fast tissue dissolved gas is important for deeper
diving. The reasons are rooted in nucleation and bubble
mechanics, but some empirical diving practices deserve
attention before weturn toillustrative phase model calcula-
tions.

Diving practices

Utilitarian procedures, entirely consistent with phase
mechanics and bubble dissolution time scales, have been
developed, under duress and with trauma, by Australian
pearl divers and Hawaiian diving fishermen, for both deep
and repetitive diving with possible in-water recompression
for decompression hits. While the science behind such
procedureswasnot initially clear, the operational effective-
ness was always noteworthy and could not be discounted
easily. Later, the rationale, essentially recounted above,
became clearer.

Pearling fleets, operating in the deep tidal waters off
northern Australia, employed Okinawan hard hat divers
who regularly dived to depths of 55 m (180 ft) for aslong as
one hour, twice aday, six days per week and for ten months
ayear. Driven by economicsand not by science, thesedivers
developed decompression schedules empirically. As re-
ported by LeMessurier and Hills,* deeper decompression
stops, but shorter decompression times than required by
Haldane theory, were characteristics of their profiles. Such
profiles are entirely consistent with minimizing bubble
growth and theexcitation of nuclei. Being pulled up by hand
they had slow ascent rates. There was a high incidence of

decompression sickness, but less than would have been
expected. Years later Dr Carl Edmonds, an Australian,
devised asimple, but very effective, in-water recompression
procedurefor useinisolated places. Thediver istaken back
downto 9 m (30 ft) on oxygen for aminimum 30 minutesin
mild cases, or longer in severe cases, and decompressed at 1
m every 3 minutes. The increased pressure helps to com-
pressbubbles, while breathing pure oxygen maximizesinert
gas washout (elimination).

Somewhat similar schedules have evolved in Ha-
walii, among diving fishermen, according to Farm, Hayashi
and Beckman.** Harvesting the oceans for food and profit,
Hawaiian divers make between 8 and 12 dives a day to
depths beyond 105 m (350 ft). Profit incentives induce
diversto takerisksby exceeding the bottom timein conven-
tional tables. Threerepetitivedivesare usually necessary to
net aschool of fish. Consistent with bubble and necleation
theory, these divers make their deep divefirst, followed by
shallower excursions. A typical seriesmight startwithadive
to 66 m (220 ft), followed by 2 divesto 36 m (120 ft) and
culminatein 3 or 4 moreexcursionstolessthan 18 m (60ft).
Often, very short or zero surface intervals are clocked
betweendives. Such profilesareincompatiblewithHaldane
tables, but, with proper reckoning of bubble and phase
mechanics, appear possible. With ascending profiles and
suitable application of pressure, gas seed excitation and any
bubble growth are constrained within the body’ s capacity to
eliminatefreeand dissolved gasphases. Inabroad sense, the
final shallow dives have been tagged as prolonged safety
stops and the effectiveness of these procedures has been
substantiatedinvivo (dogs) by Kunkleand Beckman.® If the
diver devel ops decompression sicknessimmediate in water
recompression, using air, is undertaken.

Wet and dry tests
While the above practices developed by trial-and-

error, VGE measurements, performed off Catalina by
Pilmanis® on divers making shallow safety stops, fall into a
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FIGURE 4
REDUCTION IN DOPPLER BUBBLE COUNTSFOLLOWING SAFETY STOPS
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Safety stops have considerable impact on Doppler sounded V GE measurements, according to Pilmanis. Following
adiveto 30 m (100 fsw) for 25 minutes, the top curve registers VGE counts over increasing surfacetime. The lower two
curvesdepict thecount after abrief stopfor 2 minutesat 3m (10fsw), andthen 1 minuteat 6 m (20fsw) followed by 4 minutes
at 3m (10fsw). Reductionsby factorsof 4-6 areapparent. Whether V GE correl ate with susceptibility to DCS or not, bubble

reduction in the pulmonary circulation isimpressive with shallow safety stops.

more scientific category. Bubble counts following bounce
exposures near 30 m (100 ft), with and without stopsin the
3-6 m (10-20 ft) range, showed marked reductions (factors
of 4to 5) in VGE when stops were made (Figure 4). If, as
some suggest, V GE in bounce diving correl ate with bubbles
in sites such as tendons and ligaments, then safety stops
probably minimize bubble growth in such extravascular
locations. In these tests, the sample population was small,
but similar findings were also made by Neuman, Hall and

Linaweaver.*

USN tables. Venousbubbleseliminated during short, deeper
stops probably originate in fast tissues. Eliminating these
bubbles early in the decompression would allow more
slowly exchanging tissues to desaturate safely, while also
minimizing the number of arterial emboli possibly remain-
ing after intracardiac shunting, or transpulmonary escape of

VGE.

Phase calculations

Theoretically, growth minimization and free phase
elimination also recommend slow ascents. Figure 5 plots

Smith and Stayton,?in goat studies, have shown that
the incidence of precordial bubbles was greatly reduced
when ascent rateswere cut from 18 m (60 ft)/minto 9 m (30
ft)/min. Acrossavariety of decompression profiles, venous
bubbles were greatly reduced by slower ascent rates and
deeper initial decompression stops than are required by the

surfacing radius of an initially small bubble (r = 0.36
microns), heldin both fast (5 minute) and slow (120 minute)
saturated compartments at a depth of 36 m (120 ft), as a
function of constant ascent rate, employing abubble growth
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FIGURE 5

BUBBLE GROWTH WITH VARYING ASCENT RATE
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The rate at which bubbles grow on ascent depends on their size and surface tension and the average difference

between tissue tension and ambient pressure. For bubbleslarger than a certain critical (cutoff or minimum) radius, faster
ascentsin the presence of elevated gastensionsin surrounding tissue sitestend to support growth, because average ambient
pressure, P, islessened by fast ascent. Increasing ambient pressure always tends to restrict simple bubble growth, since
internal bubblepressureisalwaysgreater than ambient pressureby anamount, 2y/r. Inthiscal culation, 2y/r = 8.3fsw/micron
and unit solubility, concentration and diffusivity employed for simplicity. One notes that the growth rate in the 5 minute
compartment islessthan in the 120 minutecompartment. Thefaster compartment off-gasesmorerapidly during any ascent,

presenting a lower average tension and weaker diffusion gradient for growth.

equation. The results plotted are also typical for actual
bounce, multi-level and repetitive diving profiles and show
growth minimization with slow ascent dueincreased aver-
age ambient pressure.

Using tissue bubble growth equations, Gernhardt,
Lambertsen, Miller and Hopkins* have correlated bubble
sizes with statistical risk of decompression sickness. One
result of that analysisis arisk curve which increases with
surfacing bubble radius, pointing to the efficacy of slow
ascent rates and safety stops, which reduce surfacing bubble
radii (Figure5).

Discussions at the American Academy of Underwa-

ter Sciences Ascent Workshop,® suggested discretionary
safety stops for 2-4 minutes in the 3-6 m (10-20 ft) zone.
Supporting cal culations, recorded by Wienke® and summa-
rized in Table 3, support the bases of the suggestions.
Relative changes in three computed trigger points,? tissue
tension, separated phase volume and bubble radius, are
listed for six compartment following abounce diveto 36 m
(120ft) for 12 minutes, with and without asafety stop at 4.5
m (15 ft) for 3 minutes.

Stop procedures markedly restrict bubble and phase
volume growth and dissolved gas build-up in the faster
tissue compartments, while only creating insignificant dis-
solved gas build-up in the slow tissues. The reduction in
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TABLE 3

RELATIVE CHANGESIN CRITICAL PARAMETERSAFTER SAFETY STOP

Tissue Tissuetension
half-time relative change

5 -12%
10 -11%
20 -6%
40 -2%
80 1%
120 2%

growth parameters far outstrips any dissolved gas build-up
in slow compartments and faster compartments naturally
eliminate dissolved gases and bubbles during the stop,
which isimportant for deeper diving when the gasloads are
greater. Thecalculationsin Table3areillustrativeof abroad
category of ho-decompression bounce and repetitive diving
that has been analyzed.

Safety stop time can be added to bottom time for
additional conservatism, but the effect of not doing so is
small. A stop at 4.5 m (15 ft) for 2 minutes is roughly
equivalent to more than halving the standard ascent rate at
depthsin excess of 36 m (120 ft). Procedures such asthis,
aswell asconservativeno-stoptimelimits, appear beneficial
inmulti-day, multi-level and repetitivediving. A safety stop
near 4.5m (15ft) iseasier thanat 3m (10ft) in adversewater
conditions, such as surge and surface disturbances. Slower
ascent rates aff ord additional advantages, but safety stopsin
the 2-4 minute range are easier and theoretically more
efficient. Ascent rates slower than 18 m (60 ft)/min and
safety stops in the 6-9 m (10-20 ft) zone are becoming
routine for recreational and scientific divers.

Generally, bubble growth and excitation are com-
pounded at altitude because of reduced pressure. Bubbles
grow faster asthey get bigger and asambient pressuredrops.
With decreased ambient pressure, bubbleswill also expand
in accordancewith Boyle'sLaw. Bigger bubblesare not as
constricted by Laplacian film tension, while reduced ambi-
ent pressure supportsafaster rate of tissuegasdiffusioninto
thebubbleitself. Ataltitude, bubblemechanicstheoretically
exacerbate decompression risk.

The point to be made hereissimple. Increased off-
gassing pressures are likely to reduce bubble growth rates
dramatically in shallow zones, while increasing dissolved
gas build-up in the slowest compartments minimally. Fast
compartments also off-load gas and bubbles during slow
ascents and safety stops, important for deep diving. Slow
ascent rates and stops are always advisable, particularly at

Bubbleradius
relative change

Critical volume
relative change

-34% -68%
-24% -39%
-11% -24%
-8% -18%
3% -2%
4% 1%

atitude and in multi-level and multi-day diving.
Summary

A first-principles decompression theory isnot avail-
able at present. One suspects shortcomings in present
approaches and wonders how to enhance their effective
implementation.

In the case of the Haldane (dissolved gas) algorithm,
thebasisof virtually all diving tablesand metersup to 1983,
there are two problem areas, free phase (bubble) dynamics
and bendstrigger points. Tissuetensionsarenot thesameas
gas pressures in bubbles and elimination gradients for dis-
solved phases are not the same as gradients for bubbles.
With increased exposure, one observes lower tolerance
levels to bubbles. With successively deeper profiles, one
suspects that there is excitation of greater numbers of gas
nuclei into growth, exceeding thebody’ scapacity for bubble
elimination.

These considerationsmay explainthesdlightly higher
bends incidence, observed by hyperbaric specialists, for
divers doing multi-day, repetitive and multi-level excur-
sions, in that order of decreasing risk. Bounce diving is
relatively free of risk these days, especially when diving
withinalgorithmsemploying conservativetimelimitswhich
restrict phase separation. The presence of increasing pro-
portionsof gasasbubblesaltersandinvalidatestablesbased
on dissolved gas models.

Such changes are best assessed by nucleation and
bubble models. Safety stops and slower ascent rates corre-
late in principle with bubble models and tests as effective
procedures, restricting bubble growth. No-stop time limit
reductions appear prudent, based on Doppler bubble count-
ing experiments. However, further reductions in no-stop
time limits, beyond those in current use, do not appear
warranted, considering thelow incidence of decompression
sickness, less than 0.01% in populations employing recent
tables and meters with conservative limits.
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THEWORLDASITIS
In this new feature we print original papers which are neither scientific articles nor editorials but
which are considered to be sufficently important or interesting that they should be brought to the
attention of members.

ISTHE AMA REALLY INTERESTED
IN PREVENTIVE MEDICINE ?

These comments are provoked by a letter from Dr
Bob Thomas, who was once the Editor of the SPUMS
Newsletter and OIC the Royal Australian Navy School of
Underwater M edicine, and theletter which hereceived from
the Federal AMA, both of which appear below.

Diving Medical Centre
132 Y allambee Road
Brisbane

Queensland 4074

11th September, 1992
Dear Editor,

| though you would be interested to read the letter
enclosed. Obviously the AMA is still playing games and
believes that all doctors can be everything to everyone.

| feel that thisletter should be passed to the SPUM S
Committee for their information. It raises great concern
about the suitability of any SPUM S member not appointed
by the Executive (and especially onewho espousesan AMA
dictum opposite to the ideas of SPUMS at Standards Aus-
tralia Committee meetings, and yet, supposedly, is himself
in agreement with SPUMS views) sitting on Standards
Committeesconcerning diving. How cantwo opposing hats
be worn?

Infact, | can seeno need whatsoever for the necessity
of any AMA representative on such a diving Committee
when the AMA represents no collective body of knowledge
concerning diving.

| fedl that all SPUMS members should be made
aware of this AMA stupidity. Can you please publish this
letter in the Journal ?

Bob Thomas

Australian Medical Association Limited
42 Maguarie Street
ACT 2600

1st September, 1992
Dear Dr Thomas,

| am replying on behalf of the AMA to your letter of
August 9, 1992 with which you enclosed an updated list of
medical practitioners who have successfully completed a
course of instruction conducted by the Diving Medical
Centre (Australia) on diving medical examinations.

As you may know from previous correspondence,
the AMA has not accepted that a need exists for such
certification in the case of doctors who perform fitness
examinations for candidates who wish only to undertake
sports/recreational scuba diving. While such certification
appears desirable in the longer term, the AMA notes the
precedent of no required training for designated medical
examiners who complete aircrew licensing medicals, even
thosefor airlinetransport pilots. The AMA isawareof your
views, also those of SPUMS, and is represented on the
relevant SAA Committeeby Dr1.L.Millar. TheAssociation
will keep this matter under review.

P.S. Wilkins
Assistant Secretary General
(Health Services)

The SPUM S position on diving medicalsisthat they
should be compul sory before starting to use compressed air
underwater and that they should be done by doctors with
training in underwater medicine.

This attitude comes from bitter experience of the
inadequacy of many medicals done by doctors who knew
little, or more probably nothing, about diving medicine and
passed people asfit to divewhen they should have been told
that it was extremely dangerousto go diving. Some of these
peopledied asaresult of thisfailureto assessthem properly.
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Asfar as| know only one medical school (Brisbane)
has offered alecture (one) on diving medicineduring the six
year medical course. Theresults of astudy in 1985t of 364
Queensland doctors who did diving medicals showed that
their knowledgewasabysmal astheanswerstothequestions
about the treatment of common diving accidents hovered
around the 50% correct mark, aresult to be expected from
guessing. Carl Edmondsmentioned threereasonsthat might
explain why many doctorswho did diving medicalswithout
training might be so foolish. These were financia reward,
not recognisingtheir ownlimitationsandlack of knowledge.

Of thediver instructor organisationsonly FAUI (now
NASDS) and the BS-AC have insisted on medicals before
diving. The BS-AC has never recognised the need to use
trained doctors. Fromthelate 1970smany FAUI instructors
in Victoria insisted that their trainees attend a doctor with
diving medicinetraining, handing out listsof diving doctors
to their students.

During the preparation of AS4005.1 there was writ-
ten into thefinal draft of the Standard, that the requirement
for amedical to be conducted by doctors trained in diving
medicine would only come into effect two years after the
Standard was promulgated. This was to alow time for
doctors who did diving medicals to obtain the necessary
training to do them properly.

At the final meeting it was no surprise that the
majority of thetraining organisationsdid not want medicals
to be done by trained doctors. In fact they voted against
medical sbeing compulsory. FAUI (which had then become
NASDS) after voting for acompul sory medical, reversedits
previous stance of supporting medicals done by trained
doctors, subject to the two year delay clause. The AMA
member on the Committee, inspite of his own belief that a
compulsory medical should bedoneby atrained doctor, had
to vote against that motion because the AMA had told him
to. After this meeting Dr Des Gorman, the President of
SPUMS wrote to the AMA presidents, Federal as well as
State. The replies were most interesting. All three of Dr
Edmonds’ reasonsappear in theletters Dr Gorman received
in reply, which we reproduce here.

Medical Society of Victorialnc.
Australian Medical Association

6th January 1992

STANDARDS AUSTRALIA: RECREATIONAL
DIVING
Dear Dr Gorman,

It is our understanding that this matter was handled
by the Federal Officeof the AMA, andto my recollection no
opinion was sought from the Branches.
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Accordingly, | have forwarded a copy of your letter
toDr Allan Passmore, General Secretary of theFederal body
of the AMA, and have asked himto respond directly to you.

A.E. Holmes
Deputy Executive Director

Australian Medical Association
New South Wales Branch

21st January, 1992
Dear Dr Gorman,

Y our recent letter concerning attendance by arepre-
sentative of the AMA at arecent meeting of the Standards
Association of Australia on Recreational Diving has been
referred to me for response.

Dr Boland asked meto informyou that he noted your
comments. However, it would appear that the appoi ntment
of Drlan Millar asthe AMA representativeto thisparticular
Committee is a matter more for the Federal Office of the
AMA and, as noted in the first paragraph of your letter, as
you have obviously written to the Federal President thereis
no doubt that your very strong viewsinthismatter havebeen
noted in the appropriate quarters.

Laurie Pincott
Executive Director

South Australian Branch
Australian Medical Association Inc.

19th January, 1992
Dear Dr Gorman,

Thank you for your letter regarding assessment of
medical fitness for recreational diving.

It would seemto methat there should havebeen some
consultation between SPUMS and the AMA prior to the
Standards AustraliaMeeting, and | am not surewhy thisdid
not occur. | think youwould realisethat from personal point
of view and my knowledge of the field, | would be quite
consciousof theargument that aspecial knowledgemight be
required for these examinations. There are certainly some
similar precedentsin other fields.

| will pursuethis matter further and get in touch with
you again.

Philip Harding
President
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Australian Medical Association
Queendand Branch

2nd January, 1992
Dear Dr Gorman,

STANDARDS AUSTRALIA RECREATIONAL
DIVING

| write on behalf of Dr Robertson in reply to your
letter received on 23rd December, 1991.

You appear to infer that a medical practitioner is
inadequately trained to examine personswho wish to under-
take diving. Thisis disputed.

However, doctors are always trying to learn. | am
sure that if your organisation was prepared to circulate
general practitionerswith guidelinesonyour standards, they
would be pleased to receive the information.

A. Nicholson
State Director

Australian Medical Association Limited
ACT 2600
6th January, 1992

Dear Dr Gorman,

| am replying on behalf of the President and of the
AMA to your recent letter, received here on December 23
last, inwhichyou expressed dissatisfactionwiththe AMA’ s
position on medical examinations for recreational scuba
diving. Y our letter underestimated the consideration which
the AMA has given to this matter.

The AMA isbound by its Articles of Association to
advocate proven public health measures (thisshould be seen
as including appropriate preventive measures) and to pro-
motetheinterests of itsmembersand of the broader medical
profession. When any conflict between these objectivesis
apparent, the AMA takes counsel so as to resolve such
dilemmas appropriately.

The Section of General Practice of the AMA’s
Queensland Branch first brought to notice a proposal that
“recognised training” should required for doctors complet-
ing fitness examinations for recreational scubadivers. The
Queensland Branch opposed such moves because of the
perception that they were unnecessary, because of their
likely impact on GP membersin a State where scubadiving
is so prevalent, and because of the anticipated expense
involved for members obtaining such training when they
would perform relevant examinations infrequently. | in-
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formed myself of SPUMS' views through correspondence
withour colleague Carl Edmonds, whotook exactly theview
you expressed in your letter. Indeed, | had much personal
sympathy with SPUMS' approach: during 20 years RAAF
service, | had considerable, abeit peripheral, contact with
SPUMS and with hyperbaric practitioners. | have visited
and observed hyperbaric operations at HMAS Stirling, the
former HMAS Leeuwin, also participated in evaluation for
airworthinessof aK och’ smobilerecompression chamber at
HMAS Penguin, etc. | spent a number of years in the
Institute and underwent familiarisation training in hyper-
baric medicineat the USAF School of AerospaceMedicine.
| have numerousfriendsinthe hyperbaric medicinecommu-
nity and | believel am well acquainted with the background
to SPUMS' concern.

That said, | am equally aware of the concerns of our
GP membership who see the scope of their practice almost
daily further circumscribed. | found the precedent that CAA
hasnot until now required designated medical examinersfor
aviation licences, particularly inthe lower grades, to under-
take specified training (although it recently foreshadowed
its intention to do so in future) persuasive in favour of the
GPs' view. After further discussion with our colleague lan
Millar, he and | mutually agreed that the AMA should
oppose any immediate requirement for diving medical ex-
aminers to undertake specified “approve” training. How-
ever, heand | both agreed that the completion of an appro-
priate training course should be seen as an appropriate mid-
term goal, perhaps over the next five years, provided that
training courses are made more accessible to doctors who
wish to undertake them. For many of our GP members,
coursefeesarealesser considerationthantravel and accom-
modation expenses incurred in attending courses remote
fromtheir practices, the difficulty of obtaining suitableloca
tenentes, and so on.

TheAMA wishesonly cordial relationswith SPUM S
and similar professional bodies. Regrettably, on questions
such as medical examinationsfor recreational scubadivers,
wherethereisno professional consensus, itisimpossiblefor
the Association to please al participants in the debate.

P.S. Wilkins
Assistant Secretary General (Health Services)

It is of interest that one State considered that there
was some validity in the SPUMS view, while two were
happy to |eave mattersto the Federal AMA and one exhib-
ited the 19th century attitude that after graduation every
doctor knew everything. The letter from the Federal AMA
wasmost interesting asthewriter obviously agreed with the
SPUMS position but was forced to opposed it because of
Queensland GP opposition to the suggestion, well founded
though it was, that the necessary knowledge was missing.
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It is of great concern to the Committee of SPUMS
that the AMA, often erroneously referred to asthe Doctors
Trade Union, is putting the financial interests of some of its
members before the good of all our patients. The compari-
sonwith pilots’ medicalsisflawed because these have been
restricted, for over 30 years, to alist of approved doctors,
which iswhat SPUMS s asking for diving medicals. That
only inthelast few years hasthe relevant government body
decided that it may be necessary to require training in
aviation medicine to be on the list shows that SPUMS has
moreinterest inthe safety of diversthan thegovernment has
had in the safety of pilots and their passengers.

Weneed to get the AMA to movewith thetimesand
uphold the good name of medicine and itsideals of putting
the patient first. 1 want SPUM S members and associates to
write to the Federal AMA and their State branch. Ask the
AMA to put patientsfirst and support the SPUM Sview that
diving medicals should be done by doctors with training in
underwater medicine. A simpleway of doing thiswould be
to photocopy this article, add your name and address and
send it off.

John Knight
Editor, SPUMS Journal
SPUMS representative to Standards Australia
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RESORT SCUBA COURSESIN QUEENSLAND:
NUMBERSAND COSTS

Jeffrey Wilks

Background

Each year thousands of people have their first scuba
diving experienceonthe Great Barrier Reef. Introductory or
resort scuba courses are easy to conduct and are generally
very satisfying for both the customer and the instructor.
Resort divers say they expect to see coral and fish on their
first dive, and later report that they particularly enjoyed the
colour and beauty observed underwater. Some, or it may be
many, follow up their initial scubaexperiencewith aformal
open water course to become certified divers.

While resort courses are generally safe, by virtue of
students being closely supervised at all times by acertified
instructor, somelegitimate concerns have been rai sed about
the current method of determining students’ fitnessto dive.
Concern about variability in teaching standards have re-
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cently been addressed by PADI (Professional Association of
Diving Instructors) through the introduction of a standard-
izedinstructional systemfor resort programs. Itishopedthat
thiswill help solve the problems.

However, any objective discussion about resort
coursesisstill hampered by ageneral lack of empirical data.
For example, the number of resort dives conducted in
Queensland each year is not known, and only one small
study has examined customer perceptions of their introduc-
tory diving experience. Thereisalso no reliable dataonthe
morbidity or mortality of the resort course.

Instructors are the critical factor how resort courses
are conducted. In order to discussresort programsit isfirst
necessary to gather some basic information about these
courses. Thepresent study sought thisinformationformthe
people who provide the service.

M ethods

Two hundred and two registered Queensland scuba
instructors, representing al four Australian training agen-
cies, participatedinthestudy. NAUI (National Association
of Underwater I nstructors) memberswererecruited through
adirect mail-out from Australian headquarters, along witha
letter of the organisation’s support for the project. PADI,
SSI (Scuba Schools International) and NASDS (National
Association of Scuba Diving Schools) instructors were
recruited through personal visitsto retail shops, phonecalls
and informal networking. Thefinal sample contained full-
time (57%) and part-time (43%) instructors. The various
employment categories were, owners and managers (27%),
salaried staff (39%), and independent instructors (34%).
Figures from the training agencies indicate that there were
616 certified instructors in Queensland at the time of this
study, so the sample represents 33% of Queensland instruc-
tors.

All instructors completed a 16-page confidential
guestionnairecovering arangeof topicsrelatedtotheir work
in the dive industry. Instructors were asked if they ran
introductory or resort courses as part of their current job.
Those who did run these courses were asked to report on
approximately how many students they personally super-
vised in the past 12 months, and also the price they charged
for aresort course. Finaly, instructors were asked if the
courses they ran included a separate pool training session.

Results

One hundred and forty six instructors (72% of the
sample) reported that they conducted introductory or resort
course scuba programs. Table 1 show the number of resort
students personally supervised by theinstructorsin the past
12 months. Seventy two, aimost half the sample (49%),
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supervised less than 50 resort studentsin theyear. Twenty
twoinstructors(15%) supervised 50-100 students, 17 (12%)
supervised 101-120 studentsand 20 (14%) supervised more
than 500 studentsayear. Oneinstructor commented that he
had supervised (and logged) morethan 1,000 resort divesin
the previous year.

TABLE 1

NUMBER OF RESORT COURSE DIVERS

Divers Number of % Mid-point Student
supervised instructors totals
Lessthan 50 72 49 25 1,800
50-100 22 15 75 1,650
101-200 17 12 150 2,550
201-300 6 4 250 1,500
301-400 6 4 350 2,100
401-500 450 1,350
More than 500 20 14 600 12,000

146 22,950

Table 1 aso indicates the mid-point number to best
represent the average number of students each instructors
supervised. While some specific detail was lost in using
categories, pilot studieshad shown that asking instructorsto
report exact numberswould pose difficulties. Based onthe
mid-point, and the number of instructors reporting students
at each level, the final column in Table 1 shows the likely
student totals. Together these instructors provided aresort
scuba experience for an estimated 22,950 students.

Table 2 showsthe cost of the courses conducted and
the number and percentage of instructors who reported
charging the corresponding price at each level. Costsraged
from $20 to $ 265, the average (mean) price for a resort
coursein Queensland was $67. The mode (most frequently
reported price) was $60. Almost two-thirds (62%) of the
resort courses included a separate pool training session.

Using the estimated total of 22,950 students total
revenue generated from these students was $1,414,950.00.
Thisfigureistheproduct of student numbers (mid-point) by
course cost, calculated for each instructor separately, then
summed for the full sample. Pro-rata, this figure suggests
that approximately $ 4.2 million is generated by resort
courseseachyear inthe State. A current industry study, still
in progress, tends to support these figures. Based on 80
Queensland companies supplying their figures for 1991 a
total of 65,000 resort dives have been recorded. At an
average price of $60 per dive this represents a revenue of
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$3.9million. Several large companies specialising inresort
courses have still to submit their returns so the above figure
of $4.2 million is considered to be reasonably accurate.

TABLE 2

COST OF RESORT COURSES

Cost Number of %
instructors

<$25 5 3
$25-30 20 14
$31-40 14 10
$41-50 30 21
$51-60 31 21
$61-70 4 3
$71-80 14 10
$81-90 4 3
$91-100 5
$100-150 10 7
> $150 7 5

The present study shows that, in financial terms,
resort courses contribute substantially to the Queendand
recreational diving industry. From the only other empirical
study available, resort diversreport ahigh level of satisfac-
tion with their introductory scuba experience. Although
resort coursesare considered safe, thereislittlereliable data
on accidents that have occurred. Accident data needsto be
made available so that steps can be taken to avoid problems
in the future. The quality of service being offered also
remainsto beinvestigated. With somany peopletakingtheir
firstresort diveeachyear theindustry needsto guaranteethat
the experience will be safe and enjoyable.
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SPUMSNOTICES

CHANGE OF ADDRESS

The Australasian College of Occupational Medicine
(ACOM) has decided to become a Faculty of the Royal
Australasian College of Physicians and will not be able to
provide a permanent mailing address for SPUM S beyond
December 1992.

The Council of the Australian and New Zeaand
College of Anaesthetists (ANZCA) haskindly consented to
provide SPUM S with a permanent address.

All correspondence, addr essed to the office holder
concer ned, should be sent to

SPUMS, C/o
Australian and New Zealand College of Anaesthetists,
Spring Street, Melbourne
Victoria 3000, Australia

CONSTITUTIONAL AMENDMENT.

Atthe1992 Annual General Meetingit wasagreedto
change the financial year to January to December. The
Society had been using a Financial year that ended on 30th
April. However the Rules of the Society contain the defini-
tion “ Financial year” means the year ending 30th June.

In order to abide within the Rulesthisdefinition will
have to be changed. It is proposed to put the following
resolution to the 1993 Annual General Meeting.

That thewords* 30th June” appearinginrule2 (a) be
changed to “31st December”.

Darrell Wallner

Secretary of SPUMS

MINUTESOF THE SPUMSEXECUTIVE
COMMITTEE TELECONFERENCE
held on 30.8.92 at 1000 EST

Apologies
Drs A Slark and JWilliamson.

Present

DrsD Gorman (President), D Wallner (Secretary), S
Paton (Treasurer), J Knight (Editor), D Davies (Education
Officer) and C Acaott.

1 Minutes of the previous meeting
The minutes of the meetings on 31.5.92 and 1.6.92

were accepted as a true record. Proposed by J Knight,
seconded by D Wallner.

2 Business arising from the Minutes

21 PdauASM

Date 16.5.93 for 10 days. The entire hotel has
been provisionally booked and both diving operators
have been booked. Allways Travel will be sending out
abrochure soon.

22 PNGASM

Dr Acott will be carrying out asite inspectionin
November. He thought that the meeting should be held
in Rabaul. Thiswould mean that diving will have to be
carefully supervised and probably that divers will have
to be categorised asto thesuitability to dive certain sites.
Malarial prophylaxis will be a necessity. Dr Acott
suggested acombination of Doxicyclinand Chloroquin.
Lariam is not recommended because of side effects
including spatial disorientation, giddiness, aches and
pains. An antimalarial regime will be advised with
bookings.

2.3. Other ASM sites

Dr Gorman will be making atrip to the Red Sea
and will investigate the possibility of holding an AGM
there.

24  Quotesfor future ASMs

Dr Paton cannot expect to get firm quotes for
meetings three yeas in the future. She will undertake
preliminary discussionswith other operators and obtain
expressions of interest.

3 North American Chapter

Reimbursement has occurred. Dr Knight has for-
warded Journals to Steve Dent for posting in the USA.
However no indication that they were received nor of the
cost of postage has arrived. Dr Knight will contact Ray
Rogers by fax.

4 Diving doctors list

Thisis nearly complete. Many subscription forms,
with the Y es ticked, have had to be checked for qualifica-
tions.

The Australian Sports Medicine Federation ran an
accredited course in Western Australia during 1986. Dr
Davies undertook to forward alist of the successful candi-
datesto the Secretary.

Dr Gorman has had discussions with NASDS about
insulin dependant diabetics diving. He emphasised their
unsuitability to be passed fit to dive.
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5 Treasurer’ sreport

Approximately $ 30,000 in renewal subscriptions
has been banked and all debtspaid. AccountsinDr Barry’s
name have been closed or transferred to Dr Paton. Dr
Wallner is authorised to sign cheques as well as Dr Paton.

The problem of memberswho have paidin US$ was
discussed. It was decided to credit them with the excess
payment against their next subscription.

Subscription reminders will be sent out soon.

6 Permanent address

The Australian and New Zealand College of Anaes-
thetists has consented to provide a permanent address for
SPUMS. The change will be advised in the next two
Journals. Subscription renewals will be returned to the
Treasurer, C/o Australian and New Zealand College of
Anaesthetists, Spring Street, Melbourne, Victoria 3000.
They will be forwarded direct to Dr Paton.

7 Duties of Convener
7.1  Itwasagainagreedthat all paperstop begiven at
ASMsmust begiventothe Convener beforethemeeting.

7.2 A breakdown of the costs to be covered by the
Registration Fee must be provided by the travel agent
and approved by the Convener before the brochures are
sent out. The difficulties that Dr Williamson had in
trying to abtain these figures of the 1992 ASM were
noted.

8 Hyperbaric paramedical staff

The status of thisgroup wasdiscussed. The SPUMS
constitution precludes such people being granted full mem-
bership, but they are welcome as associates. Paramedical
staff have their own organisation, the Hyperbaric Techni-
ciansand NursesAssociation (HTNA). TheANZHMGisa
SPUMS standing committee and can present HTNA opin-
ionsto the SPUMS Executive.

9 Diving First Aid bag

Dr Williamson agreed to review the equi pment regu-
larly andto arrangeitstransport to thevariousvenues. It was
agreed to remove the in-water oxygen equipment from the
case. Theprovision of and meansfor administering oxygen
will be the responsibility of the Convener for each ASM.

10  Secretarial duties
The work load was discussed and a change may be
necessary later.

11 Journal costs

Dr Knight will obtain quotes from printers in Mel-
bourne. Theadvantageof usingaprinter near the Editor may
outweigh the lower quotes using printersin the ACT.

12 Correspondence
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12.1 Dr Mark’'s paper will appear in the Journal, as
agreed at the last meeting, as the Editor has not heard
from Dr Mark that that it has been accepted by the
Medical Journal of Austraia

12.2 Dr RThomas' letter and the PADI/Dr D Walker
correspondence was discussed. It was decided that a
carefully balanced Editorial will bewritten by the Presi-
dent and publishedinthe Journal ondiving safety andthe
relationship between SPUMS and the diving instructor
organisations.

12.3 Letters from the AMA were discussed.
agreed that no further action should be taken.

It was

12.4 Worksafe Australia

Thee composition, and particularly the lack of
expertise of some members of the Occupational Diving
Expert Group wascriticised. Dr Gorman’ sletter will be
circulated. Dr Knight stated that Worksafe Australiawas
merely rehashing AS 2299 in indecent haste.

13 Free Ascent Training
13.1 The committee is not agreed on whether free
ascent training should be carried out as part of basic
training. Those with naval training consider that it
should not be carried out. Dr Acott drew attentionto the
lack of hard data.

It was decided to hold aWorkshop to discussthe
problemsfor free ascent at the 1993 ASM. Letterswill
be sent to UHMS and diving organisations notifying
them of the Workshop.

13.2 Diving Club membership

It was agreed that diving clubs should be associ-
ate members. Librariesand bodiesintending to make a
profit from diving should be corporate members.

13.3 BS-AC medical statements

Itwasagreedthat theconceptisagoodone. Itwas
suggested that SPUM S might produceitsversionsof the
more debatabl e topics.

14  Next Meeting
To beon 15.11.92 at 1000 Eastern Summer Time.

MEETINGS

SPUMS ANNUAL SCIENTIFIC MEETING 1993
will be held at
the Palau Pacific Resort
SUNDAY 16TH TO TUESDAY 25TH MAY 1993

Theguest speaker will beProfessor David Elliott, co-
author of The Physiology and Medicine of Diving with Dr
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Peter Bennett. Heis an excellent teacher and entertaining
speaker. Thetheme of the conference will be
THE LONG TERM EFFECTSOF DIVING

A workshop on
FREE ASCENT TRAINING
will be part of the program

Anyonewishing to present papersshould contact the
Convener, Dr Des Gorman, at the RNZN Hyperbaric Unit,
Naval Base, Devonport, New Zealand.

Those who wish to attend should notify Allways
Travel, with adeposit of $Aust 600 per person.

For further information contact
Allways Travel
168 High Street, Ashburton,
Victoria 3147, Australia.

Telephone  Austraia 03 88563
I nternational 61-3-885 8863
Toll Free (Austraia only) 008 338 239
Fax Australia 03-885 1164
International 61-3-885 1164

FIRST ANNUAL SCIENTIFIC MEETING OF
DIVING AND HYPERBARIC MEDICINE
will be held in Darwin, Northern Territory, Australiaon
July 29th and 30th 1993.

Themeeting issponsored by the Hyperbaric Techni-
cians and Nurses Association (HTNA) and the Australian
and New Zealand Hyperbaric MedicineGroup (ANZHMG).
The AGMs of both associations will be held on July 31st.
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The main topics will include, but are not limited to,
wound healing, decompression illnesses, hyperbaric treat-
ment profiles, recreational nitrox diving, new technical
developments and current hyperbaric research.

CALL FOR ABSTRACTS

Those wishing to present papers should forward
abstracts of approximately 200 words by February 1st 1993
to

Ms Jodie Perris
Royal Darwin Hospital Hyperbaric Unit,
Rocklands Drive,
Tiwi,
Northern Territory 0810, Australia.

Further information and registration details will be
mailed to all HTNA and ANZHMG members. Non-mem-
bers can contact Ms Perris a the above address or by
telephone (089 22 8563).

THE SPARK OF LIFE

Cardiopulmonary Resuscitation and Emergency Life
Support Conference
The Hilton International, Melbourne, Australia.
April 30th and May 1st 1993

Provisional program, abstract and registration forms
available from
The Australian Resuscitation Council
Royal Australasian College of Surgeons
Spring Street, Melbourne,
Victoria 3000, Australia.

LETTERSTO THE EDITOR

SPUMSJOURNAL - FOR DOCTORS OR DIVERS?

RMB 1359, Yinnar
Victoria 3869
18 October 1992
Dear Editor,

| havefor thelast several editions debated whether to
put pen to paper regarding what | considered to be an
unfortunate direction of the SPUM S Journal was taking.

| decided against on each occasion feeling that per-
haps | was out of touch with where the diving industry was
heading. | contemplated withdrawing my associate mem-
bership of SPUMS in silent protest. Tomy great pleasurel

findinthelatest editionthat Dr Carl Edmondshasverbalized
most of my concerns. Well done Dr Edmonds, | couldn’t
have have put it better myself.

| havebeeninstructing for some 15 or moreyearsand
continue to do so. | belong to an instructor agency out of
necessity rather than because | want to. | do not accept the
direction that the instructor agencies are leading us in the
name of commercialism and business. | lament the reduced
independence of the individual professional instructor that
results from this agency thrust and the continual erosion of
the basic scuba course.

| believe that the SPUMS Journal isfor doctors and
divers, but not agencies, nor it is a vector for unrefereed
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propaganda material such as has appeared recently. The
journal should dedicate itself to diving medicine, physiol-
ogy and an on-going analysis of diving accidents. Theless
rigorous unscientific material should be left for the lay
diving press and agency propaganda documents.

A clear uncompromised voicewith no vestedinterest
other thanthesafeconduct of divingfor theindividua divers
sake isto be encouraged. Divers should be encouraged to
divetogether to enjoy the splendours of the underseaworld
safely. They should not be considered the property of the
agency that trained them nor should thetraining agencieslet
businessidealsinterferein any way with diver safety.

Peter Mosse

Irish Underwater Council
The National Maritime Museum
Haigh Terrace, Dun Laoghaire
County Dublin
October 1992
Dear Editor,

| have been an associate member of SPUM S for the
past 8 years and think that the Journal is an extremely good
publication. Y our medical authors provide very useful and
up to date diving medical facts and information.

Over the past years | have been surprised that you
have allowed PADI to publish so many of its propaganda
articlesintheJournal, then | thought SPUM Swas, initsown
way, supporting theideasexpressedinthesearticles, despite
adding editorial comment to some articles.

| was surprised to read Dr Gorman’ seditorial and Dr
Carl Edmonds' letter expressing your dissatisfaction about
thesetrainingagencies articles. | agreecompletely with Dr
Edmonds’ sentimentsregarding thesefinancially orientated
organizations. | would havethought that SPUM Sexpressed
amedical opinion based on experience and knowledge and
itisuptous, thedivers, toaccept or rejectit. | would bevery
disappointed if SPUM S altered their point of view to facili-
tate a commercial organisation.

In Ireland we have annual medicals for all sports
divers and you would be surprised at the number of people
who are screened out. Well | am sure you know what | am
talking about. Wehavesomepeoplewhofalsify themedical
forms, but generally they get caught out. Asaresult wehave
asmall but healthy population of divers.

| can see why training agencies do not advocate
medical check ups. 1t would probably reducetheir intake by
20%at | east, sothey allow the prospectiveclient toaccept all
the risk by filling in their own medical form without fully
understanding theimplicationsfor their safety. Thento add
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to the ridiculous, a non-medical person, the instructor,
assesses the medical questionnaire and the acceptability of
the candidate. | presumethey reckon that candidateswill be
with them for such a short time and with careful watching
they will get through the course without any mishap. What
happensafterisnot their problem. The candidate goesaway
thinking he, or she, is physicaly fit and has sufficient
knowledge to go diving on their own which is debatable.
Thisismy biggest objection to these agencies, their lack of
proper “after care”.

SPUM S should hold itsground and statethe medical
facts, regardless of what other agenciesthink. Itisuptous
(the diving community) to make up our own minds. You
statethat PADI putsthroughitscoursesmore peoplethanall
the rest of the training agencies combined, this may be so.
However, doesit make them right in everything they say or
do. It simply means that this is the best way to present
information sothat they canmakemoremoney. | finditvery
interesting that PADI tries so hard to get recognition from
SPUMS for ailmost everything they do. | think that articles
presented from any training agency should not bewrittenin
apropaganda fashion

Asyou may be aware, PADI are trying to get back
intoCMAS. They say they donot needthesupport of CMAS
or SPUM S or such organi sations, then why do they bother to
try to get recognition from them!

| could go on and on. But | will finish now and just
say | have no abjection to the function of training agencies,
i.e. totrain divers. | do object though, to their propaganda
andthefact that they try toinfiltrate every prestigiousdiving
organisation in order to use them to their advantage.

Gerry Stokes
Vice-President
Irish Underwater Council

Hyperbaric Technicians and Nurses Association
Hyperbaric Medicine Unit, Royal Adelaide Hospital
North Terrace, Adelaide, South Australia 5000

September 1992

Dear Editor,

TheHyperbaric Techniciansand NursesAssociation
(HTNA) helditsfirst AGM in Adel aide onthe 28th and 29th
August, 1992. As well as being attended by nurses and
technicians from all the hospital based hyperbaric unitsin
the country, there were also personnel from private hyper-
baric facilities, the Royal Australian Navy, the SA Police
force and the commercial diving sector.
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The Association aimsto promote and encourage the
exchange of information between members, to standardise
protocol sand practi cewithin technical and nursing commu-
nities affiliated with the HTNA, to educate and inform the
recreational diving community of developments that affect
safe diving practices and to standardise training require-
ments for hospital based hyperbaric technicians.

During this meeting it was agreed that the HTNA
should maintainclosetieswithbothSPUMS and ANZHMG.
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Our full membership is open to nurses and techni-
cianscurrently working inthefield of hyperbaric medicine,
and associate membershipisopento other interested parties.

Application formsfor the HTNA are available from
Steve Goble, Hyperbaric Medicine Unit, Royal Adelaide
Hospital, North Terrace, Adelaide, South Australia, 5000.

Steve Goble
Hyperbaric Technicians and Nurses Association

BOOK REVIEWS

DIVING MEDICINE FOR SCUBA DIVERS

Carl Edmonds, Bart McKenzie and Robert Thomas.
J.L.Publications, PO Box 381, Carnegie, Victoria 3163,
Australia

ISBN 0 9590306 62

RRP $A 34.00

This book is not just a guide to diving medicine in
non-medical language. It fills that role but it does much
more. Besides explaining the physics and physiology and
medicine of diving in language that is simple to understand
thetext islaced with humour and full of illustrations. Some
of thecartoonsusedtoillustratestatementsareunforgetabl e!
Itisfair to say that this is the most complete coverage of
diving medicine in non-technical language that has ever
been available.

However it may not meet with approval from someof
the diving instructional agencies as it is peppered with
advice on how to dive safely and avoid the common causes
of divinginjuries. Itisquiteclear that the authors, who have
had almost thirty yearsof full timediving medicine between
them and a much longer exposure to diving themselves,
consider that diving is a dangerous sport which can be
undertaken safely if the diver knows enough and has had
good training and has practiced therequired skillsregularly.
They draw attention to the lessonsto be learnt from studies
of diving deaths, most of which occur in the inexperienced.
They draw attention to thefact that decompressionillnesses
occur in diverswho dive within the tables, but occurs more
often in those who stray outside the table envelopes. They
consider that dive computers still have along way to go to
improve their safety.

The book is divided into five sections. These are
Background which includes a potted history of diving,
Specific Diving (pressure related) Diseases, Aquatic Dis-
eases, Genera Diving Medical Problemsand finally Treat-
ment and Prevention. There arefive appendices coveringa
diving medical library, emergency contact humbers (with
spacefor theowner to add hisor her ownlocal numbers), the

DCIEM tablesinfull, the USN tablesand theprotocol for in-
water oxygen recompression therapy.

In its 1.5 cm thickness is information that covers
everything a non-medical recreational scuba diver might
want to know about diving. That is not to say that the
information in encyclopaedic on every topic, but the basic
and essential facts are always mentioned.

Unfortunately in the review copy a couple of pages
have been printed with aletter or two missing from oneside
of thepage. Luckily themeaning can easily bededuced from
the context.

The authors claim that the SPUMS Journal appears
six timesayear which | hastento add iswishful thinking. It
is hard enough to combine an anaesthetic practice and
production of aquarterly Journal. Unfortunately theaddress
of SPUMS and of the Journal has changed since the book
went to the printers.

Itisnot just atrimmed down version of Diving and
Subaquatic Medicine, itisanew book aimed at the ordinary
diver. It is an excellent display of the contribution that
diving medicine can make, and has made, to diving safety.
A “free” copy shouldbeincludedinthepriceof every diving
course in al English speaking countries.

John Knight

MEDICAL WRITING: A PRESCRIPTION FOR
CLARITY.

Goodman NW and Edwards MB.

Cambridge: Cambridge University Press, 1991.
ISBN 0-521-40701-X.

Pp 190; RRP £14.90 oversess (includes postage).

Clifford Allbutt wrote Notes on the Composition of
Scientific Papersin 1904 because the MD theses he had to
examinewere so poorly written. Improvement since seems
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to have been non-existent; in 1991 Goodman and Edwards
report that “medical writing in English is often bad to the
point of dreadful.” Unfortunately, on past showing their
excellent contribution to a growing body of instruction
seems unlikely to be read by those who most need it, the
many complacent and apparently illiterate doctors. Which
is a pity because the present guide is unstuffily written,
readily digested, and replete with examples of bad (in bold
type) and good English; therearea so plenty of doit yourself
EXErcises.

The message is that words should be used with the
utmost care. They needtobeclear, precise, shortif possible,
“give” rather than “administer”, concrete rather than ab-
stract, free from jargon and felicitous. Anyone who uses
“prior to", for example, should be advised against writing.
Superfluous phrases like “ The evidence suggests that” and
dangling participles“Having admitted the patient the abdo-
men was examined” should be avoided. Pick any sentence
inthebook: “ Thiscomprisesof increased bl ood pressureand
pulse amplitudein the upper extremity and decreased blood
pressure and pulse amplitude in the legs.” If you cannot
improve on it your writing needs urgent treatment.

Alex Paton

Reprinted by kind permission of the Editor, from
BMJ 1992: (304): 1703.

The book is available from the BMJ Bookshop, PO
Box 295, London WC1H 9TE, UK. Payment can be by
credit card (Mastercard, Visaor American Express) stating
the card number, expiry date and full name.

OXYGEN FIRST AID FOR DIVERS.
ISBN 0-9590306-5-4

John Lippmann

J.L.Publications

P.O.Box 381, Carnegie,

Victoria 3163, Australia

RPP $A 20.00

There are many courses available throughout Aus-
tralia which teach the administration of oxygen in associa-
tion with advanced first aid. Until the advent of this book,
there has been no textbook to which these students could
readily refer. Previousdiscussion of the subject hasusually
been directed at a medical audience which has made the
subject very difficult to read for the lay person. This new
book by John Lippmann will fill this void very nicely.
Although it is primarily directed at the diving community,
the book will bewidely read by all teachers and students of
advanced first aid in Australia.

It has long been taught, especially by the medical
community, that the administration of oxygen to a casualty
is potentially hazardous so that the whole subject has be-
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come clouded with mysticism. John Lippmann’s very
comprehensivemonographwill beinstrumental ineliminat-
ing the misconceptions and fallacies that have arisen and
alow the whole subject to become much clearer.

The author has taken considerable painsto keep the
language simple and to avoid much of the medical jargon
that complicatessimilar texts. Hehasthoughtfully included
aglossary of medical termsand their definitionstowardsthe
end. The medical reader may become annoyed by some of
thecircumlocution but | feel thisisnecessary for thelayman
to understand some of the conceptsthat wetakefor granted.

The dramatis personae of the editoria panel reads
liketheWho' sWho of Australian diving medicineand these
worthies have ensured that the author has been given the
very best advice on both techniques and equipment. His
description of the equipment available, its merits and de-
fects, is exhaustive and will enable any club committee to
make a valued judgement on which piece of apparatus to
purchase for their use.

Because the book is designed to complement any
advanced first aid course, the chapters follow in logical
sequence from the anatomy and physiology of respiration
through the types of oxygen administration systems and the
techniques of their use on to the complications and even the
lethal implications of failed first aid.

Thewhole book iswell illustrated with photographs
and diagramsalthough the quality of reproductionislacking
and some of the photographs are unclear and their impact is
lost. In his description of the C.I.G. variable flowmeter,
Fig.8.13, the author omits to mention that for accurate
measurement, it is essential that the glass tube be held
vertically to allow the ball to be suspended in the middle of
the tube. With the tube lying flat asit is pictured, and as |
have seen in even the best regulated circles, the position of
the ball gives no indication of the actual flow rate. Other
bourdon-typegauges, asillustratedin Fig. 8.14, donot suffer
from this problem of position, are usually more robust and
less likely to suffer injury while being moved on and off a
dive boat.

Thisbook joinsthelist of first classpublicationsfrom
thisauthor andlike The DES (DAN) Emergency Handbook,
it will become an essential part of all diving first aid kits. It
issimply writtenand very easy toread by anyonewithabasic
knowledge of first aid and resuscitation. For overseas
readersit may not describe the equipment available in their
area, but the techniques of resuscitation and principles of
administration of oxygentoadiving casualty areuniversally
applicable. | commend the author for hiseffort in producing
this very valuable addition to the library of diving medical
publications.

David Davies
Education Officer, SPUMS
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SPUM SANNUAL SCIENTIFIC MEETING 1990

SCUBA DIVING INCIDENT REPORTING
THE FIRST 125 INCIDENT REPORTS

Chris Acott

Introduction

Errors (“performances which deviate from ideal”)*
areapart of our everyday existence.> The majority of these
errors are usualy trivial, of no significance, recurring and
preventable.

Accidents are errors “with sad consequences’ and
occur in a system which is “tightly coupled”® and so not
forgiving. Researchin aviation, the nuclear power industry
and maritime transport accidents has shown that accidents
arerarely produced by asingle cause but usually by ahost of
interacting ones. Accidentsare, therefore, the consequence
of agroup of errors, or a collection of interacting negative
incidents.

Incident reporting

Incident reporting involves the study, reporting and
analysis of error. When applied to human performance it
deals with human error.2,*” It examines the contributing
factorsand associated patterns.*® Thesefactorsand patterns
have received little attention in accident reporting,*® and
their eliminationwill ultimately reduceerror? (seeFigure1).

Corrective strategies are designed to eliminate these
contributing factors and associated patterns.

Incident reporting involves several steps:

1 Recognition: realizing that an incident, although
thought to be trivial, has occurred, and that it may
have some important implications.

2 Reporting: writing downthestory of theincident and
sending to the collector. Thisis helped by using a
standard form.

3 Collection: there must be afocus point to which the
reports are sent.

4 Analysis: patterns and factorsin the reports must be
identified.

5 Formation: corrective strategiesareformed aimed at
the elimination of the patterns and factorsidentified
by analysis.

6 Feedback: the information is widely distributed in
the community for utilisation.

In the 15 months from January 1989 to March 1990,
125 incidents were reported to the Diver Incident Monitor-
ing Study (DIMS) whichisbased at the Hyperbaric Medical
Unit, Royal Adelaide Hospital. Forty of these incidents
(32%) were associated with morbidity.

Contributing factors

The common contributing factorsfor theseincidents

FIGURE 1

THE COCK-UP CASCADE

CONTRIBUTING
o FACTORS

ASSOCIATED
e PATTERNS

o ERRORS AND NEGATIVE INCIDENTS
o ACCIDENT 0
o INJURY 0

. Incident studies ook here

0 Morbidity and Mortality studies ook here
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FIGURE 2

UNCOMMON CONTRIBUTING FACTORSLEADING TO HARM
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Contribution of that factor

wereerrorsof judgement, poor dive planning, inexperience,
inattention and diving in unfamiliar conditions

M or bidity

There were a number of less common contributing
factors, anxiety, failure to understand the dive tables, drugs
including a cohol, insufficient training and lack of amedical
clearance, which when present were associated with diver
harm. Table 1 showsto the associated morbidity.

In one diver, hospitalized for salt water aspiration,
acute renal failure developed 48 hourslater. The salt water
aspiration caused a pneumonitis and right lower lobe col-
lapse. No cause was found for his renal failure. He was
treated conservatively and left hospital with normal renal
function. He has since given up diving. The pulmonary
infection foll owed breathing from acontaminated buoyancy
jacket. Pseudomonas was cultured from the mouth piece.

No medical
clearance

Percentage of that factor suffering harm

TABLE 1

Divetable
incompetence

Drugs and
alcohol

MORBIDITY REPORTED

DCS
Barotrauma
Ear
Pulmonary
Sinus
Salt water aspiration
CAGE
Coral sting
Right lower [obe collapse
Acute renal failure
Pulmonary infection

14
13

N S
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Cerebral arterial gas embolism (CAGE) was associ-
atedwithtwo casesof salt water aspiration. However inthis
series, pulmonary barotrauma was not associated with de-
tectable CAGE.

Experience and training

During training there were six incidents which re-
sulted in harm. Equalization and shared breathing tech-
niques predominated. Onediver devel oped transient symp-
toms of CAGE after aswimming ascent but failed to report
his symptoms to his instructor. His symptoms were no
longer transient after his second dive.

Errorswere not confined to the inexperienced diver.

Table 2 shows an equal distribution between experienced
and inexperienced divers.

Incident detection

The majority of the incidents (46%) were detected
during the dive.
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Distribution of incidents associated with morbidity

Thirty (75%) of the 40 harmful incidents were de-
tected during ascent and following the dive (Figure 3). Any
incident that was detected during the ascent or following the
divewasassoci ated with considerable morbidity (Figure4).

It was fortunate that the problems associated with
handling of weight belts at the exit were not associated with
morbidity. Thedropping of weights(andweight belts) when
leaving thewater can havedi sastrous consequencesonthose
below.

In 13 of these incidents divers reported that the
management of the situation would have been helped by an
dternativeair supply. Four of the shared breathing situation
resulted in salt water aspiration. Five of the out of air
situations involved an inaccurate contents gauge.

Equipment problems

Themajority of the 67 equipment incidentsinvolved
either the diver’ s regulator or buoyancy jacket.

FIGURE 3
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FIGURE 4

DISTRIBUTION OF INCIDENTS ASSOCIATED WITH HARM BY STAGE OF DIVE
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FIGURE 5
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TABLE 2 TABLE 3
EXPERIENCE LEVEL OF DIVERSINVOVLED IN OUT-OF-AIR AND LOW AIR INCIDENTS
INCIDENTS
Out-of-air 9
Unirained ! Inacurate contents gauge 5
Under training 8 Lowairtoout of air 5
Basic 3 Lowar 4
Open Water 37 Total 18
Advanced 22
Dive instructor 1 Coping strategies
Commercial 2 Octopus breathing 10
Unknown 14 Water aspiration 3
Total 135 Buddy breathing 3
Water aspiration 1
Direct ascent 6
TABLE 6
AIR SUPPLY AND REGULATOR PROBLEMS TABLE 4
I naccurate contents gauge 5 EQUIPMENT PROBLEMS
Free flowing 2nd stage 5
) Regulator 19
Misplacement of octopus 3
] Buoyancy compensator 18
Rupture high pressure hose 3
o Weight belt or weights 8
Leaking high pressure hose 1
_ Wet suit 6
First stage blow out 1
_ Fins S
2nd stage jammed 1
Air supply 5
Depth gauge 3
Mask 2
Equipment failures TABLES
Seventeen equipment problemsdid notinvolvediver BUOYANCY JACKET PROBLEMS

error, and so could be considered as being pure equipment
failure. Table 5 shows that pre-dive checks are not being . .
executed, or if they are, they arebrief and poorly conducted. Unfamiliar with its use
Scubafeed not attached
Oxygen equipment Incorrect use
Tank not secured correctly
In 5 incidents, where oxygen was available for the
First Aid management, either the oxygen supply was inad-
equate or nobody wasfamiliar on how tousetheequipment.  Vest leaked
In al 5 incidents the concentration of oxygen achieved
would have been far less than 100%.

Unable to vent vest

N N S I X I NN

Inflation device failed
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TABLE 7

EQUIPMENT PROBLEMSDETECTABLE BY BUDDY AND PRE-DIVE CHECKS

Total Detectable by

problems buddy check
Regulator 19 14
Buoyancy compensator 18 15
Weight belt or weights 8 3
Wet suit 6 0
Fins 5 1
Air supply 5 5
Depth gauge 3 3
Mask 2 0
Dive computer 1 0

Discussion

Equipment problems predominate in this series of
incidents. Misuse, misassembly, failureto check andlack of
understanding of how the equipment functions all featured.
Diving is an equipment dependent sport and a diver's
interaction with his equipment is an important aspect of
safety. The majority of the equipment problems related to
buoyancy jackets and regulators.

This series shows 3 disturbing features.

1 A quarter of the regulator problems would not have
been detected by any immediate pre dive check.

2 There was either an absence of or a poorly executed
buddy check.
3 Inaccurate contents gauges were an important con-

tributing factor in the out of air situations.

All the buoyancy jacket incidents were due to diver
error. How to inflate and deflate the jacket, especidly in
emergency situations, and thecorrect function and use of the
jacket do not appear to be well understood. Allied to this,
correct weighting appears to be lacking, leading to uncon-
trolled or unplanned aterations in buoyancy, which can
carry potentially serious consequences.

This study correlates well with other studies of hu-
man error by showing that the thorough checking of equip-
ment (“check lists’) before use is an important aspect of
safety.?>” Pilots have a*“ cockpit drill”, why not divers?

There hasbeen little emphasisfocussed on the accu-
racy of contents gauges in mortality reporting.t* Once a
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Detected by Detectable by Not detectable
buddy check pre-divecheck by pre-dive check
1 14 5
1 11 2
0 4 3
0 3 4
1 1 0
1 5 0
0 3 0
0 0 2
0 0 1

gaugeissolditisseldomrecalibrated or serviced. Inaccurate
contentsgaugeswerecited asanimportant cause of the* out-
of-air situation”. Reintroduction of the sonic reserve (the
first stage regulator emits anoise with each breath when the
cylinder pressure is low) could be an important safety
measure. |rrespective of what the contents gauge showsthe
diver would know that he or sheislow on air.

Sudden loss of air supply (dueto first stage blow out
or rupture of a high pressure hose) can have disastrous
consequences. Anindependent alternativeair supply would
have made the management of these situations easier. But
thealternative supply hasto bean effectiveone, enabling the
diver to get to the surface in al situations. An additional
piece of equipment means more equipment to be checked
before the dive, and this study has highlighted the lack of
good pre-dive checking!

Thisstudy correlateswell with other studiesshowing
that alcohol increases the injury risk with aquatic sports.#
Diving and a cohol do not mix!

Shared breathing techniques were a major cause of
salt water aspiration. Poor technique when clearing the
second stage caused problems leading to water being in-
haled.

Understanding decompression tableis pre-requisite
for safe diving. Divers should be taught a set of tables
thoroughly during training, and eligibility to dive should be
based ontheir understanding of them and being abletowork
out the correct answers for single and repetitive dives.
Knight' and later, Wilks and O’ Hagan'? showed that ahigh
percentageof recreational diverslacked fundamental knowl-
edge of decompression tables (even in a so called “well
educated” group of divers).t



220

There is a correlation between the lack of medical
fitness to dive and morbidity in this study.

The first aid management of diving accidents re-
quires administration of 100% oxygen. Knowledge about
how to achieve 100% oxygen and the equipment to use is
lacking in the Australian diving community.

Diversshouldplantheir exitfromthewater. Mishan-
dling of weight belts at the exit may have disastrous conse-
guencesif another diver is underneath it.

Corrective strategies

DEVELOPMENT OF CHECK LISTS

Each diver should inspect and test their own and
buddy’ sgear, especially inflation and defl ation of the buoy-
ancy compensator (BC), quick releases, air supply connec-
tionsand sefety devices. Eachdiver should carry acheck list
in hisor her diving bag.

A check list should include the following:

Buoyancy COMPENSATOR

1 Check the scuba feed is connected and will inflate
and deflate.

Check the jacket for leaks when fully inflated.
Check oral inflation.

Check the emergency vent holes.

Check the tank is secure in the back pack.

Check that the buddy diversknow where everything
islocated on both divers and are able to use them.

OO, WN

ReGcuLATOR AND CONTENTS GAUGE

1 Switch air supply on. Note the full position on the
contents gauge.

2 Switch air supply off.

3 Check the purge button (of both second stages if
fitted with an octopus) works.

4 Note the “ empty position”.

5 Switchair supply on. Notefull positionagain. Check
that it correlates with No.1.

6 Check, with the air supply turned fully on, that the
diverisableto breathethrough both 2nd stages(if an
octopus s fitted).

7 Check that breathing doesnot cause oscillation of the
pressure gauge needle. If it doesthen the air supply
should be checked to be certain that it isturned fully

on.

8 Check that there is no positional free flowing of
either second stage.

9 If the contents gauge is bumped before getting into

the water, these checks should be performed again.
10  Check that the diver knows where his or her regula-
tors are (especialy the octopus).
11 Onceinthewater, doasurfacecheck onany positional
free flowing of the regulators.
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SONIC RESERVE

Regulator manufacturers should be encouraged to
reintroduce the sonic reserve and divers should be encour-
aged to buy this excellent safety device.

OXYGEN AND ADMINISTRATION

Australia wide standards for courses on oxygen
therapy and equi pment applicabl eto diving accidentsshould
be developed.

ALTERNATIVE AIR SUPPLY

There are many aternative air sources available.
They should have minimum standards of performance. The
commonest isthe octopus regulator. However this usually
needed when both diversarelow onaair. Inthissituationthe
1st stage regulator may not be able to provide enough flow
to supply both regulators at once. Neither may it be ableto
supply enough air to inflate the owner’ s buoyancy compen-
sator.

If aseparate cylinder is used (Spare Air etc.) should
thisair source be ableto supply the buoyancy jacket to give
buoyancy aswell?

TRAINING

There should be moreemphasisin diving training on
shared breathing and egualization techniques.

Thereshould bebetter teaching and understanding of
the dive tables.

Crisis management algorithms should be devel oped
for theout-of-air situation, andfor theFirst Aid management
of diving accidents.
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EMERGENCY AIR SHARING

Glen Egstrom

Introduction

The purpose of this paper isto focus upon a positive
approach to the standardisation of an important emergency
procedure, sharing air. The behavioural aspect of this
procedure could be effectively standardised with a mini-
mum modification of equipment and existing techniques.

Why shareair ?

Other than in training classes, one is hormally only
going to haveto share air when one' sbuddy isout-of-air. It
isatime of considerable stress. An out-of-air situation is
most unlikely for a scuba diver who monitors hisor her air
supply. It can happen, but itisrare.

In many parts of the world regulators freeze. When
gasexpandsit tendsto cool. Airisexpandingwhenitcomes
through the low pressure hose. We have tested a series of
regulators at various temperatures and at various depths.
Virtualy all the regulators on the market will freeze up if
they get cold enough and have enough air going through the
regulator. Typically theregulator valvewill stay inthe open
position, afreeflow, andwithfreeflow you get atremendous
cooling effect causing iceto form on the outside and on the

inside of theregulator. Sometimesthe regulator will freeze
shut. Thisis adifficult and serious problem. In between
sheet ice actually forms on the diaphragm increasing the
breathing resistance. Theincreasein breathing resistanceis
enough to create additional stress asthe diver may feel that
he is out-of-air. Every regulator available is going to be
more difficult to breathe from at low tank pressure and at
depth.

A tropical diving holiday is probably the worst pos-
sibleenvironment for ascubadiver. It takesabout 72 hours
to get about 80% acclimatised. Diversrarely havethat long
before they go to work enjoying themselves. Inspite of
understanding the problem, we consistently let ourselves
become dehydrated during the first two or three days. We
arenot sensitiveto the need to push fluidswhenwearrivein
the tropics. In addition we are offered deep, clear, warm
water, party times and late nights. We are not as well
prepared for some of our dives aswe should be. Asaresult
mistakes are made.

Many people who encounter increased breathing
resistance interpret that as an out-of-air situation. It is
important that people recognise that if one breathes slower
and so keeps the peak flow rates low, then the resistanceis
goingtobelower andonewill beabletoget air out of thetank
comfortably for much longer. In most of the regulators on
themarket excessivebreathing resi stance startsabout 500 or
600 psi tank pressure at depthsof 20 m or more. Most of the
good regulators on the market have different characteristics
becausethebal ancedfirst stagesare sofinely tuned that they
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will work up to a critical pressure and then fail to deliver.
The diver has no warning, one breath has some change in
breathing resistance and then one does not get the next
breath, or if one does, one only gets part of it.

Out-of-air isatime for an emergency ascent. If one
starts air sharing one should begin an emergency ascent.
Emergency air sharing should not bedonewhileonefinishes
the rest of the planned dive. That does happen. | know a
diver who chooses young women as diving buddies because
they do not use much air. When he gets tank his down to
about 300 psi, he shares her tank until it is nearly empty.
Then he uses his remaining 300 psi to surface.

The past

| have participated in recreational scuba and scien-
tific diver training and in commercia and military diving.
Those involved in training divers are obligated to have
peoplelessconfused at theend of instructionthan whenthey
started.

There are problems with emergency air sharing. |
hope to give you a better understanding of how the present
situation developed and to persuade you to convince your
communities to try to simplify emergency air sharing.

The Undersea Medical Society, now the Undersea
and Hyperbaric Medical Society, convened an Emergency
Ascent Training workshop in December 1977. Thirty-five
experts representing training organizations in all facets of
diving spent two full days discussing the topic. Position
papers and statements were compiled in a publication and
made available to the diving public. Reactions to the
positions were aso recorded and published. There was a
strong emphasis on unaided ascent aswell ason air-sharing
ascents.

During the years sincethe conference there has been
little, if any, progress towards standardisation of the latter
emergency procedure. Recommendations have come from
many sources and small groupswithin the diving field have
instituted programs for their own divers.

Emergency proceduresshould meet certain criteriaif
they are going to be effective for large populations. The
procedure needs to be
1 Standardised.

2 Easy to learn and reinforce.
3 Logical and require aminimum level of skill.
4 Reliable and effective.

Swimming ascents

Twenty years ago an emergency ascent was all very
simple. One did a swimming ascent. One took ones
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regulator out of ones mouth, tipped ones head back, blew
bubbles and swam to the surface.

Themilitary caled thisa“freeascent”, atermwhich
recreational divers immediately picked up. Some of the
training agencies, likethe Los AngelesUnderwater I nstruc-
tion Agency, insisted that divers had to be able to do afree
ascent from whatever depth they dived to. That wasconsid-
ered ones safety valve. If adiver wasgoing to diveto 30 m,
the diver had to demonstrate that one could, on a single
breath, get al the way to the surface, exhaling all the way.
We all managed to do it and no one gave it much further
thought. Astime went by, the US diving medical commu-
nity told thetraining agenciesthat free ascent was adanger-
ous practice which should not be done, either in training or
in any other circumstances.

Buddy breathing

The way round this prohibition was “buddy breath-
ing”, againamilitary practice. Diving wassupposedto done
in buddy pairs. It wasthe responsibility of each member of
the buddy pair to be thereto help if needed. The procedure
for sharingair wasvery simple. Oneswam up to onesbuddy
and drew ahand sharply across the throat, giving the signal
that onewanted to shareair. Thebuddy would immediately
takethetwo hose regulator out of hismouth, roll it over and
put it into position so that the recipient could get acoupl e of
breaths. Thenthedonor would roll it back and soon. Atthe
sametimeasbuddy breathing commenced, thediverswould
hold each other, so they were securely linked together. This
particular techniqueworksvery well, if onehasbeentrained
toexecuteit. But buddy breathing wasthething that onedid
only if one could not make a safe swimming ascent to the
surface.

With singlehoseregul ators, onetook themouthpiece
from onesmouth, passed it immediately to the sideand then
back and forth. After some accidentswe realised we had to
teach people that they had to exhale during the time they
werenot breathingfromtheregulator. Theconcept wasthat
onehadto seebubblesat all timesexcept wheninhalingfrom
theregulator. Had webeenreally ontheball at that time, we
probably would have have suggested that the airless buddy
could put his or her mouth over one exhaust valve outlet,
block off the other and breathe the expired air. Two people
can breathe off asingleregulator with very littledifficulty if
they practice the skill.

Sharing air did lead to some horror storiessuch as, “|
gave my buddy theregulator and hewould not giveit back”.
The failures of the buddy breathing system led to remarks
about how dangerousit wasand that onewould havetofight
for oneslifeif one gave ones regulator to someone. Every
timel read, inaaccident report, that thebuddy systemfailed,
| get livid. The buddy system does not fail, it is the people
using it that have the problems. The systemisfine, itisthe
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implementation that falls down. Usually that is because of
lack of practice.

Secondary regulators

The octopus (spare regulator) concept was alogical
step. Theoretically if one has an extra second stage dl a
recipient has do is swim up and put it in their mouth.
Unfortunately when the octopus was accepted amajor error
of judgement was made as we violated a basic precept in
emergency procedures. We failed to standardise the loca
tion of the spare second stage and failed to standardise the
procedure of air sharing.

Shortly after the octopus came in | asked a diving
group the question “What would you do if you run out-of -air
and you wanted to sharemy air?’ The whole group put an
openhandinfront of my face. | did not understand what they
meant. They explained that they were going to grab the
regulator out of my mouth and | would give it to them
because that signal meant “1 want totake abreath”. Unfor-
tunately only they knew what that signal meant. If they
dived with others they would not be able to communicate.

Even if one communicates the basic issue of “I'm
out-of-air. | want to share” there are two scenarios.

Inthefirst one, the person with air takes his primary
life support meansand putsit in the buddy’ s mouth and then
hasto find his spare second stage. | liketo keep my primary
regulator and give my buddy my alternative air source. |
know the primary works, but | am not certain about the
octopus. It takes very little particulate material to create
problems with the mechanism of a2nd stage. The octopus
should be in a convenient place where the buddy will get a
clean regulator and where both divers can find it. Is it
necessary to give up the primary air source? Do | have to
giveuptheoneinmy mouththat I know isworking? | do not
have a problem and | do not want one. We may have a
problem, but it isreally my buddy’s problem. | will helpin
any way | can but if we are going to have an emergency, |
want to keep it simple.

In the second scenario the out-of-air buddy takesthe
spare second stage. Unfortunately it is unlikely that the
buddy knows where it is going to be because most divers
permit their octopus to hang loose. Mostly the regulator
hangs somewhere, even down between people' slegsif itis
on an extra long hose, dragging in the sand. Some divers
even position theoctopussothat that onecannot tell whether
they have a one or not.

My point is that thereis till no standardised proce-
dure for octopus breathing. Thereis a standardised proce-
durefor buddy breathing, althoughin some programsbuddy
breathing is no longer taught, neither is the swimming
ascent.
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Whether we use buddy breathing, octopusbreathing,
breathing from an aternate air source or from a pony bottle
onehastohaveaprocedure, standardisation of theactionand
common agreement on how thisis going to work.

Some of the manufacturers’ innovations are located
inastandardised position. The Air |1, abreathing device, is
always on the end of theinflation hose and incorporatesthe
ability to automatically inflate the buoyancy compensator
while still being able to be used as an alternate air source.
This eliminates one low pressure hose.

However the Air |1 requires that both buddies know
how it works, which buttons do what. The manufacturer’s
instructions say that when someone comes up and indicates
“I"'m out-of-air and | want to share” one gives them ones
primary device. But thisadviceis not because the primary
regulator isinastandard position wherethebuddy can get it.
It is because they hope you know how Air |l works and
accept that your buddy may not.

At UCLA we completed some experimental
behavourial studies. We found that one can leave the
primary in ones mouth and hand ones buddy the Air II.
Certainly itisonashort hose, all that doesisbring the buddy
inalittlecloser. Onedoeshavetoturnittotheoutsidewhich
resultsinthehosekinking. However itisvery, very difficult
to prevent any air coming out of alow pressure hose, with
about 1401bsof pressureinit, by kinkingit. Thereisalways
sufficient pressure to activate the Air Il. However it was
shown to be important that the air source be in a fixed
position in order to avoid delays in the smooth pass to the
recipient’s mouth. Velcro or other attachments need to be
substantial enough to hold the second stage in a stable
position but must allow easy disengagement.

Diving isnow atechnologically driven sport, driven
by incredibly rapidly expanding technology. We used to
think it wasan instruction driven sport. Perhapsintheearly
days it may have been, but no longer.

Instead one or two new products per year, we see a
multitude of new products, innovations on existing prod-
ucts, and aburgeoning diversity of equipment, resultingina
diversity of methodsof handling functions. Other manufac-
turers have the copied Air Il. They are al basically a
breathing device that is incorporated into the automatic
inflation system. There are probably adozen variations, all
with different kinds of controls, al requiring specific train-
ing in order to make the device work.

Oneneedsto haveastandardised procedurefor using
a second regulator and both parties must understand the
rules. To make sure both buddies understand the procedure
one should try it out on the surface before the dive. During
an actual emergency isnot theideal timetotry to learn how
unfamiliar equipment works.



224

Pony bottles

Pony bottles have the advantage of being a com-
pletely separate air supply. They have the disadvantages of
not having astandardised | ocation for the spare second stage
and of being a another thing to take on every dive because
one does not know when an emergency is going to occur.
The one thing about emergencies is that they occur with
sobering suddenness according to Murphy’s Law.

An enterprising gentleman in California, recognised
that people did not like the idea of the large pony bottle, but
did want anindependent secondary air supply. He came out
with Spare Air, asmall cylinder of compressed gas, with a
regulator on top and away of monitoring of how much gas
isinit. Oneturnsitonbeforeadive. If oneworksinaheavy
current, it may be activated and bleed off. But if one waits
until the emergency toturnit on, the person wanting air may
get a little tense during the operation. The manufacturer
suggests keeping it in aholster. The diver comes up, gives
thesignal and onewhipsit out and handsit over and they are
ready to head for the surface.

Spare Air doesnot requirethat you break the primary
lifesupport link. It hastheadvantagethat you canfill it from
a scuba cylinder. The manufacturer found an incredible
market, not only divers but also helicopter crews who have
actually bought more than divers. When a helicopter goes
into the water, it usualy inverts and everyone is confused
and it sometimestake several minutesto get out. If onecan
not breathe, escapegetstobedicy. With Spare Air they have
several minutes to find away of getting out and be saved.

Spare Air hasadrawback. Theearly onessimply did
not giveenough air at depth. At50 m, onegot onefull breath
and a part of another. At about 18 to 24 m one would get
anywhere from 4 to 7 breaths and on the surface 14 to 16
breaths or so. They have now come out with a 3,000 psi
cylinder. Itisavailable as a set of doubles.

Theproblemisthat thedeviceswill work well, butin
order for themto work every timethe spareair source hasto
have a standardised location, standardised procedure and
users with acommon set of rulesto be ableto utiliseitina
safe and effective manner.

Theideal isthat if you areoutfittedwithaprimary, an
octopus, apony bottle, a Spare Air or aAir 11, in astandard
location, then when the buddy comes up, they can say “I
think I’'ll have one of these” and life will go on.

Standardisation

One of the big criticisms of the number of devicesis
it isalways possiblethat the recipient may not know how to
usethe secondary air source and therefore grabsthe primary
regulator. The donor then has to sort out the problem,
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otherwise the other diver islikely to panic. From ahuman
factors point of view it does not make any difference what
system one uses. The basic steps one hasto go through are
the same. There has to be some linkage of the divers and
there has to be atransfer of an air source.

If thedeviceswerelocated inthetrianglebetweenthe
edges of therib cage and the mouth, thiswould makeit easy
to find them. In our tests placement of the air source
anywhereinthat triangleresulted in an easy pass, aslong as
the hoses, if any, passed over the shoulder or were attached
near the shoulder in afashionto permit theair sourcemouth-
piece to be placed in the recipient’s mouth.

In this discussion you will note that the recom-
mended procedures would not require the donor to remove
the primary regulator from the mouth except in the case of
buddy breathing. Mounting the alternate air source within
the triangle formed by the mouth and the outside lower
borders of therib cage has several advantages:

1 The air source has a consistent, semi-permanent
location.

2 The air source is visible to recipients as they ap-
proach.

3 A single movement with the right hand can quickly

move the air source to the recipient’ s mouth.
4 A single basic behaviour pattern is possible for the
recipient and donor.

One must do the ssimple things, standardise theloca-
tion of thealternate air source and standardi sethe procedure
so that whatever signals are given are standard, and the
responseisto get an air supply from what the diver happens
to be carrying. Buddy breathing even works with this
system, for people who dtill utilize this practice. The
procedure has to be kept simple. If it is complicated the
amount of training needed to overlearn the skill increases
dramatically. Tolearnto usean octopusproperly takesover
12triestogetitright, andthisiswithastandardised | ocation.
Buddy breathing takes from 17 to 21 tries.

Regardless of which system one uses, if both people
are not prepared by training, having overlearned the skill to
the point where they do not have to think about it during an
emergency, it is going to be difficult to perform. If you go
into a problem solving mode at the same time as you are
involved in an emergency, it is quite likely that you will
screw up whatever you decide to do. Any emergency skill
must belearned sothat itisessentially reflex. Thediver can
then deal with someother issueand till beabletogothrough
the mechanics of air sharing without thinking about it,
whatever elseisgoing on. One of thethingsthat needsto be
donein training programs is that when novices have learnt
the mechanics of air sharing, they then need to do some
rehearsals under additional stress. They need to be ableto
solve other problems at the same time they are air sharing.
One of these problemsis propulsion. What tendsto happen
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iswhile buddies solve the air sharing problem they usually
stop swimming. They need to be trained to do two or three
thingsat thesametimeasthey areair sharing. Itisamazing
how few people can do this.

If one has stress involved in whatever emergency
procedureoneisgoingto use, or anticipatesthat oneisgoing
to use, one uses more air. That isthe nature of stress. The
solutionisstressavoidance and reduction. Toreducestress,
therearevariousthingswe cando. Oneismental rehearsal.
| once did a research project that showed that one can get
reinforcement of individual skills, learning and maintaining
those skills if one does mental rehearsal exercises. One
imagines going through the process of whatever isgoing to
take place. The difficulty in the case of sharing air, is that
both people have to rehearse the same technique under the
same mental set of conditions. Talking isamost important
way of reducing stress and one that is very rarely used
properly. Oneasksonesbuddy “How arewegoingto handle
an out-of-air situation?’ and the buddy says “By buddy
breathing”. Y et youreally have not communicated how you
aregoing to do the action. One can bet that what happensis
not what you expected, unless you both trained in the same
program, on the same system and with the same set of
conditions.

There are other problems coming. The recreationa
diving community is getting interested in the technol ogical
aspects of diving. When asked about mixed gas diving,
nitrox diving or deep diving, base your advice on what
recreationisall about. If they areinsistent that they wish to
do such diving, then they need training by some competent
organi zation that specializesin that particular sort of diving.
This is because how they they do their emergency proce-
dures will vary according to the equipment that they are
going to wear. If they do not train in that equipment for
particular kinds of emergencies that are likely occur, it is
unlikely that those emergenciesare going to be successfully
handled.

Conclusions

Without getting involved in the controversy over
which of the techniques for air sharing is the best, an
examination of the problems reveals a procedure which
would meet the above criteriawith aminimum of retraining
or expense. Both the donor’s response to the out-of-air
signal and the recipient’s actions shourl be standardised.

If the diver does not take independent action in the
form of a controlled emergency swimming ascent we have
anindividual who goesto apotential donor for air. The*out-
of-air” signal (hand drawn sharply across the throat) fol-
lowed by the “I want to buddy breathe” signal (hand and
fingers motioning toward the mouth) could be given during
theinitial contact regardless of the manner in which the air
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supply exchange would proceed. A person who wants air
would therefore always follow the same procedure.

Signal out-of-air.

Signal for sharing air.

Establish contact with the donor.

Guide the offered air source to the mouth without
taking it from the control of the donor.

A WN PR

The donor should respond by

1 Grasping the other diver’ sharnessor tank and facing
the recipient.

2 Immediately passan air sourceacrossto themouth of
the recipient who will now be facing the donor.

So far the procedure is well established in the field
and should present no new problems. The donor may be
prepared to share air by
Using buddy breathing.

Using an aternate second stage.

Using adevice such asthe Air I1.

Using a redundant system such as a pony bottle.
Using some other suitable device.

ab~wbNPE

Unfortunately thereareanumber of variationswithin
each of these procedures which complicate the problem of
standardisation. However the donor holding part of the
recipient’ sgear while passing an air source can be standard-
ised. These moves can bedone quiteeasily if theair source
isin a consistent location where the donor can, in asingle
move, grasp the air source and pass it to the recipient’s
mouth. The recommended location is on the front of the
chestinthetriangl e between theedgesof therib cageandthe
mouth.

The principle issue is that when the individual who
wantsto shareair comesto the donor, the same procedureis
aways followed. This behaviour then triggers a response
from the donor that is functionally the same with regard to
themechanicsof themovement irrespective of other factors,
such as the type of device being used to share air.

The establishment of a standardised procedure does
not mean that dive buddies should feel that there is no need
to discuss or even rehearse the procedure prior to the dive.
Training is paramount in any emergency procedure.

Thereisalearning curve associated with the skill of
air sharing. In the case of buddy breathing, a study con-
ducted by the the UCLA Diving Safety Research Project
determined that 17-21 successful attempts were needed for
performance without errors in a group of basic students.
Retesting, after three months of diving without reinforcing
the skill, showed degraded performances, involving errors
inprocedures. Not only shouldtheskillsbewell learned, but
they should beperiodically reinforced, especially in circum-
stances where the buddies are diving together for the first
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time. Useof aternateair source breathing such asalternate
second stage, Air I, pony bottle, etc., also involves the
learning of a series of skills. These procedures are as
complex as buddy breathing up to the point of sharing. The
basicdifferenceisthat therecipient receivingan alternateair
source need not alternate breathing with the donor. Thisis
asubstantial advantagein many cases. Itisfolly, however,
to assume that these alternatives to buddy breathing do not
require substantial learning and reinforcement.

It is possible to conceive of “what ifs’ that could
create additional variables and interfere with a smooth
procedure. Adequatetraining, education and dive planning
will still berequired in order to minimizethe“what ifs” and
their effects.

This is an edited text derived from a lecture with
slides and from the text of a previous publication provided
by Dr Egstrom

Glen H. Egstrom, Ph.D., is Emeritus Professor of
Kineseology, at the University of California, Los Angeles
(UCLA). Hisaddressis 3440 Centinela Avenue, Los Ange-
les, California 90066, U.SA.

RESPIRATORY FUNCTION IN INTENDING
DIVERS

Andy Veale

Introduction

Thehistory of diving medicinehasmoved through a
number of different phases. Firstly, divers smply went
diving to accomplish a particular aim, there was no consid-
eration at all about the physical or physiological attributes
necessary to perform this work safely. Occasiona deaths
and illnesses then occurred, and attempts were made to
explain these deaths using physiological and pathological
knowledge obtained in other situations and in other disor-
ders. Rules have then been derived from these extrapola-
tions. Of necessity theserulesor standards, are conservative
dueto thelack of basic knowledge, the desire to be exhaus-
tiveand to avoid any perceived medico-legal risks. Finaly,
the “natural” data accumulates and research data is col-
lected, suggesting that theoretical concerns have been over-
stated and standards are ultimately relaxed. One very good
example of this is the relaxation of standards for aircrew
following spontaneous pneumothorax in al Air Forces.

| believe diving medicine needs to become more
scientifically rational interms of risk assessment in order to
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be perceived by the diving community as acting in the
interests of divers, to avoid the “them and us” situation.

L ung anatomy and physiology

| shall briefly cover some aspects of the normal lung
anatomy and physiology before pointing out some of the
changesin normal physiology which occur during diving. |
will then discuss some of the possible mechanisms of
barotraumaand how these have been used to justify some of
thetheoretical risks, and hence contraindications, in current
diving standards. | will then discussthe actual risk data, and
the potential pitfalls in interpretation of this data, before
proceeding to a brief philosophical discussion of what the
doctor’ srole should be.

The lung is a very dastic structure which tends to
collapse towards functional residual capacity (FRC). FRC
represents a balance between the tendency of the lung to
collapse and the tendency of the chest wall to spring out.
Most of thelung elasticity isin the bronchovascular bundles
which contain most of the el astic and non-el astic connective
tissue. The bronchi and vesselstend to run together within
bronchovascular bundles and during inspiration or over-
inflation there tends to be a tractional force along these
bronchovascular bundles. Within the walls of the bronchi
smooth muscle is oriented in a circular or spira fashion,
becoming increasingly discontinuous toward the terminal
bronchioles, leading to areas of potential weakness.

During a normal forced expiratory curve flow rate
rapidly reaches a maximum and then falls as the airways
becomenarrower, acting asaflow limiting step. Flow atlow
lung volumes is thought to reflect flow within the small
airways but even in these terminal portions of expiration,
flow is till significant at around 800 ml per second.

The compliance of the chest wall and lungs varies
considerably with the phases of respiration. Starting from
expiration increases in lung volume cause little change in
intrathoracic pressure. However at the extreme of inspira-
tion a very small increase in volume is associated with a
marked increaseinintrathoracic pressure. So any reduction
in depth (pressure) while a diver is at total lung capacity
(TLC) will very rapidly increase theintrathoracic pressures
andasaresult thetractional forcesalongthebronchovascular
bundle.

During head out immersion there are significant
changesin pulmonary physiology. Thelung becomesmuch
less compliant due to the central redistribution of blood
volume, closing volume is increased and specific airways
resistance and the work of breathing are increased dramati-
cally.

Increasing gasdensity leadsto progressive, and quite
marked, declinesin flow at al lung volumes.
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The net effect of these changes, together with the
viscosity of water through which the diver must swim, leads
tosignificant work, not only in respiratory termsbut also for
the swimming muscles. Swimming at 0.85 knots raises
oxygen consumption to six times normal which is close to
the maximum aerobic threshold for normal people. The
physical work of sport diving is an important, and under-
recognised, factor in assessment of diving fitness and con-
tributes significantly to drownings.

Pulmonary barotrauma pathology

The pathophysiological mechanisms of pulmonary
barotrauma are entirely unknown. Two possible mecha-
nismswhich may occur arealveolar rupture, wherea veolar
over-distensionrather than over-pressuri sation|eadsto shear-
ing stresses on the alveolar bases where they abut the
bronchovascular bundle or adjacent segments. The second
possible mechanism relates to the tractional forces which
may develop along the longitudinally oriented
bronchovascular bundle. The circular smooth muscle be-
comes increasingly discontinuous and spiral towards the
terminal bronchioles. In asthmatics who die in during an
acute attack it has been shown that bronchiolar glands and
ducts can rupture through the bronchiole wall, leading to
interstitial emphysema. Itisnot knownwhether thismecha-
nism also occursin divers.

During inspiration lung volume increases and the
alveolus enlarges. At the sametimethereisanincreasein
intrathoracic blood volume which causes a lengthening of
blood vessels and an increase in their transverse diameter
During expiration the reverse of this occurs and hence the
relationship between the alveolus and the vessel remains
constant. If there is alveolar distension without a corre-
sponding increasein intrathoracic blood volume, ashearing
stress between the alveolar base and the vessel may cause
rupture of the alveolar lining epithelium and basement
bundle. Thismechanism of causing interstitial emphysema
of the lung was clearly explained in the 1940s.* In divers
hypovolaemiais very common and could exacerbate these
shearing forces.

Pulmonary barotrauma

Air within the bronchovascular connective tissues
may lead to interstitial emphysemaand if thistrackstoward
the mediastinum, to pneumomediastinum and subsequently
to surgical emphysema. If air ruptures through from the
mediastinal pleuraor from subpleural blebsinto the pleural
space, a pneumothorax will occur. If entry isinto avessel
then arterial gas embolism occurs.

| havean X -ray of anasthmaticwoman, taken shortly
before she died, showing marked pulmonary over-inflation
with surgical and mediastinal emphysema. Her heart was
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squashed flat by the high intrathoracic pressure. The over-
inflation was not air-trapping behind obstructed bronchi. It
is due to air in the pulmonary interstitium which tracked
aongthe bronchovascular bundlesto themediastinum. The
steadily increasing amount of thisinterstitial air raised the
intrathoracic pressure. Small bronchi and vessels were
compressed by thisair.

Pneumothorax may besubtleor it may beobvious. A
tension pneumothorax can be rapidly fatal.

CAGE pathophysiology

Arterial gas embolus may be fatal at onset, or more
usually, bubble transit through the cerebral circulation may
result in subsequent reduction in cerebral flow, causing
neuronal dysfunction.

These physiologica and physical factors, and the
serious disorderswhich may occur in divers, haveled to the
suggestionthat disordersassociated with air flow limitation,
with gas trapping, with intrapulmonary gas collections, or
with patchy lung scarring, shouldall be contra-indicationsto
diving with compressed air. Thishasled to the application
of the“What if thiswereto occur at depth” test, without the
consideration of the probability of “it” occurring. Many of
ushave said that whil st thereisno definitive proof, thereare
sound physiological and physical reasons why people are
likely to be at an increased risk and we have consequently
been restricting large numbers of potential divers.

Discussion

Colebatch looked at pulmonary compliance in six
divers with pulmonary barotrauma, comparing them with
sixteen divers of similar dive experience but without baro-
trauma, and demonstrated that the barotraumadivers had a
significant reduction in pulmonary compliance: their lungs
werestiffer.? Inthispopulationtherewere 500 diversat risk
of barotrauma and only six developed barotrauma. Of 26
normal divers, three had reduced compliance of similar
degree to those with barotrauma, and if thisis extrapolated
tothetotal diving populationat risk inthisstudy, namely 500
divers, 58 would have been expected to have similar reduced
compliance as those diver who suffered pulmonary baro-
trauma.

Inanumber of studiesof submarineescapeandinthe
military, pulmonary barotraumahasbeen shownto beavery
uncommon event although it must be appreciated that con-
siderable pre-screening has occurred. Professor David
Dennison at the Brompton Heart and Lung Institute has
examined many survivorsfrom pulmonary barotraumawith
specialised pulmonary function tests and high resolution
thin section computerised tomography, and hasbeen unable
to demonstrate significant abnormalities of lung function
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which would predict the occurrence of pulmonary baro-
trauma. Brooks, Pethybridge and Pearson showed that in 34
cases of barotrauma in 3,788 escape tower ascents, forced
vital capacity (FVC) < 2SD predicted 8/34 whiletheratio of
forced expiratory volume at one second (FEV ) to forced
vital capacity (FEV /FVC) < 75% would only predict 1/34.2

In the Australasian series of 100 deaths reported by
Edmonds and Walker* nine deaths occurred in divers who
wereasthmatic. Only two of these showed evidenceof PBT.
In reported cases of arteria gas embolism there has been
only one asthmatic reported in forty episodes of arterial gas
embolustreated at Catalinaldland, therewerenoneinthe 42
cases reported from Hawaii and in the Auckland series of
125 civilian divers’, of whom one-third had arterial gas
embolus-type syndrome, there were also no asthmatics.
This data by itself is not entirely reassuring as the denomi-
nator, the number of asthmatics who have dived without
getting arterial gas embolism, is unknown.

Inapaper in the British Medical Journal, Farrell and
Glanville? reported 104 asthmatics who had dived for a
number of years, producing acombined total of 12,000-plus
dives without incident. These divers were a self-selected
popul ation obtai ned through amagazi ne questi onnaire how-
ever, and again the denominator is unknown.

Spontaneouspneumothorax and thoracic surgery are
also conditions which conventional wisdom says are
contraindicationstodiving. TomNeuman, inrecent book on
diving medicine edited by Bove and Davis’, comments that
there has not been one incident in the USA Accident Data
Base of a diver with past spontaneous pneumothorax or
thoracic surgery devel oping barotrauma or arterial gas em-
bolism while diving. One reason for the lack of incidents
may bethat these peopl eare screened out by doctorsalready,
and hence the denominator is extremely small. However,
this does rai se the question of whether we should apply the
principles of risk assessment to each individual case, rather
than using black and white “standards”.

Thefinal part of the puzzleisto look at whether the
incidence is great enough to justify mass screening and
restrictive rules. In New Zealand PADI train 95% of all
trained divers. Thereare7,000 new diverstrained eachyear.
The numbers of untrained diverswho take up the sport each
year is unknown but the untrained proportionislikely to be
reducing each year. These 7,000 new PADI divers will
perform 70,000 dives in their first year and it is quite
conceivable that an excess of 200,000 or 250,000 dives are
performed each year in New Zealand. Ten of these end in
death, the majority from drowning, and 50 end in arecom-
pression chamber. Asl mentioned, none of those survivors
in the recompression chamber when examined, have shown
evidence of abnormalities of lung function or have been
asthmatic.

We now come to what a physician’ s role should be.
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Areweto act as advisersfor divers, in which case it would
beperfectly appropriateto advisean asthmatic not todiveon
theoretical grounds stated but to teach them ways of over-
coming these theoretical risks, i.e. reinforce sound diving
practice. Should weadminister black and whiteruleswhich
brook no discussion and exclude any grey area, or could we,
with the intending diver, weigh the evidence.

Would it not be best for knowledgeable and experi-
enced doctorsto perform agood history and examination, to
use such investigational tools as seem appropriate for risk
assessment and educati on; taking account of all theavailable
information, including the mental and general physical state
of the person before them; to discusstherisks of diving and
give appropriate advice?

Recommendations

| believethefollowing recommendationsarejustifi-
able.

| think that the medical examination for intending
diversshould becompulsory asitisin New Zealand. | think
that this examination should be performed by a doctor
knowledgeable about the hyperbaric and diving environ-
ment and with a good understanding of the certainties and
uncertainties of the advice to be offered. | think that every
diver should undergo an FEV  and FVC at entry and if there
isahistory of asthmaor of past pulmonary disorder thentests
of pulmonary physiology may be useful. These should be
performed not for a pass-fail response but as an aid for
explanation and rational discussion. | think doctors should
advise and support.

In my experience the majority of intending divers
who seeadoctor they perceiveasknowledgeable, caringand
acting in their interest, will take the advice offered and be
very grateful for it. The sameisnot the casefor an existing
diver who hasdived for ten yearsand seeks higher certifica-
tion, whoisthen advisedthat hecan'’ t divebecausehisFEV /
FVC ratio isless than 70%.
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DIVING SAFETY, WHERE ARE WE GOING ?

John Knight

Summary

Diving safety, asfor all safety, requiresan attitude of
mind aswell astechnical competence. It requiresthe proper
equipment which must be well maintained. Inexperienced
and out of practice divers dominate the diving deaths.
Divingisalwaysaseriousbusiness, but should beenjoyable.
Diving for fun may mean that the diver does not bother to
divesafely. Current training turnsout diverswho need extra
training to dive safely anywhere other than wherethey have
been trained. Experienced divers seem to be able to avoid
problems if they take care.

Introduction

Scubadiving isanintrinsically dangerous sport asit
is performed in an unbreathable medium with alimited air
supply. It isequipment dependent. The scuba diver must
haveareliablebreathing systemto survive. Raised nitrogen
partial pressures change a diver’s thinking. Immersion
alters physiology and being in water increases heat loss. A
diver can kill himself (or herself) by holding his breath and
rising in the water. Sea conditions can change rapidly and
become dangerously hostile.

Decompression sicknessisan unavoidable hazard of
scubadiving or any sort of diving. Itisvery, very, difficult
to come up slowly enough to form no bubblesat all. Itisa
statistical accident whether oneformsenough bubblesinthe
wrong places to get decompression sickness symptoms.

Thereisquitealot of evidencethat coming up faster than 18
m per minute is associated with cases of decompression
illness. Thereisalso evidence that multiple ascents during
adive are associated with decompression sickness.

Breath-hold divers continue to die unnecessarily
every year. Post-hyperventilation blackout hasbeen known
for about 30 years, but its dangers are regularly forgotten.
One of our past guest speakers bore the scars of two chest
drains and atracheostomy, the results of a post-hyperventi-
lation blackout in the university swimming pool. He was
lucky to be rescued and revived with CPR. Thechest drains
were needed for the pneumothoraces CPR gave him ! He
went on to become a Diving Medical Officer in the USN.

Safe diving

What isasafedive? Isit onewherethediver never
makes a mistake or isit one when he or she survives to get
back toland aive, or moreimportantly aliveand well ? That
is a huge range from which to take your pick. Diving is
awaysaseriousbusiness, but it should beenjoyabletoavoid
stresses which can cause disaster. Diving for "fun" may
mean that the diver does not bother to dive safely.

Diving safety requires an attitude of mind aswell as
technical competence. It requires the proper, well main-
tained equipment. It requires knowledge of the physiologi-
cal effects of immersion, of hypothermia as keeping warm
underwater is difficult, of the effects of partial pressure
changesto name but afew requirements. It requiresthought
onthe part of the diver. It requires judgement and courage
to stick to doing what is safe, to refuse to dive because one
isnot happy with some aspect of the dive, often the weather
or sea conditions.
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Diving safety is the ability to cope with the changes
and dangers of diving which leads to safe, incident free
diving. Safety does not necessarily come from regulations,
such as depth limits. The Queensland regulations were
brought about by the failure of self-regulation in the diving
industry. A few cowboyswere carelessand unsafeand their
antics, and theimportance of the diving industry to tourism,
prompted what many see as unnecessarily heavy handed
regulation. Equipment provision can beimproved by regu-
lation but it does not effect attitude changes.

The efforts of Carl Edmonds, Bob Thomas and
others, myself among them, have popul arised and raised the
standard of diving medicals over the years. However only
one instructor organisation (NASDS (National Association
of Scuba Diving Schools) which was the Federation of
Australian Underwater Instructors (FAUI) until recently)
considers that a diving medical is required before the pro-
spective diver gets wet. It is unfortunate that the diving
instructor organisations refused to support properly con-
ducted diving medicals during the preparation of the new
Australian Standard 4005.1-1992.* | consider the question-
naires that are offered are less satisfactory methods of
sorting out those who should not dive. Australiaislucky in
having alarge number of doctors who have had training in
how to do a proper diving medical.

Last year Glen Egstrom told us of the rates that his
research had shown divers came to the surface.? | do not
think that many people actually come up at the recom-
mended rate of 10 m per minute or lessthat isbeing advised
for somediving tablesand computers Thisrateisextremely
difficult to achieve. One has to watch the depth gauge and
timing device closely to make sure one rises at the correct
rate. Usually | have to hover for a while because | have
exceeded the ascent rate.

Accidents

What causesaccidents ? Itisusually diver error, and
usually aseriesof errors. Thecommon errorscan be classed
asincompetence, which can be duetoinadequatetraining or
lack of knowledge, or stupidity, such as going diving when
one should not or without required equipment. The divers
who diedinthe Mt Gambier sinkholeswereeither untrained
inthe special skillsnecessary for safe cave diving or did not
use them properly. Sometimes the cause is beyond the
diver’s control such as an unforeseeable event like sudden
regulator failure or an unpredicted storm.

Statistics of deaths and DCI, which are almost the
only statistics about the problems of diving, are only thetip
of theiceberg of errorsand accidents. Itisonly recently that
studies of diving incidents have been published. Thisis
largely because the statistics are difficult to collect. They
have shown that some pretty startling things happen without
morbidity.34
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Thanksto thework of DouglasWalker, in Australia
with Project Stickybeak, and John McAniff, who runs the
Nationa Underwater Accident DataCenter (NUADC) atthe
University of Rhode Island in the U.S.A., we know the
factorsthat were associated with many deaths. Their reports
startedintheearly 1070 and haveappearedregul arly since.>¢
The most important of these appear to be inexperience and
being out of practice. Unfortunately the common causes of
disaster includefailureto act onthepart of thediver. Failure
to control buoyancy properly. Failure to monitor the con-
tents gauge and failure to start the ascent with plenty of air.
Failuretoinflatethebuoyancy compensator. Failuretodrop
the weight belt. Failure to recognise dangerous sea condi-
tions. Moreeffectivetrainingwouldteachdiverstoavoidall
these mistakes.

Inanumber of casestherehasbeen equipment failure
that has precipitated the pattern of eventsthat led to adeath.
This seems commoner in the US deathsthan in the Austral-
ian and New Zealand deaths.” There are many more occa-
sions when equipment failure occurs but is coped with
without any problems.

If one is relatively close to the surface when the
regulator O-ring blowsit is not very difficult to get back to
thesurface. Itisabit moredifficult when oneisat any depth
and the regulator suddenly refuses to give any air or free
flows. Oneway tothe surfacesisto do an emergency, out of
air, swimming ascent. Another escaperouteisthat thediver
can breathein and out of the buoyancy compensator, which
will be expanding as one goes up.

If onerunsout of air oneshouldimmediately head for
the surface. That is where there is certainty of getting
another breath and perhaps of being rescued. Too many
people have died after failed air sharing. | have no faithin
the ability of every diver to breathe out at the correct rate
whileattempting acontrolled swimming ascent, free ascent,
buoyant ascent or any other sort of ascent without the
regulator in the mouth.

Stress, if nothing else, islikely to mar the perform-
ance. Thereisalsotherisk that the effort of swimming will
use up the diver’s oxygen reserve and cause unconscious-
ness from hypoxia® This of course leads to a drowning
death. Thereisabetter way of coping with emergency out
of air ascents. The continuous breathing cycle ascent
protocol waspublishedinthe SPUM S Journal in 1978°with
follow up articlesin 1982w and 1984.

Theintroduction of thisprotocol led to alargereduc-
tion in out-of-air accidents leading to death or requiring
treatment at the Hyperbaric Unit at Tobermory in Canada.
Between 1974 and 1982 there were 37 serious diving acci-
dents in the Tobermory area of which 15 died, 12 without
ever reachingthe surface. By September 1984 therewere so
few diving accidents requiring treatment that the chamber
was virtually unused.®
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The continuous br eathing cycle ascent protocol is

1 Do not remove the regulator from your mouth
unlessyou have another toreplaceit with, or in cases of
entanglement. Theregulator providesasafety valveand
a possible source of air.

2 Continue to attempt to breathe in and out at all
timeseven if out of air or without your regulator. This
ensures an open glottis and larynx and minimizes the
chance of small airway closure.

3 Make certain you become positively buoyant by
inflating your buoyancy compensator or dropping the
weight belt or both. Thisguaranteesthat you will reach
the surface despite hypoxia.

Inother wordskeeptheregulator inthemouthandtry
to breathe in and out all theway up. Attempting to breathe
inand out will keep thelarynx from closing and so decreases
the chances of bursting alung. Asonerisesinthewater the
pressure in the cylinder will eventually exceed the ambient
pressure and et one take another breath. 1f you really want
to make it to the surface you should blow the expense and
drop your weight belt as soon asyou run out of air. Thecost
of replacing your weight belt will probably encourageyouto
watch your contents gauge more closely on your next dive.

Whereisdiving safety going?

Thereisno doubt that the standard of instruction has
risen but I have somedoubtswhether it hasrisen far enough.
Diving instruction organizations in Australia now qualify
peopleasOpenWater Diversaccordingto AS4005.1-1992.1
Unfortunately they need not havedoneaboat dive, they need
not have dived anywhere except in sheltered water and they
do not have to be able to work out all the questions on
decompressiontableproblemscorrectly. They aresaidtobe
trained properly in buoyancy control but looking around
when | have gone diving, thisis not always being achieved.
The Australian recreational diver standard does not say the
diver istrained to dive anywhere, asdid the old C-card. He
or sheistrained to dive in the area in which he has been
trained and needs further training before being safe to dive
elsewhere.

Unfortunately | suspect that this extratraining is not
likely to occur for two reasons. Oneisthat it represents an
extra cost and the other isthat divers like to think that after
their training they can dive safely anywhere. | have been
consulted by a number of people who were trained in
Queensland, without athick wetsuit, who dived in Victoria
with athick wetsuit, and got into trouble with their buoy-
ancy, their ascent rate and decompression illnesses.

| know the economic incentives for short courses to
teach people to dive. However, | think that many of the
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people who are trained these days, are not receiving afair
deal. They are being turned out as not “quite safe” and not
“quite unsafe” divers. They need more supervision and
practicein doing the thingsthat are the more difficult to do,
like buoyancy control, floating at a level and ascending
slowly. We have got to teach people that they have to look
at their contents gauges more often than they do and to look
at their depth gauges and their timer aswell asto do all the
other things they are taught.

Wher e should diving safety go ?

| hopethe standard of training will continuetorise. |
am sure that the length of time underwater should be in-
creased considerably before apersoniscertified ascapable.
It really seems to me that when somebody can become an
“Advanced Diver” by doing two courses which total about
14 or 15dives, theword advancedisbeing used very loosely.
Experience based on aproper grounding in essentialsisthe
only way that somebody can devel opintoan advanced diver.
Glen Egstrom said it took up to 21 tries at buddy breathing
for his students to do it properly every time and that they
required reinforcement every six months or they became
incompetent.®* Thissuggeststhat every timeadiver hasasix
months lay off from diving the first dive should be in
sheltered or easy diving conditions so that he or she canre-
establishtheself confidence, properly based on competence,
which enables one to be safe underwater.

Onestill seespeoplewho have bought anew piece of
equipment who, quite obviously, cannot useit. Itisusually
abuoyancy compensator. They cannot useit properly, they
are not comfortable with it because the buttonsfor inflation
and deflation are different from their last one. It takestime
to adapt to new equipment. Just being shown, in the shop,
how it workswithout it being attached to the tank, ishardly
a proper instruction in how to use a new and complicated
piece of equipment.

My 1977 decision, as the Secretary of SPUMS, to
insist that all thosedivingwith SPUM Smust havebuoyancy
compensators was greeted, in some quarters, with dismay.
In those days some people still considered that one did not
need to compensate for wet suit compression, or abdominal
compression, decreasing onesvolume and making onerela
tively heavier. In 1977 we were lucky that nobody burst a
lung when they activated their buoyancy compensators,
because at |east three people came rapidly to the surfacein
aflurry of foam. Thishappened because they had not been
taught how to use their new buoyancy compensators.

Therisein the standard of instruction does not seem
tohave made any differenceto the number of peoplewho do
not understand how to use their decompression tables. Itis
sometimesadvanced infavour of diving computersthat they
aresimpler tounderstand thanthetablesasthey tell youwhat
todo, sothat the diver doesnot haveto understand anything
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about decompression theory. This may be apractical solu-
tionwhen computersnolonger allow unsaferepetitivedives
butitisa"cook book" solution, liable to go wrong with the
present generation of diving computers.

Some years ago one of thediving instruction organi-
zations wrote to SPUMS asking for advice on what we
thought was important in the final exam before qualifying
people asdivers. The Committeefelt very strongly that the
trainee should be able to pass a test on using the tables
without making amistake. Asfar as| know thisadvice has
not been implemented.

Those arethethingsthat will haveto beaddressed in
the future of diving safety. The training agencies have the
responsibility to make sure that every diver can control
buoyancy properly, knows the hazards of depth (nitrogen
narcosis, cold, increased use of air, increased risk of decom-
pression illness) and sea state, can always cal cul ate decom-
pression requirementsaccurately, isdetermined never torun
out of air underwater and knows how to reach the surface
evenif unconscious. Thisinvolvesdroppingtheweight belt
and inflating the buoyancy compensator. Knowingall these
things does not detract from ones enjoyment of adive.

Itislucky that human beingsaretough and our bodies
canstandagreat deal of ill treatment. Otherwisetherewould
many morediving accidentswith seriousconsequencesthan
thereareat present. But we should not rely on thisto reduce
diving accidents.

What isneeded istheattitude that diving safety isthe
diver's responsibility and this requires education in depth
and aseriousattitudeto safety. Both Brett Gilliam’ sreport®?
and Bob Halstead’ s survey* show that depth limitationsare
ignored safely by many experienced divers. Thereasonis
probably that they are careful to dive safely and avoid
making mistakes. Perhaps they are properly prepared for
every eventuality or perhaps they know how to keep out of
trouble and when to abort adive. Perhapsthey even know,
as should every diver, what to do if they do get into trouble
and how to contact assistance. Australiahasagood recovery
system for the Barrier Reef, but it is only as strong as the
weakest link, which isusually a human.

Diving safety depends on having fit, well trained,
thoughful, competent divers using well maintained equip-
ment who are sensible enough not to do anything stupid or
foolhardy.
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DIVER RESCUE AND RETRIEVAL IN NORTH
QUEENSLAND

Geoff Gordon

Thepresence of generally fineweather and warm sea
temperaturesmakesdivinginthetropicsvery attractiveand
further conspires to increase both the number of dives per
day, and the length of each dive. Most of this diving takes
place in areas remote from tertiary medical facilities. As
dive numbers increase so does the incidence of significant
decompressionillness(DCI). Thereisthustheneedfor aco-



SPUMS Journal Vol 22 No 4 October-December 1992

ordinated and capabl e responsein order that afflicted divers
are treated expeditioudly.

The problem

During 1991 in Townsville, 70 divers were treated
for DCI, 33 (48%) being retrieved from their divelocations.
These 33 included 24 who were retrieved and treated in the
Duocom portable recompression chamber (RCC) during
transit (Figure 1).

Traditionally thistype of work wasthedomain of the
armed forces, but as recreational diving has increased in
popularity, the incidence of DCI has clearly exceeded the
military’ s capacity to respond, and as such, the responsibil-
ity has been borne by State health authorities.

Our capability

In Townsville our response group consists of trained
medical personnel fromthe Hyperbaric Medicine Unit, with
aircraft and specialised equipment, originally provided by
the National Safety Council of Australia (Victorian Divi-
sion) (NSCA), which is currently owned by the Bureau of
Emergency Services. TheseareaBeechcraft Super King Air
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turbopropfixedwinaircraft, aBell 412 helicopter (Figure2)
and a Duocom portable RCC.

The Duocom is a 240 kg pressure vessel, with an
internal volume of 0.72 and aworking depth of 50 msw. It
isfitted with a built in breathing system (BIBS), a medical
lock, anintercom system, aCO, scrubber and aNato flange
for transfer under pressure. With this chamber we take 4 x
G sizecylinders, two of oxygen and two of air, an additional
220 kg.

With a Duocom, ancillary equipment and personnel
aboard, both available aircraft exceed their maximum all up
weight (MAUW) ontakeoff, and onlanding havearearward
centre of gravity, requiring especially skilled pilotsto trans-
port this equipment safely. Because of these operational
factors, we elect not to carry the Duocom by helicopter, but
rather to collect the diver from the nearest appropriate air
field in the King Air.

Cost

TheKing Air costsapproximately $1,450 per hour to
run (crew included) and the Duocom approximately $600
per trip and up to $1,300 for an international retrieval.
Typical cost for a Duocom retrieval from Cairns to

FIGURE 1. Dréger Duocom portablerecompression chamber. Theright hand end of thechamber fitsinto themain chamber
(Figure 3) and thecircular flangelockson so enabling transfer under pressure. When both chambersareat the same pressure
the "toe" of the Duocom can be removed and the patient slid out.
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FIGURE 2. Bell 412 helicopter with a Dréger Duocom, open with its “toe” lying beside it, in the background.

FIGURE 3. The doublelock chamber at Townsville General Hospital. The Dréager Duocom locks onto the flange on the
entry port. It is manoeuvred into place using the travelling hoist set in the ceiling.
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Townsville, taking approximately 3 hours, is $3,000 plus
staff salaries.

In overseasretrievalsthe cost isalways borne by the
diver or by his or her insurance company.

Communications

For all accidents occurring in Queensland, we are
usualy first contacted by the DES network, and as most of
these divers are Australian, the Health Authority meets the
costs. For diverswho are not eligiblefor Medicare, and for
thoseretrieved from overseas, thefinancial aspectsare dealt
with by one of the medical retrieval agencies, and they sub-
contract the work to our unit in Townsville.

We have collected divers from Cape York to as far
south astheGold Coast, and offshorefrom PNG, Fiji, Nauru,
Port Vilaand the Solomons. With increasing diver aware-
ness we expect this work to increase.

Treatment

Inal patients our initial first aidis

1 85% or greater oxygen via appropriate mask and

circuit;

2 the patient ispositioned horizontally if air embolism
isapossibility;

3 aggressive rehydration intravenously.

If weareusing the Duocom, weinitially compressto
18 msw with the intention of treating using a RN Table 62
profile of pressure and time. We havethe option of goingto
50 msw in deteriorating cases.
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On arrival in Townsville, the diver is transferred,
under pressure, to the main chamber in the Hyperbaric
Medicine Unit of the Townsville General Hospital (Figure
3), where the treatment profile is completed. Follow-up
recompressions are conducted as is required following re-
peated patient assessment.

Conclusions

Any retrieval service must satisfy the objective that
itis“toimprove patient care”’. Stated moresimply, thecare
given during transport must equal or better the management
at the point of referral.

There can be no doubt that our service fulfils these
objectives, and as it is yet to be determined whether early
retrieval and treatment ultimately reduces morbidity, any
caring society isobliged to support activitiesits community
indulgesin. Thisearlier treatment may reducetheincidence
of some of the irreversible conditions related to scuba
diving. Asinexpensiveinsurancebecomesreadily available
to all divers, the onus of cost will fall on the consumer, and
clearly, the diverswill want to be recompressed as early as
possible, putting additional pressure on hyperbaric unitsto
run efficient retrieval services.

Dr G.S Gordon, BHB, MBChB, FFARACS FANZCA,
DipDHM, is a Saff Anaesthetist at the Townsville General
Hospital. HisaddressisP.O. Box 670, Townsville, Queens-
land 4810, Australia.

The photographs wer e taken in October 1991 by Dr
John Knight during a visit to Townsville. Then retrieval
organisation was then the North Queensland Emergency
Response Group.

REPORTS OF OTHER DIVING AND HYPERBARIC MEETINGS

HYPERBARIC TECHNICIANS AND NURSES
ASSOCIATION (HTNA) FIRST ASM

Hyperbaric nurses and technicians in Australia
founded the Hyperbaric Technicians and Nurses Associa-
tion at their first Annual Scientific Meeting in Adelaide on
August 28th and 29th 1992.

The Association aimsto promote and encourage the
exchange of information between members; to standardise

protocols and practices within the technical and nursing
communities affiliated with the HTNA; to educate and
inform therecreational diving community of developments
that affect safe diving practice and standards; and to estab-
lish training requirements for hospital based chamber tech-
nicians.

TheHTNA encouragesmemberstojoin SPUM Sand
is closely affiliated with the Australian and New Zealand
Hyperbaric Medicine Group, which is a Standing Commit-
tee of SPUMS.
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Full membership is open to nurses and technicians
currently working in the field of Hyperbaric Medicine.

Associate membership is for individuals or groups
who have an interest in the aims of the Association.

Corporate membership isavailablefor those compa-
nies or organizations that wish to support the aims of the
HTNA.

Officersfor the 1992-1993 year are:

President: Christy Pirone
Secretary: Steve Goble
Treasurer: Andrea Jones
State representatives.
New South Wales Barry Spiers
Victoria John Houston
South Australia Bob Ramsay
Western Austraia Sharon Keetley
Northern Territory DaveKing
Queensland Allison Mann
Tasmania Sean Rubidge

The Annual Scientific Meeting was attended by 40
hyperbaric nursesand techniciansfrom ninedifferent hyper-
baric units around Australia.

The first day opened with a keynote address by
Professor Bill Runciman, Head of the Department of Anaes-
thesiaand Intensive Careat theRoyal AdelaideHospital and
Chairman of the Quality of Practice Committee of theWorld
Federation of Societies of Anaesthesia. He gave a superb
account of theroleof oxygeninevolution, entitled, “ Oxygen
- The Fireof Life".

Dr “Fred’” Gilligan, Director of Retrieval Services
and “Forefather” of Hyperbaric Medicine at the Royal
Adelaide Hospital, gave aparticul arly interesting history of
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Hyperbaric Medicine in Australia. Fred is an excellent
source of not only hyperbaric and retrieval knowledge, but
aso hyperbaric historical facts and trivia.

Scientific papers were presented by Mandy Wilson
(Hypobaric decompression illness - a case history), Jodie
Perris (Differentia diagnosis: DCI vs Irukandji stings),
Henri Bource (Therole for a private hyperbaric unit), Bob
Ramsay (An aternative to steel for hyperbaric chamber
construction), Sue Sheeran (Monitoring in a hyperbaric
environment, Sydney style), and Dr Frank Quigley (Diag-
nostic and prognostic tests for ulcers; prediction and out-
come).

A Safety Forum included an introduction to the
Hyperbaric Incident Monitoring Study by Christy Pirone
andamost “ enlightening” presentation by David McGowen
on “Fire safety and the hyperbaric environment”.

An Open Forum was held after the Annual General
HTNA Business Meeting which produced much construc-
tive discussion about divetables, diving community educa-
tion, hyperbaric research around Australia, and hyperbaric
unit databases.

The quality of presentations and the discussion gen-
erated at the meeting was of a very high standard. Most
attendeesfelt themeetingwasvery useful andlong overdue.

The next meeting is to be held in tropical, warm
sunny Darwin on August 6th, 7th and 8th 1993. Plan your
next holiday for Darwin with the HTNA!

Membership application forms are available from

Steve Goble, HTNA Secretary,
Hyperbaric Medicine Unit, Royal Adelaide Hospital,
North Terrace, Adelaide,

South Australia 5000.

GLEANINGSFROM MEDICAL JOURNALS

SELECTED ABSTRACTS

Reprinted from the Program and Abstracts
of the
UNDERSEA AND HYPERBARIC MEDICAL
SOCIETY

ANNUAL SCIENTIFIC MEETING
23rd-27th June 1992

The address of the Undersea and Hyperbaric Medi-
cal Society, Inc. is 9650 Rockville Pike, Bethesda, Mary-
land 20814, U.S.A.

DIVERS AND ASTHMA

Observation on asthmain therecreational diving popu-
lation.

Bove AA, Nueman T, Kelsen Sand Gleason W. Undersea
Biomed Res 1992; 19 (Supp); 18

Asthma is considered a contraindication to diving
because of concern for pulmonary barotrauma due to lung
over inflation during ascent from diving. However, asthma
isextremely prevalentinthe US (estimated to be5-8% of the
population). It seemslikely therefore that a sub-population
of sport divers may have asthma, and clinical experience
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indicates that some asthmatics are participating in sport
diving. Evaluation of therational efor considering asthmaas
a contraindication to diving requires data on the role of
asthma in diving-related illness to determine if asthmatic
diversare at increased risk for diving accidents. Through a
screening study in the consumer publication Skin Diver
Magazine, (Petersen Publishing Co, Los Angeles, paid cir-
culation 211,041), 10,422 responses to the question “have
you ever had asthma” were returned from readers of the
magazine. 870 (8.3%) answered yes, 343 (3.3%) indicated
that they currently have asthma, and 276 (2.6%) stated that
they dive with asthma. This screening study confirmsfield
observations of asthmatics participating in diving. While
thisinitial study does not support an exact projection of the
number of asthmatic divers, it has isolated a group of
asthmatic divers for further study.

From Temple University, Philadelphia, Pennsylva-
niaand the University of California, San Diego, California,
U.SA.

A survey of diving asthmatics.
Corson KS, Moon RE, Nealen ML, Dovenbarger JA and
Bennett PB. Undersea Biomed Res1992; 19 (Supp): 18-19

Asthmahas traditionally been considered arisk fac-
tor for decompression illness in scuba divers. In order to
characterize scuba diving asthmatics, in August 1991, a
questionnaire was placed in Alert Diver, of which approxi-
mately 75,000 weremailed. By January 1992, 279 question-
naireswerereturned. Sixty-three percent weremale. Mean
agewas 37.4years(range 15-75). Two-hundred forty-three
(88.7%) responderstook medication for asthma, and 55.8%
took medication pre-dive. Seventy-three (26.4%) individu-
als had been hospitalized for asthma, of which 20.7% had
been hospitalized 1-5times, and 5.8% had been hospitalized
6 or more times. Onset of asthma began under age 14 in
57.4%. Of those whowheezed, 13.3% had symptomsdaily,
17.3% weekly, 26.2% monthly, and 43.1% annually. There
were atotal of 56,334 man-dives reported by 269 individu-
als. Therewere 11 cases of decompression illness reported
in 8 individuals. The calculated risk of decompression
illnessinquestionnaireresponders(1in 5,100 dives) signifi-
cantly exceedsthe estimated risk for unsel ected recreational
diverst, with an odds ratio of 4.16 (x>=119.4, p=0.00001).
We concludethat therisk of decompressionillnessishigher
inthesurveyed asthmaticsthan inan unsel ected recreational
diving population. Further investigation will be needed to
quantify this risk according to the degree of severity of
asthma.

Reference
1  Wilmshurst P. Prog Underwater Sci 1990; 15: 31

Fromthe Divers Alert Network and F.G. Hall Hypo/
Hyperbaric Center, Duke University Medical Center, Dur-
ham, North Carolina, U.S.A.
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DECOMPRESSION ILLNESSES

Concordance: a problem with the current classification
of diving disorders.

Smith DJ, Francis TJR, Pethybridge RJ, Wright JM and
Sykes JJW. Undersea Biomed Res 1992; 19(Supp): 40

Usingthecurrent classification of thedecompression
disorderst, adiagnostician is frequently required to make a
diagnosis which assumes a disease mechanism or site of
injury. To examine how consistently this can be done, 47
diving physicians agreed to “diagnose” 50 case histories
selected from INM case records covering atwo year period.
Theparticipantswereasked to makeadifferential diagnosis,
allocating an index of confidence (0-100%) to each diagno-
sis, or to state that there was insufficient information on
which to base adiagnosis. Five cases were excluded from
the analysis because “inadequate information” represented
morethan 10% of responses. Five caseshad predominantly
non-DCS diagnoses. In 3 cases the predominant diagnosis
wasfromthe“Typel” DCS category, but in 11 cases, there
wasinconsi stent di scriminationbetween“ Typel” and“ Type
1" DCS. Some observers chose as aternative diagnoses
conditionsfrom both the“ Typel” and“ Typell” categories.
In7 of the22“neurological” cases, therewas poor discrimi-
nation between AGE and “Type 1" DCS (i.e. >20% mean
confidence ascribed to each diagnosis). Thisinconsistency
wasfound both within and betweenindividuals. Of thefour
casesdiagnosed as“ audiovestibular”, inner ear barotrauma
was not clearly differentiated from labyrinthine of cerebral
DCS. Concordance was calculated as the mean of the
confidence ascribed to the “most likely” diagnosisfor each
caseaveraged over the45 cases. It wascal culated to be 52%.
While it is recognised that it can be difficult to make
diagnoses based upon case histories alone, each diagnosti-
cian was given identical information. These initial results
indicatethat, using the“ current” classification thereis poor
agreement between physicians diagnosing the decompres-
sion disorders.

Reference

1. Elliott DH and Kindwall EP. Manifestations of the
decompressiondisorders. In: Bennett PB and Elliott
DH eds. The Physiology and medicine of diving, 3rd
edition. London: Balliere Tindall, 1982; 461-472.

From the Institute of Naval Medicine, Alverstoke,
Hants PO12 2DL, U.K.

Climatic and environmental factorsin the aetiology of
DCI in divers
Broome JR. Undersea Biomed Res 1992; 19 (Supp): 17

Decompression illness (DCI) may occur unexpect-
edly after “ safe” divesandinthe UK unexplained clustering
of cases has been observed. It was hypothesised that the



238

weather and environmental factorsmay influencethe occur-
rence of DCI. INM diving accident records were searched
and all cases of DCI for the 6 years 1984-1989 extracted.
Cases with historical features traditionally associated with
arterial gasemboluswereexcluded. Recordswererequired
tocontain clinical details, dateandtime, location, depth, and
duration of thedive(s) preceding DCI. 177 recordsfulfilled
thesecriteria. Theclimaticandtidal conditionsprevailing at
the time and place of each dive were ascertained from
Meterological Office archives and Admiralty Tide Tables.
Dive profileswerecompared with an arbitrary standard, RN
Air Decompression Table 11, and depending on whether
dives conformed with or exceeded the time/depth profiles
recommended, they were allocated to anindex “ safe” group
or control “risky” group.

These groups werefurther subdivided depending on
whether single or multiple dives had preceded the onset of
DCI. Group numbers were: 42 “safe” dives of which 36
were single and 6 multiple, and 135 “risky” dives of which
80weresingledivesand 55 multiple. Climatic and environ-
mental datafor each group was compared by x?analysis of
contingency tables for each environmenta variate. It was
found that “safe” diveswere morelikely to resultin DCI if
the surface environment was cold. Significant differences
werefound in air temperature and wind chill (p= <0.001 of
all dives, <0.01 for single dives) and for air minus water
temperature (p= <0.01 for all dives, <0.05 for single dives)
when prevailing conditions at the time of the “safe” dives
resulting DCI were compared to the “risky” dives. For
surface water temperature the difference between the two
groupsfailed to reach significance when single dives alone
were examined but p= <0.02 for all dives. No statistically
significant difference was found in barometric pressure,
change in barometric pressure between the time of the dive
and symptom onset, wind speed alone, or tidal factors
between “safe” and “risky” dives. The results imply that
exposure to a cold thermal environment following diving,
particularly whentheair temperatureiscool er thanthewater
temperature, may be a more important risk factor for the
development of DCI than has hitherto been assumed.

From the Institute of Naval Medicine, Alverstoke,
Hants PO12 2DL, U.K.

A retrospective review of the epidemiology of diving
accidentstreated at Naval Station Roosevelt Roadsfrom
1986 to 1991 and implications for improving diving
safety in Puerto Rico.

Sholar JB and Ames JW. Undersea Biomed Res 1992; 19
(Supp): 20-21

One hundred and eight diving accidentstreated with
emergent recompression therapy at Naval Station Roosevelt
Roadsbetween 1986 and 1991 werereviewed. Eighteen per
cent of these accidents involved military members, 13%
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involved recreational divers, and 69% involved commercial
spearfishermen. Thediving accident diagnosiswas DCS |
in 61% of cases, DCSI in 18% of cases, and AGE in 21% of
cases, while the initial treatment rendered was 38% USN
TT6, 43% USN TT6 with extensions, 15% USN TT6A, and
4% USN TT5.

Treatment was delayed over 6 hoursin 71% of cases
and was delayed over 12 hoursin 29% of cases. Ninety two
per cent of the injured Puerto Rico civilian divers were
outside the tables. Furthermore, only 17% of the civilian
divers were certified although 86% had over two years
diving experience. Over 85% of civilian diverswerediving
repetitivedivesdeeper than 80 fsw for multipledays. Thirty
per cent of thecivilian diverstreated had residual symptoms
requiring repetitive hyperbaric oxygentreatments, and there
wasonly onefatality. Of the 15 patientsrequiring repetitive
treatmentsin 1990 and 1991, 9 recovered, 3 achieved inde-
pendent ambulation with an abnormal gait, and 4 remained
wheelchair bound. These figures indicate that the large
majority of diving accidents treated in Puerto Rico are
associated with inadequate training and improper diving
practices which may lead to significant permanent disabil-
ity. It is postulated that increased educational efforts and
stricter regulation of access to compressed air would im-
prove diving safety in Puerto Rico.

FromtheU.S. Naval Hospital, PSC 1008, Box 3007,
FPO AA 34051-8150.

Gender -related risk of decompr ession sicknessin hyper -
baric chamber inside attendants: a case control study.
Dunford RG and Hampson NB. Undersea Biomed Res
1992; 19 (Supp): 37

From 1976-1990, Virginia Mason Medical Center
carried out 7,910 hyperbaric oxygen therapy treatments
exposing approximately 8,424 inside attendants (1As). In
that time, 26 |As have been treated for decompression
sickness (DCS) symptoms(0.31%). A casecontrol analysis
showed that the rate of DCS was dependent upon the
maximum depth of the exposure (p<0.0001) and that expo-
sureratiofor malesand females (0.38t0 0.62) wassimilar to
their ratio of DCS(0.31t00.69). Of the 9 femalel Aswhose
menstrual history isknown, 5 were menstruating when they
developed DCS. Assuming 4 days of mensesin a 28 day
cycle, the risk for DCS in 1As with menses was 7.6 fold
(p<0.01). Two of 24 femae recreationa scuba divers
treated in the same period were menstruating (8.3%), arate
similar tothepercentageof femal erecreational diversdiving
during menses (as estimated by survey). Therisk of DCSin
menstruating |As is statistically greater than that for open
water menstruating divers (p=0.013). Comments on the
typeof IAsDCS symptomsareincluded. We concludethat
for dry hyperbaric chamber exposures there is no gender-
related risk for DCS, but significant risk related to the



SPUMS Journal Vol 22 No 4 October-December 1992

maximum depth of exposure. Mensesis a significant risk
factor for female chamber 1As but not for female recrea-
tional diversin open water.

From the Virginia Mason Medical Center, Sesttle,
Washington 98111, U.S.A.

Cerebral involvement in decompression sickness.
Pearson RR, Pezeshkpour GH and Dutka AJ. Undersea
Biomed Res 1992; 19 (Supp): 39-40

Thereisincreasing clinical evidence to suggest that
cerebra involvement in decompression sickness (DCYS)
involving the central nervous system is more common than
isevident from all previousstudieswhich rely ondiagnostic
criteriaderived from the presentation, clinical examination
and response to to therapy.

The use of new functional imaging techniques has
added anew awarenesstothispossibility and itsimportance.
Using a cranial window in a canine animal model we have
been able to visualize and record eventsin the pial circula-
tion during the onset and devel opment of DCS following a
no-stop dive to 300 fsw for 15 min.

These events were related to changesin the cortical
and spinal somato-sensory evoked potentials (CSEP and
SSEP) generated by stimulation of the median and peroneal
nerves. The response to recompression was a so studied as
well asthe consequent histopathology. Theresults of these
experiments indicate that, inter alia:

1 The initial event in altered cerebral function, as
measured by CSEP's, is the appearance of arterial gas
emboli.

2 In this model, at least, the progression to complete
occlusion by gasof thepial arterial and venouscirculationis
dramatic, often occurring in less than one minute. This
process appears to be “fueled” by off-gassing of cerebral
tissuesinto arterial gas emboli that have arrested.

3 Recompression rapidly restores perfusion but, in
some cases, clearing of gas had not occurred at 60 fsw.

4 The CSEP swerealwaysaffected beforethe SSEP s
suggesting that the brain is significantly more vulnerable to
decompression stress than the spinal cord.

5 The resulting histopathology in cerebral tissueswas
entirely compatiblewith anischemic processand correl ates
well descriptions of acute and chronic pathology in divers.

FromtheNava Medical Research I nstitute, Bethesda,
Maryland 20889-5055, U.S.A.
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Femoral head decompr ession sickness asa concomitant
of central nervous system decompression sickness.
Smith LA, Hardman JM, Sandberg GD and Beckman EL.
Undersea Biomed Res 1992; 19 (Supp): 36

Decompressionsicknessistypically dividedintotwo
categories, Type |, pain only disease, and Type Il, that
disease associated with the central nervous system (CNS).
Deficitsin sensory and motor function are the predominant
signsof DCSof theCNS. Thedecreased pain sensation can
be of such severity as to mask the presence of acute bone
DCS. The presence of CNS DCS does not eliminate the
possibility of the simultaneous occurrence of bone DCS. It
is important to recognize the presence of Type | DCS
because of the ramifications of chronic bone DCS, dysbaric
osteonecrosis.

Tolook at thefrequency of concomitant Type | and
Typell disease, we compressed young pigsto 150-200 feet
of salt water and then decompressed them in such a manner
asto produce clinical DCS.

Pathological examination of the brain, spina cord,
and both femoral heads of the animals was undertaken. A
significant number of the animals with gas bubblesin their
CNSwerefoundto have gasbubblesinthe epiphyseal areas
of the femoral head, these epiphyseal lesions being indica
tive of the presence of acute bone DCS. We conclude that
acute bone DCS may occur simultaneously with CNSDCS
in a significant number of patients and may go unnoticed.
Given the possibility of concomitant Type | and Type Il
disease it would appear prudent that the long term manage-
ment of patients with central nervous system DCS should
include monitoring for dysbaric osteonecrosisthelong term
sequelae of acute bone DCS.

From the Hyperbaric Treatment Center, 42 Ahui St.,
the University of Hawaii School of Medicine, and Tripler
Army Medical Center, Honolulu, Hawaii.

Presentation of concurrent decompression sicknessand
carbon monoxide poisoning - treatment with HBO.
Slade B. Undersea Biomed Res 1992; 19 (Supp): 31-32

This case presentation is a 32 year old experienced
scuba diver successfully treated for combined decompres-
sion sickness and carbon monoxide poisoning four days
post-diveexposure (day 0). Hewasagood health prior tothe
(only) dive, had moderate alcohol intake the night prior, but
no other knownrisk factorsfor DCS. The patient, hisfriend
and aMexican guideall noticed an odor “likechemicals’ or
exhaust fumesin their air supply.

All dived to 100 fsw, but the patient recalls being
caught in acurrent which forced him 20-30 feet deeper than
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his two buddies. His ascent to join the other divers was
difficult dueto problemswith hisdry-suit, weaknessand leg
cramps, and necessitated arest stop onasand shelf at 60 fsw.
By thistime, low on air and with severe nauseasince 15 min
into his 35 min dive, he ascended to the surface without a
required decompression stop (the other divers still had 1/2
tank of air left). Hisbuddies complained of nausea during
and after the dive. On surfacing, he vomited copiously and
was so profoundly wesk he had to literally be helped out of
hisgear andlifted onto theboat. Hedevel oped bilateral joint
pains on day 1. He flew back to the U.S. on day 2 and
developed a headache during the flight. All symptoms
resolved by day 3 leaving him with residual patchy extrem-
ity paresthesias. Hereturned homeonday 4, noted by family
andfriendstobementally slow and unstable. Hewastreated
with |V fluidsand, ondays5-7, withtwo USN TT6followed
by three USN TT5. The paresthesias resolved, and he
gradually improved. Psychometricstesting wasdoneatotal
of four timesshowing gradual improvement, thelast testwas
normal. This combined insult is a disordered decompres-
sion. The patient recovered fully.

FromtheDepartment of Hyperbaric Medicine, David
Grant USAFMedical Center (MAC), TravisAir ForceBase,
CA 94535.

Radiographic imaging in neurological decompression
illness.

Moon RE, Massey EW, Debatin JF, Sallee DS and Heinz
ER. Undersea Biomed Res 1992; 19(Supp): 42

All patientswith neurol ogical decompressionillness
(DI) evaluated at Duke University Medical Center who had
CT or MRI evaluation of their brain or spinal cord were
includedinthisstudy, atotal of 66 patients. Brain MRI scans
were performed in 46 patients, CT scansin 17 (15 with IV
contrast) and both studiesin 8. Twenty four patients under-
went MRI scanning of the spine using surface coils. There
were 52 males and 14 femal es (mean age 34.8 years, range
16-59). All patients were classified into B (brain involve-
ment) or S (spinal cord only). CT scanswere classified as
normal (N), abnormal with lesion probably related DI (AR)
and abnormality probably unrelated to DI (AU), e.g. cer-
ebral atrophy. MRI scans were classified as normal (N),
large cortical and subcortical abnormality (AL), small area
of increased T, signal in the centrum semiovale (UBO) or
small areaof increased T, signal inaregionatypical for UBO
(AS). ARonCT or AL on MRI were only observed in the
presenceof anabnormal neurological exam. Inthe8 patients
who had both studies 2 of the 6 with normal CT had had
either AL or ASonMRI; bothindividualswithabnormal CT
also had an abnormal MRI.

Only two individuals had abnormalities detectable
within the cord (8.3%). We concludethat CT and MRI are
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frequently normal in neurological DI. Although statistical
significance was not achieved abnormalities appear to be
more frequent in the presence of B. These two imaging
techniques are less sensitive than clinical evaluation in
neurological DI.

CT
Normal Abnorma Abnormal
Related  Unrelated
Brain involved 6 3 2
Spinal cord only 4 1 1
MRI
Normal AL AS UBO
Brain involved 20 3 3 4
Spinal cord only 12 0 1 3

From the Hyperbaric Center and Departments of
Anesthesiology, Neurology, Pulmonary Medicine and Ra-
diology, Duke University Medical Center, Durham, N.C.
27710 USA.

Demonstration and explanation of the breach of the
pulmonary filter with transesophageal bubble contrast
echocar diography.

Harch PG, Gottlieb SF, VanMeter K, Kerut EK and Swanson
HT. Undersea Biomed Res 1992; 19(Supp); 41

In acompanion abstract, acase was presented where
Type Il DCS was masked as menta illness. We were
interested in understanding the mechanism of the CNS
manifestations of the DCS resulting from a breath-hold
ascent from 30 ft in cold, fresh water altitude diving. To
simulate the cardiovascular and pulmonary mechanics of a
breath-hold ascent, bubble contrast transesophageal
echocardiography was performed. 1nthe absence of apatent
foramen ovale, significant numbers of bubbles were de-
tected inthe pulmonary vein and left atrium during phase 1V
of the Vasalva manoeuvre. Blood gas analyses failed to
demonstrate significant a-v shunting. The unusual bubble
patterns observed may be explained by the cardiovascular
and pulmonary vascular dynamics associated with the Val-
salva manoeuvre. It is thought that the overshoot of the
blood pressure rebound resulting from the rapid surge of
venous return and the subsequent increasein stroke volume
resultsin capillary distension and transmission of otherwise
filterable bubbles. Alternatively, one would have to postu-
late the existence of a subclinical, congenital abnormal
anatomy.

From the Jo Ellen Smith Memorial Baromedical
Research Institute and Jo Ellen Smith Medical Center, New
Orleans, Louisiana. 70131,U.SA.
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Medical
Diving
Texts:

4 Diving Medicine, 2™ edition

& The Physiology and Medicine of
Diving

@ Atlas of Aquatic Dermatology

& Medical Examination of Sport
Scuba Divers

@ Stress and Performance in Diving

@ Proceedings of the Eighth Int’l
Congress on Hyperbaric Medicine

# Problem Wounds
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& Hyperbaric Physiology & Medicine
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® Recompression Chamber Life
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@ Basic Decompression Theory and
Application

For more informa-
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books, send for your
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A complete list of authoritative books
dealing with various facets of the
underwater world such as: dange ous
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salvage, diving medicine, decompression
sickness, photography, equipment
maintenance, treasure, cave diving, safety,
wreck diving, and first aid.

To get your catalog,
mail this coupon to:

Best Publishing Co.

Best Publishing Co.
P.0. Box 30100
Flagstaff, AZ USA 86004

Yes, Please send a Free Catalog.
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Australia’s
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|
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ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

Basic Coursein Diving Medicine
Content
Concentrates on the assessment of fitness of candi-
dates for diving. HSE-approved course
Dates March 1st to 5th 1993
October or November 1993
Cost $A 500.00
Advanced Coursein Diving and Hyperbaric Medicine
Content
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.
Dates March 8th to 12th 1993
October or November 1993
$A 500.00
$A 800.00 for both courses

Cost

For further information or to enrol contact
Royal Adelaide Hospital Courses,
Dr John Williamson, Director, HMU,
Royal Adelaide Hospital, North Terrace
South Australia, 5000.

Telephone  Australia08-224 5116
Overseas 61-8-224 5116
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ROYAL AUSTRALIAN NAVY
SCHOOL OF UNDERWATER MEDICINE

DIVING MEDICINE COURSE
Provisional dates 18th to 29th October 1993

Apply directly to
The Officer in Charge,
School of Underwater Medicine, HMAS PENGUIN,
Balmoral Naval P.O, New South Wales 2091
Telephone (02) 960 0333

DIVING MEDICAL CENTRE
SCUBA DIVING MEDICAL EXAMINATIONS

Courses to instruct medical practitioners in diving
medi cineto meet the Queensland Government regquirements
for recreational scubadiver assessment.

The next will bein Canberraon April 24th-26th 1993.

For further details contact
Dr Bob Thomas
Diving Medical Centre, 132 Y alambee Road,
Jindalee, Queensland 4047.
Telephone (07) 376 1056 / 1414

ALLWAYS TRAVEL SERVICE
168 High Street, Ashburton,
Victoria, Australia, 3147.

For all your domestic and international travel requirements contact

ALLWAYS TRAVEL
on
(03) 885 8818
or
TOLL FREE
008 338 239

| LwaY

TOURS

IN MORE WAYS THAN ONE WE'RE SECOND TO NONE, ALWAYS TRAVEL WITH ALLWAYS



