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the corresponding author, should be supplied with the con-
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EDITORIAL

Over the last few months the Committee has been
made aware that many people have erroneous ideas of the
position of SPUM S on various matters. The problem seems
to be that many in the diving community assume that,
because a diving doctor is well known to them, his or her
viewsarethoseof SPUMS. Thisisnot so. SPUMShastwo
official spokesmen, the President and the Secretary. On
occasion the Committee may authorise a member to repre-
sent SPUMS on an outside committee and speak for the
Society on the topic covered by the committee’s delibera-
tions. On other occasions a member may be authorised to
speak for the Committee on asubject for which the member
has special knowledge. Just because a paper or opinion
appears in the SPUMS Journal it does not mean that it is
SPUMSpolicy. Infact thosewho assumethishavefailedto
read the cover of the Journal wherethefollowing disclaimer
appears. “All opinionsexpressed aregiveningoodfaithand
in all cases represent the views of the writer and are not
necessarily representative of the policy of SPUMS’. In
other words SPUMS views are ONLY put by the President
and the Secretary, speaking in their official capacity.

Readers may have been puzzled to see the title
“Queendand scuba divers and their tables’ again on the
cover. Weapologiseto Jeffery Wilksand Vincent O’ Hagan
for an editorial error which saw their table fail to make the
page. It appearsinthisissueinstead. Theresultsportrayed
areanindictment of current, and past, teaching of the use of
decompression tables. Less than half of these certified
diverscouldusetheir tables. Theproportion should be100%
if they are being properly trained.

John Lippmann has two contributions to this issue.
The first is an educational exercise, a critique of the prob-
lems that lead to four deaths of divers in Victoria. His
commentswill be of interest to every diver. Thesecondis
to be found on page 128. He has, once again, organised a
raffle to raise money for the Diver Emergency Service
(DES). His last raffle (two years ago) raised enough to
purchase a mobile phone and this time he has rounded up
some magnificent prizes including a week on board Mike
Ball's “Spoilsport”. DES is always in need of funds as
government funding does not cover costs and, inspite of
promises, not al the diving instructor organisations have
been contributing regularly. Here is a painless way for
members to contribute to DES and the chances are much
better than the usual lottery asthereare only 3,000 ticketsat
$5.00 each. So buy your tickets and support DES.

For those who are interested in asthma and diving
there is summary of current views, in the form of edited
extracts from the still-to-be-published 3rd edition of “Div-

ing and Subaguatic Medicine”. In the Lettersto the Editor
is a plea for help with an other chronic disease, insulin
dependant diabetes. Although it is a diving medical non-
starter there are diabetics who dive. No one knows their
experiences. We hope all those diabetics on insulin, who
have dived for years without a problem and those who have
had problems, will accept theopportunity tojoin Dr Richards
research project and provide useful facts on which to base
diving medical opinion. At present much is based on
assumptions which are not backed up by facts.

The meeting held at the Institute of Naval Medicine
a Alverstoke in the UK in October 1990 has lead, as Des
Gorman reports on page 74, to a new classification for
decompression illnesses. We will have to accustom our-
selves to talking of decompression illness, which includes
both, rather than of decompression sickness (DCS) and
cerebral arterial gas embolism (CAGE). The reasons are
simple. They are often too difficult to distinguish and often
occur together. The new schemeis adescriptive one based
on the body system affected.

Thelong term sequelae of decompressionillnessare
usually thought of as clear cut. Either the diver isleft with
paralyses or recovers completely. Our Personal Paper
showsthat some people make amazing recoveries. Dr Allan
Sutherland’ s patient on the other hand, like those discussed
by Dr Acaott, shows a picture of long term mental changes
whicharesevereenoughto prevent himgoingback tohisold
job, or even working at all. The picture is similar to the
resultsof traumatic headinjury. At presenttherearenolarge
seriesof such patientsreported. Nor aretherelikely tobefor
these cases, though not uncommon, are not likely to return
to their treating hyperbaric unit unless specifically asked to
come. Theonly way diving medicine can go forward into
thisuncharted territory isto accumul ate as many aspossible
of thesecasereportsand study them. Any member caringfor
peoplewho havelong term mental changes, however dight,
after a decompression accident should write the case, or
cases, up for publication. Itisclinical casesthat point the
way for changesin therapy (Dr Chapman-Smith’s unfortu-
nateswho weredenied surgery that might haverestoredtheir
lost hearing are an example).

Incident reports are the equivalent of clinical cases
and arejust asimportant in establishing the pattern of diving
problems. On pages 120 and 121 we reproduce the Diving
Incident Monitoring Study (DIMS) form with apleathat it
be photocopi ed and used to pass on anonymousinformation
which can be used to assess the adequacy of the teaching
givento diversand the equipment they use and to fromulate
corrective strategies.
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ORIGINAL ARTICLES

QUEENSLAND SCUBA DIVERSAND THEIR TABLES (CORRECTION)

Jeffery Wilks and Vincent O’ Hagan

We regret that the table below did not appear with the above paper (SPUMS J 1991; 21(2): 11-14).

TABLE 1

CORRECT ANSWERSFOR THE TWO DIVE PROFILES:
PERCENTAGE OF RESPONDENTSBY SEX AND TIME SINCE CERTIFICATION*

Group
Males
Females
Time since certification (months)
0-12
13-24
25-36
37-48
>48

Profile1l Profile2
47 38
39 34
50 44
45 39
37 27
52 42
49 44

* Percentages are rounded to the nearest whole number.

LEARNING FROM THE MISHAPSOF OTHERS

John Lippmann

Towards the end of 1990 Coronial Inquiries were
held into the deaths of four divers who died in Victorian
waters in between October 1989 and April 1990. The
Coroner decided to conduct the inquests together to deter-
mine any common threads and lessonsto be learned, and to
investigate whether government regulation of the diving
industry is warranted. The hearings were held over 8 days
and | had the opportunity to attend anumber of the sessions.

| believe that there are a quite a few lessons to be
learned from the misfortunes of these divers.

Casel

Thefirst fatality occurred duringaDeep Diver Train-
ing Course. Thevictimwasa31year oldex-RAN Clearance
Diver who had started diving at 17 and who, apparently, had
extensivediving experience, including asubstantial amount
of deep diving.

There were eight diversin the group (including the
instructor) and they conducted the dive on the wreck of a
paddle steamer, “The Coogee’, situated off Port Phillip
Heads in approximately 33 m of water. The divers were

briefed to ascend after apre-determined bottomtime. When
the bottom time had expired, the instructor ascended with
five of the students, leaving the victim and his buddy
unsupervised during the ascent. Theinstructor had thought
it would be safe to do so as he believed the diver who died
to be a more experienced diver than himself, which he
probably was. The buddy began to ascend the anchor line
but was pulled down by the victim, who appeared to be
acting irrationally. When the victim removed his regulator
from his mouth, the buddy handed him her primary regula-
tor, transferring to her octopus, which she found more
difficult to breathefrom. After her mask flooded, the buddy
became very anxious and indicated that they should ascend
immediately. The victim then took the regulator from his
mouth and began to ascend rapidly, without an air supply.
Hefailed to reach the surface and hisbody was|ater located
ontheseabed. Whenfound, thevictim had about 100 bar of
air remaining in histank and the recovery diver was ableto
breathe from the victim’'s regulator on the bottom. His
weight-belt was still in place. Post-mortem examination
revealed evidence of massive arterial gas embolism.

Itisimpossibleto determineexactly what causedthis
accident and anumber of scenarios have been suggested. It
seems likely (because of the depth and some of the diver's
behaviour) that nitrogen narcosiswas a contributing factor.

Nitrogen narcosis affectsal diversto some extent at
depths approaching and beyond 30 m (some are affected at
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far shallower depths from time to time), whether the divers
areaware of it or not. Since most diving does not require a
lot of focused, | ogical thought or finemovement, wemay not
notice the narcotic effects as we swim around at depth.
Although reflexes and thought processes may be slowed
down, most diving situations do not require an immediate,
rapid, rational assessment and co-ordinated reaction. How-
ever, if aproblem devel ops, weneed to think and act swiftly,
and this is when the effects of narcosis, previously unno-
ticed, may prove debilitating. We may act irrationally and
clumsily and are more likely to panic, so endangering
ourselves or our buddies, or both.

Experienced divers, such as this victim, are till
susceptible to narcosis, especially if they have not dived
deeply recently, and, at times, experienced divers may act
irrationally and may panic under certain adverse circum-
stances. Experienced divers, just as any other divers, must
be vigilant for the effects of narcosis on deeper dives and
must monitor their buddy, and, inturn, bemonitored by their
buddy.

Whenthevictim’ sregulator and cylinder weretested
a number of interesting observations were made. The
cylinder valve was a “J valve’ (i.e. fitted with a reserve
mechanism) and when the reserve lever was in the “on”
position the air flow was greatly reduced, even at relatively
high cylinder pressures. Unfortunately, no record was kept
of what position the valve was in when the diver was found
so it is not clear if this potential problem did, in fact,
contributetotheaccident. Inaddition, thediver had recently
fitted a high-flow (Oceanic) second stage to what was
possibly an incompatible first stage (Apollo). The police
tests indicated that it was likely that a diver, breathing
rapidly at depth, could out-breathe the regulator.

Thefollowing is apossible explanation for the acci-
dent:

The victim may initialy have had difficulty getting
enough air from hisregulator at depth. After transferring to
hisbuddy’ sregulator he appearsto have had problemsusing
his buddy’s regulator. These problems are likely to have
been exacerbated by nitrogen narcosiswhichwoulditself be
exacerbated by carbon dioxide retention, caused by ahard-
breathing regulator, and by anxiety. It appears that the
victim then decided to “free ascend” (which he would have
been trained to do in the Navy). He failed to exhae
appropriately and, consequently, suffered an arterial gas
embolism, losing consciousness underwater.

Lessonsfrom Case 1
First, al divers, especially those who dive beyond

about 24 m, must familiarize themselves with the manifes-
tationsand management of nitrogen narcosis, and bevigilant
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for signsof itinthemselves and their buddies during deeper
dives.

J valve reserve mechanisms can, and do, malfunc-
tion. They are best removed completely and replaced with
a blanking plug. Taping them down in the open position
does not guarantee that the mechanism will always remain
deactivated. If a diver wishes to keep an operational “J
valve’, he or she should ensure that it is inspected and
serviced regularly by an appropriately experienced service
technician.

Certain second stageregul atorsmay beincompatible
with certainfirst stageregulators. A diver shouldensurethat
his equipment is compatible and functions adequately.

Many octopus regulators can be difficult to breathe
from, especially in deep water when the cylinder pressureis
relatively low. Divers should ensure that they have an
octopusthat isproperly maintai ned and iscapabl e of supply-
ing air toarapidly breathing diver at the depthsto whichthe
diver dives.

Aninstructor should endeavour to keep all hisor her
studentsin sight, and within relatively easy reach, through-
out any training dive. Thisisimportant during deep dives
when narcosis may affect adiver’ sbehaviour, an air supply
problem ismorelikely and ascent more difficult. 1t isoften
very difficult for an instructor to monitor a large group of
diversand, consequently, instructors should think carefully
about how many diversthey can adequately monitor during
aparticular trainingdive. Ratiosshould bechosenwithdiver
safety, rather than commercial pressures, as the primary
consideration.

A diver, who finds himself in a situation where he
fears he may become unconscious during ascent, should
either make himself positively buoyant or, aternatively,
removehisweight-belt and holditinhishand and away from
hisbody. If he becomesunconsciousthebelt will fall away
and the diver should rise to the surface. A diver on the
surface generally has afar greater chance of being success-
fully rescued than one on the bottom.

When dives deeper than about 30 m are conducted it
is often agood ideato attach afull cylinder (capacity of at
least 400 litres) with a properly functioning regulator to the
bottom of the ascent line. 1t should be attached by an easily
removableclip. A diver whoislow onair onthebottom can
remove the tank and use it on the way to the surface.

Case?2

Another fatality occurred near “The Coogee”. This
victim was a 25 year old man who had done hisinitia dive
coursein 1983 and had been diving regularly over the past
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few years. He, too, was diving from a commercial dive
charter vessel.

The sea conditions were relatively poor. According
to the buddy, the divers descended to the bottom (at 33 m)
andthevictim swam away quickly, makingitdifficultfor the
buddy to keep up with him. Apparently, the victim then
turned to his buddy and signalled that he wanted to buddy-
breathe. Sincethebuddy did not havean octopus, thedivers
decided to sharethe oneregulator. 1t wasreported that they
exchanged the regul ator for about four cycles without leav-
ing the bottom. As they were incorrectly positioned for
buddy-breathing, the buddy was passed theregulator upside
down, causing him to inhale water. They began to ascend
slowly, too slowly for the buddy’ sliking, so heinflated his
buoyancy compensator (BC) and very rapidly ascended to
the surface without his regulator in his mouth, leaving the
victim behind. The buddy arrived relatively safely at the
surface, but the victim never reached the surface. When his
body waslater recovered fromthe sea-bed therewasdamage
to the hismask and face. Hisweight-belt was still in place.
About 130 bar of air was|eft in his cylinder. Post-mortem
examination showed evidence of arterial gas embolism but
death was recorded as due to drowning.

When the victim’'s gear was tested a number of
observations were made. The cylinder was only turned on
approximately one-quarter of theway. Thismay have been
sufficient to supply air at the surface but would have made
it difficult to get adequate air at depth, especially when
under exertion or stress. Inaddition, theline pressurein his
regulator was far lower than it should have been, and this,
too, would have reduced the air supply, as would have the
dirty sintered filter. It appears that the victim serviced his
own gear but had inadequatetrainingto do so safely. Hehad
attended an Equipment Specialist Course, but thecoursewas
not designed to teach divershow to service their regulators.
His BC filled only slowly at the surface and very slowly at
depth.

Itisprobablethat the victim could not get enough air
fromhisownregulator onthebottom asthelinepressurewas
toolow, thefilter wasdirty and theval veinadequately turned
on. Thediversfailed to buddy-breathe successfully dueto
lack of practice (by both himself and his buddy) and the
effectsof nitrogen narcosis. Whenthebuddy inflated hisBC
and rapidly ascended, the victim may have been forced to
risewithout exhaling adequately and suffered an arterial gas
embolism. At some stage helost consciousness, sank to the
bottom and drowned.

L essons from Case 2

Divers should ensure that their equipment (i.e.
regulator(s), cylinder and valve, BC and gauges) are in-
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spected/serviced at appropriateinterval sby by an adequately
experienced service technician.

A diver must ensurethat hisor her cylinder valveis
turned on adequately. Divers are generally taught to open
thevalvefully and then turnit back some amount (often one
quarter or half aturn, or thereabouts) sothat if, knocked, the
valvewill not jam on. However, with some valves, turning
back half a turn may reduce the air flow significantly. In
addition, on anumber occasions | have seen well-meaning
diversinadvertently turn off their buddy’ svalve and turn it
on a quarter turn, creating a very dangerous situation. |
believethat it isgenerally ssmpler and safer to teach divers
toturnthevalveonfully (valvesrarely jam) and then check
the air flow by watching the contents gauge while purging
theregulator. If the needle on the gauge fluctuates, thereis
probably too little air getting through.

Buddy-breathing is often unsuccessful as it is a
technique that needs constant practice by both participants
and requires a great degree of presence of mind in an
emergency. | believethat all diversshould carry aproperly
functioning “octopus regulator” (or similar device) and
should ensure that they can use it properly. It should be
positioned where it is rapidly accessible to its wearer (not
tucked away in a pocket!).

Case3

The fatalities included one snorkeller. The victim
was an Assistant Scuba Instructor/Snorkel Instructor who
wasavery experienced and enthusiastic diver. Hewasalso
an asthmatic.

The victim was with a group of ten people, mainly
diving instructors. They had just done a pre-Christmas
“pleasure dive” and decided to anchor the boat in shallow
water and snorkel for crayfish. The snorkellers went off
individually, and, sincethey wereall very experienced, there
was no pairing off and on-onewas assigned to bealook-out.
It was Christmas Eve and the mood was very relaxed.

Whenall theother divershad returned to the boat and
the victim could not be seen anywhere, the group became
worried and instigated a search. The victim was found a
number of hours later on the bottom in about 3 m of water.
Hewaslyingin kelp but wasnot tangledinit. Therecovery
diver released the victim's weight-belt (which was still in
place) and brought the body to the surface. Post mortem
examination showed nothing other than signs of drowning.
It is not known whether asthma played any part in this
misadventure.

Since no-one witnessed this diver’ s difficulties, one
cannot be surewhat caused thisfatality. However, many of
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us who knew the victim feel that it is likely that he
hyperventilated before a breath-hold dive. Among other
aspects, he enjoyed the risks of diving and at times was
knownto push safety tothelimits. Most diversaretaught the
dangers of hyperventilating before a breath-hold dive (i.e.
thepossibility of |osing consciousnessunderwater or shortly
after ascending), but some divers still hyperventilate to
increase their breath-hold time. The likelihood of a post-
hyperventilation blackout variesfrom person to person and,
within an individual, from one time to another.

The victim, who was an ardent crayfish hunter, may
have spotted a crayfish and hyperventilated to extend his
dive time enough to catch the creature. It appears that the
victimwastoo heavily weighted, so, when hel ost conscious-
ness he would have sunk to the bottom, rather than rising to
the top as he may have if he had been positively buoyant.
Since no-onewitnessed hisfailureto surface, drowning was
inevitable.

L essons from Case 3

Hyperventilating before a breath-hold dive can, and
does, cause some snorkellersto become unconsciousin the
water, often leading to drowning. Some instructors teach
that it is safe to hyperventilate afew breaths before a duck-
dive, but | believe this to be foolhardy. As previously
mentioned, there is alot of variation and, what may have
proved safe on one occasion may not be safe on another.
Some snorkellers have been known to blackout after avery
long breath-hold dive, even without hyperventilating. A
number of highly experienced snorkellers have suffered
post-hyperventilation blackout, and many of them subse-
guently drowned. Sinceregular breath-holddiverscanlearn
to endure high carbon dioxidelevelsand suppresstheir urge
to breathe, they have an increased risk of becoming uncon-
scious from the lack of oxygen, caused by delaying inspira-
tion.

Snorkellersshould never benegatively buoyant. They
should be dlightly positively buoyant so that they are likely
to rise to the surface (or remain on the surface) if they
become unconscious.

Snorkellers should, where possible, avoid diving
alone. The buddy system should be encouraged for many
snorkeling activities.

Case4

Thefinal victimwasab51 year-old manwho had very
limited diving experience in Queensland waters, and had
completed a scuba diving course, during a cruise on board
the Fairstar, a few months before his death. He had been
medically examined prior to his dive course but it appears
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likely that the examining doctor lacked the appropriate
training in diving medicine. His fitness and health were
quite poor and he was taking a medication that affects the
heart rate. He had recently bought new diving equipment,
including a 7 mm wetsuit, and this was his first dive in
relatively cold Victorian waters.

The victim was diving from a commercial dive
charter vessel at arelatively safe, although current prone,
site, with amaximum depth of around 12 m. After entering
the water and signalling “OK” to his buddy, the victim
deflated his BC but only descended slightly and began to
drift away from his buddy and the boat. When he signalled
hewasin trouble, the skipper raised the anchor and brought
the boat alongsidethediver. A ropewasthrownto himand,
athough it landed over his shoulder and in front of him, he
didnottakeit. Thevictimstill had hisregulator inhismouth
and bubbles appeared to be coming fromit. The rope was
thrown again but the deceased drifted away and sank. Those
present thought he had begun his dive, alone and in the
current, rather than in the sheltered area. When the bubbles
could not be seen the skipper became concerned and organ-
ised asearch. The deceased’ s body was found some hours
|ater. Post-mortem examinationfound that death wascaused
by drowning.

The Coroner suggested that anumber of factors may
have contributed to thisdiver’ sdeath. Itwashisfirstdivein
relatively coldwater and, probably, withafull 7 mmwetsuit.
The cold water, the wetsuit, anxiety and the medication he
wastaking could have made breathing difficult, clouded his
consciousnessand, eventually, may have caused hisheart to
stop beating effectively, leading to unconsciousness and
subsequent drowning.

L essons from Case 4

This fatality is a reminder of the importance of
ensuring that we are healthy enough and fit enough to dive
safely. Although most diversare now encouraged to havea
medical examination before taking up the sport, unless the
examining doctor hasknowledge of underwater medicinehe
or shemay not befully aware of the dangers certain medical
conditions may pose to adiver. Many hyperbaric experts
believe that it is important for divers to be examined by a
doctor who is appropriately trained in diving medicine, to
determine whether they have any conditions that may pre-
dispose them to a serious diving accident. As our health
changesfromtimetotime, itiswiseto bere-examined after
any significant change in health status. Some diving certi-
fication agenciesrecommend that diversbe examined every
fiveyearsuntil theageof thirty, every threeyearsfromthirty
to fifty and annually thereafter.

Since diving has inherent risks it is inevitable that
some fatalities occur. However, if we consider the number
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of divers and thedives that are done each year, the fatality
rate seems to be very low. We can never completely
guarantee our safety during a dive, but we can certainly
minimise the chances of a problem by ensuring we are
healthy, fit and prepared enough to dive, that we have
suitable and serviceable equipment, that we are adequately
trained and experienced todo theparticul ar dive, and that we
use our common sense, and do not push the limits of safety.

© J. Lippmann 1991

The above article has been dlightly edited from the
forminwhichitwill appear inafutureissueof* Sportdiving
in Australia and the South Pacific” andisreprinted here by
permission of the author and of the publisher.

We look forward to publishing a lawyer’s view of
these inquests.

John Lippmann is the author of “ The DES Emer-
gency Handbook” , “ The Essentials of Deep Diving” and
“Deeper Into Diving”, all of which are available from
J.L.Publications, P.O. Box 381, Carnegie, Victoria 3163,
Australia.

ASTHMA AND DIVING.
Some Observations and Thoughts*

Carl Edmonds

People keep asking me for reprints of papers that |
wrote on asthma years ago, in such literary papers as the
SPUMS Journal, Pressure Newsletter, Undercurrent, etc. |
do not keep copies of the past. In the hope of deflecting
further requests, | present here selected excerpts from the
3rd edition of Diving and Subaguatic Medicine, whichisin
press and which will be distributed by the publisher,
Butterworths, possibly in 1991-2. Requestsfor complimen-
tary copies should be sent to them, not to me.

Asthma and diving deaths.

Only 1 % of American divers have a history of
asthma, as judged from the 1988 DAN diver survey.! The
figureisprobably lessin Australia, wheremedical question-
naires and examinations are required before diving. How-
ever atleast 9% of thedeathsin Australianand New Zealand
recreational divers* werein asthmaticsand in at least 8% it
was amajor contributing factor.

Edited excerpts from Diving and Subaquatic Medi-
cine, 3rd Edition Butterworths (in press)
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Most of thesedeathswerein clinically mild asthmat-
ics who are otherwise physically fit young men.

The possible trigger factors for asthma provocation
in scuba diving are;
1 Exertion (from overweighting, equipment drag,
swimming against tides etc.),
2 Inhalation of cold, dry air (adiabatic expansion of
dehumidified compressed air),
3 Hypertonic saline inhalation (bubbling or leaking
regulators),
4 Breathing against a resistance (increased gas den-
sity, regulator problems, low air supply).

Many of these stresses are used clinically to initiate
asthmaas diagnostic provocation tests, and so the problems
with thisdisorder are understandable. Inanumber of cases
the diver was returning to obtain a salbutamol (Ventolin)
spray; in others it had been used immediately before the
dive.

Asthmatics, even more than others, had multiple
contributionsto death. Therelativefrequency of acompro-
mised air supply, salt water aspiration, panic and fatigue,
prior to drowning, was evident from the statistics

Asthma and diving accidents

Most experienced diving medical physicians are
appalled at the though to asthmatics diving. This attitude
stems from a number of places. They include:

1 Involvement with asthmatics who died;

2 The catastrophic histories from those who survived;
3 Differential diagnostic difficulties with asthmatics
who have near-drowning and possibly al so pulmonary baro-
trauma;

4 Therapeutic complexitiesinthese cases, both regard-
ing depth and oxygen exposures, and drug complications;

5 Trainingfromtheir teachers, whose experience often

TABLE 1
ASTHMA DEATHS FROM 100 RECREATIONAL
DIVING FATALITIESIN AUSTRALIA
AND NEW ZEALAND

Autopsy cause of death

drowning 7

pulmonary barotrauma 2
Other medical contributions

salt water aspiration 5

fatigue and/or panic 5
Technique problems

Compromised air supply 6
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is based on earlier times, when there was no diver medical
selection.

Most of us have seen too many asthmatics who,
because of acommendable desire to achieve normality, are
affronted by advice that they should not scuba dive. They
tend to be very fit, somewhat macho, males with atype A
personality. They, correctly, claimthat their asthmaismild,
easily correctable, and not a restriction in other sports. In
fact, any clinically severe asthmaticismost unlikely to ever
intend to dive.

Often they extrapolate their techniques of pre-exer-
cise medication to diving, without realising that this will
increasethelikelihood of the sudden death syndrome, which
had now become one of the commonest causes of recrea-
tional diving deaths. In many casesthe diver was returning
to obtain a salbutamol (Ventolin) spray, when the accident
or death occurred, in others it had been used immediately
beforethedive. Somebelieved that the spray overcomesall
airway restriction, not realising that the pharmacological
effect is patchy and competes with the provoking factors.

The asthma provocation factors in scuba diving are
mentioned above. Especially seriousincidentstend to occur
when more than one factor is present. These provoking
factors, whichleadto dyspnoes, fatigue, difficultieswiththe
regulator or gas supply, panic emergency ascents, salt water
aspiration, near-drowning or drowning, pulmonary baro-
trauma, etc, are rarely seen with free diving or recreational
Swimming, except in extreme circumstances.

Case Reports

These were selected from our own files, except
where otherwise stated, to illustrate the variety of presenta-
tions. They arenot fromthe ANZ death statisticsreferred to
above.

Casel

A, aged 25, was avery fit, mildly asthmatic, sports-
man. He had been diving for four months when he went to
18 m for 20 minutes. Without an obvious reason, he
performed arapid ascent, devel oping dyspnoeaand confu-
sion on the surface and left sided paralysis within a few
minutes. Hewastaken by helicopter totheRoyal Australian
Navy recompression chamber (RANRCC). Hewasinitially
compressed to 18 metreson oxygen, but ashedid not regain
consciousness he was then taken to 50 m.

After a three-day vigil, in which the patient was
subjectedtovariousproceduresinanattempt to surfacehim,
he died, till under pressure.

During that time he was treated conscientiously for
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his asthma, which was evident on auscultation, and for
CAGE. Hewasgiven steroids and anticonvulsants (for his
repeated epileptic episodes), measures to counter possible
cerebral and pulmonary oedema, and to maintain his elec-
trolyte and pH levels.

Theautopsy revealed mild cerebral oedema, conges-
tion of the meningeal vessels and ischaemic cell damagein
theright frontal lobe and the the right thalamus. Therewas
atear on the posterior section of the upper lobe of theright
lung, with intra-alveolar haemorrhages and rupture of al-
veolar septae. The lung basal membranes were thickened
and muscles showed hypertrophy, consistent with asthma.

Provisional diagnosis:

Asthma, pulmonary barotrauma, CAGE.

From the Royal Australian Navy School of Under-
water Medicine

Case?2

B, aged 33, had been aqualified diver for four years,
despite being a known, but very mild, asthmatic. He was
classified asfit by adoctor who alleged experiencein diving
medicine. Thedoctor also gaveascript for salbutamol, and
advised him to take it prior to diving. He followed this
advice. Heevenhad apocket includedin hiswet suitto hold
theinhaler.

He descended to 9 m for 20 minutes, then did an
ascent to get his bearings. On returning to his companion,
he appeared distressed and then made afurther rapid ascent
to the surface. There he appeared to be confused and
removed theregulator from hismouth. Heinhaled somesea
water and then lost consciousness and went into a convul-
sion.

He was rescued by his companion, and within 30
minutes reached the RANRCC, by helicopter. He was
comatose with brain stem spasms and with a very inad-
equateair entry, bilaterally. Hewascompressedto 18 mon
oxygen.

Despite endotracheal intubation and 100% oxygen,
at 18 metres, with positive pressure respiration, the PaO,
level remained at 50-70 Torr. The PaCO, levels were
usually above 100 Torr and the pH remained below 7.0.

Mainly because of the death of an almost identical
asthmatic diver, just previously, after a descent to a much
greater depth, it was decided to surface this patient over a
period of approximately five hours, while attempting to
maintain as high an oxygen partial pressure as possible.

The problem was in the combination of diagnoses,
including cerebral gasembolism (theinitial incident), asthma
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(asdetected by thesignificant bronchospasm) and drowning
(caused during the attempted surfacing and rescue of the
patient ).

Going deeper, to overcome the effects of the air
embolism, would be complicated by prejudicing his PaO,
level. Thegreater depth and increased density of the gases
would probably interfere with adequate ventilation, CO,
exchange and cause acidosis.

Aminophyllinecould causearterialisation of pulmo-
nary air emboli. The coincidental hypothermia (33-35 °C)
was not considered a definite problem, and might even be
advantageous, if it wasnot for theeffect sympathomimetics,
required for the asthma, could have on cardiac arrhythmias.
Steroids were given for the rather indefinite, but multiple
reasons, as given above (asthma, cerebral damage, drown-
ing, etc.).

Initially the chest X-ray verified gross pulmonary
oedema, consistent with the combined effects of asthmaand
drowning. Subsequent chest X-rays revealed a persistent
right lower lobe opacity, clearing up over the next month.

With attention to the respiratory status, the brain
damage, fluid and electrolyte status, the patient gradually
improved over the next few weeks and he regained con-
sciousness. Theresult wasaseverely brain-damaged young
man continually incapacitated by myoclonic spasms, which
werea most certainly post-hypoxic but possibly contributed
to by CAGE. There was a residual dysarthria, a left
hemiparaesis, an ataxic gait and myoclonic jerks. TheEEG
was consistent with hypoxia and the CT scan was normal.

Provisional Diagnosis.
Asthma, CAGE, near-drowning.

Case3

C, aged 43, was a very experienced diver who
previously had asthma as a child, and who still had high
pitched rhonchi on auscultation during hyperventilation.

A very eminent respiratory physician informed him
that hislungs had quite adequate function for scubadiving.
Thisadvicewasrefuted by members of the Diving Medical
Centre but academic brilliance won out.

Whilst exploring awreck, at a depth of 27 to 18 m,
he suddenly became aware, as he floated up over the deck,
of apaininthe left side of hischest. He then attempted to
ascend. The pain becameworse asheascended. He slowed
down and the pain decreased. Hetook over half an hour to
reach the surface. During this time there was a continual
pain in the chest, aggravated if hetried to ascend rapidly.

With extreme courage, and commendable control
over his breathing gas consumption, despite the terrifying
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circumstances, he did reach the surface, although in great
discomfort. He was then given oxygen and transferred to
hospital. The clinical and X-ray evidence verified the pre-
sumptivediagnosisof left pneumothorax, and athoracente-
siswas performed.

He returned to the respiratory physician, to be reas-
sured that it was unlikely to happen again. The Diving
Medical Centre physicians, assured himthat not only would
it happen again but that, with the lung damage and the
treatment received, it was more likely to happen again and
that it should not have been allowed to happen in the first
place. He decided, thistime, to take our advice.

Provisional Diagnosis.
Asthma, pneumothorax with minimal provocation.

Case4

D, aged 20, had been certified fit to dive despite an
asthmahistory. Prior to the dive there were no symptoms,
but he still took a salbutamol inhalation.

In hisfirst deep water dive, after spending 8 minutes
at 30 m, hetook 23 minutesto reach 15 m. A burning pain
in hischest then caused himto make arapid ascent. Hewas
pulled out semi-conscious and apnoeic. He had four grand
mal seizures and was given oxygen on examination. There
were no neurological defects other than disorientation,
After 6 hours, during which time he had another three
seizures, he was recompressed to 18 m on oxygen and
treated with anticonvulsants. There was no evidence of a
pneumothorax, and hewaseventually treated onan air table
at 50 m having continued to convulse whileon O, at 18 m.
He survived, but has subsequently stopped scuba diving.

Provisional Diagnosis:
Asthma, pulmonary barotrauma, CAGE,
Summarized from SPUMS Journal, reported by of
Dr. David Clinton-Baker.

Case5

E, age 23, wasavery fit and courageousathl ete, who
had mild asthma and was advised against scuba diving.
Unfortunately hisfather, who was a professor of medicine,
succumbed to family pressure and signed a“fit for diving”
certificate.

This patient suffered two episodes of avery similar
nature. In neither case had he had any evidence of active
asthma prior to the dive, and in the second episode he had
actually taken a salbutamol spray before the dive. These
diveswerein asimilar areato depthslessthan 10 m. After
20to 30 minutes he had devel oped dyspnoeaand attempted
toreturnto shore. Onthefirst occasion hehadinformed his
buddy that hewasreturningto shoretoget another sal butamol
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TABLE 2
ASTHMA ASSESSMENT PROTOCOL

History of asthma over the last five years.
Use of bronchodilators over the last five years.

High pitched respiratory rhonchi or other respiratory abnormalities.

High pitched expiratory rhonchi, on hyperventilation.

High pitched expiratory rhonchi on hyperventilation ten minutes after a 5min @ 900 KPM/min exercise stress.

FEVL/VC of <75 % of predicted value.

Expiratory flow rates of < 60% of predicted value. (Basic spirometry; FEF 25,50, 75, MMEF etc.)

FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL

Asthma provocation producing >10% reduction of expiratory flow rates FEV 1 or PEFR) after both conventional

histamine and hypertonic saline provocation, preferably while breathing dehumidified cold air.

FAIL

If al theabove are negative or clear, limited diving may be permitted to amaximum depth of 18 metreswithout any

free ascent practice.

spray but he appeared to panic and inhaled sea water. He
was then rescued in a comatose state and eventually recov-
ered after helicopter transfer to amajor hospital.

The second episode was of a very similar nature,
except that he did not recover. The autopsy reveaded
evidence of drowning, with mild asthma.

Provisional Diagnosis:
Asthma, panic, near drowning and drowning.

Case 6

F, age 20, was afit young diver who carried out 30
scubadivesto amaximum of 39 m, without incident, before
being certified as fit for diving by an experienced diving
physician. Therewasapast history of asthmafor which he
had used steroid inhalers. On examination there was no
evidence of bronchospasm and the FEV 1/VC was 3.9/4.5,,
without bronchodilators. The chest X-ray wasnormal. He
wasadvised that hewould bemedically fit todiveproviding
he was free of asthma and that he taken an inhalation of
Berotec prior to each dive.

Whileundertakingin-water rescue and resuscitation
exercises, toamaximum of 4.5 mhedevel oped dyspnoeaon
thesurface. Heinformed theinstructor that hewassuffering
from asthmaand wastowed 30 m back to shore. By thenhe
was cyanosed with wheezing on inspiration and expiration.
Hethen lost consciousnessand required expired air resusci-
tation (by two experienced internists). He suffered agrand
mal seizure and then gradually improved following oxygen
inhalation. He responded to treatment of his asthma, over
the next few days, using aminophylline.

There was no evidence of CAGE, and the seizure

wasconsideredtobedueto cerebral hypoxia. Later ahistory
of an asthmatic episodefour dayspreviously waselicited. It
was presumed that the asthma was triggered by the aspira-
tion of seawater, exertion and cold exposure.

Provisional Diagnosis:
Asthma, near drowning

Case7

“l have extremely mild asthma, which manifests
perhaps once every three years for a brief time during a
respiratory tract infection. As | did not encounter any
asthmatic symptoms during strenuous high altitude moun-
taineering | thought it would be reasonable to try scuba
diving. | learnt to dive in awarm shallow swimming pool
and experienced no difficulties during this or my first sea
dive. During my first deep sea dive, however, | had an
extremely severe and sudden attack of bronchospasm at a
depth of 30 m. | barely made it to the surface, where my
obvious distress and lack of speech caused my partner to
inflate my life jacket, thus compromising my respiration
further. It wasafrightening experienceand | havenot dived
since.”

J.J .Martindale. Summarised from aletter in reply,
in the BMJ.

Provisional Diagnosis
Asthma, panic.

Protocol for assessing potential asthmatics
Theprotocol in Table 2 hasbeen of valueto usfor the

assessment of diving candidates with a history of asthma
and anormal chest X-ray. If all thefindings are negative or
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clear, limited diving may be permitted to amaximum depth
of 18 metres without any free ascent practice.

References
1  WachholzC. Analysisof DAN member survey. DAN
Report, 1988

2 Edmonds C and Walker D. Scubadiving fatalitiesin
Australia and New Zealand. Part 1. The Human
Factor. SPUMSJ 1989;19(3): 94-104.

Some other referencesrelevant to asthmain diving

Adolfson JA and Lindemerk C. Pulmonary and neurologi-
cal complicationsin free escape. Forsvarsmedicin
1973; 9(3): 244-246

Calder IM. Autopsy and experimental observations on
factors leading to barotrauma in man. Undersea
Biomed Res 1985; 12(1): 165-182

Colebach HIH, Smith MM and NG Cky. Increased elastic
recoil as adeterminant of pulmonary barotraumain
divers. Resp Physiol 1976; 26: 55-64

Elliott DH, Harrison JAB and Barnard EPP. Clinical and
radiological features of 88 cases of decompression
barotrauma. In Shilling CW and Beckett MW eds.
Proceedings of Sixth Underwater Physiology Sym-
posium Bethesda, Maryland; FASEB,1978

Hoff EC. A Bibliographical Source Book of Compressed
Air, Diving and Submarine Medicine. Vol 1 Wash-
ington, DC; Bu Med, Dept of Navy, 1948

Macklin MT and Macklin CC. Malignant interstitial em-
physema of the lungs and mediastinum. Medicine
1944; 23: 281-358

McAniff JJ. United Sates Underwater Diving Fatality
Satistics/1970-79. Washington DC; US Depart-
ment of Commerce, NOAA Undersea Research
Program, 1981

McAniff JJ. United Sates Underwater Diving Fatality
Satistics/ 1986-87. Report number URI-SSR-89-20,
University of Rhode Island, National Underwater
Accident Data Centre, 1988

Malhotra MS and Wright HC. The effects of a raised
intratracheal pressure on thelungsof fresh unchilled
cadavers. J Path.Bact 1961; 82: 198-202

Polak IB and AdamsH. Traumatic air embolismin subma-
rine escape training. U.S Navy Med Bull 1932
30:165

Reed CE. Editorial. Changing Views of Asthma. Sandoz
Med Sci 1988; 27(3): 61-66

Shilling CW, Carlston CB and Mathias RA. editors The
Physicians Guide to Diving Medicine. New Y ork:
Plenum Press, 1984

Walker D. Reports on Australian and New Zealand diving
fatalities. Serially presented in SPUMSJ 1980-88

Dr Carl Edmonds’ addressis Diving Medical Cen-
tre,66 Pacific Highway, S Leonards, New South Wales
2065, Australia.

SPUMS Journa Vol 21 No 2 April to June 1991

A NEW CLASSIFICATION FOR THE DECOM -
PRESSION ILLNESSES.
Report on a workshop held at the Institute of Naval
Medicine, Alver stoke, United Kingdom, October 1990

Des Gorman

Recently theRoyal Navy Instituteof Naval Medicine
(INM) sponsored a 2 day workshop at the Institute to
develop a new classification for the decompression ill-
nesses. This was prompted by an attempt at organising a
multi-centretrial of lignocainein cerebral arterial gasembo-
lism (CAGE), which foundered when diagnostic criteriafor
CAGE could not be agreed. Funding for the workshop was
provided by INM and 35 delegates were invited and at-
tended; including the author, Carl Edmonds, David Elliott,
JamesFrancis, Tom Shields, Ed Thalmann, Ed Flynn, Drew
Dutka, Ramsay Pearson, Lindsay Symon, David Dennison,
Richard Moon, Maurice Cross, |an Calder, Hans Ornahagen
and Y ehuda Melamed. The proceedings will be published
by the Undersea and Hyperbaric Medicine Society.

The existing classification.

Before the Workshop the decompression illnesses
wereconventionally dividedinto CA GE and decompression
sickness (DCS). DCSwasfurther divided in types| (mild)
and |1 (serious) in a system proposed over 30 years ago for
caisson work.* The workshop participants agreed that al-
though sudden loss of consciousness in a scuba diving
candidate on surfacing in a swimming pool was amost
certainly CAGE and that left knee painin asaturation diver
developing 6 hours after reaching the surface was similarly
certain to be DCS, between these two extremes differentia-
tion was often impossible.

Furthermore it was agreed that:
a CAGE can present before reaching the surface;
b amost all cases of cerebral DCS have symptoms
within 20 minutes of surfacing;
C many cases of cerebral DCSwere likely to be dueto
arterialisation of venous bubbles and hence that DCS often
initiated CAGE;

d arterial emboli could either precipitate DCS or occur
concurrently with DCS (the so-called type 111 DCS ?);

e most cases of CAGE did not have any evidence of
lung damage;

f in submarine escapeesde-novo formation of bubbles
in arteries could not be completely excluded; and,

g while most cases of CAGE showed some spontane-

0UuS recovery many were static or progressive.

Many delegates reported that attempts at retrospec-
tive analysis of case histories had resulted in very low
concordance between observers in the diagnosis of either
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CAGE or DCS. Also, the recent decision of the United
States Navy to treat CAGE initially at 2.8 bar breathing
100% oxygen meant that most of those attending had no
incentiveto makethedistinction astreatment regimenswere
essentially common. Thisisparticularly truegiventhemove
away from a significant head-down posture for CAGE
sufferers.

Similarly, the type | and type Il DCS classification
was considered unsatisfactory because:
a if left untreated at least 30% of type | DCS cases
developed overt evidence of neurological involvement;
b the frequency of long-term personality, psychologi-
cal and neurological sequelae was almost as high in divers
with a history of type | DCS asin those with type Il DCS;
c typell DCS could indicate anything between adiver
with paraesthesiaintheleft finger and either an unconscious
diver or adiver with intractable hypotension and shock;
d in diving operations, technicians and divers (and
most doctors) are unable to identify subtle neurological
signs and hence make a diagnosis of type Il DCS; and,
e much of the pain in DCS was likely to be referred
from the nervous system.

It was accepted unanimously then that the existing
classification needed to be changed and that for the reasons
given above neither an aetiological nor an organ-system
classification was achievable. The latter would be made
even more difficult by the multi-focal nature of the decom-
pression illnesses.

The consensus then was that:
a no attempt should be made to distinguish CAGE
from DCS; and,
b aclinical descriptive classification should be devel-
oped.

A clinical descriptiveclassification of thedecompression
disorders

The term decompression illness was proposed and
accepted to include both the previous DCS and CAGE
categories and to demonstrate that no distinction was being
made.

It was agreed that thisterm should be prefaced firstly
by an evolutionary term (static, resolving, relapsing, pro-
gressive etc) and secondly by an organ system term (these
being the symptomatic organ systems). For example: a
diver who collapsed on surfacing, was found to be uncon-
sciousandthenrecovered would have* resol ving neurol ogi-
cal decompression illness’; a diver who had increasing
shoulder pain would have “progressive musculoskeletal
decompression illness’; and, a diver with unchanging
shortness of breath and paraplegia would have “ static pul-
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monary and neurological decompression illness’. The last
caseillustratesthat no attempt ismade at putting symptoms
into a hierarchy.

The overall classification of decompression disor-
ders would then be:

a Barotrauma
ENT
Pulmonary (radiologically or clinically apparent pneu-
mothorax, mediastinal and sub-cutaneous emphy-
sema)
Others

b Decompression illness

Thelignocainetrial.

It now becomes possible to perform the planned
CAGE-Lignocainetria by identifying the applicable clini-
cal syndromes (e.g. only progressive neurological decom-
pression illness cases).

Other conclusions

In addition to agreeing to atrial of this new classifi-
cation, the participants conceded the need for a common
database for diving accidents. The composition of this
database will form the basis of a subsequent workshop.
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LATE SEQUELAE OF DECOMPRESSION SICK-
NESS
A casereport

Allan Sutherland

Thisisthe story of T, a41-year-old male diver who
hassuffered, and continuesto suffer, significant psychol ogi-
cal and physical disahilities after two episodes of decom-
pression sickness in July 1987 and February 1988. The
medical assessment of this man has been difficult, with
many reports conflicting, resulting in delays with compen-
sation.

He suffered his first diving accident in July 1987
during his second dive of theday. Thisdive wasto greater
than 30 mlooking for crayfish. He becamewedged under a
rock and was only able to free himself by removing his
backpack buoyancy compensator and using his octopus
regulator. Separated from his gear, but holding it, he
surfaced rapidly.

By the USNavy tableshe exceeded the no-stopsdive
limit by at |east 19 minutes. Hewasthereforeacandidatefor
both decompression sickness, by virtue of the length of his
dive, and air embolus, because of his rapid ascent.

Onthesurfacehefelt “funny” and noticedtingling of
his lips, fingers and toes. Subsequently, 3 hours later, he
developed pain in his left shoulder and right hip. He was
unable to pass urine and had an unsteady gait.

On examination, both the | eft shoulder and right hip
were painful on all movements, with associated weakness
around each of thesejoints. Hehad hyperaesthesiaof hisleft
arm and loss of sensation to pin prick over thedorsum of his
right foot.

He was treated with an extended US Navy table 6,
receiving atotal of 12 hyperbaric oxygen treatments.

Twoand ahalf weeksafter thisaccident aneurol ogist
reported that T had aslight pyramidal weaknesson theright
side and extensor plantar responses on that side, with pin
prick and position senseimpaired in theright leg. He was
unsteady standing on either foot, even with his eyes open.
Theneurologist’ sreport included “1 agree that this man has
had decompression sickness affecting the cerebral hemi-
spheres and spinal cord. | would expect him to make a
complete recovery from these problems within 3 months.”

Contrary to medical advice, T resumed diving and
sustained afurther diving accident in February 1988. After
alate night, and excess alcohol, T did a strenuous dive for
about an hour at 18 m. He became muddled, and devel oped
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pains in the hips and surfaced. He saw flashes of light at
about 5mbut heremembersvery littleuntil hewasputinthe
recompression chamber.

T’ sworst symptom continues to be pain in the right
hip. He has abalance problem and does not seem to empty
hisbladder properly. He claimsthat hisconcentrationisnot
asgood asit should be. Hetendsto drop things but has not
noted any specific impairment of his hands.

On examination recently there was slownessin per-
forming rapid alternating movements of his arms, with
possibly some dlight impairment of position sense. Hewas
mildly ataxic, walkingwith hisfeet afew inchesapart. There
wasimpairment of position sensebilaterally, with hyperaes-
thesiaintheright leg. Thetendon reflexeswerereduced and
the plantar responses were flexor.

Now the neurologist comments “This episode of
bends seemsto have produced mainly spinal cord problems
which are relative minor and should recover completely.
From a neurological point of view, | consider that he will,
again, make a complete recovery”.

Therearenow, inall, 16 reportsavailableonT. Many
are conflicting in their content and clearly demonstrate the
great difficulty the medical profession hasin appropriately
assessing the long-term effects of decompression sickness,
especialy the personality changes and soft neurological
deficits.

In an attempt to hel p thisman two neuro-psychol ogi-
cal assessments were done. The first was performed in
November 1988 and, nineteen months later, the second in
July 1990. Thetest performed were Block Design, NART,
PASAT, Picture Completion (WAIS-R), Quick Test, Key
Complex Figure, Stroop Test, Trail Making Test, Visual
Sequential Memory, Visual Reaction Times (two forms),
Wechsler Memory Scale (Form I1) and Word Fluency.

The final neuro-psychological report states that T
was having alot of difficulty concentrating and was unable
to copewith any situation wherethingswerehappeningfast,
including situations were there was a lot of noise, where
several people were talking at once. Thisdifficulty affects
hisfamily and social relationships and has implications for
his ability to work. When his children are noisy, or racing
around, hegetsvery irritated and cannot handleit. Similarly,
in many social situations, he is unable to follow conversa-
tions and just switches off. Consequently there are many
social contacts that he now avoids.

When he wants to write “It al gets jumbled up”.
Although heisableto drive acar, he does not do this often
ashehasto put so much effort into it and after driving feels
exhausted. Both there difficulties are consistent with im-
paired ability to concentrate and a slowing of the thinking
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process.

Difficulties of amore physical natureincluded diffi-
culty sleeping more than a few hours a night although he
feelsworn out, difficultieswith sex, which include variable
difficulty ingaininganerection, also painandlack of feeling
during intercourse, and a reduced tolerance to alcohol.

Heis learning to accept his intense frustration and
anger, adapting to frustrations by avoiding them. T feels
anti-depressants have been helpful, not just to improve the
mood state, but they al so permit himtotolerate hisdisability
and its frustrations. However his wife thought they made
him more aggressive.

This man has been left with the kind of cognitive
impairments that frequently follow other forms of diffuse
brain damage. The pattern of his neuro-psychological
profileisstrongly suggestivethat hehasorganic dysfunction
of thebrain. Thiscontinuesto haveaprofoundimpact onhis
family relationships and his ability to work.

Discussion

After some 3 years, and many conflicting reports, T
is still awaiting final permanent disability settlement pay-
ments. He continuesto have apoor attention span, impaired
concentration, reduced short-term memory, depressed mood,
labile emotions, language difficulties, impaired balance,
weakness of his left shoulder muscles, occasional
paraesthesiaeintheright leg, episodic diarrhoeaand urinary
hesitancy.

Despitethese crippling problemswe have optimistic
neurological reportsin conflict with the neuro-psychol ogi-
cal assessments which are more in keeping with our diving
medical assessments. Others have noted that “ The cerebral
recovery from DCSand AGE ismorerefractory than previ-
ously thought” .t T isnot a one, heisoneof 8 diverswhowere
unable to return to their previous employment, because of
persisting disorders of their higher intellectual function and
mood state, after hyperbaric treatment at HMNZS
PHILOMEL for adiving accident.? There were 30 patients
in the series reported. These 8 patients were assessed as
impaired using the criterion of return to usual employment.
Thepatientswereinvited to make self-assessments. Assess-
ment was also made by the spouse and by the family
practitioner. In addition psychometric testing was per-
formed at the Post-Concussion Clinic, Auckland Hospital.

All these assessments gave evidence of disturbed
higher intellectual function and mood state, with consider-
ablevariability of the symptoms. Although the assessments
have a large subjective component, and the report is brief,
the conclusion is statistically significant (8/30) and the
patients' disabilities are very real. The paper’s conclusion
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was"“ That the cerebral effects of sport diving accident cases
are refractory when assessed by family observation, G.P.
observation, and psychometric testing”.

This case clearly demonstrates the difficulties in
quantifying thelate sequel ae of decompression sicknessand
achieving appropriate compensation payments.
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FREMANTLE HOSPITAL HYPERBARIC MEDI-
CINE UNIT
THE FIRST YEAR

Harry Oxer and David Davies

Introduction

After 12 years planning, and annual submissions to
the Government, the Hyperbaric Unit at Fremantle Hospital
was opened for business on November 27th, 1989. Con-
struction was directed by Hyox of Scotland but most of the
work was subcontracted to local West Australian compa-
nies.

The Unit is located in a former laundry and has
facilitiesfor consultation and wound care in addition to the
administrative and treatment areas. Its effectiveness was
justified by achieving the planned operational goalswithin
six weeks rather than the expected six months.

The treatment unit consists of two hyperbaric cham-
bers connected to a separate entrance lock which has provi-
siontolock-on atransfer under-pressuremodul e (Figure 1).

“Mildred”, asthe main treatment chamber isknown,
isavertical cylinder with an internal diameter of 3mandis
3 m high. It has a large rectangular door through which
patientscanwalk or bewheeled ontrolleys. Thedoorislarge
enoughtoallow aDrager Duocomtransportablechamber to
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Figurel. A genera view of the Hyperbaric Facility. "Mildred" is shown in the left foreground with "George" behind.
The control panel ison theright.

be carried in. The maximum operating pressure for this
chamber is3 ATA.

Normally patients are treated sitting in easy chairs
with foot rests. Usually, four patients are treated morning
and afternoon. Oxygen is usually administered by “Duke
Hood” (Figure 2). Though Scott masks are available, they
aremoreoften used for treating divers. Inanemergency, up
to eight patients can be accommodated in thischamber. For
comatose or intensive care patients, the chamber can take
two trolleyswith room for the attendantsto move around it.

“George”, the other chamber, has an operating depth
of 7ATA and hasheentestedto 13.4 ATA. Itisahorizontal
cylinder 2 m in diameter with two compartments. The
treatment end has awalk in door and afold down bunk on
each side. With patientssitting on the bunks, amaximum of
three plus attendant can be accommodated.

Access to both chambers can be made through
aseparate entry lock between them. This can be rapidly
pressurised if required. A transportable chamber can be
locked ontothisentranceasitisfittedwithastandard NATO
mating flange.

Figure 2. The Duke hood on a patient.
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Monitoring facilities are avail able in both chambers.
This permits continuous monitoring of any modality in any
patient transferred from the Intensive Care Unit. There are
72 channels available in each chamber.

Case Load

187 cases were treated from 31.11.89 to 31.12.90.
There were 1,808 patient treatments in 806 chamber runs.

82 emergency cases have been treated to June 30th
1990. These have included divers, crush injuries, carbon
monoxide poisonings, surgical flaps with poor circulation
and head injuries. For these the average number of patient
treatment was 3.7.

Non-emergency cases were made up of non-healing
wounds, radiation necrosis and assorted ulcers. Thisgroup
need many moretreatmentsper patient, theaveragehasbeen
29 and one patient required 71 treatments.

In Western Australia, the diving casualties fell into
three main groups;, pearl diversfrom Broome, professional
divers and diving fishermen, and recreational divers and
their instructors. 41 divers have now been treated since the
chamber was opened.

Research

Therearetwo research projectscurrently in progress.
The first is to investigate the role of complement as a
predictor of susceptibility to decompression sickness.

The second project is to study the effects of hyper-
baric oxygen on cardiac ventricular wall movement in acute
myocardial disease, such as infarction or cardiomyopathy.
Other research projects planned include a study of stroke
patients.

Staff

The Unit hasastaff of Director, three nurses and two
techni cians(onepart-time) who havehad wideexperiencein
commercia diving. Five other physicians with training in
Diving and Hyperbaric Medicine, including the Directors of
the Intensive Care Unit and the Emergency Department,
assist in providing round the clock cover. The registrar
medical staff of the Emergency Department al so participate
inthe care of our patients. A pool of about 20 nursestrained
in hyperbaric nursing, drawn from critical care areas of the
hospital, provides extra staff for in-chamber patient care.

A closeworking relationship has devel oped with the
Director of the Emergency Department, and all of his staff,

79

which providesearly referral of acute cases, aswell as, extra
cover for the chamber operation.

Department casediscussionsareconducted sothat all
members are aware of what patients are being treated and
their progress.

Discussion

Many years of research and discussion have resulted
in arange of accepted indications for hyperbaric medicine
being published by the Undersea and Hyperbaric Medical
Society. Asaresult casesdonot all havetobeindoubleblind
trials, asthe effects of treatment have already been proven
elsewhere.

Asreview of our clinical resultsisto be presented at
the 1991 Annual Scientific Meeting by Dr Daviesthesewill
not be discussed in this paper. This paper will appear in a
|ater issue of the SPUMS Journal.

Patients suffering from carbon monoxide poisoning
who have a neurological deficit on presentation usually
receive three treatments, often with rapid improvement in
their mental state and resolution of other symptoms.

The closerelations the Unit has with the Emergency
Department in the hospital has ensured that acute crush
injuries are transferred rapidly to the chamber.

Onepatient arrived from aremotearea, 24 hoursafter
acrush injury to the forearm. There was marked swelling,
anaesthesia below the wrist with lack of movement of the
fingers. Power and sensation returned during the first
treatment and after three days of twice daily recompression
he was discharged home symptom free, having avoided
surgery completely.

Two other patients with crushed feet received great
benefit, having previously been advised that amputationwas
prabable, swelling was rapidly reduced and oxygenation
increased.

Skinflap surgery,inwhichthevascularity of theflaps
is compromised, can benefit from hyperbaric oxygen. This
servestoreduceoedemaandtissuetension, improveperfusion
and may obviate the need for surgical revision. Short term
treatment, twicedaily, isusually effectivefor these patients.

Selected non-healing wounds benefit from multiple
treatments but may require several weeks of therapy, six
daysaweek. Oftenthese patientshavebeen unresponsiveto
prolonged normal therapeutic measuresand and arereferred
as a last resort. Peripheral ulcers are variable in their
response but do best if there is a good, large vessel blood
supply to the area.
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Vasculitis as aresult of radiotherapy delays healing
and healing can beassi sted by hyperbaric oxygen. Radiation
osteonecrosis, especialy of the mandible, has responded
well to thisform of treatment, after which effective surgical
reconstruction is practical.

Our experiencewith pearl diversisthat theincidence
of decompression sicknessisrelatively low considering the
repetitive nature of their diving and the long times they
spend each day at depth. Dysbaricillnessisusually associ-
ated with alapse from their normally accepted diving prac-
tice.

Other developmentsin Western Australia

Other “professional” divers and diving fishermen
perform frequent repetitive dives, often paying only lip
service to accepted tables. Many give a history of “getting
away withit” for someyears. Detailed enquiry oftenreveals
stories of paraesthesia, niggles and extreme fatigue espe-
cialy early in the season.

In the recreational group of divers, the experienced
divers have been those undergoing advance courses such as
for dive Master qualification. They usually dived, techni-
cally withintheacceptedtables, but had exacerbating factors
such as hard work, fatigue, hypothermiaor strenuous activ-
ity after the dive. Student divers were more likely to be
fatigued with dives near the limit of the tables.

Notable among the divers was the small number of
pure type 1 decompression sickness. Careful examination
usually elicited paraesthesia, numbness, problemswith bal-
ance, aterations of concentration and short term memory
loss. A number of patients reported that during recompres-
sionthey felt asif aveil had beenlifted. They wereunaware
of how much their concentrations and thought processes
were impaired.

ThePearl ProducersAssociationisinstalling acham-
ber at the Broome District Hospital and atraining coursefor
the staff has been conducted by our Unit. Wewill beableto
providefurther support when the chamber iscommissioned.
The Broome chamber will provide a significant improve-
ment in diver support inthe North West of the State and will
reduce the need to transport injured diversover 1,200 kmto
chamber facilitiesin Perth.

Conclusion

TheHyperbaric Medicine Unit at the Fremantle Hos-
pital is providing a valuable service to the West Australian
community. Apart from treating divers and many other
medical and surgical conditions the Unit has conducted
coursesfor hyperbaric nurses, doctors, Commercial Diving
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Supervisors, chamber attendants and for a group of pearl
divers learning to operate their own chamber. There are
frequent visits by diving clubs and other interested groups.
SPUMS members visiting Western Australiaare invited to
contact the Unit and inspect the facilities.

Dr Harry Oxer is Director of the Hyperbaric Medi-
cine Unit at Fremantle Hospital, Alma Sreet, Fremantle,
Western Australia, 6160.

Dr David Daviesisavisiting specialist on the staff of
theHyperbaric Unit. Hisaddressis Quite6 KillowenHouse,
S Anne's Hospital, Ellesmere Road, Mt Lawley, Western
Australia, 6050.

Dr David Davies presented a paper on the clinical
casestreated in 1990 at the Fremantle Hospital Hyperbaric
Unitatthe1991 Annual Scientific Meeting. Thiswill appear
in alater issue.

THE DIVING MEDICAL AND REASONS FOR
FAILURE

John Parker

Introduction

This is one medical practitioner’s review of two
hundred consecutive sports diving medical failures in an
attempt to detail why diversfail the medical assessment.

Thedivers

The majority of the divers were young international
touriststravelling through North Queensland to dive on and
experience the Great Barrier Reef. The average age was
twenty five (Table 1). Twelve hundred (59%) of the divers
were male and 851 (41%) were female.

TABLE 1

AGE DISTRIBUTION

<20 years 9%
20-29 78%
30-39 10%
40+ 3%
The medical

Every diver filledinafull questionnaire, asdescribed
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in Australian Standard 2299 diving medical form,* and had
afull diving examination.

Spirometry involving the measurement of theforced
vital capacity (FVC) and the forced expiratory volume in
one second (FEV ) was performed. Any diver with abnor-
mal respiratory functionwasgiven5mgnebulised salbutamol
and retested. The urine was tested for proteinuria and
glycosuria.

A chest X-ray was taken if there was a personal
history of lung disease, serious lung infection or recurrent
lunginfection, afamily history of tuberculosis, asuspicious
occupational history, ahistory of mechanical ventilation of
the lungs, and any abnormality found on clinical examina-
tion of the respiratory system or poor lung function test
results.

A resting electrocardiogram was performed on al
divers aged 45 years or over.

An air conduction audiogram was performed on al
diverswith ahistory of reduced hearing, clinical evidence of
poor hearing or aclinically abnormal tympanic membrane.

All female divers were asked if they were late for
their menstrual period and if pregnancy was possible. If so
apregnancy test was performed.

The results of the first 1,000 medicals have previ-
ously been published.?

Results

The 200 diving medical failureswere extracted from
2,051 consecutive initial sports diving medical examina-
tions giving an overall failure rate of 10% (Table 2). One
hundred andforty three (71%) of thefailureswereclassed as
permanent failures, i.e. the person should never scubadive,
and 57 (29%) were classed as provisional, i.e. the reason
failure was potentially remediable, or further investigation
might reveal the reason of failureto beinvalid. Of the 200
diverswhofailed 181 (91%) had only onereasonfor failure,
17 (8%) had two reasons for failure and 2 (1%) had three
reasons for failure. A total of 221 reasons for failure were
identified.

Discussion

The reasons for diving medical failures are numer-
ous. Forty seven different reasonsfor failing asportsdiving
medical werefound in this series but this cannot be claimed
to beexhaustive. Thereisstill need for the compilation of a
handbook to guide doctors undertaking diving medicals as
specific indications and cut off points for failure or need of

TABLE 2
REASONS FOR FAILURE

RESPIRATORY
Asthma
Lower respiratory tract infection
Poor lung function (no obvious reason)
Pneumothorax traumatic
Spontaneous
Previous chest surgery
Pleural adhesions
Pulmonary cyst
Sarcoidosis
Congenital aplasia of the lung
ENT.
Non-patent eustachian tubes
Severe scarring of tympanic membrane
Upper respiratory tract infection
Deafness
Impacted wax in external ear canal
Otitis media
Middle ear effusion
Abnormal sinuses
Active heyfever
Infected wisdom tooth
Perforated tympanic membrane
Sinusitis
Sapedectomy
Tinnitus
CARDIOVASCULAR
Arrythmias
Hypertension
Anaemia
Aortic stenosis
Recent myocardial infarct
Ventricular septal defect
NEUROLOGICAL
Epilepsy
Previousintracranial surgery
History of spinal cord injury
Migraine
DRUGS
Bleomycin
Warfarin
OTHERS
Diabetes
Severe caries
Severe herpes simplex infection of face
Pregnancy
Chronic active hepatitis
Anxiety state
Severe scoliosis limiting respiratory function
Inguinal hernia
Cold urticaria
Obesity
* = provisional

[
w PRPEFEPNWWOOR

[EnY
N

PRPRRPRPPOWOWWONO

[ PR RN PR ERPRPNDW

=

PRRPRPRPRPRPENDDN

*

E I 3

81



82

further investigation or opinion. Indications for diving
fitness have too long been left to the physician’s personal
prejudice, resulting in a wide variation of views, which
therefore gave little credibility in the diving industry.

Conclusion

In 2,051 diving medicals 221 reasons for failing
diving medicalswererecordedin 200 potential diversgiving
anoverall failurerateof 10%. Forty seven different reasons
for failing thediving medical havebeenlisted. Ninepercent
of divershavemorethan onereasonfor failing. A handbook
of specific indications and cut off pointsfor failure, further
investigation or referral should be compiled.
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THE ASSESSMENT OF THE PADI RESORT
COURSE QUESTIONNAIRE

John Parker

Introduction

It is common practice for people undertaking scuba
introductory or resort courses to go scuba diving without a
diving medical, only completing a questionnaire on their
health. The commonest diving instructor body undertaking
resort coursesin north Queensland isthe Professional Asso-
ciation Diving Instructors (PADI). In the 1990 “PADI
DISCOVER SCUBA AND INTRODUCTORY COURSE
STATEMENT” sixteen questions are asked, preceded by
thestatementinbold letters“| f any (1-16) of theseitemsdo
apply weregret that you must consult a physician prior
to partaking in a scuba experience”. | used theinforma-
tion given in the Australian Standard AS2299 question-
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nairet, from 2,051 consecutiveinitial sportsdivingmedicals,
to complete an introductory course questionnaire for each
diver to assess the efficacy of the resort course question-
naire,

M ethod

From the information given in their AS2299 diving
medical questionnaire (and only that information) |1 com-
pleted the PADI course statement for all 2,051 divers. The
questions appear in Table 1.

Results

Of the2,051 divers673(33%) fail ed theresort course
questionnaire and should have consulted a physician. Of
these673diversonly 142 (7%) actually failed thefull diving
medical | performed. Ironically only 106 (5%) failed the
medical for the actual reason shown on the PADI question-
naire, the rest having problems not identified by the ques-
tionnaire. Hence the questionnaire only predicted 53% on
the actual failures. See Table 2.

Discussion

The resort course questionnaire predicted 53% of
failures compared to the AS2299 diving medical question-
naire which, when combined with an interview, predicted
63% of failures.? Questionnaires alone are therefore not a
good predictor of diving fitness.

Discussion with local diving operators indicate that
very few diversactually fail theresort course questionnaire.
Certainly in 10 years of diving medical practice | have not
had many divers referred for failing their resort course
questionnaire. This may indicate that:

1 The diver, being warned that ticking a box in the
questionnaire requires them to have a full diving medical
withitsadditional cost and inconvenience, isencouraged to
answer falsely.

2 The requirement of only having to indicate in the
affirmative encourages peopleto missthingsout. Havingto
state either a“yes’ or “no” is more discriminating.

3 People are more honest in questionnaires when they
know it will be followed by an interview.

4 Diving instructors make medical judgements on the
questionnaire and override the statement that any positive
response must eventuate in a physician’s consultation.

5 | exaggeratedtheir medical conditionsinmy comple-
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TABLE 1

PADI QUESTIONS

1 | am currently suffering from cold or congestion

2 | am currently taking medication

3 | have ahistory of respiratory problems or disease
4 | am diabetic

5 | have a history of heart condition

7 | currently have an ear infection

8 | have recently had an illness or operation

9 | have a history of asinus problem

10 | am pregnant

11 | have asthma, emphysema or tuberculosis

12 | am claustrophic

13 | smoke a pack of cigarettes or more a day

14 | have had difficulty with my ears

15 | have a nervous system disorder

16 | am under the care of aphysician or have a chronic

illness

tion on the questionnaire.

The PADI questionnaire can certainly be improved
but still many people would be scuba diving who are not
considered fit.

The commonest diving injury to such diversisaural
barotrauma from pre-existing upper respiratory tract and
aura problems. But the presumed greatest danger will be
from pulmonary barotraumain personswithlunginfections,
undiagnosed asthma or other lung diseases.

Thisdanger can bereduced by taking theresort diver
underwater incalmtill water, under thestrict supervision of
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a diving instructor. However, the dangers are increased
because of the absence of any substantial training resulting
in a higher risk of panic and uncontrolled ascents.

Torequireall diversin aresort course to have afull
diving medical would decimatethedivingtouristindustry in
North Queensland and prevent a large number of tourists
from having first hand experience of the Great Barrier Reef
and the joys of scubadiving.

To stop the present practice of only having a health
questionnaire would necessitate evidence, not only of the
potential dangers but of actual cases of injury or death. At
present there are no such reliable data on the morbidity or
mortality of theresort course. Inthemeantimethe question-
naire needs to be revised.

Conclusion
The PADI questionnaire is a poor discriminator of
scuba diving fitness, identifying only 53% of divers who
should have failed.
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TABLE 2

COMPARISIONS BETWEEN PADI QUESTIONNAIRE AND THE FULL DIVING MEDICAL
IN 2051 DIVERS

Number 9% of “Failures” % of Total
Failed the questionnaire 673 33
Failed the questionnaire and failed the full medical for the right reason 106 16 5)
Failed the questionnaire and failed the full medical but for the wrong reason 36 5 ()]
Falsefailures
Failed the questionnaire but passed the full medical 531 79 (26)
Passed the questionnaire 1,378 67
Passed the questionnaire and passed the full medical 1,284 (62.5)
False passes
Passed the questionnaire and failed the full medical 94 (4.5)
Totals 2,051 100 100
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PERSONAL PAPER

A “BEND” BY ANY OTHER NAME

Anon

| was born in 1937. | am a graduate, Chartered
Mechanical Engineer and ex-R.N. Commander. My diving
experiences, which | am about to recount, started in the Far
East when the ship’ sdiving officer convinced methat there
was much beauty to be seen under water and, with my
agreement, ensured that | wastaught to view thisinner world
incomparativesafety ! | washooked! Every availablehour
for the remainder of my Naval career | was to be found
submerged in some part of the world or other

When | left the Navy | decided to combine both my
skills as an engineer and my hobby as a diver. | was
employed by an international company as an underwater
engineer whose function was to design, and fit, sub-sea
equipment required by various oil companies.

To keep to the subject matter of this story, the first
bend | had was while working in the North Sea at approxi-
mately 34 m. Thejob wasto fit anti nets around the legs of
an unoccupied platform about 40 miles off Yarmouth. We
werediving from an old fishing trawler in untethered scuba
gear. If my memory servesmeright, wewereon bottom for
about 18 minutes with a5 min stop at 9 m. We had been
working on this exercise for two or three days. On the last
occasion, | was working on these nets, when my demand
valvefell apart in my mouth. Theretaining ring around the
second stagejust snapped and | wasleft with astainlesssteel
funnel in my mouth. Needlessto say, | did not hang around
looking for all the component parts. | bailed out rather
quickly. One had to be rather careful about coming up,
because as the visibility was very poor, it was possible that
onewould comeup insidetherig structure, with all itscross
bracings etc. and this could become rather dangerous. So
after getting my bearings, | swam out from under therig and
finned for the surface. Believe meit didn’t takelong !

When | came to the surface, | just climbed on board
the trawler cursing and swearing about the equipment,
undressed and had a shower.

There was no thought at all about decompression
sickness, emboli and such, and anyway, we did not even
carry arecompression chamber on board.

Whilst | was having the shower, | found that | kept
being thrown against the side of the stall each time the ship
rolled. Apparently after all my years at sea, | could not
compensatefor themovement of theship. | foundthisalittle
disconcerting, so after getting dressed | found the Captain

and requested himto start for shore. After about 30 minutes,
| found that both my right arm and leg were becoming
difficult to move, a classic hemiplegia. By now | was
becoming perturbed at my increasing debility, so the Cap-
tain requested assistance from the Air Sea Rescue. | was
picked up by a Wessex helicopter by strop from the deck,
flown ashore and put into a pre-prepared recompression
chamber. | wasimmediately blown down to 36 m, at which
depth, the symptoms started to ease and over the next 48
hoursthey disappeared completely. | estimate that approxi-
mately two and a half to three hours from the time of the
underwater incident to the time | reached 36 m in the
chamber had elapsed.

| madeafull recovery fromthisaccident and after one
month’s compulsory leave, | recommenced diving.

In 1974, 18 months after the first incident, | wasin
West Africaworking on aproblem that an oil company was
having with a submerged pipeline manifold system. This
manifold was under approximately 21 m of water in visibil-
ity of around 15 cm. Just to enlarge upon the story, in case
it adds any relevance to the eventual outcome, | had only
beeninWest Africafor about twoweeks. Beforethisjobmy
last underwater exercisehad been at 135 m off South Africa,
working from a diving bell, using 90% helium and 10%
oxygen. Thishad lasted for 3-4 weeks. | put thisin because
it may have contributed to alai ssez faire attitude on my part,
having comefrom that depthto apiddly 21 m. | don’t know
however.

We had just about completed work on the manifold.
The new components had been fitted and we were about to
start fitting the hoses, when thetanker, that we had beentold
was still 24 hours away, hove into view.

Now the conventional berth was being operated by
Southern Europeans, lovely people, but not renowned for
their calm acceptance of aterationsto an established proce-
dure.

In an attempt to get the operation on stream quickly,
we started to do repetitive diving to get the hoses hooked up
and tested. During this work, the tanker moored up in the
berth overhead and our work boat tied up alongside her.
Once everything had been connected, we pressurized the
system to check for leaks and | went down to do a final
survey. Everything appearedto beoil tight. Thisinspection
probably took 5-10 minutes bearing in mind we were free
diving and the visibility was still around 15 cm.

On my way to the surface | came up under the work
boat (the hull had adraft of 2.4 m), sol finned out from under
it and climbed up over the stern. While giving my report to
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the berthing master | started to feel dizzy and the whole
world began to spin. After that, | remember nothing. Until
| regai ned consciousness, my responsesand actionsreported
here are from hearsay only.

| was told that, as | hit the deck of the work boat, |
started an epileptic seizure. When it subsided they put mein
asling and brought me up onto the deck of the accommoda-
tion vessal. | was still unconscious. They then put me on
oxygen while | was till lying on the deck. There was a
recompression chamber on board, but it wasa“ oneman pot”
0.9 min diameter and 1.8 m long, with only atiny medical
lock for passing in drinks etc.

It was decided by those who were in charge of my
treatment, two merchant navy captainsand threedivers, that
it would be unwise to put me in the chamber because if |
started fitting again under pressure | could die, as no one
could get into me unless they vented the chamber.

Intheevent | slowly regai ned consciousnesslyingon
thedeck. Unfortunately, theonly thing | could movewasmy
tongue. | appeared to be totally paralysed from the neck
down. | assume my brain had had such a shaking from the
fit that it could not focus on my immediate plight because it
appearedtothoseabout methat | accepted my conditionwith
equanimity.

| remained on deck for 3to4 hoursduringwhichtime
my paralysis appeared to retreat progressively down my
body. Firstly I could move my arms and then my trunk. It
looked asif what ever traumahad occurred was dissipating
and everything would befine. So they would fly me ashore
thenext day. | wascarriedto bed, wherel stayedfor the next
4to5hours. Thenl triedto get upto usethetoilet, | fell flat
onmy face. My legsjust refused to work. They decided to
get the helicopter out urgently and fly me ashore to the
medical facilitiesthere. At the sametime they decided that
perhaps| did need recompressing after all, so arequest went
out to another diving company (non-English speakers) for
the use of their chamber. During the night they brought it to
the medical centre with al its accoutrements, including all
their divers, and intoit | went. Againit wasbasically aone
man chamber withnoairlock, only atiny 20cmmedical lock
for drinks, urine bottles etc. There was still concern that |
might start having seizures again so | was put in with a
French speaking diver who had had some form of medical
training. Soundscomfy ! Thispoor chap had to sit up tight
against thedoor half on and half off my feet. But that did not
matter because | could not feel them anyway! We were
pressurized upto 36 mandtherewestayed. It wasnow about
10 to 12 hours after | first lost consciousness.

By now the lumbering oil field was starting to roll
forward. A work boat was assigned to take me from the
medical centreat theriver estuary to Warri (wheretherewas
afull hospital). Thetripwouldtakeapproximately 12 hours.

85

The chamber and equipment was loaded on the vessel and
away we went.

During thistime, alarge 6 man chamber was being
prepared and fittings made, so that it would be aready
pressurized and the air lock open, ready for thetimel arrive
and be placed outside the front door of the hospital.

| was becoming more and more depressed about the
wholeaffair. After having thought that the traumawas over
when my recovery started, here | was with a Frenchman
sitting on my legs, who could not speak aword of English.
My bladder distended half way to my neck, and the situation
was getting worse by the hour. Y ou will notel did not give
a thought to the poor chap who was sitting in a cramped
position at one end of the minuscule decompression cham-
ber with an Englishman who could not or would not speak to
him and whojust kept moaning and complaininginaforeign
language'!

Anyhow, when the work boat docked at the Shell
camp in Warri, the complete chamber was lifted onto the
back of atruck and transported to the hospital, where it was
unloaded at the front door. | do not think you could seethe
front of the hospital for chambers and their equipment.

By thistime my ascent to the surface was just about
completed so the door was opened and | was put on a
stretcher, rushed into the hospital for aneurological exami-
nation and, sweet relief, catheterisation. This examination
only lasted amatter of minutes. Then without further ado |
was carried out and placed in the large chamber for further
treatment.

My psychological outlook had changed alittlefor the
better at thispoint, as| thought at last somebody was aware
of what waswrong and was doing something about it. A bit
selfishand unfair perhaps, considering all the effort that had
been expended on my behalf, but one was only thinking of
oneself.

Once in the larger chamber, | started on a new
decompression regime created at HMS VERNON, and
telexed to West Africa. Now, | want the reader to bear the
following in mind, the incident happened 16 years ago and
| did not see, nor was | consulted about, the tables used.
Moreover | was not viewing anything very objectively. So
the depth and times stated may vary dlightly from what
actually happened, but thefollowingisafair approximation
of the following events.

The new chamber was pressurised to 36 m, at which
depth | stayed for 12 hours. We then started to the surface
very gradually. When wereached 24-27 m | was started on
oxygen, the regime was 30 min on, 30 min off. | continued
thisfor four days until we reached the surface. Inall, | was
in the chamber for four and a half days. But with the full
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sizedair lock, | wasgetting fed and watered. | could haveall
| wanted now that | was catheterised. | had plenty of visitors
and this alone brightened me up.

Despite al this effort and cost, there was no further
improvement inmy condition and my legsand other append-
ages (I toldyou | felt better) refused to respond to stimuli. |
wasflown hometo England and admitted to hospital, where
| remained on the Orthopaedic Ward (someone had said |
had aback injury !) for twelve weeks. During thisperiod, |
was subjected to regular physiotherapy and slowly pro-
gressed goingfromawalking frameto axillary crutches, and
thento elbow crutches. | will not boreyouwith themidnight
Chinese feasts and the times | got stuck on the third floor at
three in the morning. It was easy to climb stairs but
impossibleto comedown. Needlessto say, | wasdetermined
towalk again.
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The physical situation now is that | till have a
peripheral neurasthenia from the waist down and slight
spasticity in the legs, but that does not appear to curtail me
fromwhatever | wishtodo. | amaqualified pilot, | ski (snow
and water) and ride to hounds. | am the proud and pestered
father of two daughters (although the impotence took some
working on) and am happily married, though if 1 was my
wife | would have left me years ago ! My daughters
incidentally, have just completed a diving course and they
are as enraptured by the sport as| was. | have no qualms at
all about them following the activity.

| hopethisstory will beasalutary lessonto all divers.
Accidentshappen at all depths, so beever watchful and have
theequipment avail ableor responsible partiescontactabl eat
all times.

Happy diving.

SPUMSNOTICES

MINUTES OF SPUMSEXECUTIVE MEETING
(TELECONFERENCE), FEBRUARY 3, 1991 AT

1000 EST
Apologies
Dr Grahame Barry
Present

DrsDesGorman (President), John Robinson (Secre-
tary), John Knight (Editor), Tony Slark (Past President),
David Davies (Education Officer), Chris Acott, Darryl
Wallner and John Williamson.

Absent
Dr Chapman-Smith

1 Minutes of the previous meeting

Theminutes, already circulated, weretaken asatrue
and accurate copy of the previous meeting. Proposed Dr
Stark, seconded Dr Gorman.

2 Business arising from the Minutes
21 AGM 1991 MALDIVES

A letter from Dr Pease, suggesting that the costs
for attending membersat the AGM ishigher than that on
offer at other travel agents, had been circulated. The
Secretary had aready informed Allways Travel of the
nature of the letter. A formal reply from Adrienne
McKeon had been received by the Secretary outlining

the reasons, which in fact had been presented at the
previous AGM, why large groups cannot get the travel
concessionsavailableto small groups. It wasdecided to
obtain Adrienne’ spermission to publishthisletter inthe
forthcoming SPUMS Journal to lay thisissueto rest.

Dr Gorman reported that the programme for the
AGM had been finalised. A copy was going to be
forwarded to each presenter, and to Dr Knight for
publication in the next Journal, before the meeting.

A letter from Dr Chapman-Smith was read indi-
cating reservations about the Maldives as a destination
with because of the Gulf War. No other member of the
Executive shared Dr Chapman-Smith’ sreservations. It
was decided to continue with the AGM as planned. Dr
Gorman reported that the programme had been put in
place, and that the invited speaker, Dr Glen Egstrom,
was very keen to come. A letter from Dr Knight,
suggesting that oxygen be available on al dive boats,
was circulated. Hefelt SPUMS should set an example.
The Secretary had already communicated Dr Knight's
concernsto AllwaysTravel and had had aletter fromthe
dive boat operator who will make every effort to fulfill
this requirement. The difficulties of providing oxygen
in a third world country were noted. Dr Williamson
pointed out that availability of oxygen wasirrelevant as
we did not know what capacity and what method of
administration from such oxygen cylinders was avail-
able.

Dr Knight suggested that a Safety Sausage be
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given to each diving participant. Thiswas agreed to by
the Executive and the Secretary wasinstructed toinform
Allways Travel accordingly.

22 AGM 1992 PORT DOUGLAS

Dr Williamson reported the result of investiga-
tion of costs at the Sheraton Mirage Hotel compared to
theRadison Royal PalmsResort. Thecostsof theMirage
weresuch asto effectively excludeit from consideration
asthevenuefor this conference. However, if members
wished to be at the Mirage there is no reason why they
should not avail themselves of that facility on a private
basis. It was agreed by the Executive that the invited
speakers should be accommodated freefor two nightsat
the conference venue.

Further discussion ensued asto theformat of the
meeting. It wasagreedthat it should bearranged around
the proposition of four daysof full conferenceand three
daysof diving from Quicksilver withamini-programme
onthesedivingdays. Thesuggestedformat wasperhaps
ahalf-hour lecture before dinner. Presentations on the
boat were ruled out because the facilities were not
adequate. Dr Williamson said that Michel Pichon hasa
programme well in hand. Dr Williamson will proceed
with more detailed planning of the programme plus
datesand report to our next conference. Dr.Williamson
stated that if any topic was thought desirable to add to
the programme he isto be notified. Thetarget date for
the conference was assumed to be June 1st.

23 HYPERBARIC SOCIETY

Dr Williamson reported that the group is now
known as the Australian and New Zealand Hyperbaric
Medica Group (ANZHMG). The first meeting has
been held and agreed that the organi sation should come
under the umbrella of SPUMS. Appreciation was
expressed by the group for SPUMS assistance and in
particular for financial assistance by paying for the
teleconference. The next meeting will be on Wednes-
day March20that 1000 EST. TheANZHMG Secretary
is Dr David Tuxen and the Chairman is Dr John
Williamson. Dr Williamsonreported that agreat deal of
data had been circulated by Dr Tuxen and he was very
satisfied withthe progress, however Dr Tuxenwill bein
the United States in the next six months. He will
continue hisrolein the ANZHMG at his own expense.
It was suggested that the ANZHMG could hold itsfirst
AGM at the Port Douglas meeting of SPUMS.

Dr Davies suggested that the SPUM S Education
Officer should be involved in the ANZHMG in the
future, particularly as, in relation to the awarding of the
Diploma, hewould need to know who hasdonewhat and
in which units. In addition it frequently fals to the
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Education Officer to notify what jobs are available. Dr
Williamson agreed that the Education Officer should be
involved. Dr Gorman indicated that proceedings of the
group would be published in the SPUMS Journal.

24 COFFSHARBOUR MEETING

DrWallner reported that an attractive programme
had been arranged and that he had about 20 participants.
Some discussion ensured as to the reporting of the
conferenceinthe Journal. It wasfelt at thisstagethat all
presenters should submit for publication although pub-
lication cannot be guaranteed. Thereisnow sufficient
material for publication that the Editor will only include
material in the Journal after peer review. However, Dr
Gorman pointed out that invited speakers at the AGM
would automatically receive publication.

25 THE STANDARDS AUSTRALIAN C.S.83

COMMITTEEMEETINGSYDNEY, 13TH DECEMBER
1990

Letters from John Knight, Bob Thomas, Colin
Melrose, Des Gorman and John Williamson have been
circulated to the members of the Executive. A number
of changeshad been madeto thedraft standard and these
had been circulated. The Committee accepted the draft
standard asaltered and al so accepted the notion of atwo-
year window to allow people who are currently doing
diving medicals to obtain satisfactory qualifications to
meet the new standard. In general the changes were
acceptable. However, theCommitteestrongly expressed
the view that SPUM S must maintain its firm stand that
peopl edoing medical smust beof an acceptablestandard
of training and that there be no backsliding on this
matter.

The SPUM ScensorsarethePresident, theDirec-
tor of anactiveHyperbaric Unit and oneother person. At
this moment these are Dr Des Gorman (President), Dr
John Williamson (Director of an Hyperbaric Unit) and
Dr David Davies (Education Officer). After much
discussion it was agreed that the prime role of the
censors should be awarding the Diploma. It is open to
any body, government or otherwise, to usethe Diploma
as an indication of training to a necessary standard.
However the Society has aready accepted that the
censors are to be involved in approving the content of
diving medical courses for purposes of the proposed
standard and will carry out this obligation until other
regulatory bodies are appointed.

26 REORGANIZATION OF SPUMS SECRE-

TARIAT

The Secretary reported that the Science Centre
continued to charge large sums of money including a
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December 1990 account of $247.00. Drs Barry and
Robinson had discussed this matter and neither were
able to ascertain what work, if any, the Science Centre
had donetojustify thisaccount. However adecisionwas
made to pay on this occasion.

The new permanent address of SPUMS c/- The
Australian College of Occupational Medicine, P.O. Box
2090, St KildaWest, Victoria 3182, Australia.

Infutureall mail will be addressed to the College
of Occupational Medicineand on aweekly basiswill be
bundled up and forwarded to the office centre of the
Secretary’ schoice. Dr RobinsonhaschosentheBrighton
Executive Centre. Thecentre hasundertakento process
mail. They will forward application formsto peoplewho
request them along with the standard accompanying
letters. Completed application forms, with the correct
sum of money, will beforwarded to Dr Barry. All other
correspondence will be forwarded to the Secretary for
his attention. After Dr. Barry processes an application
itwill thenbeforwardedto Dr Knight for entry inthelist
of members. Records of members will be kept by Dr
Knight, the Editor of the Journal, on his computer.
Processed application forms will be sent the Secretary
for filing. Thissystem isableto continue wherever the
Secretary resides as it is merely a matter of informing
any change of address to the Australian College of
Occupational Medicine. It gives SPUMS the great
benefit of having a permanent and fixed address.

Dr Gorman indicated he was delighted with this
new address. It has obviousimplications of leading on
to what other role the Australian College of Occupa-
tional Medicine may play inthe Society. In particular,
they may wish to co-sponsor our Diploma.

3 Other Business
3.1 INDONESIAN MEETING

Dr Robinson rai sed the suggestion that members
attending overseas meetings should give ashort address
at the Annual Scientific Meeting and these should be
published in the Journal to keep members, who are
unableto go to the ASM, up to date with what is going
onaround theworld. TheExecutiveconsidered thiswas
a good idea and Dr Gorman indicated he would be
amending the ASM programme at the Maldivesto cater
for this.

4 Correspondence

A letter was circulated from Divevac, South Africa
The Executive decided that the letter be published in the
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Journal but that no specific action need be taken.
5 Businesswithout Notice

Dr John Williamson spoke about the ANZ Thoracic
Society meetinginJuly at Lorne, Victoria. Professor David
Dennison from London, who has different views on respi-
ratory fitness for diving to those held by the Society, isto
speak. Dr Andy Veal, a SPUMS member, will be present-
ing, very strongly, the views commonly accepted by diving
physiciansin Australasia.

Dr Knight suggested that SPUM S should donate to
the Diver Emergency Service. He suggested that $5.00
from each Australian subscription should be paid as a
subscription for Dive Safe magazineto be sent to members.
Further discussion on this item was postponed to the next
meeting.

There being no other business the meeting closed at
1145 EST

ALTERATION TO THE RULESOF THE SOUTH
PACIFIC UNDERWATER MEDICINE SOCIETY
INCORPORATED

At the 1991 Annual General Mesting the following
three motions were passed unanimously.

Motion 1

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

Rule22 (a) would then read (with theadded wording in bold
type)

“ The Committee shall consist of a President, Imme-
diate Past President, a Secretary, a Treasurer, Public Of-
ficer, the Editor of the Journal, an Education Officer, a
representative appointed by the New Zealand Chapter of the
South Pacific Underwater Medicine Society | ncorporated
andthreeother member sof the Association entitled tovote.”

Motion 2
“That rule41 (b) beatered by deleting thewords*“in
the South Pacific area”.”

Rule 41 (b) would then read

“ Aregional branch of the Association may be estab-
lished at any place to further the objects of the Association
in that place.”
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Motion 3
“That rule 4 be atered by deleting paragraphsato h,
and substituting paragraphsato f below.”

Rule 4 reads

“(@ Any person seeking full membership or associate
membership or corporate membership may apply for
membership in theform set out in Appendix One which
shall, after it iscompleted, belodged with the Secretary
of the Association.

(b)  Assoon as it is practicable after the receipt of a
nomination, the Secretary shall refer the nomination to
the Committee.

(c)  Uponanomination being referred to the Committee,
the Committee shall determine whether to approveor to
reject the nomination.

(d)  Upon anomination being approved by the Commit-
tee, the Secretary shall, with as little delay as possible,
notify the nominee in writing that such a person is
approved for membership of the A ssociation and request
payment within the period of 28 days after receipt of the
notification of the sum payable under these Rules asthe
entrance fee and for thefirst year’ sannual subscription.

(e)  The Secretary shall, upon payment of the amounts
referred toin sub-clause (d) withinthe period referred to
in that sub-clause, enter the nominee’'s name in the
register of members kept by him and, upon the name
being so entered, the nominee becomes amember of the
Association.

() A right, privilege or obligation of aperson by reason
of his membership of the Association -

(i) isnot capable of being transferred or transmitted to
another person; and

(it) terminates upon the cessation of his membership
whether by death or resignation or otherwise.

()  TheSecretary shall alsoinscribethenameof any life
member or honorary member in the register of members
and shall delete the name of any person ceasing to be a
member from theregister immediately after such person
ceases to be amember.

(h)  The Committee shall be under no obligation to give
any reasonfor itsdecision not to accept an applicationfor
membership of the Association.”

The words to replace the paragraphs above are:-

“(@ Any person seeking full member ship or associate
member ship or cor poratemember ship may apply by
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writingto SPUM SM ember ship, C/o Australian Col-
lege of Occupational Medicine, P.O.Box 2090, St
Kilda West, Victoria 3182.

(b)  When the completed application form, with the
sum payable under these Rules as the entrance fee
and for the first year’s annual subscription, is re-
ceived by the Treasurer theapplicant’smember ship
shall commence.

(c)  Upon notification by the Treasurer that member -
ship has commenced the Editor (or the Secretary)
shall enter the applicant’s name in the register of
memberskept by him.

(d) A right, privilege or aobligation of a person by
reason of hismember ship of the Association -

(i) isnot capableof beingtransferred or transmitted
to another person; and

(ii) terminates upon the cessation of hismember ship
whether by death or resignation or non-payment
of subscription or otherwise.

(e)  TheEditor (or Secretary) shall also inscribe the
nameof any lifemember or honorary member inthe
register of membersand shall deletethenameof any
person ceasing to be a member from the register
immediately after such per son ceasestobeamember.

()] TheCommitteemay r g ect any new member at its
next meeting and shall beunder no obligation to give
any reason for its decision not to accept an applica-
tion for member ship of the Association.”

Themotionsnow haveto be passed by athreefourths
majority of the full members and life members in a postal
ballot.

As on previous occasions when the constitution has
beenamendeditisintended to hold apostal ballot only if the
Secretary isnotified in writing that any member wishes to
oppose any one of the three motions.

If no objections are received by the Secretary before
September 14th 1991 it will be assumed that the motions
have been passed by the necessary three fourths majority of
full and life members.

If an objectionhasbeenreceived ball ot paperswill be
posted to al full and life members.

Darryl Wallner
Secretary SPUM S
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REPORT ON COFFSHARBOUR MEETING

The meeting was marred by poor weather which
restricted diving to Sunday only. However, the Aanuka
Resort and its environs made up for this disappointment.

The lecture programme was well attended with 48
participants. Particularly welcome were local divers, in-
structorsand medical practitioners, someof whomhad come
considerable distances.

Steve Smith, a marine biologist, gave a most in-
formative talk on the uniqueness of the Solitary Isles.

Alan Bridger’s“The middle meatus and sinus prob-
lemsin diving” was an excellent presentation of a practical
and new approach to this important subject.

Unfortunately Cathie Shannon was unable to attend
personally, but she provided three case histories of decom-
pression sickness which provoked lively discussion.
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Carole Wright gave aninteresting talk on “ Problems
with divers from the instructor’s viewpoint”. This paper
reinforced our role as medical examiners in presenting
candidates who are “fit to dive”.

Peter Lewis presented a series of diving fatalities
from New Zealand in a thought provoking manner which
engendered lively debate.

Finally, Larry Thornton gave a superb slide presen-
tation of “Diving in the South Pacific”.

The general response to this meeting was most fa-
vourable and there appears to good support for further
meetings of this type which can contribute to SPUMS
educational role in aregional manner.

Darryl Wallner
Organiser

Dr.D.P. Wallner’s address is 114 Vasey Crescent,
Campbell, A.C.T. 2601, Australia.

LETTERSTO THE EDITOR

MARINE STINGER GUIDE
Queensland Surf Rescue
P.O. Box 36
Newstead Queensland 4006
12 April 1991
Sir,

Queensland Surf Life Saving is please to announce
the publication of its new educational package on Marine
Envenomation. Produced by Dr Peter Fenner, a world
authority on marine envenomation and the Association’s
Marine Stinger Officer, the Guide, posters and video give
simple, but most up-to-date information on the identifica-
tion and treatment of stings and bites from many of our
marine creatures.

The“Marine Stinger Guide” is apocket-sized refer-
ence book produced at the very reasonable price of $Aust
8.00 (plus P& P) with excellent photographs of the creatures
andtheir envenomations. Designed specifically for thefirst-
aider or person involved with the seain work or leisure, the
text is kept brief but factual and has all the most recent
information available. Aswell as descriptions and photo-
graphs of the creatures, it describes and illustrates the
envenomationsand giveseffectivefirstaidtreatments. There
are also relevant sections on awareness and prevention of
envenomation.

Two large wall charts on jellyfish envenomation
complement the Guide. Oneison*Jellyfish Identification”
and usingthesameillustrationsasthe Marine Stinger Guide,
identifiesthe jellyfish and its sting pattern. The other deals
specifically with the treatment of jellyfish stings. The cost
is$Aust 3.00 each (plus P& P).

Later this year, the “Marine Stinger Book” will be
availablein its 4th edition. It will be much larger than the
previous three editions and contain comprehensive details
on a wide range of marine envenomation problems. De-
signed thistime asaspecific reference guidefor themedical
fraternity or people scientifically involved or interested in
this area, the book will be edited by Drs John Williamson,
Peter Fenner and Professor Joseph Burnett. 1t will also have
anumber of chapters written by specific expertsin field.

Please contact us for further details, or forward an
order form to us at above address.

Brett Williamson
Surf Lifesaving

Areview of the MARINE STINGER GUIDE appears
on page 91 of thisissue.
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DIABETIC DIVERS

Suite 12, 8 Pacific Parade
Dee Why, NSW 2099
20/3/91
Sir,

| am writing to seek help from your membersin a
research programme that | am devel oping into the number
of diverswho haveinsulin dependent diabetes, the number
of divesthey have done and the diving complications they
suffer. | would alsoliketo hear from thosewho havehad no
complications.

| know there are many such diversand | would like
to hear from them, or from doctors who know of them, and
what their experiences have been. If they could writeto me
and include their telephone number | will get back to them.

All information will be treated in total confidence.

D W Richards
MB, BS, FFARACS

BOOK REVIEWS

THE MARINE STINGER GUIDE
Surf Life Saving Association of Australia. 1991
Price $ 8.00. Postage and packing extra.

JELLYFISH IDENTIFICATION (Poster)
TREATMENT OF JELLYFISH STINGS (Poster)
Price $ 3.00 each. Postage and packing extra.

The Marine Stinger Guide lives up to the expecta
tionsraised by theletter on page 90. Itisashort (57 pages),
easily read small book (11 cm x 21 cm) which fitseasily in
a deep pocket or a beach bag. It deals with stinging and
envenomating animalsinalogical format. First apictureof
the animal, then its distribution, common names, size and
appearance, the symptoms and signs with clinical pictures
and finally treatment. The pictures are excellent and beau-
tifully reproducedin colour. Besidesthepicturesof patients
there are pictures showing the recommended treatment for
cardio-pulmonary resuscitation (CPR), the Surf Life Saving
“Stinger Drill” whichis1retrieveandrestrain, 2 dousewith
vinegar, 3 assess consciousness and 4 apply compression
bandages. Thereisavery clear seriesof drawings showing
the way to apply compression bandages.

Besides the common dangerous jellyfish, with ap-
propriate emphasis on Chironex, the book covers the blue
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ringed octopus, stonefish, stingrays and sea snakes with
information about theinjuriesthey caninflict and the appro-
priate treatment.

This book should be in the beach kit, or the diving
bag, of anyone entering the seas of northern Australia.

Thetwo postersarelarge, 1 by 0.7 m, and well suited
to prominent positions in public buildings on northern
beaches and the club house of any organisation that uses
thoseseas. TheTreatment of Jellyfish Stingsposter includes
one of the best instructions for CPR that | have seen.

John Knight

BOOK REVIEW

A PICTORIAL HISTORY OF DIVING.

Best Publishing Company, P.O. Box 30100, Flagstaff, Ari-
zona 86004, U.S.A.

Price $US 83.00, postage $US 6.50.

Mastercard and Visa credit cards accepted.

This publication is the result of an UHMSinitiative
and is best summarised, in the words of the Preface, as an
illustrated history of the evolution of diving equipment. Do
not bedismayed by thisbecauseit hasbeen the devel opment
of the equipment which has determined the development of
diving from its origina simple breath-hold mode to the
present sophisticated range of options, from scubato satura-
tion systems, from habitats and submersibles with lock-out
facilitiesto 1 ATA diving suits.

Thisisfar more than a coffee-table book containing
a collection of (excellent) coloured illustrations, because
each chapter hasatext which concisely describesthe subject
covered, each written by adifferent author. Theauthorsare
al respected and acknowledged leaders in the world of
diving. Even more relevant is the fact that each of them
appearsto havebeen abletoextract theessential factsof their
subject and present them succinctly and in areadable man-
ner. Thisisnomean achievement. Itisabook whichrepays
aclose, and even repeated, reading to realise the amount of
data contained in the text and the descriptions of the objects
illustrated.

There is naturally only passing reference to
the numberlessbrave men who used the ol d-time equi pment
but it is clear that their morbidity and mortality must have
been at alevel which we, nowadays, would never tolerate if
it became known. It iseasy for usto think of our presently
accepted understanding of the physiology and pathology of
diving-related problems as having been common knowl-
edgefromtimeimmemorial, whereasin actuaity it hasbeen
painfully acquired over comparatively recent years.
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In reading thisbook think sometimes of themenwho
worked from open bells in cold, dark waters and their
successors who depended on unreliable air pumps for their
next breath, whose helmets might either fall off or fill with
water if they stumbled. Our recreational (and commercial)
diving is an elegant (and safe) descendant of such rude
ancestry and represents the fruit of the interaction between
innovative engineers (some of whom dived in their own
creations) and the humbl e peoplewhosebodiesserved asthe
test-bedsfor their bright ideas. Never forget that thisprocess
continues to the present day, though modern divers are no
longer so uncomplaining nor so accepting of risks and
problems. Onehasonly to consider the constant production
of “improved and safer” dive tables to understand that the
process, of diversacting asthe subjectsfor thetrials of new
ideas, continues. This procedure has been made much safer
by the practice of seeking feed-back of information to
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engineers and inventors from the users (divers) and the
medical personinvolvedinthe management of theresultsof
erroneous practices. It is on this triad of interests that
improvementsin diving safety ultimately depend.

Naturally there is a drawback to this book. Itisthe
cost. And the Editor might have exercised atighter control
over theenthusiasm of someof hisauthorsfor their subjects.
One can even have too many pictures of those marvelous
copper and brasshelmets. Thisisabook tograceany library.
It isintended as a compliment to the authors to say that the
reader may beleft with adesireto learn more about the men
and equipment whose troubl ed history has brought usto our
present informed position on the major problems of present
day diving.

Douglas Walker

SPUMS ANNUAL SCIENTIFIC MEETING 1990

PSYCHIATRIC ASPECTS OF DECOMPRESSION
SICKNESS

Chris Acott

Introduction

Over the past 10 years our understanding of and the
treatment regimes for decompression sickness (DCS) have
been gradually changing. Perhaps perfluorocarbons, SPEC
scanning and the use of helium will be common placein the
therapy of decompression sickness (DCS) in the 1990’s.

There is increasing evidence that DCS primarily
involves the central nervous system (CNS) and that pure
Typellesionsarerare. Figuresforinvolvement of the CNS
rangefrom 10- 30%inthe 1970’ sto 78%in aseriesfromthe
school of Underwater Medicineat HMA S Penguinin 1985-
86. Indeed, in another seriesupto 50% of Type 1 DCSwere
shownto have abnormal EEG’ swhichtook upto amonthto
normalize.

Recently, an article in the Lancet® showed that all
Typell DCS caseshad cerebral perfusion deficits shown by
SPEC scanning. Therefore, it may appear that thediagnosed
involvement of the CNSisdependent uponthethoroughness
of the CNSexamination. If onedoesnot look for it onedoes
not seeit.

Other recent publicationsalludetothe* punch drunk”
diver, and the late neuropsychological changes occurring

with divingand DCS. Thishasreceived alot of attentionin
theliterature. However, at present | fedl that all these can be
summed up by Hayward in“The Long Term Neuropsycho-
logical Effects of Compressed Air Diving”. "The issue of
whether DCSor variousindicesof divestressareassociated
with decrements in neuro-psychological function still re-
mains unresolved. It seems likely if there are effects on
neuro-psychological functioning due to exposure over time
to risks taken when diving they are probably not large (at
least in the short term) and probably only affect a subset of
individuals’

Thereisno dataavailable on theacutepsychiatric, or
psychological manifestations of DCS, except perhaps, the
mention of personality changes noted with cerebral DCS.
There are numerous anecdotal reports, particularly those
associated with the abalone divers, that acute psychiatric
changes occur. | have talked to some of the shellers who
remain in the boat while the diver is below. Their reports
indicate that acute personality changes occur and thesevary
withthe particular diveprofile. Theshellerscould differen-
tiate the depth of the dive on the mood and personality
change seen in the abalone diver upon surfacing. These
storieswere so constant that one would have to assume that
they are true. Acute confusional states were seen with
deeper dives while aggressive, abusive behaviour was seen
with the longer shallower dive.

Thereis often considerable delay between the onset
of the symptoms of DCS and the actual time the diver
presents himself for treatment. This delay is frequently
attributed to:
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1 Ignorance of the meaning of the symptoms both in
the diver and the dive leader.

2 Over indulgence in alcohal.

3 The symptomatology being blamed on a previous
injury.

4 Denial. The dive was well within the limits of the

tables so the diver could not possibly be bent.
5 Guilt. DCSisregarded in some circles as shameful
asan STD.

Failure to recognize that there is something wrong
may, in fact, be a manifestation of the disease. Unrealistic
or perhaps, in some instances, a paranoid reaction to the
symptoms may in part be part of the disease itself. Thisis
sort of a*Catch 22" situation. To recognize that one has
DCS one must recognize the symptoms, but one of the
symptomsof DCSisthat onedoesnot recognizethat onehas
got it.

This brings me to my topic, which, could be called
The Post DCS Blues and DCS Psychosis.

Since joining the Hyperbaric Unit at the Royal Ad-
elaide Hospital (RAH) | have madethe clinical observation
that most post treatment patients go through a depressive
phase, and that divers diagnosed as having cerebral DCS
have a degree of psychosis, manifesting itself mainly by
paranoid behaviour. Thefollowing case historieswill dem-
onstrate this.

Case Histories

Casel

This 32 year old diving instructor had been working
intheMaldives. Hepresented at our department on the 27th
of September 1989. He had been flown down from Darwin
Hospital by theRoyal Flying Doctor Serviceinapressurized
aircraft.

He was agitated, irritable, slow and vague. He had
poor short term memory. Hewas extremely unstable on his
feet with a sharpened Romberg of 2 seconds. When doing
serial 7 shemade4 mistakesin 120 seconds, whileserial 5's
took 60 seconds. He had worked in a statistics department
before going to the Maldives).

CT scan, EEG and chest X-ray were all normal, but
auditory evoked potential s were abnormal.

His history prior to admission was extremely inter-
esting and unfortunate. But it doesillustrate someimportant
factors.

HebeganworkingintheMaldivesin April 1989. He
usualy dived twice aday, 6 days aweek. Thefirst divein
the morning was to 20 or 30 m for 50 to 60 minutes. The

93

second divewasabout 3 hourslater and could beto20m. He
used a Beuchat dive computer.

Occasionally he had the afternoon off. He drank
heavily. He played hard. The staff at the resort noticed a
slow personality change. He became aggressive and abu-
sive, not only towardsthe staff but at timesto the guests. He
was told to stop drinking which he did, at least one month
prior to hiseviction fromtheisland. Hislast recorded dive
was on the morning of the 14th of September. Hetold me
later that he does not know how he finished the dive. On
ascent he became extremely confused. He remembered
falling over in the boat. He was put on the first available
flight back to Australiawhichwasthat day. Hedescribedthe
flight as being terrible. His confusion worsened. He
disembarked at Singapore and stayed therefor aweek. His
Darwin girlfriend reported receiving several distressing
phone calls. She said his conversation was bizarre, vague
and extremely slow. Hefinaly arrived in Australia on the
22nd of September. He was unable to fill in his customs
declarationform. Hewasstrip searched by Customsasthey
suspected drugs. Hisgirlfriend took him to Darwin Hospi-
tal. There he was admitted to the psychiatric ward. They
were unable to diagnose the problem as his behaviour was
unlike anything they had seen. Then finaly somebody
found out that he had been a diving instructor. They
contacted us and he was flown to Adelaide that day.

It is of an interest that his employer sent al his
possessions back to Australia except his dive log.

Hereceived 10 hyperbaric treatments. Heimproved
after each treatment, but even the optimists could never say
that he was quite right. His auditory evoked potentials
returned to normal.

Hewasreviewed on the 10th of October 1989. Itwas
at thistimethat he had an acute paranoid psychotic reaction.
He was hospitalized in a major psychiatric hospital. He
underwent a series of investigations and psychometric as-
sessments. Finally after rejecting our initial diagnosis the
psychiatrists concluded that he had a “ neuropsychological
profile that one would expect from a person suffering from
hypoxia, probable cause DCS’. His presentation and what
was subsequently found on psychometric assessment was
not described in the text books.

Follow up revealed apleasant fellow, off al medica-
tions and able to return to work. He still had a moderate
degree of memory deficit. Assessment had also revealed
frontal lobeimpairment. However itisexpected that hewill
make some spontaneous improvement.

Case?2
This 31 year old male-first dived 2 years ago, one of
the dives was to 20 metres and involved a “slow” rapid
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ascent. When he surfaced his symptoms were consi stent
with having suffered from a cerebral arterial gas embolism
(CAGE) or cerebral DCS. Hewastold never to dive again.
Hewaited for 2 years, then did four divesover 2 days. None
were deeper than 15 metres. The bottom times were con-
servative and there were no instances of arapid ascent. He
surfaced from hislast dive (to 10 m) with similar symptoms
to his episode of 2 years earlier. He went home having
decided to sweat it out. He slept that night with hisbed on
blocks to keep his head down. In the morning he was no
better, in fact his symptoms were alittle worse. Finally he
contacted us. Thediagnosiswasmadeof cerebral DCS, with
him probably having aright.toleft shunt. (Hisdaughter was
diagnosed 2 days after his admission as having an ASD).

On admission hewas extremely aggressive and abu-
sivewith paranoid overtones. Hemaderemarkslike*“What
are the police divers doing here? Arethey after me?’. He
later said that he could not stop these odd feelings. He had
afrontal headache, complained of paraesthesiaandwasvery
unsteady. There was short term memory loss.

His treatment was successful, to a degree!

Follow up revealed adifferent person to the onewho
had been admitted. He was a gentle caring father. He
admitted to having had paranoid feelings, and also to having
been extremely depressed. Hesaid thesefeelingstook about
amonth to disappear. Heisat present undergoing psycho-
metric assessment. Hestill complainsof short term memory
loss and of being “slower” than he was before this episode.

He will not be diving again.

Case3

This Swedish tourist wastreated at Townsville. She
wasreviewed at theRAH. Shehad been diagnosed ashaving
had cerebral DCS. Although successfully treated clinically,
she admitted to not feeling her normal self.

Shewasstill dlightly depressed, and said that thishad
gradually got better over the past couple of months. The
interview also revealed that she had had extreme paranoid
feelingsduring treatment and just after. At that timeshedid
not like being alone because space creatures were going to
get her. Thesecreatureshad beeninabook that shehad been
reading when she went diving.

Discussion

Organic causes for depression and psychosis are
numerous, although depression may just be a simple reac-
tion to an environmental circumstance. Depression has
some hypochondriacal associations. Some of the symptoms
commonly seen after therapy, which disappear during hy-
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perbaric treatment, may just be a manifestation of this
depressive phase. Common symptoms frequently seen are
poorly localized joint pain, insomnia, fleeting nondescript
pains, fatigue and generaly feeling unwell. Perhaps we
should be using antidepressive medication in some of these
patients, especially if the symptomsaredifferent beforeand
after treatment.

Encephalopathies following organic illnesses are
numerous, e.g. delayed hypoxic encephal opathy is charac-
terized by apathy, confusion, irritability, agitation and ma-
nia. Endocrine encephal opathies are characterized by con-
fusion, agitation, hallucinations, delusions, anxiety and de-
pression. But perhaps the one clinically closest to what |
have described here is puerperal psychosis. Thisisabrief
psychological disturbance seen in the puerperium. Typi-
callyitisoneof depression, however, thereareother degrees
of confusion and thought disorders. Recovery takestime.

Thestudy by Adkisson et al* showed that the cerebral
perfusiondeficitsindiverssufferingfrom Typell DCSwere
mainly inthefrontal and parietal lobes. Theclinical signifi-
cance of thiswas unclear. Perhapsit may manifest itself as
depression and/or other psychiatric or psychological prob-
lems. Psychometric assessment of oneof thesecasesshowed
frontal lobe involvement. Adkisson et al. described that
their divers had disorders of mentation, but what these
disorders were was not described.

Conclusions

| have presented reflections based on clinical obser-
vations. To be bent and not recognize it may in fact be an
important diagnostic tool for cerebral DCS.

The symptomatology of DCS, whichisobviousto us
may not be of importance to the diver because the various
pathological processes invovled alter perception. Reluc-
tance to seek treatment may actually be part of the disease
process due to specific CNS deficits. Indeed aggression,
abnormal and paranoid behaviour indicate significant CNS
involvement.

A good clinical guide to a diver's well-being after
DCSwouldbethediver’ simmediatefamily’ sassessment of
whenthediverisback to“normal” again. Unfortunately this
may never occur.

Reference
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A SERIES OF DIVING ACCIDENTS FROM
NORTHLAND, NEW ZEALAND, 1984 - 1989

Peter Chapman-Smith

Introduction

This group of 80 cases was collected in aregion of
northern New Zealand, where snorkel and scubadivingisa
prevalent leisure and food gathering activity. Most cases
presented in general practice, by referral from dive shopsor
from the local Base Hospital in Whangarei.

Anoverview isprovided, followed by consideration
of several specific cases of inner ear barotrauma and then
some unusual cases.

Clinical Material

80 cases presented over this 5 year period.

BAROTRAUMA

Ear
External 1
Middle 17
Ruptured tympanic membrane 8
Alternaobaric vertigo 2
Round window rupture 11
Inner 3

Sinuses

Although it is my impression that this is the most
common problem only 1 case was recorded.

PULMONARY

Arterial gas embolism
Cerebral (CAGE)
Mesenteric AGE

Pneumothorax

Other

NP~ PP O

DECOMPRESSION SICKNESS (DCS)
Of the 8 cases none had neurological DCS.
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Skin 1
Elbow 2
Knee 1
Shoulder 3
Gastro-intestina 1

TRAUMA
Thisgroupwasquitevaried. Themost dramatic was

the case of traumatic pneumothorax. The others were:

Neuropraxia of ulnar nerve

Head injury

Foreign bodies in the skin

Subconjunctival haemorrhage

RPN R R

MISCELLANEOUS

Shallow water blackout 2
Dermatitis due to jellyfish contact 4
Near drowning 2
Retinal haemorrhage 1
Hypoglycaemiain an insulin dependant diabetic. 1

Inner Ear Barotrauma

The cases of inner ear barotrauma were of interest.
To differentiate between the round and oval window rup-
tures, pure cochlear or vestibular damage, or inner ear
membrane rupture can be difficult. Andthereisalwaysthe
possibility of inner ear haemorrhage. Even at tympanotomy
ademonstrable fistulais often not apparent.

PRESENTATION

Of the 14 cases, 2 were snorkelling, the remainder
were scuba divers. There were equal numbers of left and
right round window ruptures.

Sevendivershad considerablediveexperience Nine
had had difficulty during the dive performing an adequate
Valsalva manoeuvre. Nine developed symptoms whilein
thewater Symptomswereusually of sudden onset. Eleven
divers complained of deafness. Giddiness or vertigo was
noticed by five. Tenhadtinnitusanditwasoftenstill present
when they were seen. Four had nausea which was often
marked, whilefour vomited. Other symptomsreported were
epistaxis, full or blocked or watery sensation in the ear,
hyperacusis, and pain. Hyperacusis, especially acute hear-
ing, was an unexpected finding. Edmonds' mentions that
some patients with a patulous Eustachian tube, following
barotrauma, may have excessive awareneess of their respi-
ration or of their own speech (causing them to speak softly)
or reverberations of sounds such as footsteps. My patients
did not complain of these problems.

Three divers had been using treatment for allergic
rhinitis. The divers were frequently late in presenting,
appearing days or weeks after the day of the dive accident.
They had often seen an after hours GP, casualty officer or
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other doctors. The history took some digging out on occa-
sions as the patients were reluctant to complain.

DIVE HISTORY

Most had beendivinginlessthan 18 msw. However,
1 diver had descended to 60 msw. Frequent ascents and
descents were a common feature of the dives.

TREATMENT

3 divers were operated on, with tympanotomy and
the application of a fascial graft. Most received either
conservativeor notreatment. Rest, head upposture, carbogen
(CO2), oxpentifylline, avoiding straining and tranquillizers
weretriedfor some. Most of thecases, being late presenters,
received no useful therapy. Steroidsweretriedin 1 case of
inner ear membrane rupture.

OUTCOME

Constant tinnitus was a feature in this group, with
permanent significant sensorineural deafness on the af-
fected side, principaly in the high frequencies, usualy >
4,000 - 6,000 Hz.

Twowereleft withlessthan 40 dB hearingloss, both
having had tympanotomy and repair. One diver with inner
ear barotrauma was left with a 40 dB low frequency loss.
Two had moderate (40-60 dB) high frequency loss. Six had
severe(morethan>60dB) highfrequency hearingloss. One
of these had a 50-60 dB loss above 2,000 Hz. Another had
alossintheleft ear of 60dB above4,000Hz and 70dB above
6,000 Hz in the right ear. One of the snorkellers, who
presented the same day, had a 120 dB |oss above 4,000 Hz.

Three patients were lost to follow up.

Goodhill? described oneway around window fistula
occurs. Thecochlear agueduct communicating between the
cerebro-spina fluid (CSF) and perilymph is of variable
structureand calibre. 1f ashort duct failsto damp apressure
wave from the CSF, the sharp rise in pressure in the scala
tympani could cause awindow rupture. The round window
membraneisonly 3layersof 4 or 5 cellsthick and of variable
thickness, 10 L centrally to 70 1 peripherally. Alternatively,
the pressure wave could rupture through the basilar and
Reissner’ smembranesto involvetheutricleand saccule. A
further mechanism is excessive rapid inward or outward
movement of the ear drum. The first raising the inner ear
pressure by pushing the ossicles in and the second, by
suddenly pulling on the ossicles in the oval window, drag-
ging the round window inwards beyond itstolerance. This
explains why inner ear barotrauma can be associated with
sudden middle ear barotrauma or a forceful Valsava ma-
noeuvre.
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| have made no attempt to consider the possible
causes of sensorineural hearing loss and vestibular symp-
tomsasseenin DCSor inner ear haemorrhageon ascent. No
doubt some “occupational hearing |0oss” cases seen in gen-
eral practice stem from these causes.

These cases are only those that were recognized. |
suspect there arein fact many more that pass unrecognized.
The preponderanceof middleear barotraumaisasexpected.
Theextremely common sinusbarotraumaand casesof otitis
externa have not been shown in this study in their true
numbers because they are so common, and were not re-
corded.

The new data on right to left cardiac shunts with
potentially patent interatrial septa, suggeststhat inner ear air
embolism may be more common than previously consid-
ered. As exact diagnosis is not easy and with their late
presentations, one can only urge medical colleaguesto take
an often lengthy history, to use an auriscope, to use an
audiometer andtotry toidentify these patientswithinner ear
barotrauma, who can do so well with early appropriate
treatment.

Casel

A 26year oldfarmer presentedin February 1990with
astory suggestiveof bilateral roundwindow rupture. Hehad
been diving 2 or 3 times aweek, using a5 mm wetsuit and
hood, for 3 years. He first had problems diving in afresh
water lake in Northland. 1n 1984, experiencing difficulty
clearing his ears underwater, he developed asudden painin
hisleft ear. Hefelt generally unwell for a week after. He
recalled imbalance and falling over to one side.

Some 3 years later, whilst cray hunting, he swam
hard on scubato acaveat 6 mfor about 30 minutes. Feeling
well he had a45 minute surfaceinterval. Thenext divewas
to 12 m, with anumber of descentsand ascents. 15 minutes
into the dive hefelt unwell with marked nauseaand vertigo.
Surfacing, hefelt quite giddy, was vertiginous and vomited
alot. Heremembersayellow mucoid post-nasal drip after
the dive. On closer questioning, he admitted to recurrent
episodes of vertigo, giddiness, nausea and vomiting under-
water. He had had approximately 12 attacks over the
previous2 years. Theonset of symptomswas usually when
divinginaswell or near the surface. At presentation hefelt
hewasdeaf bilaterally. Heclearly recalled thetwo episodes
of acute onset pain before the vestibular symptomsbeing on
opposite sides.

His past medical history was not abnormal. Hetook
no regular drugs. But he had some allergic rhinitis. Occu-
pational exposure to noise had occurred.
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On examination, apart from minor otitis externa,
only a severe bilateral high frequency hearing loss was
noted, 60 dB above 4,000 Hz in theleft ear and 70 dB above
6,000 Hz in theright.

Thediagnosiswas presumed bilateral round window
rupture.

Case?2

This 28 year old worker presented 1 month after
diving in the sea at Taupo Bay on the Northland coast in
1987. Herecalled aday with alot of surge. He had scuba
dived to 10-12 m and suddenly developed nausea and
vertigounderwater, vomiting several times. Heexperienced
tinnitus and a dull feeling in his right ear. He often had
problemsequalizing. Examination showed aserousmiddie
ear effusion and an 85 dB loss at 6,000 Hz.

Following admission to thelocal base hospital, there
was no improvement in his serial audiograms and he was
taken to theatre three dayslater. At tympanotomy, around
window rupture was noted and the fistulawas patched. He
had a splendid result with only a 35 dB loss in that ear and
no vertigo, however some tinnitus still persists.

Case3

A 22 year old ticketed scubadiver of 1 year’s stand-
ing, who had had no prior problems with his ears went
spearfishing in the Whangaruru Harbour region in January
1989. Snorkel diving to recover a spear, he developed
considerable vertigo when back on the surface. Climbing
out onto the nearby rocks, he noted nausea, left sided
deafness and tinnitus. These symptoms persisted for 5-6
hours. At that time his balance was poor.

The next day he had a planned scuba dive lined up.
The first scuba dive was to 12 m chasing crays and 45
minuteswent by without problems. After asurfaceinterval
of 20 minutes, they dived again to 12 m. He developed
vertigointhewater with marked nauseaand surfacedfeeling
unwell. Having lost hisbuddy, he dived again to seek him!
Not locating the other diver and feeling worse, he surfaced
and vomited in the boat anumber of times. Marked vertigo
continued.

Hewent tothelocal hospital casualty room. Next day
he till had nausea, giddiness, deafness and vertigo. His
audiogram showed a 60 dB loss above 6,000 Hz. Thelocal
consultant was away he was sent to hospital in Auckland.
Although he had presented acutely his round window rup-
ture with a perilymph fistula, was treatment conservatively
withrest, carbogen (CO,), oxpentifylline, and steroids.. His
audiogram never improved, athough his vestibular symp-
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tomswerereduced. Hewasgiven ahearing aid and advised
that to resume diving in 2 months would be safe !
Case4

This 33 year old, experienced diver presented in
December 1989 after scubadiving with afriend looking for
crays. During the first descent he had some difficulty in
clearing hisears. Thediveprofileof thefirst divewas to 18
m for 20 minutes, followed by a surface interval of 30
seconds. A second descent to 18 mfor 20 minutes. Hethen
surfaced again for 1 minute as hisbuddy had lost hisweight
belt. Thenafurther descent to 18 mfor just 5 minutes. Then
there was a surface interval of 50 minutes.

The second divewasto 18 m for 25 minutes, then he
slowly ascended to spend sometime at 9 m and to do a 6
minute stop at 3 m depth. Following the second dive he
noticed aleft hearing loss, but no vestibular symptoms such
as nausea, vertigo or tinnitus. The ear felt blocked.

He sought advice from the on-call GP and was
prescribed an antihistamine. He presented to his usual GP
ten days afterwards. A middle ear effusion was noted with
anegativeVa salvamanoeuvre on theleft, poor mobility of
thetympanic membraneand an apparent conductivehearing
loss. Infact aseverehigh frequency losswas present, 75 dB
above 6,000 Hzintheleft ear. Therewasminimal improve-
ment 1 month | ater, after acourse of prednisone, which was
suggested by the local ENT consultant, for presumed pure
inner ear barotrauma. Hishearing loss appearsto be perma-
nent.

Caseb

A 41 year old professional man presented acutely in
January 1989 after scuba diving for scallops in the Bay of
Islands. There was no significant past medical history.
Trained 3 years previously, he dived regularly.

Thefirst diveinvolved many descentsand ascentsto
7.5 m over 45 minutes. His catch bag was attached to his
buoyancy compensator. Developing crampsin hislegs, he
started to feel generally mildly unwell. On hislast dive he
coughed, ingesting compressed air from his regulator. On
surfacing hefelt quite unwell and noted the sudden onset of
|eft upper abdominal pain. Hesnorkelled 70mtothewaiting
yacht. Clambering aboard, his abdomen felt distended.
Passing urine and having a bowel motion slightly relieved
his discomfort. He then vomited, lay down, and was taken
to the wharf at Russell.

Here he was very well received and resuscitated by
the local GP and his nurse. He was placed in the left
Trendelenberg position and given oxygen. Advice was
sought over the phone. He complained of back pain and | eft
upper quadrant abdominal pain and paraesthesiae and mus-
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cle twitching in hislower legs.

Hewastransferred by helicopter toWhangarei. Here
hewasfurther assessed. Hewas pale and clammy, but alert
and orientated, with anirregular pulse. Hiscardio-vascular
system was otherwise stable with good cardiac output and
respiratory status. Arterial blood gasesshowed aPO, of 250
mmHg(on61/min0,), PCO, of 52.9 mm Hg, otherwisethey
were norma. An ECG and chest X-ray were normal. An
intravenous drip was inserted and he was sent on to RNZN
Hospital in Auckland for recompression.

In transit, despite 30 mg of papaveretum given
intramuscularly he was in constant discomfort, rubbing his
abdomen and some shakiness of his left leg continued.
Treated with atable 6A in the naval recompression cham-
bers, hissymptomsresolved readily under pressure. Hewas
neurologically normal the next day and was sent home
symptom free. The differential diagnosis included aer-
ophagy, mesenteric arterial gas embolism, free peritoneal
gas or a combination of these.
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THE DEVELOPMENT OF THE RECREATIONAL
DIVE PLANNER

Ray Rogers
Summary:

DepthincrementsintheUSNavy tablesaretoogreat.
The repetitive dive table is based on the slow-responding
120 minute tissue compartment, so little surface credit was
obtained. This compartment was largely irrelevant to rec-
reational diving. Therepetitivegroupformat wasunsuitable
as the time/depth benefits were unharmonious and times
wereexcessively rounded off, creating anomalies. Research
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suggested lowering of no-stop limits. It become apparent
that wholly new tables were appropriate as the USN tables
weretoo“ coarse” werenot planned for extensiverepetitive
diving and the USN tables do not permit multi-level diving.

The compartment structure seemed wrong as there
weretoo few compartments and they wereinternally incon-
sistent. | added compartments and adjusted their values.
The 120 minutecompartment never seemedto havean effect
whilethe 40 minutetissue usually controlled thedives. The
60 minutetissue occasionally controlled and was chosen for
controlling the repetitive dive calculation. The resulting
tablewas more conservative and thetime penaltieswere not
great. The 120 minute compartment is important in long,
deep dives with staged decompression.

Thebasi cconcept of theoretical model wasHal danian,
retaining exponential gasexchange and aspectrum of tissue
compartments. The modificationswere variable maximum
allowabletissue pressures, anincreased number of compart-
ments, Hempleman’ s power function used for the non-stop
curve, shalow and deep asymptotes added, the no-stop
curve was smoothed and faired, “M-values’ were derived
fromthiscurve, discontinuitieswereeliminated and no-stop
limits were lowered.

Thetablewasdesignedasacircular sideruleinpolar
format. Multi-level capability wasincluded. Theprocedure
isthat the dive always goes from deep to shallow. Adjust-
ments were made to keep pressures within limits by mini-
mum depth differentials on ascents and time restrictions
were added to no-stop limits. Safety stops at 15ft/5m were
recommended after all dives. Thesestopsarerequired after
somedives, those deeper than 100ft/30m and when within 3
pressure groups of any limit. The advantages of stopsare: a
dramatic reduction of tissue pressures, compensation for
stayingtoolong, compensationfor divingtoo deep, compen-
sation for gauge or timer error, and a slower ascent rate.
There are special ruleswhich require long surfaceintervals
occasionally. Thesearewhen pressure groups becomevery
high, as after repeated long, shallow dives. The rules are
seldom required, but they exist.

Introduction

It isagreat pleasure to be able to speak to SPUMS
about the devel opment of the Recreational Dive Planner, so
enthusi asti cally and overwhel mingly embraced by over 95%
of the medical community Down Under. Unfortunately
those people have been so struck dumb by the brilliance of
it al that they have remained absolutely mute and have not
been able to comment. But the five per cent who are not
excessively enthusiastic have written horrible letters and
and numerousarticles. So | would ask that they briefly give
a few moments of their attention to this talk about the
development of the Recreational Dive Planner (RDP) and
the corporation that was created to develop it, Diving Sci-
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ence and Technology (DSAT). The Recreationa Dive
Planner comesin arotary format, the PADI Wheel, and also
in conventional tabular format.

Theneed for new tables

TheRDPhasfilled aclear and obviousneedfor anew
table. | suggest that the need for new tablesis self evident,
witnesstheBS-ACtablesand DCIEM tables. Alsothereare
many different types of decompression computers. If the
US Navy Tables were ideal, presumably these new tables
would not be needed. Presumably the network of recom-
pression chambers around the world would not exist, be-
cause there would be no need for them either.

Everyonehashisown privatelist of why theUSNavy
Tables should be redone. Hereismy list:

Depth incrementstoo large

First of all, | think the depth increments are entirely
too great. Depth incrementsarein 5 foot steps from thirty
toforty feet, and thereafter ten feet, (Bear with me, Austral-
ians think in imperial units much better than | think in
metric, so will be imperial al the way). What | call
coarsenessisalargedecreasein availabletimewith asmall
increasein depth. Between forty and fifty feet bottom time
drops from 200 minutes to 100 minutes, entirely too big a
step in my opinion.

Need for shorter no-stop limits

Research has suggested that there should be lower
no-stop limits. During the 70s and 80s many peopleinvesti-
gated the application of Doppler technology to diving, but it
was Merrill Spencer who first suggested that, for recrea-
tional useby theaveragediver, no-stoplimitsintheUSNavy
tables were a bit high.

If one smply wanted to reduce no-stop limits, it
would be easy to take awaterproof marker to the old tables
and mark the new limits on them. In fact, this has been
recommended in an articlein the UnderseaJournal, PADI’ s
house organ.?

Repetitive diving table problems

Thereareother issuessuch astherepetitivedivetable
being based on the very slow responding 120 minute half-
timetheoretical compartment. | will refer toit asacompart-
ment or tissue. 1f a 120 minute half-timetissueis exposed
to apressuregradient, after two hoursit hastaken up to half
thegasloadthat it cantakeup. Itwill takeafurther two hours
takeup half theremaining potential gasload. In other words
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these tissues have exponential uptake of gas. Since most
recreational dives encompass a much shorter time span ,
what is the relevance of the 120 minute tissue?

In the PADI version of the USN tables ,for recrea-
tional divers, at the top of table two, is printed “surface
interval credittable”. Inmy opinionit should bethesurface
interval “no-credit” table, because sometimesafter approxi-
mately 45 minutesoneisin exactly thesamepressuregroups
asonestarted in; onegetsno credit at all. If one happensto
bein groups E through H and on the surface for something
like an hour or an hour and fifteen minutes, which is very
commoninrecreational diving, thereisagain of onegroup,
because the groups are not small enough. When the USN
originally calculated thetherepetitive divetable, they had a
total of 31 pressure groups, differing by the equivalent to
onefoot of seawater absolute. But to simplify things, they
grouped them together into two feet of seawater pressure
groups. So we are burdened by a broad pressure range
secured by avery slowly responding tissue.

If one looks at the residual nitrogen times one sees
that at one depth the time gained by the diver as he is off
gassing, going from pressure group to the next, on the
surfaceisquitesmall. But asonegoesvertically, from depth
todepthfor thenext dive, theincrementsarevery large. That
iswhat | mean by coarseness. The groupsaretoo large and
the surface interval credit table is quite unresponsive. The
tables were rounded off excessively, and created many
internal anomalies. The residual nitrogen time table was
calculated to the nearest minute, while the front part of the
tablewascal culated and rounded of f tothenearest fiveor ten
minutes. Thiswasoriginally based ontheNavy Experimen-
tal Diving Unit (NEDU) reports in 1955-1957%¢ which
recommended that it should have been recalculated to the
nearest minute. Thiswas never done, and as aconsequence
there are alot of anomalies.

My personal favourite, which combines all these
discrepancies, isthis example. If | am on arepetitive dive
and my total bottom timeis 141 minutes, and | have been at
exactly 40 feet for this entire time, all the tables grant me
virtually another hour of bottom time. But if | descend
momentarily below 40 feet, say to 41, | am now under a
decompression obligation. | find thisquite unreasonable. |
haveaskedalot of peoplewhy it should bethisway, and they
say, “That' sthe Navy table”. But | am not in the Navy and
| donot care. | triedtofind ananswer, but nobody knew why.
Nowadays, | think alot of people know, but even fiveyears
ago knowledge was very sparse on the subject.

Reworking the USN tables.

Luckily | found a book written about 12 years ago’
and there was information that led to the papers*® which
wereusedto set uptheoriginal Navy tables35yearsago, and
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by working my way through them | finally figured out what
the Navy did when it created these tables.

I made copiesof theworksheets. All thecal culations
were done by hand. One should try it sometime, without a
calculator or computer. 1t may take several minutestofigure
out one tissue pressure for one exposure and one compart-
ment, and thenonehastodoit all over again. Ittakesalong,
long time and it is very tedious.

In the process of doing these many, many calcula-
tions, | found to my great surprise that the 120 minute
compartment was not relevant. By then | knew that these
tableswere based on the 120 minutetissue. But | computed
typical recreational profiles(reading from my old log books
for what | had actually done) and the controlling compart-
ment wasalwaysmuchfaster. It wastypically the40 minute
compartment and | did not understand that. Along the way
| noticed that there were many discontinuities in the graphs
| drew. Thiswas because there were too few tissuesin the
model, so | added a few of my own, 30 minutes and a 60
minutes which the US Navy had never done. They went on
ascheme of 5,10,20,40,80, 120. | programmed a30, a60, a
90 and 100 and found that this redundancy of tissues was
really quite useless because it splits a hair too fine. But
adding 30 and 60 minute tissues happened to fill big gaps
between the 20, 40 and 80 minute tissues. | postulated a
series of divesthat were long and shallow, repeated over a
number of days. Once in a while the new 60 minute
compartment which | had added would betheonethat would
reach thislimit and go over. | decided that since this could
apply on some occasions, we should make this the tissue of
choice for calcualtion of surface interval credit tables.

Recreational diving and the 120 minute tissue

Earlyin 19901 attended the meeting of the Gulf Coast
Chapter of the UHMS. Some graduate students were pre-
senting a paper about el ectronic computers and comparing
themtothe USNavy tables. They went onand onwithtable
after tableof theoretical divesand kept talking about omitted
decompression time in computers, implying that the US
Navy tablewasstill, somehow, thegold standard. What they
could have said equally well, was that according to the
computers, the USNavy required awholelot of unnecessary
decompression time.

InFigure1thereisasimple seriesof divesof 60 feet
for 30 minutes, followed by arel atively generous 75 minutes
at surface, a repeat of 60 feet for 30 minutes, repeat the
surfaceinterval, andrepeat thedive. AcrossthetopistheUS
Navy M-valueor limiting pressure, the maximum allowable
pressurein the 120 minute tissue permitting direct ascent to
thesurface. Thelower linerepresentsthe actual generation
of pressuresin the 120 minutescompartment. Attheendthe
dive it is about half way up to the maximum alowable
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pressure, and yet the tableswould require about 14 minutes
of decompression.
In Figure 2 the curve at the top isthe combination of
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Pressuresin the 120 minute compartment for aseries
of threedivesto 18 m (60 feet) for 30 minuteswith asurface
interval of 75 minutes after the first and second dives.

depths and times which are required to generate the maxi-
mum pressure in the 120 minutes tissue compartment, that
the US Navy defines as permitting direct ascent to the
surface. Theirregular lower curveistheactual plot of theUS
Navy no-stop limits. Thereisagreat gap.
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FIGURE 2
Comparison between depth/time curves, that which
causes maximum no-stop pressure in the 120 minute
compartmen and the USN no-stop limits.

Table 1 shows the same information for various
depths. The second column, 120 max, is the number of
minutes at those depths required to pump up the 120 minute
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TABLE 1

TIME AND DEPTH COMPARISONS OF THE 120
MINUTE HALF-TIME TISSUE MAXIMUM AND
THE USN AND DSAT NO-STOP LIMITS

Depth 120 max USN DSAT
40 259 200 140
60 126 60 55
80 85 40 30

100 64 25 20

120 51 15 13

tissueto its maximum allowabl e level and the USN no-stop
limits(NDLs) areinthenext columnwhiletheDSAT NDLs
arein the right hand column.

One could stay for 64 minutesat 100 feet and still be
the 120 minute tissue would be at alesser pressure than the
Navy says is acceptable, but the USN NDL is 25. The
Recreational Dive Planner NDL iseven more conservative,
just a tiny little portion of the M-value. Just because
something has been around for along time does not mean
that it isrelevant.

Navy diving isdifferent

Why did the USN use that compartment if it is so
insignificant? Well, it was not insignificant for the US
Navy, which was planning for deep, long dives such as 100
feet for two hoursor 180 feet for one hour to befollowed by
repetitive diving. It isvery significant under those condi-
tions. But wedo not do that sort of thing in the recreational
world. The Navy was trying to make tables that would be
able to extend working times, or bottom times, while de-
creasing the total amount of decompression time required,
all the way to 300 feet. Theidea of creating atable which
might later be of useto peoplelike us, who go out to look at
pretty reefs, was the furthest thing in the world from their
minds.

EXTREME
OUTSIDE US NAYY TABLFS

EXPOSURE

FXCEFTIONAL FXPOSURFE RANGE

RECRFEATIONAL
RANGE

00 200 300 4 L L1 0
TIME

FIGURE 3
The depth time relationships of the USN tables.
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Figure 3 showsgraphically what | am talking about.
The entire span of the Navy tablesis 300 feet of depth and
720 minutes, that is12 hours. Thesectiondownonthelower
left is that part of the overall decompression tables which
recreational divers, who came along some years later, bor-
rowed fromtheNavy Tables, reformattedit, and called it the
Navy Tables. The Navy did not mind. Weonly diveinthe
tiny bit in the corner.

We do not do salvage work or underwater demoli-
tion. What we do islook at the pretty fishes and enjoy the
scenery. Andfor that weneed somethingfor ourselves. | am
not suggesting for aminute that these tables are wrong, but
just that for the diving we do they are just not appropriate.

Principlesfor recreational diver tables

To achieve appropriate tables we made yet another
modification of the method of calculating decompression
schedules, which wasfirst developed by J. S. Haldane early
in this century. Seldom has the work of a single person
dominated afieldfor eight decadesand stood thetest of time
sowell. Virtually all tablesand dive computersin existence
today use sometype of adaptation of Haldane’ smethods. It
has become fashionable to deride Haldane, even as his
critics continue to employ his procedures. | redlize that
many of his premises are considered invalid today and that
therearealot of thingshe did that people do not accept any
more, but theman’ swork wasbrilliant. Therearetwothings
that are customarily retained from the original Haldanian
agorithm, the concepts of exponential on-gassing and off-
gassing and the spectrum of tissue compartments.

Through the years, there have been many adjust-
ments to Haldane's work and current tables seem to bear
little similarity to those he created in 1908. Every revision
changed an earlier version to accommodate new data, and
certainly, the RDP was no exception, imposing once again
agreat deal of modification.

This equation, D=500 VT is a variation of Va
Hempleman’s Q=PVt, wherein Q is a fixed quantity of
dissolved gas, Pisdepthandtistime. Inthevariation, D is
depth, T istime, and 500isaderived constant whichretrofits
the US Navy no-stop limitsto the equation. Assimplistic
as this may seem, the fit is generally quite good, and it is
largely correct. ThiscanbegeneralizedtotheformD=CT*,
which says that depth and no-stop time bear an inverse
exponential relationship asdescribed by the constantsC and
x (which are derived from any giventable by using any two
no-stop limitsfrom thetable). The equation may berewrit-
tenintheform D, T *=D,T*, which suggeststheoretically
at least, that within the given framework of limited expo-
suresof no-stop diving, onediveisexactly equal to another
in terms of decompression stress. That may not true, but if
we go with that premise we can get an advantage out of it.
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Graphing the no-stop limitson alinear scale givesa
sweeping curve, and if one wants to compare tables, it is
difficult, because thelinesare curved so much that it shows
nothing. Spencer! showed that an exponential curveplotted
exponentially or logarithmically is a straight line. This
allows rapid comparison between tables. By putting one
straight line on another it is easy to see which is more
conservative.

The equation can work for any two observations of
time and depth. One gets, in the normal recreational depth
range, a remarkably good fit of my calculations with the
USN NDLs. However at the extremesthe accuracy falls of f
sharply. The formula suggests that one can do non-stop
divingto400feet andthatisnot true. Evenif youdidnot stay
for any time at this depth, you would still be forced to do a
decompression stop. At theother end no oneisgoingto stay
for three weeks at 10 feet. As most people ignore these
extremes and stay mainly in the middle, the calculation is
useful.

Theanomaliesbothered me. It wassimpleenoughto
correct for theerror at the shallow end of thecurve. Onecan
assume that there is some shallow depth that one can go to
virtually indefinitely and makeadirect ascent tothe surface.
One can argue about what that depth is. At this depth,
bottom time becomes infinite, and the no-stop limit curve
becomes asymptotic with the depth. If this asymptote is
added Hempleman'’ s equation becomes (D-A=CT>)

A diver accumulates nitrogen al the way down and
most of the way up, and there is a point at which the time
spent in descending and ascending to a certain depth will
equal thetheoretical limit of themodel, evenif thediver did
nothing but turn around for an immediate ascent. This
calculated depth happensto be 243 feet inthe DSAT model,
which is obviously far beyond the permitted depth of 130
feet, butitisuseful inthe calculation and plotting of the no-
stop curve of the DSAT algorithm. Figure 4 shows the
DSAT NDL curve with the original straight line. One can
see that a no-stop limit between the marks is a little more
conservative than the straight line, but more obvioudly, the
unnecessary deficiencies of the D=CT™ have been elimi-
nated. At thispoint, we can dispense with the straight line
and consider only the sigmoidal curve which reflects more
realistically what no-stop limits probably are.

Development

Instead of starting with a whole series of empirical
observations of time and depth and saying and draw a no-
stop curve; | started the other way. This makes more sense
intuitively, and if | could make empirical data match the
curveat afew points, then | could start deriving alot of data
from the curve; which is exactly what | did.
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Theorigina Rogersno-stop curveplotted, asastraight
line, with the modifications needed to remove unacceptable
figures (curve) superimposed.
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The modified Rogers curve with the RDP no-stop
limits superimposed.

Figure 5 shows the no-stop limit of the RDP placed
over over my no-stop curve. Thelittletail that sticks out at
thetop left isfoot by foot cal culations of the no-stop limits,
which go all the way down the line. But one does not see
them as a separate curve, because they superimpose per-
fectly. They superimpose because the no-stop values were
derived fromtheempirically generated curve. | started with
the no-stop limits and found a formula to predict them
accurately.

Figure 6 shows the same thing done with the USN
no-stop limits. They areall over the place, up and down, | eft
and right. It is not reasonable to accept this. Intuition
suggests that these irregularities and discontinuities would
not exist in the water column, which is a smooth gradient
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The USN curve with the USN no-stop limits super-
imposed.

increasing or decreasing depending on the direction one
goes. | have used this concept of continuity to evaluate
variousother tablesthat arearound. Takealook at them, and
one finds some remarkable problems with some of the
tables.

| suggest that tables should have internal consist-
ency. | think that isimportant. However, every other system
that | have seen, that is commercially available today any-
where worldwide, isfull of internal inconsistencies.

Our tables are in based on the principle of consist-
ency. Webuilt themfor recreational divers. Figure7 shows
that the no-stop limits which apply to the first dive of the
RDParemoreconservativethantheUSN NDLs. RDPlimits
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FIGURE 7
Depth/time curves showing (1) maximum no-stop
pressures in the 120 minute compartment, (2) USN no-stop
limits and (3) RDP no-stop limits, both for afirst dive.
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were taken from the curve which was devel oped the way as
| have described.

TheWhed format

Along the way, a notion occurred to me. Instead of
displaying afew episodic sol utionsto thewhol eequationfor
various combinations of times and depths over the place,
why not use the curve itself and get rid of the rows of
numbers that are found in typical tables. The RDP Wheel
uses only time and depth, the only things one actually
measures.

Therearesignificant changesbetweenthe RDPtable
and most of the standard tables. One thing was five foot
increments, which breaks up the problem of coarseness.
Another, isthat the RDP had multi-level diving builtinfrom
thevery outset. Theflat version of the RDPisbasically the
sameasthe Wheel intheinformation that it presents, but the
Wheel presents alot more information.

Multi-level diving

Multi-level divingisdesired by alot of divers. Multi-
level diving has been part of the RDP from the outset. Itis
the only system that | am aware of that has been tested.

Multi-level divingisnot new. Thesetechniqueshave
been around for 15 to 20 years One does it with existing
tables by “dliding sideways’ through repetitive groups to
get an equivalent pressure group for alater level. But are
only attemptsto adjust amodel that was never designed for
it. Multi-level diving is quite practical, if the moddl is
altered to allow shifting of apressure group from greater to
lesser depths. Multi-evel dives are appreciably different
from“sguaredives’. If one stops part way to the surface, it
istypical that the tissue compartment which first reachesa
limit is “faster” than the compartment that usually “con-
trols’ the depth, and any method that promotes such diving
must provide for this occurrence and be cognizant of pre-
cisely which of many compartmentsisnearing itsmaximum
tolerable pressure.

Thereisnotableintheworldtoday whichisbased on
a single tissue compartment, whatever you might have
heard. Itissaid that the US Navy tablesare based ona120
minute tissue compartment. That isonly true of the surface
interval credit table. It has been said that the Wheel isa
singletissue model which only usesthe 60 minute compart-
ment and ignores all slower compartments. Well, people
who say you that probably do not know about other things
too.

No table can get away with that. The no-stop limits
confirms that fact and as depths increase, the repetitive
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groups of the no-stop limitsincrease progressively. When
PADI formulated its version of the old Navy Tables, it
marked off its no-stop limitsin black.

There are many other compartments are in the US
Navy model and PADI did not want thediver going past the
no-stop limits if oneis doing no-stop diving.

Theno-stoplimitsdo not meanthat onehasgoneover
thelimitin the 120 minute compartment. But onemay have
gone to the limit in the faster compartments. The no-stop
limitsfor the greater depths are determined by the 5 minute
compartment, ranging down to the 80 minute for the shal-
lower depths. The compartments that control recreational
diving range from 5 to 80 minutes when using the USN
table. The 120 minute compartment playsno part, except as
calculationsof pressureinthat compartment for usewiththe
surface interval credit table.

M odificationsrequired for multilevel diving

Multi-level divingisaffectedby many pressuregroups
and adjustments have to be madeto stay within thelimits of
all themodel’ scompartments, no matter what kind of crazy
profile one may choose to adopt.

Figure 8 is a graph of two simple square dives,
plotting the theoretical effect in eight theoretical compart-
ments, and one can see the dynamic interplay of all these
tissue pressuresthroughthisseriesof dives. If itisproposed
to do multi-level diving aswell, it becomesavirtual impos-
sibility to alow for all the complexitiesone hasto start with
aseriesof simplificationsto even begin the process. It does
not take or too many calculations to make a couple of
simplifications.

120

110+ DEPTH| TIME
—_ 45 105
g 100 o]
? oo L8 |2
w
S 804
(72}
]
W 70
o
Y 604
w
(723
F 504

4041/

30+

240

ELAPSED TIME

FIGURE 8
Tissuetensionsin various compartments during two
dives. Thefirst diveisto 13.6 m (45 feet) for 105 minutes
followed by asurfaceinterval of 76 minuteswith the second
dive to 25.8 m (85 feet) for 27 minutes.
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First, the permitted time at the second level isleast if
the depth at the first level is very close to the second.
Secondly timeisleast at the second level if one goesto the
non-stop limit at the first level. And if one puts these two
together and makes a set of adjustmentsone hasallowed for
the worst case and all other possibilities are conservative.

We established a series of minimum depth differen-
tials. We took groups of three depths and lumped them
together into what we call a range of first depths, for
example 140 feet through 120 feet make one depth range.
Wecal cul ated what woul d bethemaxi mum permitted depth
for the second level, in this case 80 feet if oneisinthat first
depthrange. Table?2 showstherangesand maximum depths
of thesecondlevel. If onedivesone sfirst level between 90
and 80 feet, one needsto go at |east as shallow as 60 feet to
be ableto defineit asamulti-level dive. Otherwisetheold
rule of total time at the maximum depth still applies. But if
one can get a sufficient differential of depth then it can be
called multi-level.

TABLE 2

RDP RANGE OF FIRST DEPTHSAND MAXIMUM
DEPTHSOF SECOND LEVEL OF MULTI-LEVEL

DIVES
Range of first Maximum depths of
depths second level

140 - 120 80
110 - 95 70

0 - 80 60

7B - 65 50

60 - 50 40

Step number two is to calculate the multi-level time
adjustment. Onedoesthat by substracting the no-stop limit
at the shallowest depth in one of these groups of three, from
theno-stop limit of the second depth that would be permitted
fromthefirst depth range. Thisreducestheno-stoplimiton
each depth curve in such away that no time does one ever
go over the limit.

On the Wheel any curve out at the no-stop limit,
marked as NDL, would be the normal amount of time
permitted for asingle level dive. But back up the curve of
timeisthe multi-level limit, which saysif oneisdoing this
from deeper depth, and thisisthe second or third level of a
multi-level dive, oneisallowed alesser amount of time.

All bottomtimesderived fromthewheel will bemore
conservativethanthetheoretical model, but thatisreally not
a problem, because the way it works out, air supply is
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generaly insufficient for thetimelimitsallowed for most of
the multi-level dives.

Should we stop at 15 feet for 5 minutes?

Eventwoyearsagothisissuewascontroversial inthe
U.S.A. Why would onewant to stop? Well, obviously one
experiences a large reduction in tissue pressure at a very
critical point in the dive. If one started off at 100% of the
theoretical maximum onecould makea3 minutestopandin
the 5 minute compartment onewould theoretically be down
to about 80% of what one started with. 1f one made afive
minute stop one drops to less than 70 % (Table 3). This
outgassing is pretty significant. Obvioudly inaslow com-
partment one does not get much change. However, most
peopleseemtothink that neurol ogical injuriesoccur through
a faster compartment bubbling and in these large benefits
are gained from stops.

TABLE 3

PERCENTAGE OF MAXIMUM TISSUE PRES-
SURE AT STARTING ASCENT AFTER STOPS

Half-time Per centage of maximum pressure
After 3 minutes After 5 minutes

5 789 69.1

10 89.8 84.1

20 95.7 93.1

40 98.4 97.3

60 929.1 99.0
120 99.7 99.5

The next benefit occursif one staystoo long or goes
too deep. Goingtoo deep or stayingtoo long areessentially
the same thing. Why would one either? | do not know.
Sometimesit isequipment failure. 1t happened to me once,
when my gauge was reading 85 feet and everyone el se had
100. It did not matter then because the dive was short, but
if it had beentothelimit I might havebeenintrouble. If we
use good diving practices and makethis safety stop aswell,
it can cover many sins. It isthe cheapest insurance policy
that thereis.

The main reason is to slow ascent rates. We know
that people ascend faster than 60 feet aminute. It isalmost
aphysical impossibility to stop at 15 feet if oneisgoing up
at 150 feet per minute. Sowe are already ahead of thegame
if one has people thinking about the stop.
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Once one has stopped, one beginsto accumulate the
other benefits | mentioned. Possibly the most important
factor, isthat when oneisready to leave the stop and go on
tothesurface, in thefew feet of thewater column wherethe
pressure gradient changes most dramatically asfar as vol-
ume ratios are concerned, it would be very difficult to get
going very fastin thoselast few feet. Sowewill bringthem
back alive.

And | think we will see a significant decrease in
barotrauma, in lung expansion injuries, neurological
effects,and that a lot of them would amost disappear if
everybody started routinely making stops. After all, it only
takes three minutes of one’ stime.

The American Academy of Underwater Science
(AAUS) met for three days in September 1989 to argue
about safe ascents. We reached consensus on about 20
different issues, but the most significant, the issue that the
AAUSfelt wasthe most important, important enough to put
on the cover of the proceedings, wasthat divers stop in the
rangefrom 10 to 30 feet from threeto five minutes. But the
details are not the important thing. The important thing is
the principle is not stop where one wants to, but stop
somewhere near the surface.

The Diver's Alert Network (DAN) as recently as
December 1989° issued awhol e series of recommendations
and guidelines for recreational diving in general. DAN
recommended that ascent rates should be no more than 60
feet per minute and slower isacceptable. Stop at 15 feet for
threeminutes, or more, for all dives. Wego along with that.
A decal was issued more than two years ago, with PADI’s
“S.A.F.E.” diving campaign, with the introduction of the
slogan “ Slowly Ascend From Every” dive.

Slow compartments exist, supposedly, down to ex-
tremely long halftimes of 480, 600 and 720 minutes. They
are probably important in saturation diving, but not in the
ordinary recreational experience. Nevertheless, there are
rules printed on the Recreational Dive Planner which re-
quire long surface intervals on occasion. These rules exist
to deal with dow compartments and we will discuss the
point in the next session, but some published commentary
has, at |east mathematically, exaggerated theimportance of
these compartments.

Table4 showsalist of thetissuesontheleft hand side.
A list of depthsdownthemiddle, and alist of timesdownthe
right hand side. They are the time and depth combinations
required to pump the tissues up to the maximum for the
theoretical amount of time that the model confers. Now, |
really do not think that most people are going to stay for
approximately aday at 24 feet, or morethan that at 23 feet,
but that iswhat it takes. So, for singledives, thesetimesare
obvioudly irrelevant. But it can become relevant if oneis
doing alot of repeated multi-day diving.
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TABLE 4

DEPTHSAND TIMESWHICH CAUSE MAXIMUM
TISSUE PRESSURE

Half-time Depth Time
tissue (feet) (minutes)

80 32 281

100 30 360

120 28 487

160 26 723

200 25 929

240 24 1,265

360 23 1,892
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THE DITAA SURVEY
A REPORT ON A STUDY OF THE AUSTRALIAN
DIVING INDUSTRY

Warrick McDonald

DITAA (DivingIndustry Travel Association of Aus-
tralia) isnot just an organization to run SCUBA EXPO, the
annual dive show where wholesalers, manufacturers and
retailersexhibit their goods. DITAA takesitsrepresentation
of the diving industry seriously and now offers members a
wide spectrum of benefits. Thissurvey isjust one.

The survey was undertaken by Arthur Young and
Company to benefit the diving industry through improved
knowledge and understanding of the market and thereby
help theindustry along the road to greater success resulting
in some cases in better profits.

Once one hasanal ysed the contents of the survey one
will appreciate just how valuabletheinformation can be. If
used wisely, the survey will enable the diving industry to
planand managetheir businessesfor profit. Theinformation
contained not only will benefit divers, dive shops, instruc-
tors, charter boatsand wholesalersbut other alliedindustries
such astravel consultants, medical practitionersand printers
of associated products.

Thesurvey wascommissioned by DITAA inorder to
provide, for the first time, information about the diving
industry onanational basis. Littleor no market research has
been donefor thedivingindustry in Australia. Asaresultit
hasbeen difficult for most operatorsto estimatethelevel and
nature of demand for equipment and services. Retailers
could lose in two ways if these demands are not known,
either by having an inadequate supply of products from
under calculation of current needs or by overstocking and
possibly havingto sell, at cut-throat prices, goodsinaneffort
to reduce stocks.

The report of the survey analysed the current diving
environmentin Australiaand discussed thestudy findingsin
detail. This paper will cover just afew of the pointsin the
DITAA survey.

The Australian diving industry is affected by such
things as population, external competition, customer life-
styles, technology, environment, overseas trends, the
economy, internal competition and regulations. 1n 1981 the
Australian population was 14.6 million, by the year 2001 it
isestimated that the population will be 20 million. Alsothe
agegroupsarechanging. By 2001 28% will be 19 yearsold
or younger whilethe40-59 group will be25%. Fromthisthe
market will lieinthelatter, “ Baby Boomers’, agegroupsand
attention should be channeled into introducing them to
diving. Customer lifestyles are towards family orientated,
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less strenuous forms of exercise. Many new sports have
been introduced to schools and competitive pressure is on
businesses to upgrade their facilities and their approach to
the market. Environmental issues are increasingly of con-
cernto Australians.

Scuba diving is uniquely positioned to take advan-
tage of the popularity of environmental issues. Technology
has influenced the industry through new equipment and
materials. Internal competition isvery strong. Store own-
ership turnover is very high as divers do not necessarily
make good businessmen. In the course of the study, the
researchersfound adegreeof suspicionand mistrust amongst
some members of the association.

Arthur Y oung and Company, now Ernst and Y oung,
had some harsh words about professionalismintheindustry
“Although all the people contacted by the researchers were
very friendly, there is undoubtedly a strong current of
mistrust among the members of the industry which pre-
vented a few of the major operators from participating.
Thereisan apparent lack of professionalism which needsto
be addressed frankly and openly as such attitude will ulti-
mately be detrimental to theindividual operator”. Overseas
thetrend istoward customer-service orientation. Thisisthe
need to listen and cater to customer needs. The diving
industry currently hasin place anumber of government and
industry-enforced regul ationsregarding saf ety and thelevel
of instruction.

Australia s economic future is uncertain to many of
us, with high interest rates, lowering of the Australiandollar
andadeclineinthestandard of living. Thegeneral prognosis
isbad. Becausethe overall effect makesit more expensive
totravel overseas, it may mean moredollarswill be spent on
local leisureactivities. However, theinitial costsof becom-
ing involved in diving are becoming more expensive.

Responsetothestudy washighinsomefieldsbut low
in others. 75% of diving business operate from only one
outlet and 56.6% are owned by companies. 1n 1988 49% of
the turnover of the average dive shop was from equipment
sales and 28% from their scubaschool. Retailers’ turnover
waslargest in Queensland then NSW followed by Victoria.

Certification agencies reported an average 16% in-
crease in numbers certified. The largest group of students
was aged between 19 and 35 with consistently more males
than females. The average cost of an Open Water or Entry
Level Coursewas $300, exclusive of any equipment hire or
purchase which would be required to complete the course.
To this must be added the medical and X-ray costs.

Itisnowonder that diving instructors are becoming
harder to find for the dive schools, as they only earn an
average of $18,564.
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It was shown that, consistent with world figures,
PADI was Australia’ s largest training agency with a 51%
market share. 1n 1988 50,550 students were trained as new
divers. Thisfigurewould meanthat approximately $122,330
was earned, on average, by each dive school from new
divers. Some of these would purchase equipment and
progressto continuing education courses, adding tothedive
shop’sincome.

TheY ellow Pagesprovedto bethenext most popular
form of advertising but had the lowest perceived effective-
ness, whereastel evision, theleast used medium, wasconsid-
ered the most effective. “Sportdiving in Australia and the
South Pecific” was the most popular industry magazine. It
was a shock to most people when it was revealed in the
survey that the most popular dive travel destination was
Queensdland, not the Pacific Islands.

Many other factsand figuresweregained throughthe
study but they arefar to numerousto mention here. The 32
page report of the study was sent to financial DITAA
members and is on sale to non-members for $75.00 a copy.

Warrick McDonald isDITAA Secretary and a PADI
Instructor and Course Director. His address is ab Ocean
Divers, 237 East Boundary Road, East Bentleigh, Victoria
3165, Australia

DIVING TRENDSIN THE UNITED KINGDOM

Greg Adkisson

Accepting that man is aland, rather than an aguatic
animal, man’'s excursions into the oceans, throughout his-
tory, have been limited more by technology than by human
physiology. Itisonly withinthelast hundred and fifty years
or sothat technol ogy hasbegunto outpaceus. Today, weare
faced with anew breed of diver armed with higher pressure
bottles, warmer suits and an array of new equipment de-
signed to alow deeper and longer diving while keeping
decompression to aminimum. We know that sport diving
groups are changing the way they dive and nowhere isthis
more evident than in the new BS-AC '88 decompression
tablesor inthe new PADI wheel for multi-level diving. We
must be aware of these trends and be knowledgeable in our
efforts to express a considered, cautious alternative view.
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Historical Analysis

Tounderstand wherewearegoing, it isoften helpful
to look back and see where we have been. There is an
apparent increasein thenumber of diving accidentsover the
last few yearsbut of moreconcernisthat thepatternof illness
may have changed as well. Studies throughout the years
have divided decompression sickness (DCYS) into non-seri-
ous, Type | (pain only) and serious, Type Il (neurological/
pulmonary) DCS. Historically, the percentage of serious
DCS was stated at around 30%*® with Erde and Edmonds
1975 study* being anotable exception. Different population
groups, datainterpretation, what constitutesaTypell lesion
and differing exposures all make comparisons of these
studies difficult. There is clearly, however, a changing
pattern of diving and it seemsthat the amount and pattern of
DCS may be changing with it.

TABLE 1

PERCENTAGE OF CNSINVOLVEMENT IN
DIVERSWITH DCS

1963 Rivera 26%
1965 Slark 35%
1969 Kidd and Eklliott 25%
1975 Erde and Edmonds 52%

From 1985 to 1989, the number of sports divers
treated or advised by the Ministry of Defence, Navy
(MOD(N)) hasrisen steadily. The most dramatic increase
occurredin 1988 when therewasatwofold increasein cases
treated compared to previous years.> Central nervous sys-
tem involvement among those divers treated for DCS also
rose. It reached apeak in 1988 when 87% of diverstreated
showed evidence of CNS involvement. The figure was
downto 76%in 1989, still anotableincreasefrom past years.
| was personally concerned that thedivers| treated from’ 87
to’ 89 appeared to requiremore extensivetherapy to achieve
resolution than in my previous years of experience.
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FactorsInvolved In Diving Casualties

What caused thisincreaseis not entirely clear but a
number of factors appear to play arole. Divers are going
deeper and staying longer with the advent of new and
improved equipment including warmer suits, larger air bot-
tlesand advanced technology in theform of diving comput-
ers and other diving aids. Sports divers regularly venture
into depths that the commercial divers are restricted from
entering. Decompression stop diving has become routine
and new tables, designed to maximize in-water time, have
been introduced into widespread use. In 1988, the use of
diving computers was involved in 42% of the accidents
treated by MOD(N) and the practice of repetitive diving in
63%. Depthinexcessof 30 metresaccounted for 68% of the
accidents with 21% being greater than 40 metres and 12%
from depths in excess of 50 metres.

TABLE 3

FACTORSINVOLVED IN 95 PATIENTSWITH
DCSTREATED IN 1988

Dives deeper than 30 msw 68%
Dives deeper than 40 msw 21%
Dives deeper than 50 msw 12%
Repetitive diving 63%
Use of Computers 42%

Additional factors, perhaps more traditional, played
aroleinthe 1988 figures. 54% of the diverstreated in 1988
wereolder than 30 and 21% were over theage of 40. Diving
at altitudeaccounted for 6% of thetreatmentswhile5%were
associated with flying after diving. Medical conditions
which would normally render adiver unfit were associated
in 10% of the cases. Whilst not involvedinarecompression
treatment, the oldest diver | was consulted about was 72
yearsof ageand had just returned from aseriesof divesinan
isolated area of the world without recompression treatment
facilities. Theoldest diver actually treated was67 yearsold.

TABLE 2

SPORTSDIVERS TREATED OR ADVISED BY MOD(N)

1985
Advice 71
Treatment 45

% of DCS Cases with CNS Involvement 51

1986 1987 1988 1989
69 82 143 145
50 51 105 137
65 68 87 76
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Implications For the Future

No longer isdiving asport for afew hearty individu-
als. Sport diving has become big business with major
commercia interests servicing all aspects of the sport;
provision of gear, instruction of new divers and the arrang-
ing of diving holidays. Diving is expected to grow in
popularity and, asthe number of diversgrow, itislikely that
the numbers of diving related injuries will grow as well.
Likewise, as the introduction of new and sometimes un-
tested, or minimally tested, diving aids continues, the poten-
tial for more diving related injurieswill increase. Asmany
of our diversgrow older, itislikely, asintherest of medicine,
that greater numbersof ol der patientswill present, oftenwith
associated medical problems.

We have been concerned, as a medical community,
that a great deal of long term neurological damage may be
caused by diving, and that it is not always apparent by our
existing test procedures. Whether this subclinical damage
affects the patient later in life remains a matter of specula
tion. What does appear to be certain, isthat, as technology
advances and divers are urged to go deeper and stay longer,
advancing medical technology will allow usto take amore
critical look at the effectsof thishostileunderwater environ-
ment on our patients, both young and old.

Diving is a hazardous occupation and a hazardous
sport. Few of usexpect or desirethe sport diving community
to stop diving. We hope, however, that, as a community,
they will recognize the current limitations of human physi-
ology. When faced with the possibility of a few extra
minutes on the bottom or the possibility of reducing decom-
pression by a few minutes they will balance the benefit
against the potential cost. That cost, all to often, ishigh. It
may bealifetimeinawheelchair, alife-altering disability or
simply a nagging reminder of an old injury. Whatever the
cost, major or minor, it is important for us to remind the
diving community that the vast majority of so called “ acci-
dents’ we see are, in fact, self induced injury that can be
avoided with areasonable degree of caution.

Theimplicationsfor the working diver may be even
greater. As techniques for examining the central nervous
system become more sensitive, the question of short and
long-term neurological damage will make an even greater
impact on the commercia industries. New standards of
medical qualification may become necessary. Baseline
CNS studies, long term follow up and accident investiga-
tions may begin to document hitherto unappreciated neuro-
logical changes. If damage is documented, the question
becomes whether the small degree of damage seen in some
caseshasany functional effect, either intheshort or thelong
term health of anindividual. These questionswill undoubt-
edly be driven in part by medico-legal and occupational
health considerations. The implications for the diving
industry areenormous. Asman’sability to dive ever deeper
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into the oceans develops, so does the appreciation of the
dangershe faces. Now, morethan ever, reasonable caution
must be used whenever man, the land animal, enters the
water.
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COURSES

UNDERWATER MEDICINE AND THE MANAGE-
MENT OF MEDICAL EMERGENCIESIN DIVING

Two courses will be held on the Antillean Island of
Bonaire in the Caribbean.
23rd-30th November 1991
Thefundamental principles and prevention of diving
accidents
30th November-7th December 1991
The management of diving illnesses.

Course Fee £ 250.00 per week

Apply inwriting to
Biomedical Seminars,
7 Lyncroft Gardens,
Ewell, Surrey KT17 1UR
Fax UK (44) 81 786 7036
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DIVING DEATHS DOWN AGAIN

Chris Allen

Asthe 1990 diving season drawsto aclose, itisonce
again timeto look back over the year’ sincident reportsand
to reflect on the lessons to be learned.

Happily this year's safety performance has been
particularly good and there are a number of encouraging
trends. However, there are still lessonsto be learned, some
of which do not seem to change much from year to year.

Asinpreviousyears| think it isworth reviewing the
background to the statistics first, before getting too deeply
involvedintheir analysis. Those of youwho read my report
last year may remember that | felt that a number of changes
in reporting procedures, together with a record breaking
summer, had combined to influence the statistics.

This year we have again had a very good summer
withgenerally good conditionsfor diving, particularly inthe
later months. However, from my own observations and the
results of the surveys which we perform, | believe that the
number of divesperformed thisyear issomewhat lower than
last year'sfigure.

DIVERS' USE OF EMERGENCY SERVICES
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Asfar asreporting goes, our link with the Coastguard
isagain working well, after atemporary lapselast year, and
we have received substantially more information this year.
The Diving Diseases Research Centre (DDRC) continueto
supply uswith brief details of the casesthey havetreated, as
do other recompression facilities. We areindebted to them
all for the valuableinformation they supply. Unfortunately
our capture of data relating to decompression cases has

slipped back alittle this year, in that the Institute of Naval
Medicine has not been able to supply uswith all itsdatain
time for inclusion in my published report.

So with that background in mind, what do the 1990
statistics show ?

DIVING INCIDENTS BREAKDOWN - 1890

MISCELLANEOUS 25

FATALITIES 9

EQUIPMENT 16

TECHNIQUE 20 DECOMPRESSION B8O

ASCENTS 24

Tl

BOATING/SURFACE 34

This year | am very pleased to be able to report a
reduction in the number of fatalities for the second year
running. A total of nine fatalities was recorded, including
two deathsattributableto natural causes. Of thosenine, just
three were BS-AC members. Thisisthe lowest number of
BS-ACfatalitiesfor thirteenyears. Encouragingthoughthis
may be, every fatality is one too many and we must always
aimto have none at all.

BSAC FATALITIES AND MEMBERSHIP 1981-1990
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In recent years there has been a lot of publicity
surrounding thenumber of casesof decompressionsickness.
It istherefore particularly pleasing to report asharp dropin
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thenumber of casesthisyear (from 13710 80). Undoubtedly
there had been some under-reporting this year because we
have not received the full data from the Institute of Naval
Medicine. However, | know from our regular contacts that
they have seen areduction in the number of casesthey have
treated, as have DDRC and other facilities. | am therefore
confident that thetotal number of caseswill turn out to beno
more than 100. Even allowing for the fact that less diving
may have taken place, this still represents a big
improvement. | personally have no doubt that our efforts
over the past three yearsto highlight the problems, together
withthelearning opportunitieswhich theintroduction of the
BS-AC ’'88 Tables has presented, have a so contributed to
this lower figure.

DECOMPRESSION SICKNESS ANALYSIS - 1990

WITHIN TABLES 21

- .

ASCENT TO ALT. 2
RAPID ASCENTS 4

MISUSE OF TABLES &

REPEAT DIVING 12 WITHIN COMP. 17

wnsus& OF COMP. 1
MISSED STOPS 4

.,

T

DEEP DIVING 356

TOTAL NO. OF CASES - 80

Last year | highlighted the problems of divers
runningour of air, afactor involvedinmany recent fatalities.
Although fewer serious incidents occurred in 1990, thisis
still an areaof concern and there have been anumber of near
misses. In one case a pair of divers both ran out of air at
exactly thesamemoment onadiveto 19 m. They bothmade
rapid free ascents to the surface and one was later
recompressed as a precaution.

In a second case a party of three divers went much
deeper than originally planned. On the ascent one of the
party ran out of air at 20 m and then made a successful
assisted ascent to the surface. On the surface one diver had
2 bars|eft, one was completely out of air and the third still
had 60 bars. All of themwereusingidentical cylinders. This
individual variability in therate of air consumption and the
dramatic changeswhich can be brought about by hard work,
depth or cold, are precisely the reason why regular
monitoring of both your own and your buddy’ sair supply is
essential during every dive.

Proper planning isessential to ensure safe, adventur-
ous diving and nowhere in the statistics does this become
more evident than in the case of lost divers. Early thisyear
awell organised group of diverswere preparingto diveina
popular location when four divers surfaced close by,
apparently without boat cover. Their boat turned out to be
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anchored unattended three quarters of amile away. Having
re-united the lost divers with their boat, the original party
again prepared to dive. Whilst kitting up two more divers
popped up close by, again without cover ! They turned out
tobefromacharter vessel also about three quartersof amile
away. Thesediversdidn’t even know the nameof thevessel
they were diving from. When they were nonetheless
transferred back to it, it transpired that the skipper knew he
had lost contact with the divers but was not endeavouring to
search for them.

But for the presence of our diving good Samaritans,
the lack of forethought and general lack of awareness by
both sets of rescued divers could have been more serious.

Thisyear anumber of incidents have resulted purely
because divershaveventured too deep. Two casesinvolved
divers descending solo to great depths "because it was
there". Inonecaseadiver madeasolonight diveto84 mand
inasecond caseadiver onholiday intheRed Seajust carried
on down to over 80 m leaving his buddy behind.
Interestingly both individuals were "found out" by the
evidence of their dive computers and had the error of their
ways pointed out to them in no uncertain terms by very
responsible action from their respective branches. Such
cases of sheer lunacy are extreme and fortunately rare.
However asignificant proportion of incidentsoccur indives
to 40 m or deeper, simply because the diversinvolved have
underestimated the seriousness of their undertaking. At
these depths the margins for error is dramatically reduced
and such dives should only be carried out by experienced
diverswho arefit, well prepared and properly organised. In
addition, just in case anyone should be in any doubt, it is
perhapsworth re-stating that 50 misthe maximum depth for
sportsdiving. Beyond thisdepth nitrogen narcosisbecomes
a very serious problem and the risk of decompression
sicknessis much greater. What ismore, if you do get bent,
the treatment al so becomes much more difficult.

It is not for nothing that professional divers are
restricted by law to dives of less than 50 m when using air.

This year there have been several cases of serious
carbon monoxide poisoning recorded. Although, or perhaps
because we emphasise the dangers in our training it is
actually rareto find air which isdangerously contaminated.
This year, however, a number of incidents have occurred,
mostly centred around one particular compressor station.

In one case adiver became distressed and breathless
underwater and had to be brought to the surface by her
buddy. Onthesurface shewasstill weak and breathlessand
was flown to DDRC by helicopter for hyperbaric oxygen
treatment.

That weekend two divers in the same area
complained of being weak, dizzy and having disturbances of
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vision. On the surface they were confused, uncoordinated
andtheir speechwasdurred. They toowereflowntoDDRC
for hyperbaric oxygen treatment. Later tests found over
2,000 ppm of carbon monoxideintheir cylinders(theBSAC
recommended limit is 5 ppm).

In athird incident a diver became dizzy and com-
pletely disorientated on adiveto 15 m. Though he surfaced
immediately he had only vague recollections of the ascent
and being taken back to shore. Once again high levels of
carbon monoxide were detected in his air.

It is perhaps fortunate that none of these divers was
particularly deep as the higher partial pressures of carbon
monoxide which woul d have been encountered could easily
have caused sudden unconsciousness underwater. The
lessonfor usall isthat dangerously contaminated air can still
occur and that we therefore need to bevigilant. 1f contami-
nated air is suspected, do not take achance and dive, for you
could easily end up with something much more seriousthan
abad taste of headache. Asafirst aid measurein such cases,
the administration of oxygen is helpful-one morereason for
every diving party to carry an oxygen set !

Asyou can see from the preceding descriptions, the
symptoms of carbon monoxide poisoning could easily be
mistaken for those of serious decompression sickness. If
faced with a diver exhibiting such symptoms, at least con-
sider the possibility of acontaminated air supply. Inciden-
tally, the rogue compressor responsible for most of the
recorded caseswasqui ckly shut down andinvestigationinto
the cause was launched.

Many of theincident reports| receiveinvol verescues
performed by other divers.

One such case this year involved a group of army
divers on an expedition to Norway. Just as they were
finishing for theday they were alerted by aNorwegian diver
whose buddy had been trapped underwater by arock fall. A
rescue operation was quickly launched with air being taken
down to the diver who was trapped. The rock, which
weighed more than 1,000 kg, was moved with the aid of
lifting bagsand the unconsciousand badly injured diver was
brought tothesurfaceand given EAR until hewasevacuated
by rescuehelicopter. Unfortunately thediver’ sinjurieswere
so severethat hediedlater, but BS-AC Rescue Awards have
been awarded to those involved for performing the rescue
under such difficult conditions.

The potential hazards of falling overboard from a
fast-moving boat were graphically demonstrated in areport
concerning a diver who entered the water by performing a
backward roll entry from amoving rigid hull inflatable. He
sustained a fractured skull when he struck his head on his
pillar valve, and at the same time burst one of his eardrums
due to the sudden water pressure.
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In diving a small incident, which on its own would
not be a problem, can become life threatening when other
thingsalso start togowrong at the sametime. Onceyou start
to dlip into the "Incident Pit" it becomes more and more
difficult to escape.

A keennovicediver fromoneof our overseasbranches
was preparing to dive from ahard boat. She had alittletoo
much weight on and had not realised that the cylinder she
was using was heavier than the one she normally used. As
she was getting ready she slipped and fell and her cylinder
slipped out of her stab jacket. She was helped up and her
bottle and jacket were reassembled. During this time it
appeared that her air was turned off.

Having sorted herself out she decided that since it
was so hot and the boat was crowded, she would enter the
water to cool down, fit her finsand do abuddy check. When
she jumped in she sank straight to the bottom with her air
turned off and no finson !

She was underwater for several minutes before an-
other member of the party was able to dive down and bring
her to the surface where she was successfully resuscitated.

Another casewhichhappily al soended safely, though
it might so easily not have done, involved aadiver who had
made adiveto 60 minaquarry. Just ashe began to ascend
hisregulator begantofreeflow. Hedecided (at 55m!) totake
his set off and switch it off, changing over to his pony
cylinder and sparevalve at the sametime. Unfortunately he
got in atangle with his equipment, his mask flooded and he
began takinginwater. Somehow hereached 25 m where he
managedto sort himself out, at which point hispony cylinder
ranout. Hemanaged toturn hismain set back on, replacehis
equipment and, after performing the required decompres-
sion stops, surfaced a much wiser man !

Those, very briefly, are some of the incidentswhich
figureinthe 1990 Incidents Report. | would urge everyone
to ask themselves whether some of the incidents reported
could have happened to them or their branch. If so, spend
sometimethinking about what needsto bedoneto makesure
they can’'t happen.

Our sportisactually avery safeoneand overall it has
beenagoodyear. However, wemust never becomecompla-
cent. The best way to avoid featuring in the 1990 statistics
is to plan thoroughly, watch your depth and, above all, be
aware so that you can anticipate problems and deal with
them while they are till small.

Reprinted by kind permission of the Editor, from
DIVER, December 1990, pages 31-32

Theaddressof theBritish Sub-AquaClubisTelford' s
Quay, Ellesmere Port, South Wirral, Cheshire L65 4FY,
United Kingdom.
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WHY U.S. DIVERSDIED
IN 1986 AND 1987

The National Underwater Accident Data Center
(NUADOC) at the University of Rhode Island investigates
and analyses the diving fatalities of United States citizens
wherever they werediving. John McAniff, the director the
Center, has been involved in the collection and analysis of
these data for more than twenty years.

The National Oceanographic and Atmospheric Ad-
ministration (NOAA), the Diving Equipment Manufactur-
ers’ Association (DEMA) and the Professional Association
of Divinglnstructors(PADI) aretheprimary funding sources.
Newspaper articles providetheinitial lead on two-thirds of
the fatalities. The remainder come from contacts through-
out the diving community and public agencies.

For several years, Undercurrent has been analysing
these reports, editing and condensing them, and sharing the
relevant datawith our readers. Webelievethat by reporting
theuniqueand varied circumstancesinwhich diversdie, we
all may learn how to become safer as we conduct our own
dives.

For 1986 NUADC investigated 116 divingfatalities,
including 94 sport diver fatalities, 11 occupational fatalities
and 11 skin diving (breath-hold) fatalities. For 1987, 108
caseswereinvestigated, including 87 non-occupational, 12
occupational and 9 skin diving fatalities.

Lastyear DEMA commissioned astudy by Diagnos-
tic Research, Inc. (DRI), which estimatesactivediver popu-
lation 2.1 and 2.7 million. Based on these figures, the
fatality ratefor 1986is3.65t04.5 per 100,000 activedivers.
Thecomputationfor 1987is3.4to 4.2 fatalitiesper 100,000
divers.

The population of active diversin the United States
has been steadily increasing, while the number of fatalities
has fallen off considerably. In 1976, for example, we
recorded 147 sport diving fatalities, which equated to a8.62
per hundred thousand fatality rate at a time when the
population of activediverswasprobably one-third lessthan
itistoday.

Deaths by Locale

For 1986 and 1987, Florida recorded 49 diving
fatalities, including nine cave diving deaths. Non-cave
diving fatalities in Florida have increased considerably.
California recorded 33 fatalities in the two-year period;
Washington State 14; Hawaii 9; New Jersey 7; Idaho 6;
New York 6; Texas 6; Massachusetts 5; Arizona 3;
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Tennessee 3; Connecticut 2; Pennsylvania?2; Puerto Rico
2; TheVirgin Ilands 2.

Theincidence of US sport diver fatalitiesin foreign
areas has been highest in Mexico, which since 1970 has
totalled 37 such fatalities. Eight deaths were recorded for
1986-1987.

NUADC hasreceived anincreasing number of com-
plaintsof diving conditionsinMexicanwaters, especially in
Cancun and Cozumel. Among these complaints have been
reportsof introduction of novice (short resort course) divers
to swift currents and deep reefs on early dives, lack of
adequate supervision, lack of knowledgeor facilitiesfor the
treatment of injured divers and absence or lack of ship to
shore communications.

Other foreign areas reporting deaths of US divers
during the two years include the Bahamas with 3 deaths;
Canada?2; theCayman|slands2; Belize2; Honduras1; and
Saipan 1.

Environmental Aspects of Fatalities

Approximately 66 percent of all sport diving fatali-
ties occur in salt water. Diving in fresh water caves
continues to be a source of problems for sport divers, 18
fatalities occurred over the two-year period.

Each year, the NUADC receives numerous requests
fromindividual diversfor information to help themintheir
attempts to obtain life insurance. For some unobvious
reason, many insurance companies tend to rate divers on
whether they normally exceed an arbitrary depth of 50 feet
in their diving. The NUADC has found no evidence to
support the 50-foot depth as a demarcation point for rating
of lifeinsurancefor sport divers. Lifeinsurance can be had
for varying pricesby shopping aroundto differentinsurance
companiesto locate those that do not use the rating system
for scuba divers.

Environmental or weather conditions have contrib-
uted to diving fatalities in surprisingly few cases over the
years, and these are usually the fault of the diver for not
having investigated conditions before entering the water.
Thisisespecially truefor strangersvisitinganew area. An
example might be Florida divers who go on vacation in
Californiaor Hawaii and suddenly finds themselves faced
with heavy surf with which they are unfamiliar.

A considerable number of sport diving fatalities
have occurred from charter boats, most likely afunction of
the tremendous growth of the charter business. Thereisa
need to establish standards of safety for such vessels.

Age and sex distribution
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Inour last report*, the NUADC noted anincreasein
fatalities of individuals over 50 years of age. This apparent
trend has continued for both 1986 and 1987; 18 percent of
the fatalities were over 50 years of age. It isimpossibleto
determine whether this trend reflects an older age group
entering the sport or older divers who are diving into their
later years.

But the young are not excepted. In 1986, a12-year-
old boy died while diving in 55 feet of water from his
father’s private boat. In 1987, a 10-year-old boy died in
formal training in open water.

Seventeen percent of the fatalities were female.

Starting causes of deaths

The starting cause for some cases is impossible to
determine. Nonetheless, the NUADC considered 30 cases
stemming from possible exhaustion, embolism or panic.

We often hear that panic causes a large number of
diving fatalities. It might be better expressed that panicisa
stepping stoneto eventual air embolism or drowning. Some
other events must be present to start the panic cycle: the
flooding of a mask, the loosening of aweight belt, acut on
one's finger, the unexpected exhaustion resulting from
Swimming against current, asudden storm surge. Hundreds
of other possibilitiesmay bethestarting factorsin afatality.

A typical scenario might be as follows:

A 19-year-old boy, who has recently completed an
open water diver certification and has made two or three
dives with a friend, books passage on a charter vessel to
delve the ruins of afishing vessel in 60 feet of water. The
weather is overcast and there is a steady roll to the water,
adding to the queasiness of the boy’ s stomach. On the way
to the wreck site, the divemaster chooses a buddy for the
boy, a34-year-old femalewho hasaconsiderableamount of
diving in her expertise.

Upon anchoring, theboy isquiet and sullenwhilethe
woman is enthusiastic and anxious to enter the water. The
visibility is only about eight feet. Asaprecaution, thetwo
proceed on their dive holding hands asthey submerge. The
usua difficulty with clearing the ears takes afew seconds.
By thetimethey have reached the bottom, the boy’ ssullen-
ness has disappeared and he has become fascinated by the
wreckage. The buddy diver, feeling confident in the boy’s
new-shown spirit, moves somedistance away to the edge of

* See Lippmann J. How do American Divers Die?
SPUMS J 1988; 18 (3): 104-106.
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hisvision. Theboy momentarily panicsand moves swiftly
after her, at which point he feels he is having difficulty
breathing.

Hissignal to the buddy resultsin an attempt to place
her mouthpiecein hismouth. Instead, hismask isknocked
|oose, he bitesdown hard on hisown mouthpieceand begins
to choke alittle on water. On the edge of panic, he reaches
to release his weight belt, instead opens the buckle for his
dive tank harness. The tank assembly beginsto drift away
from hisback and he beginsflailing with both armsand legs
while fighting to reach the surface. Panic has now set in.
The buddy diver backs off and loses sight of the potential
victim. She surfaces, only to find no sign of the boy. Four
other diversenter thewater, swimtothebottomandfind him
sitting therewith hisfacelooking upwards, nomask in place
and theregulator out of hismouth, aclassic panic/embolism
case.

We have 13 deathsin 1986 and 9 fatalitiesin 1987
that could not be identified as having had a different prob-
able starting cause than the embolism itself.

A 23-year-old malesnorkeller dived downto 25 feet
to two friends who were scuba diving. He stayed there
several minutes, borrowing air with his friends. Upon
leaving thefriends on the bottom and coming to the surface,
he popped right up out of the water. He threw off hismask
and snorkel and went limp. He had embolised, a result of
breathing compressed air then surfacing without exhaling,
appropriate only if hisinitial breath of air had been at the
surface.

Alcoholic intoxication was cited as the probable
starting causein at least four casesin thetwo yearsof study.

A 34-year-old man died in a marinain San Diego
Bay when he intended to work on hisboat. He stepped off
the swim step with his fins in his hands and mask on his
forehead. Hewasreported to have been wearing 16 pounds
of weight and did not havetheregulator in hismouth. Inless
than ten minutes, the body wasrecoveredin 26 feet of water
directly beneath the boat. The autopsy found that the
deceased’ s blood alcohol level was 0.23.

Cocaine contributed to at least three cases over the
two-year period. Two deaths were attributable to nitrogen
narcosis; inone of these cocaine was a contributing factor.

In separate cases, the boat, left empty but anchored,
drifted away from the divers. One diver died in each
incident.

Onedeathin Hawaii occurred when adiver suffered
severe lacerations and fractures of the head and torso from
the propeller of a passing boat.

The NUADC found several casesin each of thetwo
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years in which the victim was overweighted, though this
may not be considered the starting cause of the accident.

Equipment failure is seldom the cause of a diving
fatality. The glaring exception is the improper or poor
maintenance of adiver’sregulator.

Experience and training

Early entrantsintothesport accounted for 23% of the
casualties during the two years. Y et, the great majority of
fatalitiesduring these yearswereindividua swhose experi-
ence range from “some” to “substantial”.

In 1987, there were seven deaths of students in
beginning or advanced training andin 1988 therewereeight
deaths. Some of the cases from which we might learn
lessons include:

A 64-year-old male who had been diving for 18
monthsand had compl eted abasic and intermediatetraining
course was undergoing an advanced diver course. He and
his buddy had been operating at 110 feet when the victim
suddenly rushed for the surface. Upon surfacing, he ap-
peared to be aright until he reached the boat, when he went
into unconsciousness. CPR was attempted but it was
impossible to revive him. The death was due to an air
embolism.

Off the coast of Monterey, California, a55-year-old
male was in an advanced diving class. He had made an
uneventful dive to 80 feet for 20 minutes with a normal
ascent, but soon after surfacing he became unresponsive
then went unconscious. Extensive CPR was immediately
started, but was unsuccessful. The autopsy indicated as-
phyxiation due to drowning with no indication of any
embolism or coronary condition.

Diving partnersand their activities

For 1986 we recorded five incidents in which two
persons died and one case in which three persons lost their
lives. The 1987 statistics show two doublefatality casesand
one case of three deaths in the same incident. Most of the
multiple fatality cases over the years of this study have
involved diving in caves.

Thedoublefatality of apair of young men, 28 and 33
yearsof age, that occurred on abeach on Long Island Sound
apparently went unwitnessed. Neither of thetwo divershad
attempted to ditch hisweight belt and both died of drowning.

An engaged couple died off the coast of Cozumel.
The 23-year-old male, who had only limited experience in
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scubadiving, suffered an air embolism. Thebody of his23-
year-old fiancee has never been recovered.

In several fatal incidents, three or more people were
diving together. NUADC believes that a group of three or
moreinthewater for diving purposesimmediately destroys
the concept of the buddy system. It is often impossible to
determinewhoisacting asabuddy towhom, andintheevent
of an emergency, leads to utter confusion. We continue to
emphasize that a buddy system consists of a one-on-one
buddy pair, each capable of looking out for him or herself
and at the same time being close enough to be of assistance
to his buddy should the need arise.

Deathsduring instruction

Several training fatalities involved older persons.
These students require a more stringent physical examina-
tionto determinewhether they can withstand theextrastress
and effort of diving.

Anembolismwasthe causeof death of a27-year-old
female who had been conducting a free swimming ascent
with her instructor from adepth of 30feet of water inafresh
water facility in New Mexico.

A 40-year-old woman who had displayed classic
symptoms of apprehension during her pool training was
about totake her first open water diveinthe Gulf of Mexico.
Almost immediately after entering the water, she felt so
nervous and uneasy that she grabbed the anchor line of the
diveboat. A wave swept her against the boat, but not hard
enough to knock her unconscious. However, she suddenly
collapsed. Despiteall effortsat CPR, shedied inthewater.
Thedoctor who conducted the autopsy wasquoted assaying
that she probably developed a very rapid heartbeat when
experiencing extreme nervousness, then apparently went
into cardiac arrest.

An instructor must be constantly looking for the
signsof anxiety, nervousnessor fear onthe part of astudent.
Thisis especially true of the first open water experience.
Several of the cases cited were the result of such anxiety
with panic and air embolism resulting.

An Oregon boy who reached his 10th birthday in
March of 1987 died less than three monthslater on abeach
in Seattle while engaged in an open water scuba class in
which hisfather wasal soastudent. Theinstructor and seven
students, including the victim, had made a successful swim
underwater to abuoy approximately 100yardsoffshore. All
of thestudentswerereturning, withthevictimnexttolast on
theunderwater linewith hisfather followinghim. Visibility
waslessthan 18 inches. Theboy surfaced without hismask
on and hisregulator out of hismouth, yelling for help, then
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disappeared below the surface. The boy was not missed
until the father and other students arrived on shore. The
victim’s body was recovered after a two-hour search. Ap-
parently the boy was wearing a wet suit too large for him
withthe sleevesand cuffsrolled up; he wore approximately
25 pounds of weight.

Thedeath of a42-year-old maletook placeonaCape
Codbeachduringthevictim'’ sfirst openwater exercise. The
instructor entered the water with six students on aswim to
amarker buoy and dive flag about 100 yards off the beach.
The instructor proceeded to the bottom with four of his
studentswhileleavingthevictim'’ sbuddy at thebuoy towait
for thevictimto reachthebuoy. Windsof 20to 25 milesper
hour with 4- to 5-foot swellsmay haveaffected thesituation.
The victim waswearing about 36 pounds of |ead, consider-
ably more than necessary for his wet suit and other equip-
ment. The victim called for help once or twice and was
almostimmediately pulled ashore. However, hewasuncon-
sciousand did not respond to extensiveresuscitation efforts.

Nearly every year of this study we find early open
water fatalities resulting from the improper weighting of a
student. Special care should be taken by the instructor on
every first open water dive to determine proper buoyancy
for each and every student.

AtJamestown, Rhodelsland, adiveplanwaslaid out
by an instructor for a simulated decompression dive of 90
feet for 20 minutes. During this exercise, the 35-year-old
male victim indicated to his buddy after 17 minutes of
diving that he was out of air. The two apparently buddy
breathed up to 50 feet, where the buddy thought that he too
wasout of air. Hetied off thevictim at that depth and raced
for the surface and called for help. An immediate search
located the victim at a depth of about 50 feet, entangled in
line. Extensive CPR efforts were unsuccessful and the
autopsy revealed death from embolism.

A freshwater-filled quarry in Pennsylvania was the
site of the death of a 22-year-old female who was engaged
in her second checkout dive during instruction. Thisvictim
apparently drifted away from her buddy diver and was not
found until an hour later in 80 feet of water. The diagnosis
was embolism.

A state beach in Los Angeleswasthelocation of the
death of a 19-year-old male who was undergoing a fina
checkout dive for basic certification. He had been accom-
panied by another student and an assistant instructor. Upon
completion of an exercise, the victim was escorted to the
surface and told to wait there until the other students had
finished their exercise. Upon surfacing the victim was
missing. He was soon found 30 feet deep, on the bottom
with his regulator out of his mouth, mask off and one fin
missing. Despiteextensive CPR efforts, hewaspronounced
dead due to drowning.
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It seems imperative that students be under close
supervision at all timesduring openwater training. Leaving
an individual student with an equally inexperienced buddy
is an invitation, not only to a single disaster, but also to a
possible double fatality.

Cavediving

Cavediving accounted for 10 deathsin 1986 and an
additional 8 deaths in 1987, most of which occurred in
Florida caves. Between 1960 and 1987, 261 divers have
succumbed to the lure of Florida' s freshwater caves.

Nearly all of these caseshave been openwater divers
who have had little or not training in cave diving, who
entered a cavern situation without the proper diving gear,
violated the need for morethan onelight per diver, failed to
lay an exit linefor safety, and violated the rule of returning
fromapenetration after onethird of one’ sairisused. All but
one of the 1986-1987 deaths were classic examples of this.

A female diver had just been certified as an open
water diver earlier onthisfateful day. Her 37-year-old male
instructor, the student, and two others attempted a cavern
dive after dark without any proper cave diving equipment.
After ashort periodinthecavern, two of thediversindicated
they were low on air and surfaced. The instructor and the
student indicated that they would stay alittlelonger. It was
a dark night with no moon and the two victims were
apparently unabletofindtheexit fromthecavern. Recovery
diversfound both bodies at adepth of 80 feet, without their
lights on and only dim illumination from two cyalume
sticks. Thestudent died of severeembolism. Theinstructor,
too, did not make it out. He drowned.

Thereisno excusefor the tragic double deaths of an
instructor and student in a cave or cavern situation. All
instructorsshould beawareof thegreat danger to openwater
divers who are foolish enough to enter a cave or cavern
situation without extensive training and proper equipment.
Statisticsdonot lie. Divingincaveskillsopenwater divers.

Another senseless death in 1986 on Easter Saturday
at Peacock Springs. This accident was extremely well
documented by members of the National Speleological
Saociety-Cave Diving Section, who observed the start of the
tragic dive.

Thefatal group consisted of three men and awoman
from Augusta, Georgia, all well equipped for a pleasant
ocean dive with gloves, snorkels, single dive lights and no
guide lines. The veteran cave divers on site attempted to
explainthepotential dangersof thiscavesystemfor penetra-
tion by open water divers. The group apparently listened,
but paid little attention and proceeded with their dive. The
veterandivers' last wordsto thegroup were*“ stay in sight of
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the opening; we do not wish to make a body recovery so
early thisyear”.

About 30 minutes later, the woman diver surfaced
and, upon gquestioning by one of the veterans, wasunableto
give any information, but the worst was expected. Two
other members of the group then surfaced and confirmed
that a diver was missing in the caves. The veteran divers
attempted to rescue the missing diver, but after 20 minutes
of searching, it became evident that they were dealing with
abody recovery. One of the veteran divers reported:

“We located the body of the victim, a 31-year-old
male, at the end of agap line. He was pointing out of the
cave, hissinglelight wastill burning, hisregul ator was out
of hismouth, hewaslying on thefloor of the caveand there
was no air left in the single 80 cu.ft. diving cylinder. The
victim was less than 75 feet from an exit to the cavern and
approximately 150 feet into the cave system. Thebody was
located less than 45 minutes after the search began.”

“None of the four diversin the victim’s group was
trained in cavern or cave diving. None thought to utilise a
continuousguidelinetothe surfacenor to allow at |east two-
thirds of the starting air supply for their exit. Each member
of the team used only one dive light. The victim had been
certified as an open water diver in May of 1985. He had
recorded 37 open water dives.”

A doublefatality occurred in Morrison Springs near
PoncedeLeon, Florida. Two men, both aged 25, planned a
night diveinto the spring. Both were using singletanksand
were each equipped with a single rented underwater flash-
light. Both divers were open water certified but relatively
inexperienced. Neither had any cavern or cave dive train-
ing. Visibility inthespringwasvery limited. Noguidelines
were used, there was no evidence of use of the 1/3 rule for
air, there was no backup air or backup lighting. It was
alleged that some alcoholic beverage had been consumed
before the fatal dive. The lack of experience, lack of
training, and certainly the violation of virtually all cave
diving rules took the lives of these two men.

Inaparticularly tragic incident, three brothers from
the state of lowa, aged 23, 29 and 31, lost their livesin the
Devil’ s Eye cave system on the Santa Fe River in Gilchrist
County, Florida. They left behind two widows and six
young children.

A 28-year-old maledied at Bonnet Springsnear Live
Oak, Florida. Thevictimand hiswifehad entered thespring
andvery quickly stirredup silt. Thewifebecamefrightened
and left immediately. The victim, however, continued
further on into the cave. Recovery divers stated, “A com-
pletely typical textbook-type open water diver cave diving
with all the rules broken™.
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Thedeath of a17-year-old boy in acave near Weeki
Wachi Springs, Florida, created averitableflood of newspa-
per publicity. This victim had entered the spring despite
signs that were posted reading “No Diving”. He had 100
openwater divesand plannedtotakeacaverndiving course,
but could not wait before challenging cave diving. Appar-
ently realising that he was lost almost 60 feet down and
about 160 feet into the cave, this boy wrote alast message
onto his tank with his diving knife. The message read, “I
love you Mom, Dad and Christian”.

One headline following a double fatality in the
popular Peacock Springs arearead, “Pair who knew better
drown during cavedive’. Boththe 34-year-old female and
the 32-year-old male were experienced open water divers.
Thelatter, infact, wasto have been certified asan instructor
ontheday of hisdeath. Thetwo had apparently penetrated
the cave for adistance of 150 feet and to a depth of 70 feet
when they ran out of air.

For thefirst timein several years, the NUADC must
report thedeath of adiver inacavewho apparently did have
some training. This 25-year-old man had just recently
completed a cavern diver course. He was attempting a
penetration that even the most experienced cave divers
would not try. The victim dropped a concrete anchor 20 or
so feet down into a cave shaft against avery fierce upward
current and then attempted to pull himself further into this
penetration. He apparently lost hold of the rope and was
forced backward against anoverhead rock. Atthesametime
his mask was blown off and his regulator was ripped from
his mouth. Since this incident occurred at a depth of 120
feet, the recovery divers had to exert strong physical effort
and overcome the effects of nitrogen narcosis to cut the
equipment straps away from the victim’s body and extract
itfromthisdeephole. Theexpert cavediveinvestigator who
recovered the body said: “Thisvictim attempted to accom-
plish something that a reasonable and prudent diver would
never have considered”.

Though they certainly get much of the headlines, the
beautiful fresh water spring and cave system of Floridais
nottheonly areainwhichdivingin cavesresultsinfatalities.

During 1986, the NUADC recorded the death of a
23-year-old maninacavein the ocean off Cancun, Mexico.
A doublefatality occurredin an underwater cave system off
the coast of Belize, Central America. An American diver
reported to have dive master qualifications, together with a
Belizean who was reported to be one of their most experi-
enced scubadivers, both lost their lives when they became
lost in the cave system.

In July, 1987, an area called Shark Cove, north of
Honolulu on theisland of Oahu, wasthelocation of atriple
cavedivingfatality. Threeyoung USMarinesintheir early
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20s died while exploring the salt water caves that are the
result of lavaflows. After they entered the caves, astrong
tideand swirling water stirred up sand and destroyed visibil -
ity, making it difficult to find the way out of the caves. The
victims did not carry lights and did not have any kind of a
guideline back to the exit of the cave.

Wreck Diving

Five deaths each were recorded for 1986 and 1987
whilethe participantswereengaged in diving on submerged
wrecks.

On asubmerged wreck off Key West, Florida, a35-
year-old femal e had compl eted adive with her husband and
another partner to adepth of 90 feet for 14 minutes. Asshe
followed the anchor chain up to the surface, she suddenly
started sinking back toward theocean floor. Thevictimwas
quickly recovered and brought to the boat, where extensive
efforts at CPR were not successful. She died of an air
embolism.

All factors in this case point toward a too-rapid
ascent. Many sport diversfail to adhereto the standard rate
of ascent of 60 feet per minute or one foot per second (it is
often recommended that you rise no faster than your small-
est air bubbles).

A 25-year-oldmanlost hislifewhileexecutingasix-
minute decompression dive to 190 feet, beyond the limits
recommended for sport diving. Upon the return trip to the
surface, the victim stopped at 160 feet and indicated that he
wanted to work on a porthole. His buddy proceeded
upwardsto continue his proper decompression stops. After
40 minutesunder thewater, thebuddy surfaced and reported
the victim missing. The recovery of the victim was ham-
pered by several events. The second recovery team down
sent the victim’ s body to the surface with alift bag, only to
haveit drop back to the bottom. The ship’sanchor beganto
drag and had to bereset. Thevictimwasnot recovered until
the next day. In the meantime, fleshy portions of exposed
skinhad been eaten by marineanimals. Deathwasduetoair
embolism with the use of cocaine possibly a contributing
factor.

Two Americans, amother aged 46 and her son aged
17, died while diving on the wreck of the “Arabid’ at the
Fathom FiveProvincial Park, Tobermory, Canada. Thetwo
victimswerediving asagroup of threewiththeboy’ sfather.
Toward the end of the dive, the mother’ stank had come out
of the backpack harness and she and her son tried to hold it
inplacewhilerising to thesurface, only tofind that they had
sunk back to the bottom. Thetwo victimswerelater found
by policediversand an autopsy cause of deathin both cases
was listed as massive air embolism.
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Off the coast of New Jersey, a34-year-old man died
after becoming separated from hispartner and snagged amid
wreckage of a ship on the bottom of the sea. Autopsy
conclusions indicated that this diver expired due to an air
embolism.

An air embolism was also diagnosed as the cause of
desath of a46-year-old malediver who waswreck diving 25
miles south of Beaufort, North Carolina. This death oc-
curred after thevictim had attempted to buddy breathetothe
surface. Heappeared to bealright until just beforereaching
the boat, when he stopped breathing and became uncon-
scious. Extensiveresuscitation effortswereundertaken, but
thevictim was pronounced dead on arrival after ahelicopter
flight to the hospital.

A 39-year-oldmanbecameentangledin cableswhile
diving at awreck in 120 feet of water 30 miles off Ocean
City, Maryland. He and the buddy diver were rushed by
helicopter to the University of Maryland Medical Center
decompression facility, where the victim was pronounced
dead. Thebuddy diver survived after recompression treat-
ment.

A 120-foot diveto awreck of asunken steamboat in
the St. Lawrence River took the life of a 33-year-old man.
The victim apparently became disoriented, wrestled with
his partner and then proceeded to dive deeper into the ship.
The victim had been at a depth of 110 feet for about 20
minutes when this incident occurred. His body was not
recovered until the following afternoon and the cause of
death was listed as asphyxia due to drowning.

Ice Diving

On the Ipswich River in Essex, Massachusetts, a
volunteer recovery diver drownedwhileconductingasearch
for achildwho hadfallenthroughtheice. Apparently,inthe
confusion of the scene, the diver was not known as missing
until the following day. He was found under the ice on the
oppositesideof theriver from thedrowning siteof thechild.
Thereisno apparent explanation for how such adiver could
belost except that hewasaprivatevolunteer of whomno one
kept track.

In January of 1987 the owner of a dive shop in
Montana was attempting to salvage a truck from 40 feet of
water in alocal lake. While attaching a tow cable to the
truck, the diver apparently let loose of his safety lineto the
surface. A tender nearby noticed bubbles coming up under
the ice and saw the victim had expired beneath the ice.

Medical aspects of fatalities

During 1986, the NUADC received autopsy reports
on 125 cases. Inmany instancesthebody of thevictimisnot
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recovered and some political jurisdictions have strict laws
against the release of autopsy material, even for scientific
purposes.

“Asphyxiation due to drowning” was the recorded
cause of death in 41 of the 1986 sport diver fatalitiesand in
39 of the1987 cases. Certain prosecutorsare unawareof the
problems of hypobaric (sic) that enter into adiving fatality
case, and perhaps as many as one-quarter of those deaths
that are listed as drowning may in fact be the result of
barotrauma and embolism.

Twenty-nine were diagnosed as embolism. Some
fatalities seem to start when the relatively inexperienced
diver is confronted by a disturbing problem that leads to
panic and arapid escapeto the surface. Several caseseach
year occur during the training for free swimming ascent.
And there is a tendency of sport divers to exceed the
mandatory rate of ascent of one foot per second.

Cardiovascular problemswerediagnosed at autopsy
in six of the 1986 cases and eight of the 1987 fatalities.

A 36-year-old mother was diving with her husband
and their 11-year-old daughter in 15 feet of water off the
coast of Washington state when she surfaced to complain
that she thought she was having a heart attack. She had
difficulty breathing, lapsed into unconsciousness and was
pronounced dead at the hospital despite heroic resuscitation
efforts. Theautopsy findingwas" probably cardiac arrhyth-
mia due to over-exertion while scuba diving”. (Thisisa
cases believed by the NUADC to have been a possible
arterial gas embolism and may have been discovered if the
proper autopsy protocol had been followed.)

In approximately the same location as the previous
case and two weeks later, a 48-year-old male succumbed
and was diagnosed as having had coronary artery athero-
sclerosisand myocardial hypertrophy. Thisvictimwasalso
said to have had a therapeutic level of ephedrine (a bron-
chodilator, availablein both prescription and non-prescrip-
tion drugs) detected in the blood, which may have been a
contributory factor to susceptibility of cardiac arrhythmia.

A 53-year-old male diver was found floating face-
down off a beach in Hawaii. This man had a history of
circulatory problems and was diagnosed as having died as
the result of myocardial necrosis. He was diving alone.

A history of hypertensive cardiovascular disease
preceded death of a 55-year-old man who had been diving
withanexcursiongroupintheVirginlslands. Themanwas
apparently an experienced diver who suffered from dlight
obesity and an autopsy determined that generalised arteria
sclerosis was present.

Following a dive on the day previous to the fatal
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event, the 65-year-old malediver complained of atightness
in the chest. On the day of hisdeath, he made two dives of
30 feet for 30 minutes and complained of being extremely
fatigued. He collapsed in the water and was found floating
face-down. The autopsy result indicated cardiac arrest
complicated by occluded coronary atherosclerosis. The
victim was six feet tall and weighed 235 pounds (107 kg or
16 stone 11 |b).

A 47-year-old male exhibited extreme panic and
apprehension while diving in the Florida Keys. Upon re-
entering the boat, he collapsed and was later diagnosed to
have died of myocardial infarction.

Physical exertion while assisting in an advanced
diver course was said to have contributed to the death of a
39-year-old male in Long Island Sound. Death in this
instance was attributed to a heart attack.

The Atlantic Ocean off the east coast of Floridawas
the site of a fatal dive by a 39-year-old male who was
reported to have been in good health and extremely active
physically. He was found in 75 feet of water. Autopsy
resultsindicated he died of over-exertion leading to a heart
attack.

L essthan one-half of onepercent of al victimsunder
the age of 35 show the cause of death as being cardiac-
related; however, in those victims over the age of 35, 22
percent have been cardiac-related deaths. The NUADC is
also noticing alarger percentage of fatalitiesamongst those
intheolder agegroups. Most of these observationsindicate
aneed for more careful screening and perhaps more inten-
sive physical examinationsfor those in the older age group
who are entering scuba diving.

Thehealth and safety of incoming participantstothe
sport of scubadiving must be held uppermost in the minds
of instructors and their parent training agencies.

Conclusion

The more we understand the tragic errors of our
fellow divers, the safer we can make our own diving. A vast
majority of the deaths we reported were unnecessary: the
diver made afatal error. Reporting these errors, we trust,
will help you not repeat them.

Reprinted, with minor editing, by kind permission of
theEditor, fromUNDERCURRENT, 1989; 14 (7):10-12, 14
(8): 10-11, 14 (10): 9-11, 14(11& 12): 11-12, 1990; 15 (1):
10-11 and 15 (2): 10-12.

Theaddressof UNDERCURRENT isP.O. Box 1658,
Sausalito, California 94965, USA.
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DIVING INCIDENT REPORT FORM
Dr Chris Acott has provided a copy of the current diving incident report used by the Diving Incident Monitoring

Survey (DIMS), run by the Royal Adelaide Hospital Hyperbaric Medicine Unit, for publication in the Journal.
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We reproduce the form on these facing pages. Should areader have adiving incident, and incidents do not have to
causedamageor danger toadiver, heor sheis requested to photocopy these pagesand send the compl eted formto Divesdafe

at GPO Box 400, Adelaide, South Australia5000. Every incident recorded helps build the data base.
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GLEANINGSFROM MEDICAL JOURNALS

Thefollowing articles have come to the notice of the editorial staff and these notes are printed to bring them to the
attention of members of SPUMS. They are listed, with their abstaracts, under various headings of interest to divers. Any
reader who comesacrossaninteresting articleisrequestedtoforward thereferencetothe Journal for inclusioninthiscolumn.

DIVING DROPOUTS

Diving dropouts: The Australian experience.
Wilks J. Aust J Sci and Med in Sport 1990; 23(1): 17-20

For aservice-oriented industry like scubadiving the
“dropout” problem represents considerable lost income.
More importantly, it raises concerns about the adequacy of
training and other factors which may contribute to people
leaving thesport. Inthisstudy, 95 certified divers, who had
not dived since completing their open water course, were
questioned about their training, their reasons for dropping
out, any frightening or unpleasant experiences, and their
willingness to start diving again. Time constraints and
economic factorswere cited as the main barriersto partici-
pation. Training courseswere rated favourably, and while
there were some unpleasant experiencesreported, 94 of the
95 respondents were interested to resume diving. Market-
ing strategiesfor encouraging greater participationindiving
are discussed.

From
Key Centre in Strategic Management, Queensland
University of Technology, Brishane, Australia.

JELLYFISH STINGS

Granuloma annulare following bluebottle jellyfish
(Physalia utriculus) sting.
MandojanaRM. JWilderness Med 1990; 1: 220-224

Thisreport describes the case of ateenager stung by
a Pacific Portuguese Man-of-war, or bluebottle, jellyfish
(Physalia utriculus) in Hawaii, who subsequently devel-
oped classical lesions of granuloma annulare. It is specu-
lated that various toxic substances found in the complex
venom of thisparticular coelenterate may beresponsiblefor
initiating the pathophysiologic mechanism.

K ey wor ds: Granulomaannulare, bluebottle, jellyfish sting.

From

Dermatology Associates of Knoxville, P.C, 930
Emerald Avneue, Suite 816, Knoxville, Tennessee 37917,
U.SA.

INTERATRIAL SHUNTSAND
DECOMPRESSION SICKNESS IN DIVERS

Interatrial shuntsand decompression sicknessin divers
Smith DJ, Francis TJR, Hodgson M, Murrison AW and
Sykes JJW. Lancet, 1990; 335: 1593

Letter

Stating that rapid onset spinal DCSismorelikely to
be due to authocthonous bubblesthan to arterial gasemboli,
but that in late onset spinal DCS and cerebral DCS arterial
gas emboli are the more likely explanation.

From

Institute of Naval Medicine, Undersea Medicine
Department, Alverstoke, Gosport, Hampshire PO12 2DL,
UK.

Safety of contrast echocar diogr aphy in screening divers
James PB. Lancet 1990; 336:1389-90
Letter.

Suggests that the technique, which generates
microbubbles, may not be valid or safe, because of false
negatives and therisk of side effects.

From

Department of Community Medicine, Wolfson Insti-
tuteof Occupational Health, University of Dundee, Medical
School, Ninewells, Dundee, UK.

Safety of contrast echocar diogr aphy in screening divers
Cross SJ, Thomson LF, Lee HS, Shields TG and Jennings
KP. Lancet 1990; 336: 1595-96

Letter (reply).

Risks of the procedure are low. Only using it on
treated divers, (tissues are no longer nitrogen loaded) so
embolised bubbles not expected to grow.

From

Department of Cardiology, Aberdeen Roya Infir-
mary, Fosterhill, Aberdeen AB9 27D, UK, and Hyperbaric
Medicine Unit, Aberdeen Royal Infirmary.
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SELECTED ABSTRACTS
Reprinted from the Program and Abstracts
of the
UNDERSEA AND HYPERBARIC MEDICAL SOCI-
ETY ANNUAL SCIENTIFIC MEETING
6-11 June 1989

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

DIVING DEATHS

A review of 25diving fatalitiesin British Columbia 1983
- 1988.
Buckingham |. Undersea Biomed Res 1989; 16 (Supp): 33

As alocal coroner, the author has investigated 25
divingfatalitiesover six years, 1983-1988inclusive. Twenty
one cases were autopsied and death was 57% due to as-
phyxial drowning. Forty-three per cent were dueto arteria
gasembolismfollowing pulmonary inflation. Theactivities
pursued while diving revealed 56% due to recreation, 36%
commercia and 8% military. A review of the deaths points
out that many mi stakesweremadeby thediverswhoignored
themost basicdivingrules. Thirty-six per cent of thevictims
were diving aone so that no immediate assistance was
rendered. Eighty per cent of the victims died using scuba
equipment, 12% hookah and 8% closed circuit devices.
Thoseusing hookahwereprincipally ontheir first diveswith
the equipment, untutored and aone in their death. The
closed circuit deaths involved dilutional hypoxia and oxy-
gentoxicity. Severa diverswereoverweighted whichledto
rapid fatigue and further difficulty. Examination of the
buoyancy compensators showed a surprising humber of
problems. Several compensators had their inflation car-
tridges removed and those who had cartridges frequently
had them incorrectly fitted. Findings from these accidents
have been contributory to changing the laws of the Workers
Compensation Board in the Province. Sportstrained divers
are no longer alowed to directly enter the commercial
diving field without some prior training.

2580 Lansdowne Road, Victoria, B.C. V8R 3P3,
Canada.

REPETITIVE DIVING

Doppler ultrasound monitoring of gas phase for mation
and resolution in repetitive diving.

Powell MR and Rogers RE. Under sea Biomed Res 1989; 16
(Supp): 69

In an experiemental series of multi-day (6/day),
repetitive dives (4/day), it was found that multi-level dives
produced the smallest Doppler-detectable gas phases as
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compared with square-wave dives. Thisishypothesized to
be related to minimal gas phase formation during the de-
compression phases. There was an indication that the
interval between dives was important (aside from obvious
gas elimination), and this is postulated to be related to the
time necessary to resolve the formed tissue gas phase.!
When the surfaceinterval becomes short, total gaselimina-
tion in micro regions can be less than expected from the
basic Haldane algorithm. This has been treated in decom-
pression tables by the addition of long half-time compart-
ments to handle either areal or avirtual condition.

1 Griffiths, H.B. et al. Proc Roy Soc B 1971, 178: 389

Instituteof Applied Physiology andMedicine, Sesttle,
WA 98122, U.SA. and Pensacola, FL, U.SA.

Comparison of proposed new sport diving tables with
Navy standard air decompression tablesusing tissue M
values.

Bookspan Jand Bove AA. Undersea Biomed Res 1989; 16
(Supp): 66

Recently published diving tables (PADI) for sport
diversallowlonger bottomtimesinrepetitiveand multilevel
diving. Validation studies of these tables did not compare
them to established tables, making results difficult to inter-
pret. New tables shorten surface interval (Sl), lengthen
repetitive dive (RD) time and shortenfirst dives. Based on
60 minute rather than 120 minute controlling tissue. The
increased bottom time and decreased surfaceinterval differ
from accepted US Navy tables. To evauate the affect of
thesechanges, wecompared tissuenitrogen pressure(cal cu-
lated courtesy Inst. for Env. Med., University of PA) in 12
halftimetissues(as% of M value) after four comparable RD
profiles: two two-dive USN and PADI profiles, and two
four-dive USN and PADI profiles. All profiles were to
prescribed limits. Results indicate:

1 Lower nitrogen uptakefollowingthefirst PADI dive
was dueto the shortened bottom time (dive 1 %M of
40mintissue- PADI: 89+0.6, USN: 96+0.8,P<0.2).

2. For dives2-4,the USN RD profilesresultedinlower
nitrogen tensions than PADI RD profilesin tissues
with halftimes greater than ten minutes (dives 2-4
%M of 40 mintissue PADI: 96+0.8, USN: 90+2.0,
P<0.001).

3. Highest tissueloading occurred in the 40 minute and
not the 60 minute tissue. Loading of the 40 minute
tissue may indicate that longer bottom times and
shorter Sl are not recommended in RD. If relative
safety of diving tablesis predicated on lower tissue
nitrogen pressure, USN tablesarelikely to be asafer
choice in repetitive profiles.

TempleUniversity Hospital, Philadel phia, PA 19140,
U.SA.
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DECOMPRESSION SICKNESS

Somotosensory evoked potentials measured in divers
with a history of spinal cord decompression sickness.
Overlock R, DutkaA, Farm FJnr, Okamoto G and Suzuki D.
Undersea Biomed Res 1989; 16 (Supp): 89

For several yearsthe Naval Medical Research Insti-
tute (NMRI) has conducted animal studies of decompres-
sion sickness using animal models and measuring somato-
sensory evoked potentials (SEP). This study was under-
taken to compare the sensitivity of SEP measurementswith
that of a careful neurological evaluation in human subjects
withvarying degreesof residual deficit fromdecompression
sickness of the spinal cord. Twenty-three divers were
grouped by degree of disability. Four were wheelchair
bound since their accident and had Kurtzke's Disability
Status Scale (DSS) scoresof 7; nine had obvious neurol ogi-
cal deficitswith DSS scores of 2to 5; six had only subtle or
no neurological findings with DSS scores of 0 to 1; four
normalswere included for comparison of SEP results. Re-
sults of neurological examination were very consistent with
definite spinal levels as expected with spinal injury. SEP
latency measurements were not consistently recorded at
spinal levelsL5, T10, and C6, but wererepeatableat cortical
levels. Tibial to Cortical latencieswere considered the most
reliable SEP measures and showed significant differencein
only thewheel chair (DSS=7) group wherethey were absent.
All other groupshad mean Tibial-Cortical |atenciesbetween
37.3 and 42.4 milliseconds. We conclude that SEP studies
may be helpful only in very severe residual decompression
sicknessand that careful neurological examinationisamore
sensitive measure of residuals.

Hyperbaric Treatment Centre, Honolulu, Hawaii,
U.S.A.; Naval Medical Research Institute, Bethesda, Mary-
land 20814, U.S.A.; Rehabilitation Hospital of the Pecific,
Honolulu, Hawaii, U.S.A.

GASPHYSIOLOGY

Dyspnea and endtidal PCO, as criterial of acceptable
breathing resistancein diving gear.

Warkander DE, Nagasawa GK, Norfleet WT and Lundgren
CEG. Undersea Biomed Res 1989; 16 (Supp): 95

This project is seeking physiological design criteria
for divers breathing gear. Six prone subjectswere, inawet
pot, exposed to standardized leg exercise for 25 minutes at
60% of their maximum O, uptakeat 1.45 ATA (15fsw) and
6.8 ATA (190 fsw). The subjects wore a full face mask
whichwasconnected to abag-in-box system. Thebreathing
gaswas air. Annular resistance discs were inserted in the
breathing circuit inducing breathing resistance at three
levels (high, moderate, low) causing peak inspiratory to
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peak expiratory pressure excursions of 40-45, 30-35, 15-20
cmH,O, respectively. Control experimentswereat 5-10cm
H,O. The subjects reported dyspnea according to a three
tiered scale (non-moderate, severe). Endtidal gascomposi-
tionand mask pressure excursionswererecorded. Dyspnea
scores tended to increase with respiratory pressure excur-
sionsand no dyspneawasreported at excursionslessthan 15
cmH, O at 1.45 ATA and 10 cm H,O at 6.8 ATA. Entidal
CO, concentrations showed small increases with increased
resistance but were considerably moreinfluenced by depth,
being higher at 6.8 ATA. Importantly, in some subjects
hypercapnia was combined with lack of dyspnoeic sensa-
tions despite high breathing resistance. It follows that
neither dyspneanor endtidal CO, levels can be used as sole
indicators of acceptable breathing resistancein diving gear.

Center for Research in Special Environments, De-
partment of Physiology, School of Medicine, SUNY, Buf-
falo, NY 14214, U.SA.

Gasdensity limitationsto inspiratory flow.
Miller IN. Undersea Biomed Res 1989; 16 (Supp): 94

Inspiratory flow, unlike expiratory flow, is ordinar-
ily limited by inspiratory effort. An imposed externa
resistancemay limitinspiratory flow, beitapoorly designed
breathing apparatus or laryngospasm caused by the inad-
vertent inhalation of foreign material. Persistent effortsto
inhale against asignificant external resistance can result in
acute pulmonary edema. Inspiratory and expiratory iso-
volume pressure curves were constructed from inspired
volume, transpulmonary pressure and inspiratory flow data
recorded from multipleinspiratory manoeuvresin two sub-
jectsat avariety of different gasdensities (1.29, 2.30, 5.13,
7.70and 10.01 G.L %, equivalenttoone, two, four, sixand 7.8
ATA compressed air) in ahigh pressure chamber. Maximal
ranges remained effort-dependent at all gasdensities, while
inspiratory flow transitioned from effort-dependent to ef-
fort-independent at low lung volumesat gasdensitiesabove
7.70G.L* (6 ATA breathingair). Thelungvolumeat which
this transition occurred increased at higher gas densities
forcing effort-dependent inspiratory flow into the upper
lung volumerange, requiring further effort to overcomethe
reduction in lung and chest wall compliance found in the
upper 50% of vital capacity. Sustained inspiratory effort
appeared to peak at respiratory transpulmonary pressuresin
the range of -20 cmH.0, effectively limiting inspiratory
work of breathing. This combination of breathing at high
lung volumes against decreased pulmonary and chest wall
compliance and physiological limitations to inspiratory
work, canbeexpected to befurther limited by theimposition
of breathing equipment of high inspiratory resistance.

Department of Anesthesiology, University of South
Alabama, 2451 Fillingim Street, Mobile, AL 36617, U.S.A.
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HYPERBARIC OXY GEN

M echanism of decreased coronary and systemic blood
flow during hyperbaric oxygenation.

Savitt MJ, Elbeery JR, Owen CH, Rankin JSand Camporesi
EM. Undersea Biomed Res 1989; 16 (Supp): 50

Itiswell known that hyperbaric oxygenation (HBO)
decreases coronary blood flow (CBF) and cardiac output
(CO), but the mechanism has not been defined. In order to
determine whether this is a primary myocardial phenom-
enon, ten chronically instrumented conscious dogs were
studied during pharmacologic autonomic blockade. Data
wererecorded during control conditionsand during multiple
partial venacaval occlusions, at 1 ATA breathingair, and at
3 ATA on 100% O,. Oxygen was administered at pressure
with a head-tent assembly. At3 ATA PaO, increased from
865 to 1374+201 mmHG (meanstSD), while PaCO, and
pH values were not statistically different. At 3 ATA,
arterial O, content increased from 13+4 vol%to 17+1 vol %,
CS O, content increased from 4+0 vol% to 10+1 vol%, CO
decreased by 21+14%, CBFfell by 17+10%, and myocardial
O, consumption (MVO,) decreased by 11+6% (all p,0.05);
[A-CS]DO, was unchanged (p=0.10). In these autonomi-
cally blocked animals, HR did not decrease significantly at
3ATA (from 112+19t0 106+22 bpm). Intrinsic myocardial
function, as measured by the stroke work-end diastolic
volume relationship, and myocardial energetics, as deter-
mined by the linear relationship between total myocardial
oxygen consumption and total mechanical energy expendi-
ture(LV strokework + LV pressure - volume product) were
both unchanged from 1 ATA to 3ATA O, (p>0.20). Thus,
the diminished CBF and CO with HBO do not appear to be
associated with primary alterationsin myocardial energetic
function.

Deptsof Surgery, Anesthesiology, Cell Biology and
the Hyperbaric Center, Duke University, Box 3823, Dur-
ham, N.C. 27710, U.SA.

Hydrogen sulphide poisoning and the use of hyperbaric
OXygen; areport on six cases.

Sheeran S, Pearson K and Kerr D. Undersea Biomed Res
1989; 16 (Supp): 21

Hydrogen sul phide poi soning and cyanide poisoning
may have similar mechanisms of toxicity. Research has
indicated that thereisarolefor the use of hyperbaric oxygen
(HBO) inthetreatment of cyanide poisoning. Itisbelieved
that thereisanindication for the use of HBO inthe manage-
ment of hydrogen sulphide poisoning victims. This report
describes the aetiology of exposure, physiological effects,
initial management at the site of the accident, and the
resulting management inthemulti place hyperbaric chamber
at the Prince Henry Hospital. 1t should be emphasized that
the time elapsed between the toxic exposure and treatment
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withHBO iscritical. Four of thesix casesweretransported
from Darwin in the Northern Territory which is approxi-
mately 3200 kilometres (1987 miles) from Sydney, with a
timedelay of 36 hours. Two of thesevictimsdied asaresult
of injuries sustained during the accident. The other two
caseswereretrieved from alocal tannery and treated within
45 minutes. Their recovery wasrelatively uneventful. The
clinical courseof thesesix casesprovidesgood evidencethat
HBO is useful in the management of hydrogen sulphide
poisoning.

Department of Diving and Hyperbaric Medicine,
The Prince Henry Hospital, Anzac Parade, Sydney NSW
2036, Australia

Hyperbaric treatment of iatrogenic air embolism.
Massey EW, Shelton DL, Moon RE and Camporesi EM.
Undersea Biomed Res 1989; 16 (Supp): 25

Air embolism (AE) may occur asararecomplication
of surgical procedures. We report 14 patients (7 female)
with iatrogenic AE. Age ranged from 5 to 84 years (mean
46.9 years). Seven patients had onset of deficit in the
immediate perioperative period: 5 had cardiac surgery, 2
had neurosurgical procedures; 4 had invasive radiologic
procedures; 1 was on dialysis and 2 cases were associated
with jugular vein catheterization. All iatrogenic air embo-
lism patientsreceiving hyperbaric oxygen therapy (HBO) at
DukeUniversity duringthelast 9yearswereenteredintothis
retrospective study. Clinical presentation included coma,
diplopia, hemiparesis, seizures: most commonly a sudden
focal neurologic deficit indistinguishable from other cer-
ebral stroke syndromes. Distribution involved the middle
cerebral artery in 8 patients and multiple vessels in 6 pa-
tients. Inonecaseneurological examhad returnedto normal
by thetime of presentation at the hyperbaric chamber. Most
patientsweretreated with Table 6 or 6A, with extensions as
required. Neurol ogical examinationwasdone pre- and post-
therapy. Delay between AE and treatment ranged from 1.2
to 42 hours (mean 17.5 hours). Outcomeincluded 3 deaths;
2 unchanged (= total of 5 patients not improved; mean
treatment delay 19.9 + 14 hour [SD]); 6 had major improve-
ment by neurologic examination and in symptoms; 2 had
minor improvement and 1 had complete resolution (= total
of 9 patients improved: mean treatment delay 16.1 + 13.3
hr). The difference in delay times between the two groups
was not statistically significant. Delay in treatment of 5
patientswas >24 hours. Two of the patients who had major
improvement withHBOweretreated at 31 and 42 hoursafter
AE. We recommend that delay in referral should not
discourage hyperbaric treatment.

Departments of Medicine, Anesthesiology and Cell
Biology, and Hyperbaric Center, Box 3823, Duke Univer-
sity, Durham, N.C. 27710, U.SA.



126

Hyperbaric oxygen therapy reduces mortality and
debridementsfor necrotizing fasciitis.

Riseman JA, Zamboni WA, CurtisA, Konrad HR and Ross
DS. Undersea Biomed Res 1989; 16 (Supp): 81

Twenty six patients with necrotizing fasciitis were
treated from 1983 to 1988. Two groups of patients were
established inthisreview: Group 1 (n=9) received surgical
debridement and antibioticsonly; Group 2 (n=17) received
HBO (90 minutes at 2.5 atmospheres, average 7.4 treat-
ments) in addition to surgery and antiobiatics. Both groups
were similar in age, race, sex, wound bacteriology and
antiobiotic regimen. Body surface areas affected was simi-
lar; however, perineal involvement was more common in
Group 2 (53%) vs. Group 1 (12%). Although Group 2
patients receiving HBO were more critical on admission,
mortality wassignificantly lower (22%) compared to Group
1 (66%) (p<0.05). In addition, only 1.2 debridements per
Group 2 patient were required to achieve wound control
versus 4.0 debridements per Group 1 patient. The addition
of GBO therapy to the surgical and antiobiotic treatment of
necrotizing fasciitis significantly reduced mortality and
wound morbidity (number of debridements) in this study.
These results strongly support the routine use of HBO in
treating this condition.

SouthernlllinoisUni. School of Medicine, 800 North
Rutledge, Springfield, IL 62781, U.S.A.

Gasgangrene: atenyear experienceat TorontoGeneral
Hospital.

Ellis BJ and Koch GH. Undersea Biomed Res 1989; 16
(Supp): 79

The Hyperbaric Department at Toronto General
Hospital is a hospital-based facility with areferral popula
tion of about seven million people. During the ten year
period January 1, 1979 to December 31, 1988, fifty cases of
suspected gas gangrene were treated. Forty-eight of these
cases were reviewed. All (34 males and 14 females) were
treated with acombination of antibiotics, surgery and hyper-
baric oxygen, which remains the treatment of choice. The
order of surgery first versus HBO first has not yet been
established, though anecdotes suggest HBO first leads to
lesstissueloss(i.e. amputation). A prospective study needs
to be doneto clarify this. The overall mortality was 22.9%
with a 33.3% amputation rate. Nineteen of the cases
(39.5%) were secondary to traumawhile 17 (35.4%) were
post-operative and 14 (29.1%) fit neither category. The
mortality rate in the groups varied widely. The trauma
group had only one death (5.3%), the post-operative group
three deaths (17.6%), while the mortality rate for the group
of other cases was 50%. Factors contributing to increased
mortality included pre-existing diabetes, advanced age and
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the location of theinfection. At the same facility between
1960 and 1970 there were al so fifty cases of suspected gas
gangrene of which 18 (36%) were secondary to trauma,
indicating no changein statistics over atwenty year period.

Hyperbaric Department, Toronto General Hospital,
200 Elizabeth Street, Toronto, Ontario, Canada.

Prognostic value of brain CT after HBO in severe CO
poisoning.

Fife CE, Sallee DS, Gray L and Piantadosi CA. Undersea
Biomed Res 1989; 16 (Supp): 19

Hyperbaric oxygen is the treatment of choice in
severe carbon monoxide (CO) poisoning. Characteristic
brain lesions after CO poisoning particularly involving the
basal ganglia, have been described by CT but the prognostic
value of such studies has not been determined in patients
treated with hyperbaric oxygen (HBO). Fifteen patients
with serious carbon monoxide poisoning, presenting with
coma, semi-coma or severe mental status changes who
received HBO therapy were evaluated with CT brain scans.
Clinical outcome was analyzed retrospectively and corre-
lated with CT findings described by a neuroradiologist
blinded as to outcome. Patients ranged in age between 19
and 73 years. Sources of CO included: motor vehicle
exhaust (9) including four suicide attempts, house fires (3),
and home heaters (2). CO levelsranged from 0.4% to 58%
at presentation oneto 24 hourspost exposure; al treated with
HBO at pressures of 46.2 fsw for 90 minutes or in one case
68fsw for 2 hours. If necessary, subsequent treatmentsat 33
fsw for 2 hourswereadministered until patientsrecovered or
until no further neurological improvements were observed.
Total number of treatments ranged from one to ten with a
mean of threetreatments per patient. Of the 15 patients, six
had abnormal CT scans (40%) and one scan was equivocal .
All positive scans were in patients with a history of coma.
CT abnormalities consisted of either basal gangliainfarcts
(5) or diffuse cerebral edema(1). All patientswith positive
CT scans had poor outcomes including: death (2), Parkin-
sonism and dementia (1), impaired language function and
hearing loss (1), severe personality changes (1) and partial
blindness(1). Of the9 patientswith normal or equivocal CT
scans, 7 of whomhad ahistory of coma, nonehad permanent
neurological sequelae after treatment with HBO. Thus,
patientswith CO poisoning who had positive CT scansafter
HBO had uniformly poor outcomesdespiteaggressiveHBO.
However, severely poisoned CO patients with negative CT
scanshad uniformly good outcomeswhen treated withHBO
despite a history of coma.

F.G. Hall Hypo-Hyperbaric Center, DukeUniversity
Medical Centre, Durham, N.C. 27710, U.S.A.
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COURSES

DIVING MEDICAL CENTRE
SCUBA DIVING MEDICAL EXAMINATIONS

A coursewill be conducted to instruct medical prac-
titioners in diving Medicine, sufficient to meet the new
Queensland Government requirements for Recreational
Scuba Diver assessments, at

Melbourne, Victoria
2nd to 4th November 1991

For further details contact
DIVING MEDICAL CENTRE,
132 Yalambee Road,
Jindalee, Queendand 4047
Phone (07) 376 1414

ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT COURSESIN
DIVING AND HYPERBARIC MEDICINE

November 1991
Basic Coursein Diving Medicine
Content

Concentrates on the assessment of fitness of candi-
dates for diving. HSE-approved course

Venue Royal Adelaide Hospital
Date 11th to 15th November 1991
Cost $A 500.00

Advanced Coursein Diving and Hyperbaric Medicine

Content
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.

Venue Royal Adelaide Hospital
Date 18th to 22nd November 1991
Cost $A 500.00

$A 800.00 for both courses
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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Dive all year
round with

Australia’s
prestige
scuba diving
magazine.

SUBSCRIBE NOW!

I:I 3 full years (18 issues) of
Sportdiving and a free bonus back
Sa“e issue for only $87.95 (save 15%)

m D 2 full years (12 issues) of
““ Sportdiving and a free bonus back
°/ issue for only $62.10 (save 10%)
15 0 D 1 full year (6 issues) of
Spartdiving and a free bonus back

issue. $34.50
$AUST67.00 OVERSEAS SURFACE MAIL
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Charge my card number:

i Cardholger's pame; Card expiry date;

i Signature:

I
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| Address:

| . Postcode:

!

| Card authority of cheque/money order sndorsed for$ .- made

| payable to ‘Sportdiving". 5end this coupon and payment to:

| Mountain Ocean & Travel Publications, PO Bax 167, Narre Warren,
| Victoria 3805, Ahustralia. Payment must accompany order.
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SOUTH PACIFIC UNDERWATER MEDICINE SOCIETY (SPUMS)

DIVING EMERGENCY SERVICE (D.E.S.) RAFFLE
All proceeds go to the D.E.S.

Prizes in drawn order are:

1.7 day/6 night dive expedition from Townsville aboard "Spoilsport" (donated by Mike Ball Dive Expeditions)*

(*Prize is for one persan, is not transferable and does not include airfare, bar bill or equipment hire. Must be taken Jan-June 1992) Value = $1 866
2. Scubapro Mk10 G250 regulator (donated by Scubapro Australia) Value = $599
3. U.S. Divers Conshelf SE2 regulator (donated by Aqualung Australia) Value = $460
4. U.S. Divers Conshelf SE2 regulator (donated by Aqualung Australia) Value = $460
5.. Sea Homet Command Air regulator (donated by T.D. Preece &Co) Value = $450
6. Seiko 200m diver's watch (donated by Seiko Australia) Value = $450
7. "Chatty Crab" underwater communication device (donated by Cape Byron Imports) Value = $428
8. Digital Combo 2 Deluxe gauges (donated by Sterling Leisure Industries) Value = $416
9. Sonar tailor made wetsuit - 5Smm or 7 mm, as requested by winner (donated by Sonar Wetsuits) Value = $400
10.85 cu. ft cylinder (donated by CIG) Value = $360
11. Oceanic Omega octopus regulator (donated by Oceanic Diving Australia) Value = $275
12. Delta Octo Plus (donated by Divers Supplies Australia) Value = $195
13.1 pair of Diving Star DF7 fins (donated by Scuba Industries of Australia) Value = $135
14.1 pair of Diving Star DF7 fins (donated by Scuba Industries of Australia) Value = $135
15.1 pair of Diving Star DF7 fins (donated by Scuba Industries of Australia) Value = $135
16. Apollo mask and snorkel (donated by Apolio Australia) Value = $100

A raffle, under the auspices of SPUMS, has been organised by John Lippmann to raise money for the Diver
Emergency Service. Aboveisacopy of aticket showingthe prizes, whichintotal areworth over $6800. Thedivingindustry
has made a great contribution and it is up to diversto show their support. Tickets(only 3,000 available) at $ 5 each can be
purchased at SCUBA Expo and at certain dive shops. Tickets can also be purchased by sending a cheque or money order
for $ 5, with a stamped self-addressed envelope to: DES Raffle, PO Box 381, Carnegie, Victoria 3163. The draw ison
September 19th 1991. SEND FOR YOUR TICKET AND SUPPORT THE DIVER EMERGENCY SERVICE.

ALLWAYS TRAVEL SERVICE
168 High Streat 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

LLwAYS

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



