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EDITORIALS

HIGH TECH DIVING

Intrinsic to the Australasian attitude towards recrea-
tion is the belief that there should be absolute freedom of
choice and no government or quasi-government interven-
tion (with the exception of funding which is always eagerly
sought!). Why thenis SPUM Sactively campai gning agai nst
recreational “High-Tech Diving" (seeletter on page 37) and
in particular the plans to use scuba apparatus and oxygen-
helium, perhapstrimix, gasmixturesto divebeyond 50 msw,
and according to some press-rel eases, as deep 200 msw?

There are two fundamental reasons for the SPUMS
campaign. Firstly, freedom of choice, or as it should be
called, risk acceptance, requires an accurate knowledge of
the actual risk if either the risk is to be accepted or if
appropriate support isto be provided. Therisksintrinsicto
oxygen-helium or trimix scuba diving beyond 50 msw are
considerable, even in the context of controlled military
diving operations. Consequently, and not surprisingly,
commercia diving operators do not undertake such activi-
ties. For example, the United States Navy reported aseries
of seven scuba (oxygen-helium) divers who dived beyond
60 msw and werethen subsequently unableto undertakeany
decompression in the water. All were immediately
recompressed to the maximum working pressure, 50 msw,
of the on-site recompression chamber and despite this, all
seven died! It would appear that survival in this context
reguiresarecompressionto at least thedepth of thedive, and
often an additional 30 msw.

The decompression illness risk, using the United
States Navy oxygen-helium bounce diving tables for dives
beyond 60 msw and for longer than 30 minutes, exceeds
20%. The “High-Tech Diving” planned for Australian
sports divers is to be based on decompression schedules
especially developed by Dr Bill Hamilton, PhD. However,
Bill’ s schedul es have not been used in this context and Bill
has written to SPUMSS dissociating himself from deep and
especially 200 msw scuba diving.

Use of helium as a diluent gas in diving causes
significant thermal stress. Dry-suits are unsuitable beyond
90 msw and below 150 msw the gases supplied to the diver
must be heated if severe hypothermiais to be avoided.

Decompression from deep oxygen-helium or trimix
bounce-dives invariably require some breathing of 100%
oxygen at 12 msw or shallower, to avoid dilutional hypoxia,
reduce thermal stress, improve communications and to ac-
celerate decompression. Oxygen toxic convulsions have
been a major problem in oxygen-helium, and especially
trimix diving. Indeed, such convulsions were one of the
major reasons why the Royal Navy abandoned 70 and 80

msw trimix diving trialsin 1981. An oxygen convulsionin
the water is often complicated by hypoxia, aspiration of
vomitus, pulmonary barotraumaand decompression illness
(in both the convulsing diver and the other divers in the
team). Therisksof oxygentoxicity and hypothermiaarethe
maj or reasonswhy many oxygen-helium diversuse surface-
decompression. Thecost of thisprocedure, inthe absence of
aclosed-bell and atransfer under pressure, is a significant
increase in the decompression illness incidence.

Thesearethereal, not imagined, risks of oxygen-
helium or trimix diving. The use of scuba apparatus
beyond 50 msw and perhapsto 200 msw simply exaggerates
theseproblems. Itisabsolutely essential thenthat theserisks
be understood by prospective “High-Tech” sports divers/
diving candidates.

The second reason for the SPUMS policy on such
diving is related to the cost of the medical care needed for
successful treatment of theinevitable accidents. Unlikethe
United States of America, the majority of injured diversare
treatedin Australasiaat government (i.e. our taxes) expense.
These governments then are inevitably and appropriately
part of this risk-acceptance process, hence their legitimate
involvementindecidingif recreational “ High-Tech Diving”
should occur. Many divers developing decompression ill-
nessafter oxygen-heliumdivesbeyond 50 msw will respond
well to 18 msw oxygen treatments. However, among those
that do not, compression on oxygen-helium (never air) to at
least the depth of the dive will be necessary to control
symptoms. The majority of Australasia s therapeutic rec-
ompression chambers can not undertake such treatments,
and for thosethat can the costisconsiderable. For example,
a 41 hour oxygen-helium treatment just conducted by the
Royal New Zealand Navy (the only body in Australasia
involved in the treatment of recreational divers which has
any real experience in oxygen-helium diving and itsrelated
decompressionillness) cost $9,725in personnel costsal one!
This contrasts with typical treatment costs for decompres-
sion illness following air diving of about $1,250 for a
treatment in the same facility. Also, the recompression
chamber is unavailable for several days, at least, with con-
sequent effects on the treatment of other patients, some of
whom are paying customers. It followsthat the community,
and especially the hospitals involved, has every reason to
expect “High-Tech” sportsdiversto pay for the cost of their
own treatment.

Recreation should be fun. For some people to have
fun, some element of risk is essential. Regardless of the
psychology and mentality involved, itisessential that those
undertaking high risk activities such as recreational “High-
Tech Diving” understand these risks, especially students
payingfor tuition, and that they accept theserisksand can be
self-supporting. Theinevitableimpact onthelimited hyper-



baric health resourcein Australasiais such that these divers
must also have adequate insurance-cover (if they can get it)
or be ableto privately recompense hospitals and Navies.

Inview of theabove, it isnot surprising then that the
SPUMSpolicy on“High-Tech” recreational divingisthat it
should be actively discouraged and that this Society will not
oppose any government who consequently legislates some
limit on recreationa diving.

Des Gorman, FACOM, PhD, DipDHM.
President of SPUMS.

THE EDITOR'SOFFERING

With thisedition of the Journal isenclosed a copy of
the SPUM S submission for Appendices A and B to Stand-
ards Australia Committee CS/83, Recreational Underwater
Diving. This gives the details of what SPUMS thinks is
needed for an adequate diving medical. All membersof the
sub-committee which produced the document, all of whom
have done many medicals, take at least 30 minutes to
perform this medical, which is why a price linkage to
insurance medical fees has been suggested inthe past. The
sub-committee was of the opinion that only be doing aless
thorough, and very superficial, medical could it be donein
less than half an hour.

On pages 31-32 isthe SPUM S Statement on Diabe-
tes, prepared by the Education Officer, Dr David Daviesand
approved by the Committee. For a variety of reasons the
Society advises against diving by diabetics on insulin.

Theeditorial by the President, Dr Des Gorman, puts
the reasons why the Society is against encouraging High
Tech Diving. Thereasons can be summarised as safety and
cost of treatment. The Society has no objection to divers
riskingtheir livesprovidedthey haveafull knowledgeof the
risksinvolved. Theletter from Rob Cason (pages 37-38) is
an enthusiasts view. The magazine, AquaCorps, reviewed
in the last issue, gives a more balanced view of the risks
involved. What isquite certain, as shown by Edmondset al.
(pages 20-24) isthat deep diving with current scuba equip-
ment is dangerous at low cylinder pressures, as buoyancy
compensatorsfill very slowly at 40 m, only just deeper than
the recommended recreational limit, and if the diver is
breathing, whichistheusual practice, may not fill beforethe
diverisout of air. To givethe compensator the best chance
tofill thediver should stop breathing while the compensator
inflating button is pressed at depth with alow air pressure.
Holding onesbreath for upto 40 secondsmay bedifficult but
afull compensator and a dropped weight belt will at least
givethediver achance of reaching the surface alive. Being
at 40 mout of air and with an uninflated compensator makes
it unlikely that the diver will survive.
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DouglasWalker’ s1989 Provisional Report (pages 3-
15) makes sad reading. Not diving for over 12 months and
attempted buddy breathing appear asrisk factorsfor CAGE.
Thosewho diveonly ontheir annual holiday should havean
orientation dive, where they consciously practice all their
practical diving skills, especialy buoyancy control and
breathing from both primary and octopus regulators, in a
non-threatening environment before doing any serious div-
ing. If they areusing their own equipment havingit serviced
before the orientation dive is an excellent precaution. The
report of the deaths of two pearl farm divers from CO
poisoning makes a chilling story. Not only were they
inadequately trained but the employer condoned them div-
ing dangerously with aninadequately equipped compressor
and nooneintheboat to superviseitsoperation. Sucharethe
benefits of free enterprise workplace agreements, unsuper-
vised, whether by default or intent, by those who should
enforce safety regulations.

Wienke and Graver (pages 15-20) present away to
use, and the reasoning behind it, the USN tables for multi-
level diving. Wehaveto apologisefor the complicated way
their Table 1 reads. Weadded, at alate stagein preparation,
the depthsin m to the authors’ in fsw to help those of our
readers whose education was in metric and not in imperial
measurements. Whether you want to use their method
dependsonyour viewsabout the saf ety of the USN tablesbut
they have analysed over 16 million possibledivesand found
none ever exceeding USN M values.

Brett Gilliam’s paper (pages 24-30) is certainly the
largest and best data-base of sports dives and the associated
decompressionillnesses. A known incidence of suspicious
symptoms of approximately 0.02% (2 in 10,000 dives) and
an incidence of treated decompression illness of about
0.01% (1in 10,000 dives) intropical waterswith many deep
divesmakesthe BS-AC claim (pages 57-60) that the British
incidenceissteady at about onein 10,000to 15,000 dives, in
colder waters, dlightly suspect. With 17 deathsin Britainin
1991 and 100 casesof decompressionsickness(DCS) treated,
simplemathematicsgivesafigureof 1,000,000to 1,500,000
dives a year and death rate of between 0.11 and 0.17 in
10,000 dives. Put another way therewasapproximately one
deathfor every 6treated casesof DCS. Onthesefiguresthe
Ocean Quest should havehad between 1 and 13 deaths. Here
isafield for further research.

From the 1991 AGM comes a description of the
devel opment of thePADI Medical Form, astudy of theDCS
incidence reported to DAN with the PADI Recreational
Dive Planner, an evaluation of in-water oxygen recompres-
siontherapy conductedinthe Antarcticd andthereport of the
Royal AdelaideHospital’ syear showsthat diversarenot the
main users of that hyperbaric unit.

Andagain Bob Hal sted givesusfood for though with
acasereport, inLetterstothe Editor, and acall to abolishthe
term “no-decompression dive’.
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ORIGINAL ARTICLES

PROVISIONAL REPORT ON DIVING-RELATED
FATALITIES DURING 1989

Douglas Walker
Summary

Therewere 19 cases of diving-related deaths identi-
fied as having occurred during 1989 in Australian waters.
Three of these were associated with breath-hold diving, 13
were scuba divers and three were using compressor-sup-
plied hookah apparatus. Thislist, likethosein all previous
years, may beincomplete because of thelack of reporting of
“diving incidents’ by, and to, the diving organsiations,
which continues to be a (regrettable) fact.

Two of thebreath-hold diverswere spear fishing, one
dying from a cardiac cause and the other following hyper-
ventilation. Thethird diver isthought to havelost alertness
and then drowned when hit on the head by a“frisky” potato
cod. On this case, there is deficient data because, like in
several other cases, thelocal Coroner thought the calling of
aformal inquest to be unnecessary.

All three hookah deaths (one a doubl e fatality) were
dueto carbon monoxide poi soning fol lowing positioningt of
the air intake hose where exhaust fumes from the compres-
sor motor could be entrained.

In the scuba category there were 7 instances where
CAGE was either the proved or clinically probable critical
factor. Of these two were in relation to aborted buddy-
breathing during ascent. Four were persons who had not
dived during the preceeding 12 months. The majority of
fatalities occurred after separation from the dive partner(s)
or in a solo diving situation. Where buddies were in a
position to assist they performed well. Examination of the
records of these cases confirmstheimportance of regarding
the opinions of pathol ogists, concerning both their findings
and their interpretation of the cause of death in diving-
related deaths, as needing analysis and not necessarily to be
accepted as being beyond legitimate dispute. Thisis true
even in some instances where the pathologist has appeared
to follow a“diving death” autopsy protocol.

Casereports

BH 89/1

Although he had been a keen spear fisherman in his
younger days he had given it up for many years because of
sinus problems and had only resumed the sport 8 months
before the fatal dive. He was on medication for hyperten-
sion. Its treatment and severity is unknown but he was
known to comply poorly with adviceto take histablets. He

swam out to areef with hisbuddy, both spearing several fish
beforereachingit. Thebuddy wishedto continuearoundthe
reef to hunt on the seaward side but the victim said he was
thoroughly tired and had crampsin hisfeet and hewasgoing
to return to the beach. When he started his return swim his
buddy decided follow suit. During this swim they each
speared another fish. The buddy wasinitially 2 m from him
but they becamefurther separated and thebuddy reached the
beachfirst. Hehad |ooked back from timeto timeand noted
his companion’s absence from the surface, naturally (and
undoubtedly correctly) assuming that he had dived again.
After hereached the beach he became concerned because he
wasunableto seehisfriend at the surface so climbed up onto
some wreckage to obtain a better view. He saw nothing so
swam out and then noticed the victim’ s spear gun on the sea
bed. It had been fired. There was no sign of the victim.

Hissearch being unsuccessful, hegavethealarm, but
despite the efforts of searchers the body was not recovered
till oneweek later. Theweight belt wasstill inposition. The
autopsy revealed that he had an enlarged heart and that both
coronary arteries were markedly atheroscleotic, with 50-
80% narrowing of their main segments. 1t wasassumed that
he had suffered a cardiac problem while making strenuous
efforts to shoot a fish, then drowned. There is also the
possibility that hesuffered apost-hyperventil ation blackout,
particularly if hehad been attempting to show that hehad | ost
none of former skills.

SPEARFISHING. SEPARATION/SOLOAT SUR-
FACE. HYPERTENSION. POOR ADHERANCE TO
MEDICAL ADVICE. CORONARY ARTERIES NAR-
ROWED. ATHEROSCLEROSIS. NO BUOYANCY
VEST. FAILED TO DROPWEIGHT BELT. POSSIBLE
POST-HYPERVENTILATION BLACKOUT. FATIGUE.
NO INQUEST.

BH 89/2

Thisyoung man was regarded as agood breath-hold
diver but no description of his skill is available. He had
recently completed a basic scuba course and was employed
on aboat which took touriststo dive on the Barrier Reef, so
had opportunitiesto dive. On thisday hewaswithout duties
on the boat and was apparently swimming and breath-hold
diving near the boat whilethe passengerswere snorkeling or
scubadiving at thenearby cod hole. Itwasnot until therewas
a second query from one of these tourists concerning the
length of timehehad been underwater that acheck wasmade
ontheboat and hisabsencewasconfirmed. Asthedivemaster
was preparing to enter thewater to search for him, one of the
returning divers observed the body on the seabed, in 15 m
of water . When the body was rai sed a bruise was observed
over theright eye and although no intra-cranial damagewas
found at the autopsy the local opinion was that one of the



Case

BH89/1 42

BH89/2 24

BHB89/3

SC89/1

26

SC89/2

35

SC89/3

48

SC89/4

37

SC89/5

51

SC89/6

36

SC89/7 48

SC89/8 50

SC89/9

31

SC89/10 30

SC89/11 46

Age

Training and Experience

Victim

Experienced

Trained
Experienced

Trained
Experienced

Trained
Some
experience

Trained
Experienced

Trained
Some
experience

No training
or experience

Trained
Experienced

Trained
Inexperienced

Trained
Experienced

Trained
Experienced

Trained

Very
experienced

Trained
Some
experience

Not trained
or
experienced

Buddy

Experienced

None

Trained
Experienced

Experienced

Trained
Inexperienced

Trained
Inexperienced

None

Trained
Inexperienced

Trained
Inexperienced

None

Trained
Experienced

Trained
Experienced

Not
stated

Trained
Experienced

Dive
Group

Buddy Spear fishing

Separation
before incident

Solo

Group
Separation
before incident

Buddy
Present
during incident

Buddy
Separation
during incident

Buddy
Separation
during incident

Solo

Buddy
Separation
before incident

Group
Separation
before incident

Solo

Buddy
Present
during incident

Buddy
Separation
during incident

Trio
Separation
before incident

Buddy
Separation
before incident
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Dive
pur pose

Recreation

Cray fishing

Recreation

Recreation

Recreation

Recreation

Recreation

Recreation

Recreation

Deep
Dive

Deep diving 33(110)

Course

Recreation

Crayfish

Depth m (ft)

Dive

Not
stated

12 (40)

45 (15)

12 (40)

18 (60)

15 (50)

6 (20)

18 (60)

14 (46)

12 (40)

29 (95)

9 (30)

Not
stated

Incident

Surface

Not
stated

Not

stated

Surface

18 (60)

15 (50)

Surface

Ascent

Surface

Not
stated

Ascent

29 (95)

Not

stated

Surface

Weights
On kg (Ib)
On 4(9)
None None
On 12 (26)
On 12 (26)
On 11 (24)
On 9.5 (21)
Ditched 21 (47)
Tangled
On 7 (15)
Not Not
stated Stated
On Not
Stated
On Not
Stated
On 12 (26)
On Not
Stated
On Not
Stated



SPUMS JOURNAL Vol 22 No. 1 January-March 1992
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Contents
gauge

Not
applicable

Not
applicable

Not

applicable

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Bouyancy  Remaining

vest air
No Not
applicable
No Not
applicable
No Not
applicable
Inflated Low
Not Yes
inflated
No Low
No None
No Low
Not Low
stated
Not None
stated
Not Yes
stated
Not Yes
inflated
Not worn None
Not Yes

Inflated

Equipment
Tested Owner

Not Own
applicable

Not Own
applicable

Not Own
applicable

Significant Borrowed
fault

No faults Oown
Some Oown
adverse
Some Borrowed
adverse
Some Hired
adverse
Significant Own
fault
Some Own
advese
No faults Own
Significant Own
fault
Some Own
adverse
No faults Own

Comments

Hypertension and fatigue.
Coronary artery disease.

Possibly hit on head by Potato Cod.

Post-ventelation blackout. History of
asthma

No divesin the previous 12 months.
Leaky mouhtpiece. CAGE.

No divesin the previous 12 months.
Vomited. Water aspiration.
Possible CAGE

Current. Rough water. Regulator

problem. Cardiac insufficiency.

First use of scuba. Very experienced
with hookah. Contents gauge error.

No divesin the previous 12 months.
CAGE.

No divesin the previous 12 months.
Aspiration of vomit. Gauge error.

Delay of 14 weeks before equipment
was tested.

Buddy breathing ascent. Safe error in
gauge. CAGE.

Buddy breathing ascent failure.
Mismatch of equipment. CAGE.

L eft buoyancy compensator in boat.
Epileptic. CAGE.

Cardiac death ?
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PROVISIONAL REPORT ON AUSTRALIAN
Case Age Training and Experience Dive Dive Depth m (ft) Weights
Victim Buddy Group purpose Dive Incident On kg (lb
SC89/12 45 Trained Trained Buddy Recreation 12 (40) Not Ditched Not
Some Some Separation stated stated
experience experience  beforeincident
SC89/13 42  Not trained Not Group Spearfishing 6 (20) Not Off Not
Some stated Separation stated  Ditched stated
experience before incident
H89/1 16 Scubatrained  Not trained Separation Work 15(50) 15(50) On Not
Inexperienced  Experienced stated
H89/2 28 Nottrained  Scubatrained Separation Work 15(50) 15(50) On Not
Exprerienced  Inexperienced stated
H89/3 21 Training not None Solo Work 75(25) 7.5(25) On 18 (40)
stated
Experienced

potato cod had been “too frisky” and had collided with him,
rendering him dazed or unconsicous and unablethereforeto
protect himself from drowning. Asno inquest was thought
to be necessary there are somedetail snot available concern-
ing this case.

SOLO. BREATH-HOLD. DELAY BEFORE AB-
SENCE NOTED. NO WEIGHT BELT WORN. POSSI-
BLE HEAD TRAUMA FROM FISH. EXPERIENCED
BREATH-HOLD DIVER. NO INQUEST.

BH 89/3

Few if any spear fishermen consider it either practical
or evennecessary tofollow buddy diving proceduresor have
asurface watcher while spear fishing. Itisfor such reasons
that apost-hyperventilation blackout can so readily resultin
drowning. Thisvictim was not only a competitive minded
spear fisher and hunter of crayfish but was also a scuba
instructor. Thisoutingwasan end-of-season special divefor
theinstructor staff of adiveshopandthevictimhad collected
several crayfish while scuba diving in company with the
others. They had not practiced any buddy diving discipline
because, asthe skipper said, “ They were not paying passen-
gers’. Heappeared to consider it natural that they failed to
practice what they taught others to do.

It had not been intended that they would breath-hold
divebut theseaconditionswereso unusually calmthatitwas
decided that they could dive on a reef which contained a

wreck, whichwas closetoto their return course. Itwasonly
after the others had returned to the dive boat, and had
alowed amargin of timefor hisknown determinationinthe
hunt to be fully satisfied, that they became aware of and
worried by his absence and started a search. Hewasfound,
still wearing his weight belt, lying free on the sea bed in
water only 3mdeep. Itisprobable, but unproven asthebelt
waslost during the body recovery, that he had been wearing
the heavy belt he used while scuba diving. He was report-
edly an asthmatic and had been advised for thisreason not to
continuediving. Thereisnothinginthehistory of hisdiving
or of thisincident which implicates asthmaas afactor. He
was reportedly careful to monitor his lung function with a
flowmeter before going diving, though such acourse cannot
protect anyoneagainst bronchial over responsivenessshould
they inhale afine spray of seawater during the dive. The
circumstances here are typical of a post-hyperventilation
blackout followed by drowning. Thiswas mentioned at the
Ingquest but not noted in the formal findings.

EXPEREINCED BREATH-HOLD DIVER.
CRAYFISHING. SEPARATION/SOLO. FAILED TO
DROP WEIGHT BELT. NO BUOYANCY VEST.
ASTHMA HISTORY. POST-HYPERVENTILATION
BLACKOUT.

SC89/1
Although the divershad beentrained three yearsago
the buddy had dived frequently since then, whilethevictim
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DIVING-RELATED FATALITIES 1989

Contents Bouyancy  Remaining Equipment Comments
gauge vest air Tested Owner
Yes Inflated Not Some Hired Ditched equipment. CAGE.
stated adverse
Not No Low No faults Oown Rough water. Fatigue. Backpack
stated unbuckled.
Not No Not Significant Employer Compressor lacked inlet hose. CO
applicable applicable fault poisoning. Delay before being found.
Adverse comments on training and
work safety practices.
Not No Not Significant Employer Compressor lacked inlet hose. CO
applicable applicable fault poisoning. Delay before being found.
Adverse comments on training and
work safety practices.
Not No Not Significant Oown Malposition of air intake hose. CO
applicable applicable error ppoi soning.

was making his first dive after 12 months without diving.
Thiswas aboat dive and also aboard was an instructor with
one pupil and a child (who was left on the boat while the
otherswereinthewater). Thevictimand hisbuddy madean
uneventful divethrough anarrow cave and emerged after a
normal ascent on the other side of the small isand. They
decided to swim back on the surface around theisland using
their remaining air, first having exchanged “OK?’ signals.
After they had been swimming for only a short time the
buddy looked back and saw his friend was stationary, so
returnedto him. Hesaid that hewasfeeling very tired, sothe
buddy startedto tow him, but shortly after thishiseyesrolled
up and he lost consciousness.

The buddy managed to pull him up onto aflat rock
and was greatly relieved to see the dive boat was coming
towards them. The instructor had realised that their dive
time was nearly up and had decided to collect them. He
swam totherock and began expired air resuscitation (EAR),
first having sent aradio call for assistance. There was no
response to his resuscitation efforts.

When the equipment was checked it was noted that
there was a fine spray of water with each inhaation, the
consequence of afine hole in the rubber mouthpiece. The
autopsy revealed evidence of air embolism, the pre-autopsy
X-ray films showing the presence of air in the heart and
aorta. It is noteworthy that the ascent was apparently
correctly performed and that there was a delay before the
onset of symptoms of significance. The inhaled spray may

havealteredlung functionandbeenasignificant and adverse
factor in this fatality.

TRAINED. NODIVESFOR 12 MONTHS. NOR-
MAL ASCENT. SURFACE DELAY BEFORE ONSET
OF FATIGUE SYMPTOMS. VALIANT BUDDY RE-
SPONSE. DELAY BEFORE START OF RESUSCITA-
TION. REGULATOR MOUTHPIECE HOLE CAUSED
WATER SPRAY INHALATION. CAGE. AIR EMBO-
LISM SHOWN BY X-RAY. NO INQUEST.

SC89/2

Thevictimwasconsideredtobeanexperienced diver
but he had not dived during the previous 12 months. Hewas
dert and appeared to be in good health despite having
attended a “bucks night” prior to this dive. He was paired
with another diver and entered the water first, snorkeling at
the surface while waiting. Their descent was slow, as the
buddy had somedifficulty equalising hisears. Thevisihility
was poor and the buddy was nervous so they maintained
close contact with each other, water depth 18 m. After about
5 minutes the victim indicated his wish to ascend and
immediately started arapid ascent without waiting for his
buddy to respond. Thebuddy attempted to keep upwithhim
but wasunabletoto do so despiteinflating hisbuoyancy vest
and made asomewhat panicky, rapid ascent, but reached the
surface without ill effects. He could not see his companion
anywhereand it wasonly after he had been taken aboard the
diveboat that hesaw himfloating unconsicousat thesurface.



When reached, it was seen that the inflation hose to his
buoyancy vest was not attached. It was found that he had
inhaled vomit, and thiscould very well bewhat triggered his
sudden decision to ascend. Although no pulmonary baro-
trauma or air embolism was detected at the autopsy it is
probabl e that this occurred during his urgent ascent.

TRAINED. EXPERIENCED. NODIVESPREVI-
OUS 12 MONTHS. SUDDEN DECISION TO MAKE
RAPID ASCENT. SEPARATION FROM BUDDY RE-
SULTED. UNCONSCIOUSAT THE SURFACE. ASPI-
RATION OF VOMIT. BUOYANCY VEST INFLATION
HOSE NOT CONNECTED. WEIGHT BELT NOT
DROPPED. INADEQUATE SURFACE COVER. POSSI-
BLE CAGE.

SC89/3

Thebuddy wasjust certificated, thevictimtrained for
a year but till very inexperienced. The dive was well
conducted by adive shop and they weremaking their second
diveof theday and had surfaced after an uneventful diveand
ascent when thebuddy noticed that thevictim appeared to be
fiddling with hisregulator. The seawas now rougher than
whentheir divehad started. Thevictim did not answer when
asked if he was al right, instead pointing towards the dive
boat and then starting to swim towards it. The buddy was
therefore not alarmed and he began to swim towards the
boat, looking towards his companion occasionally but un-
ableto seehim because of thewaves. Infact thebuddy over-
swam the dive boat for this reason and was therefore sur-
prised when hereached it to find the victim was not already
there. Itwasonly thenthat thevictimwasseenfloating, face
down, at the surface about 40 m from the boat. The buddy
immediately swam to him and towed him to the boat,
attempting to keep hisface abovethewater. Heditched the
victim’ sequipment and attempted to give EAR resuscitation
inthewater, atask taken over by theinstructor, who had just
then surfaced with his pupil and observed what was happen-

ing.

The autopsy revealed the presence of anatomically
narrow cornary arterieswith much of thedistal 2/3 of theleft
anterior descending artery a miniscule vessel. There were
some scattered patches of atheroma. They had to swim
against astrong surface current to reach thediveboat soitis
believed that the effort involved proved too much for his
cardiac function and cardiac failure occurred.

TRAINED. INEXPERIENCED. SURFACESWIM
IN CHOPPY WATER. STRONG CURRENT. SURFACE
SEPARATION. NARROW CORONARY ARTERIES.
POOR SURFACE COVER. NO INQUEST.

SC89/4

A reputation for being experienced should alwayshbe
taken as being valid only in regards to the specific activity
being performed. In this incident the victim had great
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experience as a hookah diver and he thought he would try
scubadiving. He borrowed equipment and arranged to dive
with afriend, but did not abandon his plan when the friend
was not able to come as had been arranged. A witness saw
him walking towards the water and later observed bubbles
breaking at the surface when he returned to the beach.

Thefriend saw thevictim surfacetwice more, appar-
ently in somedistressand having difficulty remaining at the
surface. Hetherefore stripped off some of his clothing and
entered thewater. Onreaching the spot helooked down and
saw the victim sinking, head down. He was already 1.5 m
underwater. Heattempted without successto bring him back
to the surface but found he was too heavy. Herealised that
thevictim’ sweight belt and back pack had been ditched and
were caught by the catch bag he had tied to hisarm. Having
no knife he was unable to cut this free so he had to attempt
to tow him ashore, putting on the victim’'sfinsto assist his
swimming. Thebody snagged ontheseabed anditwasonly
when another person arrived in asmall boat that the victim
was pulled to the surface.

SOLO. UNTRAINED. FIRST DIVE WITH
SCUBA. EXPERIENCED WITH HOOKAH.
OVERWEIGHTED. BORROWED EQUIPMENT.
DITCHED WEIGHT BELT AND BACKPACK ENTAN-
GLEDONCATCHBAGTIED TOARM. NOKNIFE. NO
BUOYANCY VEST. VALIANT RESCUE EFFORT.

SC89/5

Thisvictimwasavisitor fromthe USA who had only
recently arrived in Australiaand gone straight to dive onthe
Barrier Reef. He correctly claimed to have been diving for
20yearsbut had got only 200 hours of logged dives, nonein
the previous 12 months, so was not truly as experienced as
the 20 year history suggested. Therewas no history of any
ill health. Ontheboat taking thediversout tothereef hewas
given a just-certificated diver as buddy because of his
supposed experience. All werewel| briefed by thedivemaster
during thetrip out and werea so checked by him beforethey
enteredthewater. Thewater depth herewas 18 m maximum
and all were told to ascend when their contents gauges
showed 500 psi. After about 20 minutesthe divemaster saw
alone diver surface, apparently in a normal manner, then
became concerned when he saw that he was floating too
quietly. He decided to check that all was well and quickly
swamto him, about 30 mfromthediveboat. Thevictimwas
floating face down with limbs outstretched. Heturned him
face up, ditched his weight belt, cleared his airway, and
commenced EAR.

It was now that three divers surfaced nearby, the
missing buddy with two otherswho she had joined when she
was suddenly deserted. They had surfaced when the buddy
had showed them her contents gauge indicated it was time
for her to ascend. The victim was unconscious and cy-
anosed, with froth coming from his mouth. No pulse was



SPUMS JOURNAL Vol 22 No. 1 January-March 1992

palpable even with CPR efforts. Resuscitation attempts
were continued during helicopter evacuation to shorebut he
never responded. Because of delayed awareness by the
policethat thiswasafatal accident (the victim wastaken to
a hogspital), there was delay in requesting sealing of the
equipment and it had been already disassembled and mixed
with that used by others on the dive boat before an attempt
wasmadetoretainit. Anarbitary set waschecked and while
this showed some faults it was clearly not that used by the
deceased. Thefact that theequipment wasimperfect allayed
fearsthat aspecial effort might be made to present aperfect
(but incorrect) set.

Before performing the autopsy some plain X-ray
filmsweretaken and these showed (supine) clouding of both
lung fields and (erect) gas shadows in the region of both
ventricles and the right coronary artery. When the great
vessel swere sectioned alarge gasbubblewasreleased. The
aorta and coronary vessels were healthy and there was no
evidence of recent myocardial damage. It was suggested
that there was hypertrophy of the left ventricle and cardio-
myopathy was diagnosed on the basis of this finding. A
surprising suggestion was made that the widow had men-
tioned a history of ill health. This must be regarded as a
doubtful finding.

TRAINED. EXPERIENCED 20 YEARS. NODIV-
ING PREVIOUS 12 MONTHS. SEPARATION THEN
SUDDEN SOLO ASCENT. UNCONSCIOUS AT SUR-
FACE. POSSIBLEARRHY THMIA ASSOCIATEDWITH
CARDIOMEGALY. CAGE. X-RAY EVIDENCEOFAIR
EMBOLISM.

SC89/6

Following his basic training 6 years before he had
suffered a serious road accident so had made only 5 dives
since qualification, none being in the previous 12 months.
Hewas stated to have made acomplete recovery despitethe
prolonged period, about 2 weeks, of unconsciousnesshehad
suffered. Aboardthediveboat therewereinadditiontohim
two other trained diversand agroup of nine pupilswiththeir
instructor, hisassi stant, atraineedivemaster and adivemaster.
Itwasrecognisedthat thevictimlacked experiencesohewas
includedfor thefirst divewith five pupilsand theinstructor.
Later, inthe afternoon, he dived again, thistimewith four of
the pupils who were making their first unsupervised dive.
This, likethefirst dive, waswithoutincident. They ascended
carefully together and at the surface checked their remaining
air. Three decided that they had sufficient to return under-
water, the victim and one other being advised to surface
swimreturnasthey hadlessair. Thebuddy wasquick tostart
hissnorkel swim, looking back to thevictimwhen reminded
to do so by ashout fromtheboat. Hewasthen 10 mfromthe
victim, whowasstill wherethey had surfaced, 80 mfromthe
boat. He appeared to be about to start snorkeling. Closeto
the boat the buddy dived using hisremaining scubaair, and
boarded the boat before again looking back. He saw the

victim floating at the surface “as if looking at fish under-
neath”. Soon after thisthe other three divers surfaced 40 m
from the boat, now low on air. They noticed that the vicitm
wason hisback, unconscious, alittle froth coming from his
moulth.

Hewas brought back to the boat and CPR resuscita-
tion started but hefailed to respond. The cause of death was
found to be aspiration of vomit. He had not given any
noticed signal of being in trouble.

TRAINED. INEPXERIENCED. NODIVING PRE-
VIOUS 12 MONTHS. SEPARATION AT SURFACE RE-
TURN SWIM IN CALM WATER. ASPIRATION OF
VOMIT. NO CALL FOR HELP. LOW AIR. GAUGE
READ 200 PSI HIGH. INADEQUATE SURFACE
COVER. PREVIOUS SERIOUS HEAD INJURY.

SC89/7

Asatrained and experienced diver (7 years) thisman
had hired equipment from his dive club and taken it on
holiday with hisbrother and afriend. He decided to makea
solo dive, and after watching for atime as he kitted up, the
other two left him in order to visit some of the local beauty
spots. On their return at the agreed time they saw his back
pack floating some way off the beach, in the bay, then
observed the victim floating face down in waist deep water
among therocks. Therewasacut in hisleft temple areabut
no significant bruising was noticed. All his detatchable
equipment was missing. The sea within the bay was rela-
tively calm, though it was open sea, so he should not have
been exposed to rough water. Although they believed that
thevictim was dead they made resuscitation attemptsfor the
next 45 minutes.

The backpack was recovered later floating near to
and bumping onrocksinthemarginsof achannel. It wasleft
unwashed for several days by the finder and then, when
nobody came to claim it, was taken to the police station.
Formal examination was delayed for months. It was then
noted to be showing corrsion and damage, though the person
who reported on it wasunwilling to accept that it could have
been damaged on rocks in rough water conditions. The
reason for thisfatality wasnot established, though it appears
likely that he experienced some problems and ditched his
equipment, later suffering impaired alertness following a
blow onhishead. Theautopsy showed neither drowning nor
cerebral damage signs.

Of some interest was the Coroner’ s finding that the
cause of thisincident wasa“ sudden stoppageof air supply”.
This, he stated, “ should have caused a sudden panic reflex
action which prevented resumption of normal breathing,
evenwhenair wasagain available, until eventually asphyxi-
ation was complete”. It is uncertain who suggested such a
scenario to him.
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TRAINED. EXPERIENCED. HIRED EQUIP-
MENT. SOLO. DITCHED WEIGHT BELT AND
BACKPACK. DELAY IN EXAMINATION OF EQUIP-
MENT. EQUIPMENT SHOWED DAMAGE.

SC89/8

Despitethe opinion of onedoctor that hewasunfitto
dive because of being overweight he had no absol ute medi-
cal contraindications to diving and he was passed as Fit to
ScubaDiveafter acorrect medical assessment. Hehad made
over 90 dives without trouble and was now taking a Deep
Diver Courseand had previously passed an Advanced Diver
Course. The dive was in a deep part of a harbour and
involved an instructor with six pupils. On the bottom each
demonstrated his basic skills (masks clearing, doff and don
the equipment, buddy breathing) and they were then in-
structed to make a buddy-breathing ascent up the anchor
line. Water depth here was 30 m and visibility was poor.

The buddy thought the victim was akward with
buddy breathing and when they reached about 18 m depth
the victim changed over to the use of the buddy’ octopus
regulator, and at about 9 m depth he let thisbe loose in his
mouth. The buddy pushed it back into his mouth in the
correct position and they continued their ascent, the buddy
replacing theregulator eachtimeit wasabout tofall fromthe
victim’smouth. Naturally, and correctly, the buddy omitted
theplanned (but not essential) deco step at 3mand continued
straight to the surface. From 9 m depth the victim did not
appear to be dert.

At the surface the buddy noted vomit coming from
the victim’s mouth. The buddy inflated the victim’ s buoy-
ancy vest and called for assistance. Thevictim wasrapidly
brought aboard the dive boat and it was there noted that he
was nhot breathing and had afaint pulse. Resuscitation was
commenced immediately with EAR, CPR being initiated
when the pulse could no longer be palpated. This was
continued until management was taken over by an ambu-
lance crew.

Theautopsy was conducted without adheranceto the
technique considered by diving medicine experts to be
correct. Indeed the pathologist involved declared that the
special diving-related approach to an autopsy was both
dangerousand inaccurate. Thisview was neither explained
nor justified by documentation quoting published papers.
There was surgical emphysema in the tissue of the neck,
thorax, and mediastinum but no air was noted in the heart or
main blood vessels using the usual autopsy technique suit-
able for a non-diving death. The pathologist stated, in the
report presented to the Coroner that “the findings are not
inconsistent with dysbarism”. What this pathologist in-
tended to convey by thisstatementisnot clear. Therewasno
attempt to relate the findings to the clinical picture of the
events. Itisnot unusual for a pathologist to fail to indicate
the clinical significance of findings but thiswas exception-
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aly maladroit management. Clinically this was typica of
the underwater onset of cerebral arterial gas embolism
(CAGE) symptoms. The lung histology showed severe
oedema, congestion, and emphysema, with intra-alveolar,
interseptal, and intra bronchial haemorrhages. |solated fat
emboli were noted in the capillaries.

TRAINED. EXPERIENCED. DEEP DIVER
COURSE. PRACTICEBUDDY BREATHING ASCENT.
BUDDY BREATHING FAILED DESPITE EFFORTS OF
BUDDY. USED OCTOPUS REGUALTOR FOR PART
OFASCENT. UNDERWATERONSET OF CAGESY MP-
TOMS. AUTOPSY PATHOLOGY REPORT SHOWED
INADEQUATE KNOWLEDGE.

SC89/9

Theparticipantsof thisDeep Diving Coursehad been
prevented from diving for several days by bad weather so
thiswas the first dive of the course, a shake down dive not
involving specific tests or tasks. Both the victim and his
buddy were experienced divers and the dive, on a wreck
lying inwater 33 m deep, wasuneventful. They weretasked
to check that the anchor was not trapped, which they did
before starting their ascent after the planned 10 minutes.
After ascending about 4.5 m up the anchor line the victim
tapped hisbuddy asif toindicate some problem. Thebuddy
assumed thiswastheir rate of ascent, and asthiswas correct
she continued ascending. She then saw that the victim was
drifting away from the line and signalling for her to follow.
She was able to persuade him, by signs, to return. He was
then about 3.6 m away from the line. On returning to his
buddy he removed the regulator from his mouth and ap-
peared to desire to buddy breath. He showed no signs of
panic and gaveno “low air” signal. The buddy handed over
her regulator and changed to her octopus (reserve) regul ator.
Thisprovided her with poorer supply of air than her primary
one and she took in some water. While she was recovering
from this the victim released her regulator and started to
ascend without a regulator in his mouth. The buddy,
breathing rhythm upset and in near panic, now ascended
rapidly and called for assistance on reaching the surface.

Itwasonly after shehad beenretrieved andtakeninto
the dive boat that anyone became aware that one diver was
missing following an ascent problem. He had not been seen
to surface so the skipper, an instructor, descended to search
for him. Hefound blood in the water at 15 m and followed
this down to thevictim. Heinflated the victim’s buoyancy
vest (he noticed inflation was slow) and noted that the
contentsgauge showed therewas 150 atsremaining air. The
autopsy reveal ed the presence of aleft pneumothorax, gasin
theleft ventricle and inferior vena cava, and air mixed with
blood in many vessels over the body. Therewasalso gasin
the peritoneal cavity. There was no pre-autopsy X-ray
examination of thebody. Clinical pulmonary barotraumais
an unusual finding and thefrank loss of blood into thewater
isan exceptional finding. It wasclear from hisevidencethat
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the pathologist believed the reason for this massive air
embolism was atoo rapid ascent causing gas to be rel eased
fromthetissuetoorapidly. Hewasunaware of the different
pathologies of CAGE and decompression sickness and
failedtorecognisehints, givenhimat theinquest, that hewas
incompletely informed on such matters.

Examination of the equipment reveal ed that the bud-
dy’ sreserve (octopus) regulator was indeed hard to breath,
while the problem which affected the victim was more
complex in nature. He had recently bought a new second
stage regulator and thisrequired a higher line pressure than
had hispreviousone. Thismismatch of makesresultedinthe
air supply beingmuchimpaired. InadditionhehadaJ-vave
onhistank whichwassignificantly reducingtheair flow. As
aconsequencethefilling rateof hisbuoyancy vest wasbeing
slowed by both the effects of depth and impaired air flow
rate. Thismay havemadehimthink hisvest wasinoperative,
as he failed to inflate it, and that his air supply was near
exhausted.

It was noted during testing of the equipment that the
contents gauge reading fluctuated with each breath from
showing half full toindicating nearly empty. If he observed
thisit should have aerted him to an obstruction to the flow
of air from histank.

TRAINED. EXPERIENCED. DEEP DIVE
COURSE. NORECENT DEEPDIVES. MISMATCH OF
FIRST AND SECOND STAGESREDUCED AIR FLOW.
JVALVE REDUCED AIR FLOW. FAILED TODITCH
WEIGHT BELT. SLOW FILLING BUOYANCY VEST
AT DEPTH. NITROGEN NARCOSISFACTOR. PANIC/
ANXIETY FACTORS. FAILED BUDDY BREATHING
ASCENT. MASSIVE CAGE AND PNEUMOTHORAX.
PNEUMO-PERITONEUM. HAEMOPTYSIS. BUDDY
HAD PROBLEM WITH POOR OCTOPUS REGULA-
TORAIR SUPPLY.

SC89/10

Thediveinvolvedthreediverswithtanksof different
capacities (72, 88 and 98 cu ft), the victim having the one
with the largest capacity. Towards the time for ascent they
found an anchor and, as he had the most remaining air, the
victim was deputed to remain with it while the other two
surfaced, one to remain “on station” to mark the position
whilethe other swamto their boat and brought it back. This
wasto facilitate the recovery of their prize. However, they
wereunableto locate either thevictim or the anchor and had
to assumethat asurface current had foiled their scheme. As
both were now out of air they had to call for assistance with
asearchfor themissing diver, but thissearch wasunsuccess-
ful. Thebody wasfound the next day. It wasonly after the
incident that the buddies heard that he was an epileptic who
wason regular medication of thiscondition. Althoughitwas
later stated that he had suffered no attacks for 14 years
another deposition stated that he had fits if he omitted
treatment for atime. He had been seen to take a tablet,
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presumably this medication, on the day of the fatal dive. It
is neverthel ess possible that he suffered afit while alone on
the sea bed. There was no mention of teeth marks on the
mouthpiecebut thesewould not occur if it fell out at the onset
of symptoms.

When found, the victim's tank was empty but this
cannot be taken as proof that he wasindeed out of air when
he died. The tank may have been low on air and emptied
later. Hewas not wearing abuoyancy vest although he had
one. Hehadleftitinthediveboat. Theweight belt wasstill
in position, as was the rest of his equipment, when he was
found.

Theautopsy showed no evidence of drowning or that
he had suffered an epilepticfit, according to the pathol ogist.
Thehistology of thelung revealed the presenceof disruption
of the alveolar spaces with associated intro-alveolar haem-
orrhages and oedema suggestive of pulmonary barotrauma.
Surgical emphysemawas noted to be present in the precor-
dial region of the chest. Despite his earlier comments, the
pathologist gave as his conclusion that death was consi stant
with epilepsy after scuba diving.

An examination of the equipment showed that the
clamp securing the mouthpiece was loose and allowed the
entry of afine spray of water with eachinhalation. Thiswas
described as not sufficient to cause any distress, but the
victim was not very experienced and it may have played
some part in the incident.

TRAINED. SOME EXPERIENCE. TRIO DIVE
GROUP. UNEQUAL SIZE OF TANKS. ATTEMPTING
SALVAGEOFANCHOR. DELIBERATESEPARATION
UNDERWATER. EPILEPTIC ON REGULARMEDICA-
TION. LOW AIR (PROBABLE). LOOSE CLAMP ON
MOUTHPIECE SO FINE SPRAY SALT WATER
INHALATED WITH EACH BREATH. PATHOLOGIST
REPORTED BAROTRUAMA SIGNS, BUT IGNORED
THEM IN HIS FINDINGS. PROBABLE CAGE. NO
INQUEST.

SC89/11

Thisdivewasmadefromrocks, thebuddy swimming
outfirstandwaitingfor hisfriendtojoinhim. Thevictimhad
been diving for 14 years and talked about his overseas
experiences so that his buddy was assured of his compe-
tence, though he had never been trained so held no certifi-
cation. The buddy remained about 20 m from the rocks and
watched as the victim swam out for 10-15 m then stopped
and lifted up his mask. The sea was calm and conditions
suitable for a safe dive. The buddy called out to him to
replacehismask and ook down at thekingfish, but received
noreply soswamover to himtofind out what wasthematter.
Hewastold“1 don't feel right” and the buddy observed that
he looked frightened, red faced and agitated. He asked for
hisregulator, which was handed to him. The buddy tried to
calm him and supported him as they drifted in the direction
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of the beach.

The buddy suggested that they swim alittle further
and so reach the beach but the victim declined this sugges-
tion and looked very distressed and declared his wish to
return to their point of water entry ontherocksnearby. The
beach was 200 m away, the rocks far closer. The buddy
towed thevictimtowithin3m of therock platform. Herethe
victim said hewasfeeling very tired so the buddy comforted
himand told him to keep hismask on and theregulator in his
mouth and to swim to the rocks. He assured him that he
would beclosebehind him. Therewasno apparent reply but
he responded in an unexpected manner, beginingto swimin
the opposite direction, head down and kicking with hisfeet.
The buddy wasfeeling tootired to follow but shouted out to
him. He saw him reach somerocksand climb onto them, so
assumed that all was now right with him, so he now exited,
which he found difficult because of histiredness.

A short time later he saw his friend floating on his
back 20 m away, being washed about over the rocks by the
incoming tide. He managed to just grab him while standing
on a small rock platform but lost his grip on the victim’'s
buoyancy vest while unsuccessfully trying to ditch the
backpack and theweight belt. Theweight of thefully kitted
up victim combined with the surge of the water proved too
great and helost contact withthevictim. A call for assistance
brought the helicopter rescue team and the victim was
recovered 20 minutes later. Resuscitation attempts were
unsuccessful.

The autopsy showed that the coronary vessels were
healthy and almost free from atheroma for a plague in the
circumflex branch of theleft coronary artery at thejuntion of
the proximal and middlethirds. Thishad a smooth surface
and appeared to narrow the lumen by 40-50% but there was
no evidenceof infarction. Therewasno history of ill health.

EXPERIENCED. UNTRAINED. SURFACE ILL
HEALTH SYMPTOMSAFTERWATERENTRY. VAL-
IANT ASSISTANCE BY BUDDY. SEPARATION FOR
EXITING ONTO ROCKS NECESSARY. PROBABLE
CARDIAC CAUSE DEATH. FAILED TO DITCH
WEIGHT BELT. FAILED TO INFLATE BUOYANCY
VEST. BUDDY FAILED TODITCH VICTIM'SEQUIP-
MENT DUE TO WATER POWER.

SC89/12

This overseas visitor had been diving for several
years but there is no information concerning the nature and
degree of his experience. He was with a group of his
compatriotson adiveboat trip to the Barrier Reef from their
hotel. During the trip to the dive location the group was
given atalk by the divemaster which was made against a
background of chatter which required several callsfor order
from the divemaster. An interpreter was present but it is
uncertain whether he was trandating the instructions and
descriptions concerning the dive. Shortly after entering the
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water withthegroupthevicitmreturned tothediveboat with
hisbuddy and complained of some problem with hisregula-
tor or mask (reportsdiffer). Theonly problemidentifiedwas
an over tight chest strap, which was loosened. However he
then declared that hewould remain on the boat and not dive,
so hisbuddy swam back and rej oined thegroup. Atthistime
someone drew the divemaster’ s attention to the fact that the
anchor was dragging and after he had corrected this he saw
asolo diver swimming away from the boat in the direction
taken by themain group earlier. He assumed thevictim had
changed hismind about making adivewhilestill onthedive
platform at the stern.

Thevictimfailed to make contact withthe othersand
it was only when aroll call was taken after the return of
everyonee sethat hisabsencewasnoted. A helicopter made
asearch of the surrounding area and he was found floating
near thereef. Hehad ditched hisequipment but hisbackpack
was found at a later date. Despite vigorous attempts to
resuscitate him therewasno response. Thiswasnot surpris-
ing becausethepre-autopsy X-ray and CT scansrevea edthe
presence of massive air entry into the vascular system and
thetissues. Therewas no sign of illness.

Aninvestigationwasmadeby thestaff followingthis
death and several points were made of value to dive opera-
tors. There wasthe factor of over-confidence by the group
members with conseguential poor attention to the pre-dive
instructions. There may have been language block to com-
munications, despite the presence of the interpreter. An
absence of “pagers’ for critical personnel delayed the
organsiation of the response to the “lost diver” alarm, and
the dive boat Oxy-vivalacked an oxygen cylinder. It was
also noticed how partiality of analysis could impair an in-
house investigation close to the time of atragedy. These
commentsunderlinetheimportance of maintaining aready-
response state while conducting dives.

It is naturally impossible to know what actually
happened but the victim had mentioned that he did not feel
well prior to the dive (but had not cancelled hisscubadive).
Thefactor of amour-propremay haveinfluenced hisactions,
afactor in many diving situations.

TRAINED. EXPERIENCE UNDOCUMENTED.
SEPARATION/SOLO DIVE. DELAY IN RECOGNI-
TIONTHATHEWASMISSING. DITCHED ALL EQUIP-
MENT. PULOMONARY BAROTRAUMA. CAGE.
MINORFAULT IN EQUIPMENT (OCTOPUSREGULA-
TORLEAKED AIR). POSSIBLY PANIC AND OUT-OF-
AIR ASCENT. PRE-AUTPOPSY X-RAY AND CT
CHECKS.

SC/13

The victim had been scuba diving for 3 years al-
though he was untrained. No details of the training or
experience of histwo companionsisrecorded. They swam
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toareef andtherestarted diving for crayfish. Thevictimand
one of the others had a catch bag and the third diver swam
with his catch to whoever was the nearer. The victim was
also carrying a spear gun. After 30 minutes one of thetrio
returned to the shore and wasfollowed 5 minutes|ater by the
other, leaving thevictim diving alone on thereef. They saw
him at the surface at thistime, then lost sight of him. When
he failed to reappear after afurther 10 minutes they became
anxiousand swam out towherethey had last seenhim. They
found him floating face down at the surface, minus his
weight belt and with his backpack unbuckled and half off.
The water was murky and somewhat rough at thistime.

They brought him back to shore and attempted to
resuscitate him but were unsuccessful. His tank still con-
tained 100 bar when it was checked later. He was not
wearing abuoyancy vest and had not called for assistance as
far as his companions were aware. The reason for his
drowning is not known but fatigue, the water conditions,
absenceof any buoyancy aid and theaborted attempt todtich
his backpack (not usually a helpful option) were probable
contributary factors. It ispossible that he was distracted at
acritical moment by the loosened backpack after uninten-
tionally opening its buckle.

UNTRAINED. EXPERIENCED. TRIO GROUP.
SEPARATION/SOLO. CRAYFISHING. ROUGH WA-
TER. PROBABLE SURFACE PROBLEM. SOME RE-
MAINING AIR. DITCHED WEIGHT BELT. PARTLY
LOOSE BACKPACK.

H89 1 and H89/2

This double fatality occurred on a pearl farm lease
while the trays of pearl shells were being cleaned and
checked. One of these diverswasyoung and newly (scuba)
trained, but the other was an experienced diver who had
learned the craft from a previous employee when he first
came to the job. This was considered a normal way of
learningto dive. Therewere six diversworking asteams of
two on different areas of the underwater racks and the
tragedy wasdiscoveredwhentheothersmet for awork break
and noticed their absence and the silence of the compressor
whichwassupplyingthemwith air. They had beenworking
at depths of 15-18 m and could be up to 9 m apart while
working, supplied by from the compressor in their launch.
The older of the two victims was acting as the instructor to
the younger, who had only recently been employed. They
usually worked for about 2 hours at 15 m but this might be
extended by the divers, as happened this day.

There were no bubbles and the two hoses down
showed that the divers were still underwater. The other
divers pulled them to the surface and attempted, without
success, to resuscitate them. It waslater established that on
thepreviousday theol der man had compl ained about thebad
taste of the air and had been given another compressor. But
this unit had no intake pipe and he was told to take one off
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the compressor he wasreturning. Thishe was unableto do
becauseit wastoo rusted in placeto remove. The compres-
sor was placed against thewall of the steering unit, beneath
the canopy which partly covered theboat. Theseawascam
and therewasonly adlight breeze and the exhaust fumeshad
been drawn into theair intake. 1t was noted that none of the
Diving Safety Regulationswere being observed and that the
diversemployed were untrained and usually failed to obtain
treatment whenthey suffered froman episode of decompres-
sionsickness. Thissituation waswell known to the authori-
tiesand permitted to continue. The District Medical Officer
for thearea, likehiscolleaguein another pearl diving areain
previous years, had attempted to draw attention to the need
for training and better conditionsbut achieved nothinginthe
face of economic realism.

Investigations confirmed that the cause of death was
carbon monoxide poisoning due to the incorrect placement
of the air intake drawing the compressor’s exhaust fumes
into the compressor.

DOUBLE FATALITY. EXPERIENCED DIVER
UNTRAINED. INEXPERIENCED DIVER RECENT
SCUBA COURSE. NO SURFACE TENDER IN BOAT.
BADLY MAINTAINED EQUIPMENT. INCORRECT
POSITIONING OF AIR INTAKE. CARBON MONOX-
IDE POISONING. OFFICIAL TOLERANCE OF UN-
SAFE PRACTICES.

H89/3

This case also illustrates the dangers of a
malpositioned air intake hose when using a compressor-
supplied hookah unit. The victim was an abal one diver but
thetragedy occurred whilehewasdivinginthe calm waters
of aharbour doing afavour for afriend whose mooring had
been disturbed during arecent storm. Indeed hiscompressor
wasinhisboat onitstrailer onthewharf duringthisdive. He
madeaninitial diveto assesstheproblem, surfacedtoask for
some chain and tools, then dived again. His assistant, his
“sheller”, waswith theboat ashistender and during thetime
of thefirst descent a passer-by mentioned to himthat theair
hose intake was inside the boat rather than hanging over its
side, so liable to suck in exhaust fumes from the compres-
sor’sengine. Thiswas corrected. The sheller realised that
it must have become displaced while the boat was removed
from the water and placed on the trailer, or during the short
drive onto the wharf.

The sheller became alarmed when he noticed that
there were no bubbles breaking the surface. He stripped off
and dived in to find out what had happened, surfacing in
alarm after discovering the unconscious form of his boss.
Another person pulled the victim to the surface. He was
obviously beyond the reach of resuscitation and no attempts
were made to perform this. The autopsy confirmed the
diagnosis of carbon monixide poisoning. If the story was
given correctly the air supplied to the victim for his second
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descent should have been “clean” and he would have been
expectedtoescapewithaheadache. Either thecontaminated
air from the reservoir tank compromised his survival or the
dosereceived during hisfirst descent had adelayed, but fatal
effect. This matter was not discussed at the inquest.

SOLO. ABALONE DIVER WORKING ON HAR-
BOUR MOORING. COMPRESSOR IN BOAT ON
TRAILER ON WHARF. MALPOSITIONING OF AIR
HOSE INTAKE NOTED TOO LATE. CARBON MON-
OXIDE POISONING.

Discussion

These cases serve as a reminder that diving takes
placein an environment which can be unforgiving of devia-
tions from the rules of safe diving and where problems can
rapidly progress to a fatal outcome. It is important to be
aware of what may occur so that similar events can either be
avoided or their effects minimised. Such is the purpose of
reports such as this.

Thebreath-hold fataities, which arefortunately few
innumber, show that post-hyperventilation blackout cankill
an experienced and determined diver even in shallow water
closeto friends. The cardiac death may be regarded as an
unavoidablerisk faced by all wholive, but theattemptsmade
by hisbuddy to save himillustratethevital place of abuddy
in assuring survival should the course of events be not
irretrievably set on afatal outcome. The other victim was
probably the recipient of ablow on hishead from apowerful
fish, amost unusual and “unjust” accident.

Inthegroup of scubadiverswhodied, asfar too many
did, there are a number of findings worth consideration.
Naturally the question of whether the separated and solo
divers prejudiced their chances of survival by having no
buddy at the critical timewill continueto vex many. Where
present, al thebuddiesperformedvaliantly, thoughfromthe
nature of this series none were successful in saving their
companions.

It was not surprising, though not really acceptable,
that a group of instructors ignored all the rules of buddy
diving “because it was an informal dive and there were no
paying customers’.

Health as a factor is of uncertain importance in the
prevention of fatalities. The only diver with a history of
asthma was aparently never adversely effected by it while
diving, though his practice of performing a pre-dive flow-
rate check indicates anincomplete understanding of therisk
he ran should heinhale afine spray of salt water. Thediver
with the history of epilepsy should not have been diving. It
is probable that his condition was less well controlled than
he admitted. Whether any of the divers where a cardiac
factor was implicated would have been identified by a
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routine pre-dive medical is unknown but probably they
would not.

Equipment problems were not in themselves neces-
sarily fatal but they contributed to severa incidents. A fine
spray of seawater with every inhal ation may betolerablebut
it can have adverse consequences, and a high-reading con-
tents gauge may allow a diver who budgets on too low an
amount of remaining air before deciding to ascend to find
himself with a serious low-air problem. One matter of
signficance wasthe experience of the buddy who found that
the secondary (octopus) regulator was hard to breath. Dur-
ing an emergency is not theideal time or place to discover
such animperfection. It would seemto beagood ideatotry
out one's secondary regulator from time to time so as to
avoid any such surprise. An important matter which was
identified was the possible serious consequences of amis-
match of different makesof first and second stageoregul ators
if the second stage requires a higher line pressure that the
first stage provides, for optimal functioning. This fact is
probably unknown to many who have come to no harm but
blamed the equi pment they had bought. However, it should
be remembered that this diver should have been dissatisfied
by his demand valve's function and not accepted it, and
should have regarded the wild fluctuations of the needle of
his contents gauge as giving him an imperative message to
ascend immediately. Possibly he did not consult his gauge
so missed the warning it gave.

The number of cases where pulmonary barotrauma
or air embolism (either proved or clinically probable) had
occurred was a surprise and must contain a message con-
cerning diving practices of the present day. It should be
noted that it can occur without the victim reaching the
surface or even closely approaching it. In this matter the
author has used his reading of the evidence on occasion in
preferenceto accepting theviewsof the pathol ogistinvol ved
in the case. There are till some pathologists who are
unawareof theirignoranceof diving-rel ated causesof death,
and unfortunately they are deaf to the polite advice of the
policewitnesses. Inoneinstance even the performanceof a
“diving” autopsy did not proveto indicate an understanding
of the matter in hand. As Coroners are usually obliged to
follow the finding of their “ expert witness, the pathol ogist”
there can be imperfect inquest findings. There were more
occasions during 1989, than in previous years, where these
observations were relevant and it isfor this reason a public
comment is made.

Although there has been an increased incidence of
caseswherethe Coroner has considered aninquest to be not
necessary, thiswould be of no great moment was there not
asimultaneous policy change of the coronial recordsof such
cases not including copies of the police-supplied evidence
on which the decision was based. While the primary
function and responsibility of the Coroner isto examinethe
cases of “accidental” desth, to establish or exclude the
presence of some criminal acts, it is now recongised that
thereisan equally important function served, theinvestiga-
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tion of such occurrencesby thepoliceacting asagentsfor the
Coroner. Theinformation so collected can assist the recog-
nition of critical factorsin somefatalities and thereby make
it possibleto devise strategiesto avoid their repetition or to
mitigate their conseguences. Without the resource of case
documentation prepared for the Coroners it would not be
possible to undertake surveys such as this.

Divemastersandthosewho areresponsiblefor others
may find it helpful to consider the recent aswell asthetotal
experience of thosein their case. They may also remember
theimportance of keeping an effective watch on the surface
where divers may appear and require assistance. In two
instances an unconscious diver wasnot initially noticed. In
another an alert divemaster noted the unusual quietnessof a
diver and immediately investigated. Had the diver not
suffered an inevitably fatal CAGE, his action would have
been life saving.

The dangersof carbon monoxideto hookah usersare
well known and these three deaths underline the serious
consequenceswhichmay follow theintake of exhaust fumes
into the compressor. While this gasitself is odourlessitis
possible that a refusal to dive when the air has any odour
could be a wise safety move. It is regrettable that the
investigation of the double tragedy revea ed that there has
been no improvement apparent in the application of diving
safety regulations to the pearl diving industry over several
decades. The District Medical Officers at Thursday Island
and Broome have commented on the situation on occasion
without apparent effect. Possibly matters will change with
theincreased attention to the diving industry by the various
Workplace Health and Safety Officers. Thoughtfully ap-
plied, such attention would be of real long term benefit to
many commercial divers.

Conclusions

The dangers of post-hyperventilation blackout are
again confirmed. The only way to prevent the victim
drowningwould beby achangeinattitudeonthepart of such
divers and the use of surface observers of them during their
dives. Such an attitude changeis unlikely.

Scuba divers are reminded of the importance of
checking their equipment and not tolerating demand valves
which let in water or regulators which are hard to breathe
from. They should be profligate with their air, ascending
while having sufficient remaining air for any emergency.
They should seek to never place themselves in a situation
where abuddy breathing ascent isthe only option asthiscan
end fatally. The practising of such ascentsis therefore not
advisable. Theimportance of an efficient surface cover, of
recent diving experience, and presence of a buddy nearby
should one get into trouble are all desirable propositions.

The Coronia Investigation system is of great value
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and information derived fromitis invaluableinimproving
our understanding of the critical factorsin diving safety.

Theimportance of informed pathol ogy investigation
of diving-related deathsis again stressed.
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MULTI-LEVEL RESTRICTIONSWITHIN THE US
NAVY TABLES

Bruce Wienke and Dennis Graver

Abstract

Schemes for multi-level diving are employed in the
commercial, scientific, and sport sectors. One approach
employs back-to-back repetitive sequencing, assigning
groupsat the start of each multi-level dive segment based on
the total bottom time (actual plus residua nitrogen) of the
previous segment. At times, that method allows critical
tensions, other than the controlling (repetitive) 120 minute
compartment tension, to be exceeded upon surfacing. Inthe
context of the US Navy tables, such a circumstance is
suspect. But by tightening the exposure window and ac-
counting for ascent and descent rates, such a multi-level
technique can be made consistent with the permissible
tension formulation of the US Navy tables. In studying this
multi-level technique, we can draw aline (envelope) across
the Repetitive Group Table, separating dives violating at
least one critical tension at some point in the multi-level
sequence from those not violating any critical tensions.
Ascent and descent rates of 60 feet (18 m)/min are assumed,
and the envel ope a so maintainstissue tensions below criti-
cal valuesthroughout themulti-level dive. Some 16 million
multi-level diveswereanalyzed onaCRAY supercompulter,
permitting construction of the dive envelope. The standard
US Navy sets of tissue half-lives and critical tensions were
employed. The envel ope moves non-stop time limits back
agroup or moreinthe US Navy tables, restricting the back-
to-back repetitivemethod inthesame measure. Restrictions
are straightforward and simple for possible wet testing.

Introduction

Toevaluatemulti-level diving adequately withinany
set of tables, it isnecessary to account for ascent and descent
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rates. Whileascent and descent rateshave small effect onin-
gassing and out-gassing in slow tissue compartments, ascent
and descent rates affect fast tissue compartmentsto agreater
degree. Nitrogen build-up and elimination is measured in
hypothetical compartments, whose half-livesdenotetimeto
doubleor halveexisting levels of nitrogen.**> Build-up and
elimination of nitrogen iscomputed with well-known tissue
equations (exponential rate expressions) and limit points,
called critical tensions, are assigned to each compartment to
control diving activity and exposure time. In multi-level
diving, computed tissue tensions in any and all compart-
ments must be maintained below their critical values. This
is a more stringent constraint than just flooring the 120
minute compartment tension, the approach used in the US
Navy Tablesfor repetitive diving.®

Inthe US Navy tables, from which many tableswith
reduced non-stop time limits derive, there are six compart-
mentswith 5, 10, 20, 40, 80 and 120 minutehalf-lives. These
limit diving through limitingtensions(M-val ues) of 104, 88,
72,58, 52, and 51 feet of seawater (fsw), respectively. The
5 and 10 minute compartments are fast, the 80 and 120
minute compartments are slow, and the others are often
between, depending on exposure profile. Dive exposure
times, depths, ascent and descent rates, affecting slow and
fast compartments in a complicated manner, are virtually
infinitein number, suggesting the need for both ahigh speed
computer and meaningful representation of the results. A
CRAY supercomputer addressesthefirst concern, whileUS
Navy Tables provide asimple vehicle for representation of
results.1s

Controlling tissue zones

In performing multi-level analyses of the US Navy
tables and derivative, tables, considering maximum allow-
able exposure time and minimal incremental change, it is
possible to define (minimal) zones where each tissue com-
partment controls exposures. These incremental zones are
the depths at which the 5, 10, 20, 40, 80 and 120 minute
compartments control an exposure by virtue of 104, 88, 72,
58, 52 and 51 feet of seawater (fsw) critical tensions. In
terms of multiples of 10 fsw, these multi-level zones are:

1 100-130fsw 30-39m (5 minute compartment)
2 80-100fsw 24-30m (10 minute compartment)
3 60-80fsw 1824m (20 minute compartment)
4 50-60fsw 15-18m (40 minute compartment)
5 40-50fsw  12-15m (80 minute compartment)
6 0-40fsw 0-12m (120 minute compartment)

Calculations show that isis possible to stay in each
zone aslong asthe computed tissue tension does not exceed
the critical tension for the controlling compartment, nor in
all other dower compartments. Permissibletimesin subse-
guent zones are quite constant when the initial exposure
(first level) iscarried out to the reduced non-stop time limit
for thedeepest pointinthezone. For the cal cul ations, ascent
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and descent ratesweretaken at 60 ft (18 m)/minute. Bottom
timefor thethefirst level was measured from the start of the
descent. Bottom times, after that, were actual times spent at
that level, that is, ascent times are treated as extraexposure
time and so the calculations are conservative.

TABLE 1

MULTI-LEVEL DIVE ENVELOPESWHICH
NEVER VIOLATE USN M VALUES

1 100-130 fsw (30-39 m) for 8 minutes, 80-100 fsw
(24-30 m) for 12 minutes, 60-80 fsw (18-24 m) for 5
minutes, 50-60 fsw (15-18 m) for 5 minutes, 40-50
fsw (12-15 m) for 10 minutes and 0-40 fsw (0-12 m)
for 20 minutes

2 80-100fsw (24-30 m) for 22 minutes, 60-80 fsw (18-
24 m) for 5 minutes, 50-60 fsw (15-18 m) for 5
minutes, 40-50 fsw (12-15 m) for 10 minutes and O-
40 fsw (0-12 m) for 20 minutes

3 60-80 fsw (18-24 m) for 35 minutes, 50-60 fsw (15-
18 m) for 5 minutes, 40-50 fsw (12-15 m) for 10
minutes and 0-40 fsw (0-12 m) for 20 minutes

4 50-60 fsw (15-18 m) for 55 minutes, 40-50 fsw (12-
15 m) for 10 minutes and 0-40 fsw (0-12 m) for 20
minutes

5 40-50fsw (12-15m) for 80 minutesand 0-40 fsw (0-
12 m) for 20 minutes

Zonal timelimits

Maximum times in the different depth groups (the
envel opes) of possiblemulti-level diveswithinthe USNavy
Tables, which never violate the fixed critical tensions (104,
88, 72,58, 52 and 51 fsw) at any point duringthediveor upon
surfacing are summarized in Table 1. The times depend
upon the depth of the first part of the dive.

Within these zonal times, the diver may hypotheti-
cally directly ascend to the surface, sincetissuetensionsin
al compartments are always below critical values.

Some 16 million dives were analyzed on a CRAY
supercomputer, in just a few minutes of actual run time.
These multi-level constraints are coarse (based on worse
case estimates in the whole zone), and therefore very con-
servative. Trandated to the US Navy Tables, aline (enve-
lope) can be drawn across the Repetitive Group Table
(Figurel),inthesamemanner described by Graver, separat-
ing permissible multi-level dives (no critical tensions ex-
ceeded) from non-permissible multi-level dives (one or
more critical tensions exceeded).
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Observations

Fromtheaboveset of zonal constraints, and Figurel,
afew obvious facts emerge:
1 The deeper the initial depth, the shorter the tota
multi-level dive time

2 Maximum permissible multi-level divetimes (total)
vary between 100 and 60 minutes, depending on
initial depths

3 Minimum permissible multi-level increments vary
from 30 fsw to 10 fsw (9-3 m) asthe depth decreases
from 130 fsw to 40 fsw (39-12 m)

4 Multi-level US Navy Table dives faling within the
envelope, and satisfying the above set of restrictions,
never exceed critical-values, below or at the surface,
in any compartments

5 Such an envelope is amenable to wet testing, given
the simplicity of its structure

6 Supercomputers are great for complicated calcula-
tions.

Depth Repetitive group designations

m ft C D E F G H I J K L

12 40 25 30 40 50 70 80 100 110|@|150

15 50 15 25 30 40 50 60 70 _80l 90 100

18 60 15 20 25 30 40 50 55]60

21 70 10 15 20 30 35 40 _45]150

23 80 10 15 20 25 30 35]40

27 90 10 12 15 20 25]}30

30100 7 10 15 20 25

33110 5 10 13 15'20

36120 5 10 _12] 15

39130 5 8 |1_o

Figure 1. Part of the USN Repetitive Group Table with a
line (theenvel ope) separating permissiblemulti-level dives,
to the left of the line, from non-permissible dives.

Additionally, as an offshoot of calculations, some
interesting features of the US Navy tables can be gleaned
from a comparison of tissue tensions (Tables 2 and 3)
computed at the reduced and US Navy non-stop timelimits,
again using 60 ft (18 m)/minute as the ascent rate.

1 The bottom and surfacing tension at reduced non-
stop time limits never exceed the critical tensions
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when factoring the ascent/descent rate into calcula-
tions, just as with the multi-level calculations.

2 Thebottomtensionsat USNavy non-stoptimelimits
exceed the critical tensionsfor anumber of compart-
ments, with thefastest compartmentstheworst cases
when factoring the ascent/descent rate into calcula-
tions.

3 The surfacing tensions at US Navy non-stop time
limits seldom exceed the critical tensions when the
ascent/descent rateisincluded into the calculations,
except in the 20, 40, and 80 minute compartments.

4 Ascent ratesarecrucial to usingthe USNavy Tables
for bounce diving within the critical tension limits.

5 60 ft (18 m)/minute ascent rate off-gases fast com-
partments (5, 10 minutes) and in-gasses slow com-
partments (80, 120 minutes) with the faster compart-
ments affected the most for bounce exposures.

Tables 2 and 3, where the units are in fsw nitrogen
partial pressures (0.79 ambient pressure), will verify this.

Summary

This analysis shows that a multi-level diving tech-
nique can be made consistent with the critical tension
formulation of the US Navy tables. A restrictive envelope,
accounting for ascent and descent rates, can bedrawn across
the Repetitive Group Table to separate permissible from
non-permissible multi-level dives. Thisshould not surprise
anyone using multi-level dive computers, since multi-level
dive computers perform the same exercise on thefly under-
water. The above is relatively smple, a set of profiles
suggested for wet testing and extension of the US Navy
tables.
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half-life depth USN limit tension reduced limit tension M -value
(min) (fsw) (min) (fsw) (min) (fsw) (fsw)
5 130 10 93.1 8 86.0 104.
120 15 99.0 12 93.6
110 20 98.4 15 93.5
100 25 94.7 22 934
10 130 10 739 8 66.7 88.
120 15 834 12 76.1
110 20 87.3 15 789
100 25 87.6 22 84.5
90 30 85.2 25 81.7
80 40 82.7 35 81.1
20 130 10 §5.1 8 50.0 72.
120 15 63.2 12 572
110 20 68.2 15 60.2
100 25 70.6 22 67.0
90 30 70.9 25 66.2
80 40 724 35 695
70 50 70.7 a5 68.9
60 60 66.8 55 65.7
40 130 10 4.1 8 39.1 S8.
120 15 47.4 12 43.6
110 20 51.1 15 45.6
100 25 534 22 50.6
90 30 54.5 25 50.7
80 40 57.3 35 54.5
70 50 578 45 §5.7
60 60 56.4 55 549
50 100 58.4 80 55.5
80 130 10 345 8 329 52.
120 15 375 12 354
110 20 39.8 15 36.6
100 2§ 41.3 22 39.7
90 30 42.2 25 39.8
80 40 4.5 35 2.5
70 50 45.4 45 43.8
60 60 452 55 4.0
50 100 48.9 80 45.7
40 200 52.1 130 474
120 130 10 318 8 30.7 51,
120 15 33.9 12 324
110 20 35.8 15 33.2
100 25 36.6 22 35.5
90 30 37.3 25 35.7
80 40 39.1 35 376
70 50 39.7 45 38.7
60 60 39.9 55 389
50 100 434 80 40.7
40 200 47.7 130 42.7

Table2. Comparativesurfacing tensionsfor USN and reduced no-decompressiontimelimits, employing 60 fsw/min ascent

and descent rates for all excursions. Bottom time is measured from beginning of descent to start of ascent.
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half-life depth USN limit

(min) (fsw) (min)
S 130 10
120 15

110 20

100 25

10 130 10
120 15

110 20

100 25

90 30

80 40

20 130 10
120 15

110 20

100 25

90 30

80 40

70 50

60 60

40 130 10
120 15

110 20

100 25

90 30

80 40

70 50

60 60

50 100

80 130 10
120 1§

110 20

100 25

90 30

80 40

70 50

60 60

50 100

40 200

120 130 10
120 15

110 20

100 25

9 30

80 40

70 S0

60 60

50 100

40 200

tension

(fsw)

98.6
107.6
106.7
102.3

73.3

84.9

89.8

90.2

87.8

82.7

53.3

62.5

68.1

70.9

714

73.1

714

67.4

40.8

46.5

50.5

§3.1

54.3

57.3

57.9

56.6

58.5

33.7

36.9

39.3

41.0

42.0

4.3

45.3

45.2

48.9

52.1

31.2

334

35.1

36.4

37.1

38.9

39.8

39.9

43.3

47.7

reduced limit
(min)

8
12
15
22
8
12
15
22
25
35
8
12
15
22
25
35
45
55
8
12
15
22
25
35
45
55
80
8
12
15
22
25
35
45
55
80
130
8
12
15
22
25
35
45
55
80
130

tension

(sw)

M -value

(fsw)

88.9
100.0
100.5
100.8

65.0

76.5

80.1

86.8

83.9

81.1

47.9

56.1

59.6

67.1

66.5

70.0

69.5

66.3

37.6

42.5

4.9

50.3

50.5

544

55.8

55.0

55.6

32.0

34.7

36.0

39.3

39.5

423

43.7

439

45.7

474

30.1

319

329

35.2

354

374

38.6

38.9

40.6

42.7

104.

72,

52.

51.

Table3. Comparative bottom tensionsfor USN and reduced no-decompression timelimits, employing 60 fsw/min ascent
and descent rates for all excursions. Bottom time is measured from beginning of descent to start of ascent.
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DEEP DIVING AND SOME EQUIPMENT LIMITA-
TIONS

Carl Edmonds, Michagl Loxton, John Pennefather and
Christopher Strack

Background

Reportsof recreational diving fatalitiesin Australia*
involved an analysis of the diving profile, observations of
the witnesses, equipment assessment by aregulatory body,
and aspecialised autopsy. If the causewasnot evident from
theinvestigations, are-enactment of the incident was often
employed.

In re-enactment trials, the divers own equipment is
reassembled and used, and the profile repeated by adiver of
approximately the same stature, but hopefully without the
same result. These techniques led to a number of break-
throughsin determining the causesof diving accidentsinthe
Royal Australian Navy, as far back as 1967.2

One of the situations which has led to re-enacting
dive profiles has been the observation that there is some-
timesdifficulty in obtaining sufficient air, either for breath-
ing at moderaterates, or for inflating the buoyancy compen-
sator (BC), at depths in excess of 30 m (100 feet). Thisis
noted especially when the diver is getting “low on air”.

Inadequate air supply situations have been high-
lighted as a significant cause of death in diving accident
reviews.>3* Other workers have postulated the difficulty in
obtaining adequate air through the regulator as a factor in
diving accidents>’, and some explanations have been forth-
coming.

Some of thefactorswhich producealimitationinthe
non-exhausted air supply, either tothediver, tothe BC or to
the aternative air supply line (octopus regulator), are obvi-
ous. Theseincludeafailuretofully openthecylinder valve,
resistance or failure of the J valve (when used), and equip-
ment malfunction problems causing regulator resistance.
L aboratory investigationshavedemonstratedincreased regu-
lator resistanceat, or near, reserveair levels, usually consid-
ered to be 35-50 bar.58

Atthesuggestion of oneof usandwhileinvestigating
adivingfatality, Wong®performed aseriesof experimentsin
1988. These showed that in some circumstances, it is
impossible to obtain adequate ventilation (especially under
exercise conditions), while using the power inflator of the
BC, onceareserveair level had beenreachedinthecylinder.

These problems led to a decision to observe what
happens with a diver exercising (equivalent to moderately
heavy breathing), at asignificant depth, with the air supply
on or near reserve, when using typical scubadiving equip-
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ment.
M ethodology

The parameters chosen were as follows:

Depth 40 m (132 ft, 5 bar).

Cylinder pressure 35 bar (515 p.s.i.) in steel 72 cu ft (2038
litre) cylinders.

BC equiva ent (alow resistance bellowsvolume meter) able
to measure more than 10 litres i.e. sufficient to
compensate for a 10 kg (22 Ib) weight belt.

Six modernregulators, typically used by recreational divers,
wereincluded in thetrials.

Thefollowing recordingswere made at 40 m equiva-

lent depth:

1 Timetakentoinflatethe10litreBCequivaent, while
the “diver” breathed moderately heavily

2 Time taken to produce a subjective resistance to
breathing, i.e. alow-on-air (LOA) situation.

3 Timetakento producean out-of-air (OOA) situation.

4 Additional observations made by the divers and the
researchers.

A separate experiment was conducted at 40 m depth
to determine the speed at which the BC (volume meter)
could befilled to 10 litres at different tank pressureswithin
the reserve range (50 bar, 40 bar, and 30 bar).

As a follow-up observation, the contents pressure
gauges supplied with the regulators were compared with
each other aswell asto a standardised pressure gauge used
at the Royal Australian Navy (RAN). Volume and air
consumption measurements were determined by use of the
RAN standard pressure gauge, unless otherwise stated.

Six experienced armed forces divers were used, and
the investigation was performed in a recompression cham-
ber of theRoyal Australian Navy, wherethewholeoperation
was under continuous, timed, video recording. Diving
medicsand physicians continuously monitored these cham-
ber experiments.

Thescubadiving equipment chosenwasfromthe® up
market” diving establishmentswho hire out thisequipment.
Theequipment hired for the experiment included six typical
regulators, pressure gauges, BCs and inflator hoses, avail-
able to any certified diver attending these establishments.
The regulators would usually be hired out to experienced
and certified divers, about every second weekend, and were
considered by the dive operators and their clients to be in
good condition. The supplierswere unawarethat the equip-
ment was to be used in experiments.

All the equipment supplied did appear to be of a
remarkably high standard. The setsweremodern and clean,
and worked extremely well, at least on the surface.

Five of the six regulators were current models pur-
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chased less than a year before testing. All the regulators
were reported to have had maintenance checks within the
preceding three months.

Results

The results are given below for the time taken to
inflatethe BC to 10 litreswhen the regulator wasnot in use,
thetimetakentoinflatethe BCto 10 litreswhen adiver was
breathing from the regulator, the duration of air supply at
depth (starting with a cylinder pressure of 50 bar) before a
LOA and OOA situation devel oped, the pressures at which
these situations devel oped and the accuracy of the pressure
gauges compared with the RAN gauge.

BC inflation time

Tests were performed on the equipment to deter-
mined how long it would take to supply 10 litres of air
through the BC inflator line. 1t took 6-8 secondsfor thison
the surface, with atank pressure of 30 bar.

At 5 ATA chamber pressure, when three different
regulators were tested with tank pressures of 50 bar, 40 bar
and 30 bar therewas considerablevariationinthetimetaken
toinflate 10 litres. Although the times of inflation differed
considerably between regulators, each regulator was fairly
consistent. It took 20, 25 and 38 secondsto inflate from the
three regulators tested when no other air outlet was in use

TABLE 1

TIMETOINFLATEBCTO 1I0LITRESAT 40m

Tank Pressure 50 bar 40 bar 30 bar
Regulator A 20 sec 20 sec 20 sec
Regulator B 23 sec 26 sec 26 sec
Regulator C 37 sec 39 sec 37 sec
(Table1).

It is evident from these results that, even with good
quality, well maintained regulators, when respiration was
not being performed at the same time, the time to supply 10
litres of air into the BC was between 20-40 seconds at 40 m
depth. Thiswasrelatively independent of the tank pressure
over the limited range tested.

Inflation time while breathing from regulator

Thetimeto inflate the BC to 10 litres (at 5 bar) was
measured whilethediver breathed fromtheregulator (Table
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TABLE 2

VOLUME ACHIEVED, TIME TAKEN AND PRESSURE REMAINING, WITH TIMESTO LOA AND OOA,
WHEN BC INFLATION WASATTEMPTED AT 40 m DEPTH WITH A CYLINDER PRESSURE OF 50 BAR
WITH THE DIVER BREATHING DEEPLY

Litres Time  Remaining Time
inflated taken pressure to LOA
at depth*

Reg A 10 37 sec 20 bar 46 sec
Reg B 8.2 64 sec 0 bar 64 sec
Reg C 32 50 sec 1 bar 41 sec
Reg D 05 41 sec 10 bar 16 sec
Reg E 10 28 sec 20 bar 28 sec
Reg F 10 24 sec 20 bar 55 sec
Mean 40.6 sec 41.7 sec
Range 24 - 64+ 16- 64

Time Cylinder pressure Minute
to OOA at OOA volume
at depth*  at surface** of diver

94 sec 7 bar 10 bar 40.1 l/min
68 sec 8 bar 0 bar 54.7 |/min
50 sec 6 bar 1 bar 86.9 I/min
41 sec 12.5 bar 10 bar 84.91/min
51 sec 9 bar 5 bar 67.81/min
101 sec 8 bar 5 bar 35.31/min
67.5 sec 8.4 bar 61.6 I/min
41-101 6-125 35.3-86.9

* Scuba gauge pressure read at 40 m depth. ** Cylinder pressure read on the surface on the standardised gauge.

2).

Only three of the six regulators allowed the full 10
litreinflation prior to the diversreaching an OOA situation.
The other three regulators supplied 8.2, 3 and 0.5 litres,
respectively. The two worst cases occurred with the two
diverswho had the highest respiratory minutevolumes(over
80 litres/minute at 5 bar).

While breathing at an increased respiratory minute
volume, there was often inadequate air to inflate the BC.
Even thosethat did inflate, did so slowly and took a consid-
erable period of time (24 - 37 seconds) to supply 10 litres at
this depth.

Duration of theair supply

The reports of increased resistance (a LOA hand
signal) were very variable and subjective. This happened
after an average of 41.6 seconds, with a16-64 second range.
A total OOA situation devel opedin41-101 seconds, withan
average of 67.5 seconds. Those with a higher respiratory
minute volume fared worse.

Although in general it appeared that the divers with
the least minute ventilation volume were able to breathe
without subjective resistance for longer periods of time, the
concept of “resistanceto breathing” was so subjectivethat it
appeared not to be reliable.

Judging by the observed respiratory effort, it ap-
peared as if many of the divers were coping with quite
significant resistance, without complaining. This may re-
flect the diver's training and personality or the effects of

narcosis.

Another factor to beconsideredisthat theinflation of
the BC might berelated to theresistanceto breathing. Inthe
case of regulator E, thediver signalled that hewas unableto
continue breathing, until he stopped inflating the BC simu-
lator. Once hedid stop thisinflation, hewas ableto breathe
for another 33 seconds.

Pressure gauge readings

Thedivers tank gauges showed considerable varia-
tionat 150, 50 and 20 bar between themselves(Table 3), and
with the standardised gauge after the diver had subjectively
reached an OOA situation. Therange of pressuresobserved
at depth when OOA was0-10 bar and, making allowancefor
this depth, the variation between the divers gauge and the
standard gauge at the OOA point was 0 to 7 bar (average =

TABLE 3
TANK PRESURE GAUGE READINGS

Pressure 150 bar 50 bar 20 bar
Regulator A 152 49 17
Regulator B 142 48 16
Regulator C 142 50 22
Regulator D 135 43 19
Regulator E 140 32 20
Regulator F 150 50 23
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2.4 bar).
Discussion

These experiments were performed to observe what
could happen, at adepth of 40 m, whenan L OA situationwas
encountered.

Itislikely that most divers are unaware of the time
needed to inflate a BC adequately at depth. Thisis made
more difficult, and may be impossible, with moderately
increased respiratory volumes, caused by exertion or anxi-
ety.

At these depthsthere are many more problemsthat a
diver may havetoface. They includetheeffectsof narcosis,
increased air consumption (and thereforereduced divedura-
tion), very significant buoyancy changes (with thecompres-
sion of the wet suit making it relatively non-buoyant),
reduced sensory input, and cold exposure.

Theexperienced diverswhowere used inthisexperi-
ment were asked to breath deeply from the regulators under
test. The varying responses can be seen in the different
minute volumes of the subjects. Despite the considerable
effort employed by the subjects, the result (in the form of
respiratory minutevolumes) wasnot commensuratewiththe
apparent respiratory effort being made. Theminutevolumes
achieved were not excessive by conventional standards for
moderate exercise. Minute volumes of 62.5 litres, were
considered by others’ to be areasonableindicator of moder-
ate exertion.

It is also probably not appreciated that so little time
is available once a LOA situation has been reached. Al-
though we accept that 35 bar (515 psi) isaLOA situation,
many divers would still believe that this is an adequate air
supply for other activities, such as swimming back to a shot
line, freeing an anchor, adjusting equipment, assisting a
buddy, etc. Our observations show that they might have
much lessthan aminute to perform these task before reach-
ing atotal OOA situation.

An OOA predicament can appear without an inter-
vening LOA observation. Thus it might be worthwhile to
extend the experimentswith various scubatank pressures, to
determine how much the diving activity is relevant to the
outflow of air from the various orifices of the first stage
regulator, under differing demands. Some laboratory work
on the regulator induced resistance to air flow has aready
been done by Egstrom.®> There have also been attempts, by
ANSTI® and USN EDU?, to compare the performance of
different regulators.

What was evident from our resultswas that not only
wasthere an insufficient supply of air through the regul ator
for breathing during sustained exertion, with a low tank
pressure, but there was also an inadequate air supply avail-
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able for other outlets (low pressure lines to the BC or
“octopus’ regulator).

From our observations, it ispresumed that the higher
the minute ventilation requirements, the greater the limita-
tion of theair supply. Thusit isunlikely that subjectswith
low maximum breathing capacities will encounter difficul-
tieswiththe samefreguency asthosewith ahigher breathing
capacity or those who are exerting themselves more.

It islikely that the respiratory effort by diversisas
much influenced by negative buoyancy**? at depths, as by
swimming speed. This might be aggravated by being
deliberately overweighted (inexperienced divers, marine
photographers), wearing thick wet suits at depth, problems
with BC usage, or by following the advice, given by some
diving operators, to exhaust the BC with ascent. The latter
recommendation is made in order to overcome the hazard-
ous effects of air expanding in the BC during ascent. Itis
inappropriate if there is negative buoyancy at depth and a
L OA situation.

For a variety of reasons, problems that develop at
great depths will be much harder for divers to solve than
those occurring in shallower depths. At the greater depths,
a minor problem may become magnified because of the
limitations of the equipment inherent at these depths and/or
the increased density of the breathing gas, as well as the
physiological effects of narcosis.

Onecould specul ate asto why these difficultieshave
not been widely appreciated in the past. Some experienced
divers may be aware of such limitations and may well plan
their dives accordingly to ensure that they do not make
excessive demands on their air supply. Some divers who
diveto 40 m may be unaware of the limitationsimposed by
scubaequipment at thisdepth, and may even claimthat none
existif they have not personally experiencedit. Some have
experienced these difficulties and survived. Others have
experienced the problems outlined above and died.

We believe that 40 m is an excessive dive depth, if
problems such as negative buoyancy or an LOA situation
develop. The consequences of diving to this depth include
avery significant reduction in the ability to obtain positive
buoyancy by inflation of the BC, and an inadequate air
supply to the second stage regulator, be it for the diver's
breathing or an octopus system. Inthe event of two of these
three outlets being used concurrently, they would be com-
promised even more than they are individually.

Complete reliance should not placed on the calibra-
tion of pressuregauges, especially at low cylinder pressures.
A LOA situation may devel op even when the gaugeimplies
sufficient cylinder pressure to permit adequate regulator
function.
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We had previously presumed that this air supply
problem at depth was a rare one, contributing to only the
occasional death. However it may be morewidespread, and
perhaps even the norm at these depths, with the scuba
equipment currently in use. None of the findings should be
used to denigrate any specific piece of equipment, which
may belifesavingin certain circumstances. Thelessonisto
understand and instruct others about the limitations of this
equipment.

Conclusions

Once aL OA situation has been reached at depth, the
reliable duration of the air supply for both BC inflation and
breathing is very limited, and measured in seconds rather
than minutes.

While engaged in tasks requiring moderate to heavy
breathing (respiratory minute volumes of 35-90 litres/min)
with alow tank pressure, it may take aconsiderabletime (if
itispossibleat al) to inflate aBC with 10 litres of air at 40
m. Thiswas only achieved by half of the inflator systems,
when the diver was breathing from the second stage regula-
tor. Inthe other half, the 10 litre volume was not achieved,
at that depth, before the tank effectively ran out of air.

Problems of an inadequate air supply may exist no
matter what low pressure outlet is used, a second stage
regulator, buoyancy compensator inflator or octopusregul a-
tor second stage.

Recreational divers should avoid, asfar as possible,
exposureto depthsin excess of 30 m, unless more effective
equipment is available and training has been undertaken in
buoyancy control and in the appreciation of equipment
limitations.
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EVALUATION OF DECOMPRESSION SICKNESS
INCIDENCE IN MULTI-DAY REPETITIVE
DIVING FOR 77,680 SPORT DIVES

Bret Gilliam

Introduction

| conducted the logkeeping data contained here asa
private project in association with my contract positions as
Director of Diving Operationsfor Ocean Quest | nternational
(adive/cruise company now defunct). The mgjority of the
datais from personal review of dive boat logs, passenger
records, diver interviews, recompression chamber histories
and interviews with members of the professiona dive staff
of the ship.

| wasresponsiblefor theoverall diving co-ordination
of the ship including orientation of the sport dives each
week, development of the computer diving program and
certification course, supervisionand operation of therecom-
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pression chamber facility, development of the treatment
protocols, and captaining one of the ten 32 foot dive boats
deployed from the ship. Additionally, asaUSCG Merchant
Marine Master, | served as a senior officer aboard the 457
foot cruise ship.

Background

In Juneof 1988, | was contacted through my consult-
ing firm, Ocean Tech, by representatives of Ocean Quest
International who wished me to undertake a variety of
technical projects on their behalf. This corporation wished
to enter the sport diving market with acruise ship converted
to carry 160 sport divers on diving vacationsin the western
Caribbean. It wasanticipated that these customerswould be
offeredasmany as 17 divesinafour day period during these
one week Cruises.

Initially, | was asked to design a high speed, high
volumeair filling system, design and build the custom dive
boats and consult with the ship’s engineering firm on a
gantry craneto launch and recover them, hirethedivingand
medical staff, write the operations manual, develop the
training programsand refit a60 inch multi-place, multi-lock
recompression chamber for installation aboard the vessel.

One of my first concernsabout the operation wasthe
large number of divesto be offered in such as short period.
This program called for four dives per day for four straight
dayswith anight dive added in the same period. Thismeant
that | would befacing asmany as2,720 divesby sport divers
each week if the company was successful in realizing its
market. To this figure would have to be added the diving
schedules of the 28 professional staff members, approxi-
mately 500 additional dives. Looking at the possibility of
handling over 3000 dives per week posed obvious opera-
tional cautions. To put it in perspective, many top dive
resorts do not conduct that much diving in awhole year!

Addressing the issue of expected incidences of de-
compression sickness (DCYS) left many unanswered ques-
tions. No one has ever seemed to be in agreement on the
statistical incidence of DCS in sport divers. Severa “ex-
perts’ were polled on this issue and a wide spectrum of
“qualified” responses were received. One respondent pre-
dicted 12.5 cases of DCS per week. Thistype of feedback
was daunting to say the least.

After going forward with the design projects etc., |
was asked to join the company under a consulting contract
as an Executive Staff member with specific responsibilities
as Director of Diving Operations.

Thispaper addressesthedatacompiled after oneyear
of operation of thevessel. Statisticspresented wererecorded
from March 4th 1989 to March 4th 1990. 77,680 diveswere
logged during this period.
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The multi-level question

Traditional sport diving resort operations typically
deal with far smaller numbers of divers and rarely conduct
diveoperation schedul esthat permit uptofour divesper day.
Virtualy all resort diving in the summer period of 1988 was
conducted by “divemaster log sheets’ handwritten at the
dive site. Most diving was calculated using conventional
tables, with the Haldane model U.S Navy tables seeing the
widest use.

Given the extraordinary number of dives that this
company was committed to, | wanted to provide every
possible safety edge and discipline of logging dives. The
basi cweaknessof most sport diver profilelogshasbeentwo-
fold:

1 Sport diversarenotoriously poor record keeperswith
regard to times, depths and surface intervals.

2 Several surveysandvolunteer test studieshaveproved
evidence beyond doubt that the majority of sport
divers cannot calcul ate repetitive dive planning cor-
rectly.

One issue that came up amost immediately was
whether any meaningful diveprofilescouldbeallowedif the
diversexclusively used square profile computational meth-
ods. Inmost circumstances, it proved unworkablefor afour
dive scheduleinthetimeallowed by the ship’sstrict sailing
routine. Therefore, the viability of “multi-level” profiling
became interesting.

We felt that this method was best accomplished
through the use of diving computers and eventually our
program had almost 57% of sport divers utilizing these
devices. (A more detailed treatment of this subject is
available in my paper “One year database of sport diving
exposures; comparisons of computer vs table usage” con-
tained in the 1991 Proceedings of the International Confer-
ence on Underwater Education (1Q'91) available from
NAUI).

By the fall of 1989, we made minor changes to the
ship’s itinerary and had modified the diving schedule to
average 13 dives per week for the sport customers. How-
ever, the numbers of divers had increased dramatically
during certain periods and we frequently handled in excess
of 200 divers per week. We had actually got to the point
wherewe considered 100 diversaweek to beaslow period.
One day in December of 1989, we did over 1000 dives!

Divesand DCS

Throughtheoneyear period March 4, 1989to March
4, 1990, we conducted a total of 77,680 dives including
customersand professional staff. Water temperatureranged
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from 77° Fto 85° F and cannot be considered afactor in any
DCS hit. Approximately 57% of our dives were done on
computers, atotal of 44,277. Divers agesranged from 9to
72 yearsold. The great mgjority of diving was conducted
with exposuresof 100feet or less. Diverswereinstructedto
limit their diving to amaximum of 130 fsw with a30 feet a
minute ascent rate above 60 fsw; or to conform with their
computer’s ascent rate, whichever was more conservative.
Divers averaged three dives per day although a significant
number (over 20%) of customers made over 5 divesin one
day if weather circumstances permitted. Reverse profiles
were conducted by many divers with no adverse effects
reported. Computer divers frequently admitted to reverse
profiles in their personal dive scheduling. Although not
sanctioned, wehad knowledge of sport diversdoing divesin
excessof 130 fsw routinely while conducting their own dive
plans. Over 40% of the computer owners questioned admit-
ted to frequently diving below 130 fsw, several to depthsin
excess of 200 fsw. No hits were recorded in this group.

In conjunction with some other on-going research
projects, members of the professional staff made over 600
dives to depths of 250 fsw. All were calculated by the
computer (BUhlmannmodel) andrepetitivedivesweretaken
the same day. There were no cases of DCS on these dives.

| made over 625 divesin the oneyear period includ-
ing 103 below 300 feet with one penetration to 452 fsw, a
new air depthrecord. All decompressionschedulesfor dives
up to 300 feet were derived from the Dacor Mircobrain Pro
Pluscomputer (Buhimann model). Below that depth, | used
custom propriety tables. No DCS hits were recorded.

No hits were recorded for the professional staff.
Most members averaged 500 to 725 dives during the one
year period. Age spanwas 21 to 43 years old with approxi-
mately athird of the staff being female. Divestaff members
averaged between 11 and 15 dives per week.

During the year we treated seven cases of DCS for
customer sport divers and none for staff. There were 12
other divers with symptom suggestive of DCS in who
complete relief of symptoms was achieved by breathing
100% oxygen , by demand system, before they got to the
ship. Thesewere not recompressed. All seven patientswho
were treated for DCS had limited dive experience; usually
less than 40 dives. Of the seven hits, 4 were women and 3
weremen. All DCShitsfell in the 26 to 45 year old range.
Infour of the seven cases, ascent ratesin excessof 60 ft/min
werereported. Infive of the seven cases no safety stops at
15fsw 94.5m) weretaken. All of theDCS casesweredivers
using tables. DCS did not occur in any divers using dive
computers correctly. The one computer user who required
treatment had adecompression obligationwhichheignored.
This kind of stupidity obviously cannot be blamed on the
device (be it tables or computer). This diver was not a
graduate of our on-board multi-level computer training
program. He had brought his own computer with him and
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declined to attend our seminar. In fact he had not even
completed reading the computer manual. Of the 7 clearly
symptomatic of DCS, all were successfully treated in the
ship’srecompression chamber with full resolution. Five of
the seven diverswith DCShitswerediving withinthelimits
of their tables and can be categorized as “ undeserved hits’.
No hits were recorded during the first two days of diving.

Incidence of DCS

With 77,680 dives in the total database and seven
DCS cases, the incidence was 0.00901% or approximately
onein 10,000 dives. If those with suggestive symptomsare
included there were 19 casesin 77,680 dives, an incidence
of 0.024459% or just over 2 in 10,000 dives.

If just the group using tables is considered, the
incidence rate is 0.02%, 2 in 10,000 dives. If those with
suggestive symptoms are included there were 19 cases in
33,403 dives, anincidenceof 0.05688% or nearly 6 casesper
10,000 dives.

The group which used computer calculations prop-
erly had a zero (0%) incidence rate.

Discussion

Originaly, the project was to keep records for a six
month period. This was expanded as the diver population
aboard ship increased. Of particular interest to me was the
lack of DCS incidence in computer users and in the more
“aggressive” experienced diver population. Precisely the
diver group that we suspected was most at risk to DCS
proved to be the safest. Why?

Several factors may provide partial answers. We
observed the computer diver and experienced, aggressive
diver groups to be far more disciplined in their regard for
ascent rates, “ safety” and decompression stops. They gen-
erally had better watermanship skills. Most were also more
attuned to proper hydration and generally refrained from
acohol consumption during the evening periods. The de-
compression algorithm employed by their computers were
generally more conservative than the typical Haldane U.S
Navy models.

Overdll, the low incidence of DCS surprised all
involved in the record keeping project. Taking the whole
group into perspective, and with the benefit of hindsight, |
made to several observations which may account for the
excellent DCS safety record.

This ship’s schedule had sport diving customers
board the vessel on a Sunday and depart that afternoon.
Monday was an orientation day with a safety lecture re-
quiredfor all divers. Toensuretheir attendance, it wasmade



SPUMS JOURNAL Vol 22 No. 1 January-March 1992

clear that dive boat assignmentswould be conducted imme-
diately following the conclusion of theonehour orientation.
Fear of being left off the boat list or not being assigned to a
favouriteboat crew providedvirtually 100% co-operationin
attendance. Also, since the ship was at sea and no other
diversionsoffered, it wasrelatively easy tolurediversthere.

Wetried to get sport diversto regard their rolein our
operation as a mutually co-operative one with the profes-
siona staff. We avoided any domineering or “lecture’
attitudes and endeavoured to communicate safety and envi-
ronmental protectioninformationwith a“weneedyour help
tobest serveyou” approach that wasgenerally well received
and not resented. Many diversreported our orientationto be
more instructive and less intimidating than typical resort
“tirades’, no matter how well intended.

Orientation served to acquaint the divers with our
ship’ sdiving operationsbut also had detailed general safety
recommendationsthat wefeel should be emphasized within
all sport diving groups in resort settings. Of particular
importance in our opinion was reinforcing disciplines of
ascent ratesand “ saf ety stops” at the 15 fsw (4.5m) level for
at least five minutes. By my observation, most sport divers
initially havelittle concept of safe ascent ratesevenif given
instruction during their entry level scuba training. Most
seem to understand that slow ascents are important but fail
dismally to execute proper ascentsin the field.

If anything, we overstressed adherence to a 30 ft (9
m)/min ascent rate at least in the last 60 feet (18 m). The
“safety stop” was further emphasized and we felt that, even
if ascent rates were too rapid, ingtilling the “safety stop”
ethic would at least slow the divers down approaching the
surface. Many other resort operationsstressreturning to the
dive boat with from 700 psi to 500 psi remaining in the
diver's scuba tank. We departed from this conventional
instruction and urged diversto arrive at the saf ety stop level
with sufficient reservefor a5 minute* hang” and thento use
the remaining air for additional stop time, saving only a
small reserve for the easy return to the surface. Each boat
was equipped with aweighted 20 foot (6 m) PV C pipe bar
hung from the dives boat’s side at 15 fsw (4.5 m). This
afforded an easy and comfortable platform for “ safety stop”
observance and thelarge size of the“ Deco-bars’ enabled as
many as a dozen diversto be accommodated at once.

From observation, we found asignificant number of
diversdid not realizethat their ascent rateswere excessively
rapid. Typically, we would time diversin ascents ranging
from 100 to 125 ft (30-37.5 m)/min and upon questioning,
the diver would express surprise and voice the opinion that
they thought they were conforming to 60 (18 m) or even 30
ft (9 m)/min rates. Most divers simply find these recom-
mended rates to be ridiculously slow (from their perspec-
tive) and only through continued education and patient
explanationwill thedisciplinesof proper ascentsbeapplied.
Most important however, is to establish a non-confronta-
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tional relationship with sport divers so that awillingnessto
learn will evolve. Our staff was trained to emphasize all
safety recommendations daily on the dive boats and to
observediversinthewater. Tactful suggestionsand critique
were to be offered in areas where divers could improve
technique. Wehad great successwith thesemethodsandfelt
reasonably confident that 90% of our customers were com-

plying.

Due to the temptation of being aboard a cruise ship
where the availability of alcohol was ever-present we felt
obliged to remind diversthat alcohol consumption the night
before aheavy diving day wasill-advised. Surprisingly, we
met with few problems from our diver population in this
regard. Most got their “ partying” out of their systemsonthe
Sunday night departure from the U.S. port and refrained
from or adopted modest alcohol attitudes until the four days
of diving were completed. Staff example went along way
to promoting compliance. Our professional diversgenerally
observed a voluntary curfew on evenings before diving of
11:00 p.m. Since most diving would begin as early as 8:30
am., we encouraged a good night’s rest in customers and
staff. For staff, it wasanecessity duetotheir heavy work and
diving schedule.

Another strong emphasis was placed on proper hy-
dration of divers. We recommended consumption of non-
carbonated beverages; but suggested staying away from
orange, tomato and grapefruit juicesdueto their tendency to
precipitate seasickness in many divers. Each boat was
supplied with large containers of cold fresh water and
unsweetened applejuice (thelatter affectionately known as
“Emmerman” dueto thisindividual’ sadvocacy in hismany
articleson hydration). Each boat crew pushed consumption
of thesefluids between dives during the course of thediving

day.

We aso included a detailed segment on recognition
of DCS symptoms. Since we had a fully staffed and
functional recompression chamber aboard we made our
guests aware of itslocation and that we used it not only for
training programs but we expected to useit for treatmentsas
they presented.

Denial of symptoms and subsequent delay of treat-
ment has always been major problemsin sport divers. We
tried to make it clear that DCS has a certain statistical
inevitability and that no stigmaor “blame” would be placed
on an individual who reported problems. We let our divers
know that each boat captain wastrainedin diver first aid and
each boat wasequi pped with O, units equi pped with demand
regulators to insure delivery of 100% O, if needed. There
was no chargefor the O, or for evaluation by the author and
diver medical technician. Infact, wedid not chargefor tests
of pressure or treatments.

Asaresult of the orientation sessions, we overcame
the traditional reluctance to report symptoms and in many
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cases found ourselves burdened with eval uations of numer-
ous muscle strains etc. not related to DCS. But at least, our
diverswere enthusiastically coming forward to report even
slight perceived symptoms. We would always prefer to err
onthesideof caution and thefew casesof obviousnon-DCS
injury werewelcomein preferenceto the denia attitudes so
frequently prevaent in the past.

Chamber facility

We were lucky to acquire a 60" PVHO classed
recompression chamber which we completely refitted for
use on the ship. We purchased the chamber and essentially
discarded everything but the pressure vessel. Two staff
members then replaced al fittings, installed a new radio
communicationssystemincludingtwo sound-powered phone
handsets, 6 new BIBS (builtin breathing system) maskswith
overboard dumps for O, delivery, two new O, analyzers, a
fire suppression system, 50/50 Nitrox therapy gas, new
gauges and timing devices. All ports were removed and
replaced along with all hatch o-rings. The entire unit was
cleaned and repainted white with all gaslines colour coded.

When completed, the chamber was state-of -the-art
and Dick Rutkowski of Hyperbari csl nternational wasbrought
into examine and certify itsreadiness. Rutkowski wasalso
used on three occasions to conduct specialized training for
chamber operators and technicians with his well known
COUrSEsS.

| and two other staff members had extensive prior
chamber operation experience from military and commer-
cia backgrounds and we had one DMT graduate from
Oceaneering. Training runs and protocol discussions were
conducted weekly with the majority of the dive staff partici-
pating in various roles in the chamber’s operation. This
provided acontinuing education processand ensured opera-
tional readiness of all systemsand staff. Periodic test cases
were presented by passenger volunteers coached to appear
with DCS symptoms to present staff with actual “real life”
scenarios to react to.

Additionally, we developed thefirst sport diver cer-
tification programin Accident Management/Introductionto
Recompression Chambers. | wrotethecoursewiththeintent
of involving sport diversin an intensive hands-on learning
situation that included field evaluation of diver patients, O,
administration, patient handling and transport, record keep-
ingand actual divesinthechamber including breathingfrom
the BIBS with dives to 60 feet.

Thisprogramwasapproved by bothPADI and NAUI
and hundreds of divers participated in it during 1989 and
1990. This program was scheduled for atravel day at sea
after conclusion of the diving program on Friday afternoon.
Most divers expressed the opinion that this course made
them far more aware of pre-disposing factors and health
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conditions to DCS and AGE, and appreciated the in-depth
accident management modules especially with O,

Our protocols called for very aggressive diver treat-
ment. Diversreporting symptomswere placed on 100% O,
by demand mask andimmediately transportedtothe shipfor
evaluation by the author or DMT. Significantly, we had
approximately 12 cases of symptomatic DCS that relieved
completely during the 100% O, breathing period during
transit from dive site to ship. Asisstandard practicein the
commercia diving industry, we have not counted these
cases as confirmed DCS incidents since they were not
confirmed through a recompression test of pressure. How-
ever, in my opinion, theimportance of 100% O, by demand
mask cannot be over-emphasized.

Withregardto treatment tables, itismy firmopinion
that use of U.SNavy table5isnot appropriatein sport diver
DCS presentations. Virtually all sport diving DCS cases |
havetreated in my career will show Typell symptomsupon
closeexamination. Inmany cases, Typel symptoms present
and the patient may complain vigorously of muscular/
skeletal “pain only” symptoms only to discover further
evidence of Type Il numbness etc. once the “pain only”
symptomshaveabated. Themasking of Typell DCShasled
to improper and insufficient treatment on table 5 when a
table 6 with extensions may have been called for.

We aggressively treated all presentations with table
6 and used table 5" sfor clean-upswhen initial treatment did
not produce full resolution. Under these protocols we had
complete resolutionsin all patients.

It should be noted that the data base presented here
only considers the ship’s sport diver population. Other
patients presented for treatment from time to time from
resorts, commercial divers engaged in fishing using scuba
etc. Case 4 isincluded because it is of interest due to its
extreme repetitive exposure.

Selected casereports

Casel

The patient presented with numbnessand tingling on
hisright side localized to the foot, ankle, wrist and forearm.
Skin mottling was also noted. Numbness etc. had become
progressively worse since making 2 divesin Cozumel with
profilesof 60 fsw (18 m)for 32 minuteswith an approximate
1 hour surface interval followed by second dive to 48 fsw
(14.5m) for 25 minutes. Hewasinfourth day of arepetitive
diving vacation, with over 24 hourssincethe previousday’s
diving. The diveswere unremarkable with normal ascents
and no work. Water was 79° F with excellent visibility
athough amoderate current was prevalent in both dives, as
istypical for Cozumel diving conditions. Symptomsdevel-
oped within one hour of surfacing from the second dive but
they were not reported until approximately eight hours|later
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asthey progressively worsened. Hedid not believehecould
be bent.

A test of pressure was performed and after a 20
minute breathing period on O, by BIBS mask at 60 fsw in
chamber the patient reported complete relief. A standard
treatment table 6 was followed with complete resolution.

He was calculating his dives using standard USN
tables. Hewasa43 year old male with no obvious physical
detriments; diving experience included frequent sport div-
ing in the four years since he was certificated.

Case?2

The patient presented with shoulder pain after mak-
ing two divesin Cozumel with profiles: 76 fsw (23 m) for 25
minutes; approximately 1 hour ten minutes surfaceinterval
with second dive to 58 fsw (17.6 m) for 32 minutes. The
diving conditions were ideal, with the typical Cozumel
current. Symptoms developed approximately 2 hours after
surfacing from the second dive but were not reported until
nine hours later when pain had progressively worsened.

A test of pressure was performed and after a 12
minute period breathing O, by BIBS mask at 60 fsw (18 m)
in the chamber she reported complete relief. A standard
table 6 was followed with complete resolution.

Shewasa44 year oldfemal e, overweight by approxi-
mately 35 pounds (16 kg) and in generally poor physical
condition. She reported a previous injury to the shoulder
where the initial symptoms developed.

She had infrequent diving experience although cer-
tificated for five years. She was calculating dives using
PADI RDP tables.Her dive buddy reported poor ascent
techniqueand poor buoyancy control throughout both dives.

Case3

This patient presented initially with mild tingling in
both hands. Hewasheld two hoursfor observationand upon
re-examination was found to have marked progression of
tingling and numbnessand fatigue. Also hisdisposition had
altered and he was becoming lethargic and unstable while
walking and had difficulty maintaining normal balance.

Hehad madeatotal of ninedivesall withinUSN table
limitsin the three previous days. He had a 20 hour interval
beforeresumingdivingonthefourthday. Hedivedto51fsw
(15.5m) for 58 minutes, 67 fsw (20.3 m) for 43 minutesand
95 fsw (28.8 m) for 46 minutes. Neither he nor his buddy
could provide accurate surface interval information. They
were using profiles supposedly obtained from USN tables.
He had declined to dive under the supervision of a ship’'s
divemaster. Symptoms developed within one hour of sur-
facing and he immediately reported to the ship’s diving
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officer upon returning from the Mexican Cozumel diving
boat. Thiswas approximately two hours after the last dive.

Hewasgivenatest of pressureand reported complete
relief after 10 minutes of O, by BIBS mask at 60 fsw in
chamber. A standard table 6 was followed with complete
resolution.

Case4

Thisman presented with severe symptomsincluding
inability to walk, bilateral paraesthesia, incoherent speech.
He collapsed during examination. He was immediately
recompressed to 60 fsw (18 m) in the chamber and puton O,
by BIBS mask with no relief. Compression was continued
to 100 fsw (30 m) on air where relief was reported of most
symptoms. He was decompressed to 60 fsw (18 m) and a
standard table 6 was followed with complete relief.

A history was obtained of his previousday’ sdiving.
The patient was a male Mosquito Coast Indian profession-
aly employed asalobster diver, using scubagear, inthe Bay
Islands of Honduras. He made between 10 and 12 divesin
anine hour period to average depths of 125 fsw (37.5m) or
greater. The procedure was to dive until his tank was
exhausted and then make a free ascent. Repetitive dives
were performed non-stop in this manner until the diver
began to feel numbness and tingling in his right arm and
shoulder. Another divewasmade and these symptomswere
relieved underwater and he continued diving until heran out
of air and ascended rapidly. Almost immediately upon
surfacing he noticed pain in his legs and then progressive
numbness and tingling. His boat was over 12 hours from
Guanaja(Bay Idands) and onthetripin, heconsumedalarge
quantity of a native alcoholic drink and ultimately passed
out.

His diving buddies brought him to the Ocean Quest
when they heard that there were divers on board who “ knew
how to fix divers when they get twisted”. The patient was
paddled out to the ship in adug-out canoe by hiscompanions
who related his profiles.

Although he was completely relieved following a
table 6, he was advised to remain on board the ship for
transfer to Roatan’s chamber facility for observation for
recurrent symptoms. At thispoint the patient becamehighly
agitated and insisted on leaving the ship. When attempts
were made to restrain him in order to have his companion
better explain (asinterpreters) the seriousness of his condi-
tion, he attempted to jump over the side into the water and
swimtoshore. | explainedthat hecouldleaveat any timeand
urged him not to return to diving for at least aweek and to
obtain amedical examination. He chose to depart immedi-
ately by canoe with his companions. Apparently hisimmi-
gration status was questionable and had prompted his anxi-
ety about transfer to Roatan.
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| learnt later that he resumed diving two days later
and | understand that he still continues to dive, with no
apparent further problems.

Conclusions

Thisdatawould suggest that theincidenceof DCSin
sport diversis far lower than that was originally expected.

In this diver population certain factors may have
contributed to their safety record. Theseinclude aggressive
counselling, through the orientation sessions, about proper
hydration, rest and low acohol usage. Of primary impor-
tance was the constant stressing of slow ascent rates and
“safety stops’. Additionally, professional diver staff mem-
bersweretrained to observeand tactfully correct bad diving
habits and to assist with the review of dive planning and
repetitive table use.

Also, theimportanceof divecomputer usein contrib-
uting to more accurate dive profiling and use of more
conservative decompression algorithms clearly played an
important roleinlimiting DCSincidencerates. Thefact that
thegroup using divecomputersproperly made44,277 dives
with zero incidence of DCS must be considered significant.

Interestingly, the most aggressive group of divers
making thedeeper and | argest number of repetitivediveshad
the best overall safety record against al conventional wis-
dom. Thiswould seem to be dueto the experienced divers
greater disciplinewith regard to ascent rates, observance of
“safety stops’ for long hangs, proper hydration practices,
better knowledge of table and/or computer use, and overall
better diving and watermanship skills.

Further, aggressiveuseinthediveboatsof O,admin-
istration by demand mask may well have relieved other
unconfirmed DCS hits. On-site chamber treatments that
offered tests of pressure and evaluations usually within two
hours on symptom onset certainly contributed to the 100%
resolution rate for patients. Finally, the encouragement of
prompt symptom reporting with no associated peer or pro-
fessional “blame” or stigma attached isrefreshing in asport
diver community that has historically been infamous for
symptom denial.

Inthecaseof theprofessional divestaff somevalidity
to the hypothesis of “adaptation” must be given serious
consideration. These individuals dived aggressively for
four straight days, then received three days off before
resuming that schedule. Most made between 500 and 725
dives in the one year period. Many routinely performed
diving in the 250 fsw range or greater with subsequent
repetitive dives and yet no DCS hits were recorded in any
staff. The “multi-day skip” suggestion may well be vali-
dated later.
© Bret C.Gilliam.
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SPUMSNOTICES

SPUMS STATEMENT ON DIABETES

Introduction

Generalization is always difficult when giving ad-
vice about a specific medical condition, such as diabetes
mellitus, and itsrelation to diving. Each applicant requires
individual assessment with regard tothedisease, itsseverity
and control, and how well the patient understands both the
disease process and the diving environment.

Therole of the physician for therecreational diveris
that of adviser to the patient, his family and possibly his
fellow divers, andto provideinformation ontherisksthat the
pathological process may represent in the underwater envi-
ronment. Should such applicants then choose to ignore the
advice given, the advising physician should not be subse-
quently liable.

In commercia diving, fitness standards are largely
“black and white”. Regulations limit the options for a
physician with respect to certifying an individua as fit to
perform a specific task. In addition, many commercial
diving companieshavetheir own stringent fitness standards
asaprecondition to employment and in such circumstances
thereisno placefor adiabeticinthecommercial divingfield.

Diabetes mellitus

Diabetes mellitus is a common endocrine disease
resulting from adeficiency of or insensitivity toinsulin. The
disease spectrum is wide and ranges from the young child
dependent on frequent doses of exogenous insulin to the
elderly patient whose blood glucose level can be controlled
by diet alone. Between these extremes is large group of
patients controlled by diet and oral hypoglycaemic agents
but who may sometimes requireinsulin for glucose control
when under severe stress.

It is often forgotten that many diving trips are pre-
ceded by apassagein an open boat. The diabetic who takes
hisinsulin prior to departure and then is either unableto eat
or suffersfrom repeated vomiting asaresult of seasickness
is especially proneto hypoglycaemia. The stress of adive
added to this unstable state may well precipitate ahhypogly-
caemic crisis. In addition, the travel and diving schedule
may interfere with the normal eating timetable so essential
for the maintenance of stability in diabetics.

Every physician who has been present at an insulin
induced hyopglycaemic reaction can attest to the rapidity at
which symptoms appear and the speed with which judge-
ment isimpaired.! Rapid loss of consciousness occursin a

significant number of hypoglycaemic diabetic patients. The
normal symptoms of impending hypoglycaemia; agitation,
sweating, circumoral paraesthesia, palpitations and confu-
sionareall effectively masked by immersion and thenormal
anxiety of the novicediver. Inthe more experienced diver,
the narcotic effects of nitrogen may well disguise these
symptoms further.

During a dive, any loss of consciousness usually
results in the regulator being dislodged from the mouth so
that the victim either aspirateswater or haslaryngeal spasm
and becomes apnoeic. Unlessthe buddy isimmediately to
hand, thevictimwill drown. Such asituation necessitatesan
emergency ascent with the attendant problemsof gasexpan-
sion (according to Boyl€' s Law) resulting in barotraumato
thelungs. If thereisasignificant nitrogen load, the missed
decompression schedule will put both victim and rescuer at
risk of decompression illness.

Physicians who are sympathetic to their diabetic
patient’s attempts to gain recreational diving experience
often quote examples of world class athletes who have
diabetes.? Such physicianseither forget or are unaware that
the diving environment is totally different from the athletic
field or tenniscourt, initsdensity, theratein which pressure
changes occur, and the distance from skilled medical assist-
ance. Although most diving is safe and quite leisurely, the
need for unplanned, severe, sustained exercise is always
present. Ontheathleticfield, theblood glucoselevel canbe
easily maintained with drinks and nutritional supplements.
The carriage and consumption of theseitemsin the course of
adiveisnot as readily achieved.

A diabetic hypoglycaemic reaction is most likely to
occur towards the end of a dive at which time it will be
associated with hypothermia, high nitrogen load, dehydra-
tion and fatigue, all of which predispose to and may exacer-
bate the effects of decompression illness.

Complications

The end organ complications of diabetes predomi-
nantly affect the cardiovascular and neurological systems.
Thereisapremature onset of generalised arterial diseasein
diabetic patients which has wide ranging effects on the
myocardium, the kidney and the peripheral circulation.
Myocardial infarction occursearlier in diabeticsand may be
more severe as it is often associated with arrhythmias or
cardiogenicshock. Suchinfarctsmay bepainless, especially
when the victim isimmersed as this eliminates the orthos-
tatic hypotension associated with pump failure.

Peripheral vascular diseasewhichinterfereswiththe
circulation to the limbsis profoundly affected by the hypo-
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thermia of immersion. It may also affect the rate of gas
exchange in the tissues making the diver more liable to
decompression illness.

The neurological complications of diabetes which
may affect candidateswishing to diveinclude polyneuropa-
thy, amyotrophy and autonomic neuropathy. Such neuropa-
thiesresult in muscle wasting, glove-like anaesthesia of the
limbs and a loss of deep tendon reflexes. These may be a
source of confusion to any physician if the patient subse-
guently presents for recompression therapy. Autonomic
neuropathy may result in bladder dysfunction and urinary
retention, disturbed temperature regulation, postural hypo-
tension and cardiac arrhythmiasin times of stress. Loss of
afferent supply from the myocardium may be areason why
diabetic patients are subject to “silent” or pain free myocar-
dia infarcts.

In the vascular system, free gas not only obstructs
smaller vessel sand destroysendothelial surfactant resulting
in loss of integrity of the intimal layer, but thereis aso a
surface effect of the bubbles which causes denaturation of
protein, increased platel et and whiteblood cell adhesiveness
and stimulation of the clotting cascade. A study reported
Halushkaet. al. showed that, in diabetics, platel et agglutina-
tion occurred more rapidly in response to ADP, adrenalin
and collagen as aresult of increased activity of the platelet
prostaglandin synthetase system.®

Fibrin and platel et deposition around abubble stabi-
lise a bubble so that it is more difficult to remove by
recompression. A diver withasignificant nitrogenload who
performs atoo-rapid ascent may suffer from bubbles of gas
forming in the tissues and venous capillaries. This decom-
pression illnessis associated with intravascular changesin
protein, platel etsand extravasation of fluidinto the extracel -
lular space. It follows therefore that a diabetic diver is
almost certainly more likely to suffer from decompression
illness than a healthy diver in the same circumstances.

Thisliability todecompressionillnessiscompounded
by the earlier onset of obliterative vascular disease in dia-
betic patients. These vascular changes are independent of
the quality of control of the blood glucose level. The
pathology affects all levels of the vascular tree and, poten-
tialy, interfereswith the kinetics of gasexchangeand slows
the elimination of nitrogen from peripheral tissues.

Inall classesof diabetic patient theend organ disease
is often more severe than the symptoms suggest and is
unrelated to the level of control of the diabetes. The non
insulin dependent diabetic is typically obese, middle aged
and unfit. The diving physician can usually eliminate such
a candidate on the grounds of medical problems other than
just diabetes.

Summary
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Althoughmost recreational divingissafe, uneventful
and conducted at aleisurely pace there are occasions when
it becomes exceedingly stressful and there is a need for
unplanned, severe, sustained exercise* A diabetic whose
blood sugar is controlled either with insulin or other oral
agents would be incapable of maintaining such an exercise
level and should be guided into less exacting pursuits.

Theinsulin dependent diabeticis proneto hypother-
mia, hypoglycaemia resulting in loss of consciousness and
decompression illness and consequently should be advised
against diving.

Diabetics controlled by oral hypoglycaemics are
usually obese, unfit and are unableto maintain an acceptable
exercise level.

Thediabetic controlled on diabetic controlled ondiet
alone may be permitted to diveif he demonstrates adequate
cardiorespiratory fitness and all other criteriatested at the
diving medical are found to be within normal limits.
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MINUTES OF COMMITTEE TELECONFERENCE
held at 1000 Daylight Saving Time
on Sunday, 24th November 1991
Apologies
Dr A Slark

Present

DrsD Gorman (President), D Wallner (Secretary), G
Barry (Treasurer), JKnight (Editor), D Davies (Education
Officer), C Acott, S Paton and J Williamson.

1 Minutes of Previous Meeting
The version to be published in SPUMS J. 21/4 was
accepted as atrue record.
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2. Business Arising from the Minutes

21 PORT DOUGLASMEETING

The program distributed by Allways (to be pub-
lished in SPUMS J 21/4) is not final program. Dr
Williamson will circulate the penultimate version to the
Executive in about 6 weeks.

Some criticism of the pre- and post-conference
diving options proposed by Allways was noted, both as
to limited choices and number of dives offered.

Becauseof thedifficulty in getting Geoff Skinner
to return calls, Dr J Robinson was appointed to contact
him on behalf of the Committeeto review thesearrange-
ments.

Dr Barry felt that thelarge number of Registrants
this year should enable the registration fee to cover the
speakers costs. Dr Robinson is to ask Allways for a
Conference Budget.

It was decided that the chairpersons at future
Annual Scientific Meetings must be SPUM S members.
With non-medical topicsit was considered that if anon-
member, with special knowledge of the topic, could
conduct the question and answer session more effi-
ciently thanthe SPUM Smember appointed chairperson,
the non-member could be appointed as co-chairperson

22 PALAU MEETING
Dr David Elliott has accepted our invitation and
will supply adraft of his program in due course

23 PNG MEETING
Dr Gorman will assess conference capability
when he visits next year.

24  ANZHMG

A meeting will be held on December 2nd at the
Alfred Hospital, Melbourne. The morning session will
be a Business Meeting. The afternoon session will be
clinical with discussions on the Alfred Hospital experi-
encein treating osteomyelitis, and gas gangrene, and the
1991 view of AGE. Intheeveningtherewill beadinner.

25 DIVECOMPUTERS
Dr Acott is doing background reading.

26 OXYGEN CYLINDERSON DIVE BOATS
Dr Robinsonisto pursuethismatter with Allways.

2.7. SAFETY SAUSAGES
ALLWAY S has paid.
2.8 DIVING AND DIABETES
Dr Daviesis collating some material at present.
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3 North American Chapter

Ray Rogers has asked us to finance a poster exhibi-
tion relating to the activities and aims of SPUMS at the
Diving Equipment Manufacture Association (DEMA) exhi-
bition. Thiswas agreed to.

The North American Chapter is to provide annual
financial reports.

4 Diving Doctors list

Thislist isupdated from timeto time. People doing
the Royal Adelaide Hospital courses are given SPUMS
membership forms and may join. There was discussion as
regarding whether to publish a New Zealand list in our
Journal and how best to ascertain those doctors who have
done a properly accredited course.

Dr Knight is to send a list of NZ members to Dr
Gormanwhowill check theseagainst listsof thosewho have
done Underwater Medicine courses at Christchurch and
Auckland. Non-memberswill then be sent SPUM Sapplica
tion forms. The amended list will then be published in our
Journal.

5 Standards Australia M eetings

51 RECREATIONAL DIVING

Dr Knight reported that Committee CS/83 had
approvedthefinal draft of astandardfor the Trainingand
Certification of Recreational Divers Part 1: Minimum
Entry-Level ScubaDiving. The SPUMS medical, with
minor modifications, had been accepted including a
compulsory medical examination, but the requirement
that the medical be conducted by a doctor with training
inunderwater medicinewasnot accepted. Only SPUMS
and the Seamen’s Union voted for such training to be
mandatory. The AMA did not support our stand. Dr
Knight's report will be published in SPUMS J 20/4.

52 WORKSAFE AUSTRALIA

A meeting of Committee SF/17 (occupational
diving), on which SPUMS is now represented, was
addressed ontheforthcoming WorksafeAustraliadiving
standard which will cover all diving. The basic concept
isthat of aduty of care both by an employer to employee
and instructor to student. Dr Knight's report will be
published in SPUMS J 20/4.

53 FURTHERACTION

It was decided that the SPUMS policy, that only
doctors with the appropriate training should do diving
medicals, and the reasons for it must be pursued. Dr
Gorman will write to the AMA, at Federal and State
level, expressing our concern at their vote at the CS/83
meeting. The SPUM Sdiving medical will besent out, as
a supplement, with SPUMS J 22/1.



6 Treasurer’sreport

Dr Barry said that only about 50% of NZ members
were financial. Converting NZ cheques cost us $8 per
transaction. It was resolved that an ANZ bank account be
opened with Credit Card facilities. This facility will be
included on our subscription form, this should reduce NZ
non-payers and reduce costs. Thisisto be organised by the
Treasurer. Dr Barry announced his decision to resign as
Treasurer.

7 Diploma of Diving and Hyperbaric Medicine

The Board of Censors have awarded the DDHM to
DrsVic Callanan and Tom Fallowfield.

8 Correspondence

Letters from Dr N Cooper have led to the UK tax
authorities accepting subscription to SPUM S astax deduct-
ible and to recognition of the DDHM as post-graduate
training time by the UK Faculty of Occupational Medicine.
A letter has been sent thanking him for his efforts.

9. Other business
9.1 Dr Gorman will supply an Editorial on “Mixed
Gas Diving to our Journal.

9.2 A letter to be sent to Peter Bennett making him a
full member.

The next Meeting will be on 16 February 1992 at 1000
Daylight Saving Time

SPUMS ANNUAL SCIENTIFIC MEETING
Raddison Royal Palms Hotel
PORT DOUGLAS 30th MAY-6th JUNE 1992

Australia’'s“Wonder of the World”
The Great Barrier Reef (GBR)

Saturday 30th May

1600-1615 hrs  Welcome and opening ceremony
Session 1
1615-1630
Significance to the world of the GBR.
Dr Joe Baker, OBE, FTS, PhD, Director*,
Questions and discussion

The Reef geographic setting (1)

1635-1640

1640-1705
Geological origins of the GBR.

Dr D Kinsey, PhD*

1705-1715 Questions and discussion
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1715-1735
GBR morphology and physiology.
Dr J (“Charlie”) Veron, PhD*

1735-1745 Questions and discussion
Session 2 The Reef geographic setting (1)
1800-1820
Oceanography of the GBR.
Dr E Wolanski, PhD*
1820-1830 Questions and discussion
1830-1855
Evolution of the coral reefs, the Greenhouse scenario.
Dr D Kinsey*
1855-1910 Questions and discussion
1910-1930
Mangroves and the GBR.
Speaker to be announced
1930-2000 Question & discussion
Sunday 31st May
Session 3 The Reef Ecosystem (1)
0900-0920

Reef coral biology.
Dr JOliver, PhD*
0920-0930 Questions& discussion
0930-0950
Coral taxonomy.
Dr JVeron, PhD*
0950-1000 Questions & discussion
1000-1020
Coral reproduction.

Dr R Babcock, PhD*

1020-1030 Questions & discussion
Session 4 The Reef Ecosystem (11)
1100-1120

Reef algae: green, brown, red.
Dr Ed Drew, PhD*

1120-1130 Questions & discussion
1130-1150
Reef fishes.
Dr D Williams, PhD*
1150-1200 Questions & discussion
1200-1220
Plankton.
Mr J Carleton, M Sc*
1220-1250 Questions & discussion
Session 5 Reef structuresand functioning (1)
1400-1420

Zonation in the GBR.
Dr T Done, PhD*
1420-1430 Questions & discussion
1430-1450
Organic production - primary producers.
Dr Ed Drew, PhD*

1450-1500 Questions & discussion
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1500-1525
Reef trophodynamics; detrituschain; consumer chain.
Dr Michel Pichon, PhD, Deputy Director*

1525-1535 Questions & discussion
Session 6 Reef structuresand functioning (11)
1605-1625

Ecosystem metabolism: autotrophy or heterotropy.
Dr Michel Pichon, PhD*
1625-1635 Questions & discussion
1635-1700
Nutrient fluxes.
Dr M Furnas, PhD, Dr D Alongi, PhD
and Dr E Drew, PhD*
1700-1710 Questions & discussion
1710-1730
Carbon budgets: bioconstruction and destruction.
Dr M Pichon, PhD*
1730-1800 Questions & discussion
Monday 1st June

Symposium on board MS “ Quicksilver”
Session 7 The Reef and man (1)
20 minutes
Human impacts.
Dr Michel Pichon, PhD*
10 minutes Questions & discussion
20 minutes
Protection and conservation of the Reef resource: the
marine park concept.
Dr D Kinsey, PhD*
10 minutes Questions & discussion
20 minutes
The GBR marine park; zoning plans and manage-
ment strategies.
Speaker to be announced
Queensland National Parks and Wildlife
10 minutes Questions & discussion
Tuesday 2nd June

Symposium on board MS “ Quicksilver”
Session 8 The Reef and man (11)
20 minutes
The Reef asatourist attraction.
Dr Alastair Birtles, PhD
10 minutes Questions & discussion
20 minutes
Coral injuries on the GBR.
Professor Vic Calanan,FANZCA, DipDHM
Director of Anaesthesia and Intensive Care
Townsville General Hospital.
10 minutes Questions & discussion
20 minutes
The Crown-of-Thorns starfish.
Dr Peter Moran, PhD*

10 minutes Questions & discussion
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Wednesday 3rd June

Session 9 The Reef and man (I11)
0900-0925
Reef fisheries.
Drs D Williams, PhD and P Doherty, PhD*
0925-0935
Questions & discussion
0935-1000

Chemicals and drugs.
Drs P Murphy, PhD and W Dunlap, PhD*
1000-1010
Questions & discussion
1010-1035
Creating a captive coral reef ecosystem.
Dr Martin Jones, PhD, Senior Curator
Great Barrier Reef Aquarium, Townsville.

1035-1040
Questions & discussion
Session 10 The medical reef (1)
1110-1130
Sea snakes of the GBR region.
Dr Chris Acott, FANZCA, DipDHM
Hyperbaric MedicineUnit
Royal Adelaide Hospital, South Australia
1130-1140
Questions & discussion
1140-1200

The amazing nematocyst.
Dr Jacquie Rifkin
Consultant Zoologist, Brisbane
1200-1210
Ciguatera poisoning.
Dr Geoffrey King, MB, BS, Director
Royal Flying Doctor Service, Cairns

1230-1245 Questions & discussion
Session 11 Themedical reef (11)
1345-1405

The work of the International Consortium for Jelly-
fish Stings.
1405-1415 Questions & discussion
1415-1435

Jellyfish of the GBR region.
Dr Robert Hartwick, PhD
James Cook University of North Queensland
1435-1445 Questions & discussion
1445-1505
Aquatic world awareness, responsibility and educa-
tion in diver training and tourism.
Mr Drew Richardson, Vice-President
Training and Education, PADI International.
1505-1515 Questions & discussion
Session 12
1600-1645
Annual General Meeting of SPUM S
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1645-11715

Inaugural Annual General Meeting of The Aus-
tralian and New Zealand Hyperbaric Medicine Group
(ANZHM G) together with the ANZ Hyperbaric Techni-
cians and Nurses Association (HTNA)

1715-1725
Hyperbaric chamber design
Dr Peter McCartney, MMed (Anaes), DipDHM
Director of Hyperbaric Medicine
Royal Hobart Hospital
1725-1730 Questions & discussion
1730-1740
CO off-gassing during HBO therapy
Mr Peter Langston, Mr Robert Ramsay, Drs John
Fry, John Williamson and John Russell
Royal Adelaide Hospital
1740-1745 Questions & discussion
1745-1755
HBO therapy and vasculitis
Dr Harry Oxer, FCA, FANZCA, DipDHM
Director, Hyperbaric Medicine, Fremantle Hospital

1755-1800 Questions & discussion
Thursday 4th June

Symposium on board M S*“ Quicksilver”

Session 13 Thediver'sreef
40 minutes
Diving and the law.
Dr E Drew, PhD*
20 minutes Questions & discussion
20 minutes

Diving and the coral.
Mr Colin Hodson, Director, “The Dive Bell”
Commercial Diver Training Academy, Townsville

10 minutes Questions & discussion
Friday 5th June

Session 14 Diving safety on the GBR (1)

0830-0845

Diving safety - where are we going ?
Dr John Knight, FANZCA, FACOM, DipDHM
Editor, SPUMS Journal
0845-0850
Australia-wide communication and diving safety.
Dr John Williamson, FANZCA, DipDHM
Director of Hyperbaric Medicine
Royal Adelaide Hospital, South Australia
0850-0900 Questions & discussion
0900-0920
Queensland legislation and diving the GBR.
Mr J E Hodges, Director
Division of Workplace Health and Safety
Queensland Department of Employment etc.

0920-0935 Questions & discussion

SPUMS JOURNAL Vol 22 No. 1 January-March 1992

0935-0955
Access and diving equipment for the GBR.
Mr Wayne Williams, Senior Manager
Mike Ball Watersports Inc., Townsville

0955-1015 Questions & discussion
Session 15 Diving safety on the GBR (I1)
1045-1105

Medical preparation for diving the GBR.
Dr M Rooney, MB, BS
Diving Medica Practice, Townsville
1105-1120 Questions & discussion
1120-1140
Safe diving practices on the GBR.
Mr J Hardman, Operations Manager*
1140-1150 Questions & discussion
1150-1205
Night diving safety on the GBR.
Mr Colin Hodson
1205-1210 Questions & discussion
1210-1220
DIMS the diving accident monitoring study.

Dr Chris Acott, FANZCA, DipDHM

Session 16
1330-1350
The decompression illnesses
Dr Des Gorman, FACOM, PhD, DipDHM
Director of Diving and Hyperbaric Medicine
Royal New Zeadland Navy, President of SPUMS
1350-1400 Questions & discussion
1400-1420
Rescue and retrieval on the GBR.
Dr JGordon, FANZCA
Townsville General Hospital
Questions & discussion

Diving safety on the GBR (I1)

1420-1430

1430-1450

Management of divingrelatedillnessesinreef divers.

Dr Tom Falowfield , MSc, MFOM, DipDHM

Director of Hyperbaric Medicine

Townsville General Hospital

1450-1530 Questions & discussion

1530

Close Meeting

Dr Des Gorman, President SPUMS

* Australian Institute of Marine Science, Townsville,
Queensland.

For booking and travel arrangements contact
Allways Travel
168 High Street
Ashburton, Victoria 3147, Australia.

Telephone (03) 885 8818
Fax (03) 885 1164
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LETTERSTO THE EDITOR

UNITED KINGDOM INCOME TAX RELIEF

Inland Revenue, Personal Tax Division
550 Streetsbrook Road

Solihull B91 1QU

United Kingdom

8 October 1991
Dear Sir,

INCOME TAX RELIEF IN RESPECT OF ANNUAL
MEMBERSHIP SUBSCRIPTIONS

A letter of approval isenclosed. The Society name
will appear in the next edition of thelist of approved bodies
which is due for publication early in 1992. Inspectors of
Taxeswill not receivenotification of the Society’ sapproved
status until then. Therefore if members wish to obtain a
deduction for their subscriptions before the new list is
published, they should explain when contacting their local
Tax Inspector that the Society has only recently been ap-
proved and gquote the Head Office reference shown above.

If there is any future change in the constitution or
name of the Society, pleaselet meknow assoon aspossible.

JE. Miller (Miss)

Inland Revenue, Personal Tax Division
550 Streetsbrook Road

Solihull B91 1QU

United Kingdom

8 October 1991
Dear Sir,

INCOME TAX RELIEF IN RESPECT OF ANNUAL
MEMBERSHIP SUBSCRIPTIONS

| am pleased to inform you that the South Pacific
Underwater Medicine Society has been approved by the
Board of Inland Revenue under Section 201 Income and
Corporation Taxes Act 1988, with effect from 6 April 1990.

B. Jones

These two letters, published at the request
of the Trearurer of SPUMS, will be of interest to
members residing in the United Kingdom.

TECHNICAL DIVING
Fun Dive Centre
255-257 Stanmore Road NSW 2048

16.11.91
Sir
Wearepoised at thebeginning of probably oneof the
most exciting erasin the history of diving. Not surprisingly,
itisalso atime of considerable confusion and misinforma-
tion.

Enabled by new technologies and techniques, from
sophisticated computers to special mix gases, experienced
divers are venturing beyond established limits, setting new
boundaries, diving deeper, longer and performing divesthat
would have been thought unfeasible just a few short years
before.

| have just returned from the USA where | had the
unique opportunity of discussing “high tech diving” with
some of the leading authorities in this field and to experi-
ence, first hand, the equipment and techniques used in this
exciting development of diving.

“Technical Diving” had itshumble beginningsinthe
mid 1980’'s. Prior to this, although many divers were
regularly exceeding the 39 m sport diving limit to explore
deepwrecks, wallsand caves, the equi pment and techniques
used were primitive and dangerous as they pushed to the
extreme limits and beyond.

Prior to 1985, only 4 heliox/trimix “special mix”
dives had been carried out by sport divers. Regrettable,
during one of these dives, a diver, due to ignorance, con-
vulsed and died from breathing 100% oxygen at his 15 m
decompression stop in accordance with the USN Heliox
Decompression Tables.

Since 1985, some 400 heliox/trimix “ special mix”
dives have been conducted by sport divers without any
major incidents. A brief overview of these dives is as
follows:

Wookey Hole, UK, 1985 - trimix dive to 73 msw

Nacimiento Manti, Mexico, 1987 - trimix dive to 180 msw

South Andros Island, Bahamas, 1987 - over 60 dives on
heliox to a maximum depth of 90 msw.

Wakulla Springs, Florida, USA, 1987 - 84 dives on heliox/
trimix to a maximum depth of 93 msw.

Nacimiento Manti, Mexico, 1989 - trimix diveto 265 msw.
Florida, USA, 1991 - trimix dives to a maximum
depth of 146 msw.

Theuseof “trimix” iswell enough established inthe
U.S. that a major university, Florida State University, has
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approved it for use in archaeological work.

Although oxygen enriched air hasbeen used by many
divers overseas for the past 5 years or so to make dives to
depths down to 39 msw safer, its use was banned by all the
sport diving certification agencies.

This year a mgjor break-through occurred with the
sanctioning of oxygen enriched air diving by the National
Association of Scuba Diving Schools (NASDS), the Na-
tional Association of Cave Divers(NACD) and the Techni-
cal Committee of the National Association of Underwater
Instructors (NAUI). Given the competitive nature of the
sport diving industry, many believe that its only amatter of
time before PADI and SSI follow suit and also accept
oxygen enriched air diving.

Presently there are 100 oxygen enriched air instruc-
tors working through 30 oxygen enriched air dive storesin
the USA. Thisisal00%increasein both areasover thepast
6 months. Onedivestorein Washington Statehhasconverted
the majority of its customersto oxygen enriched air and is
filling 300-400 oxygen enriched air tanks per month.

The demand for “Technical Diving” equipment has
led to the development of a closed circuit sport diving set
with 100% redundancy and an endurance of 8-9 hoursat 90
msw, safer decompression tables using oxygen enriched air
and 100% oxygen, nitrox and heliox dive computers, and a
far greater understanding of many of the “grey” areas of
diving medicine.

The “Technical Diving” trend is a'so emerging in
Europe where a closed circuit sport diving set has been
developed with 100% redundancy of all electronic modules
and an operational depth of 450 msw.

“Technical Diving” hasforced there-examination of
many existing traditional recreational diving practices and
techniques. The use of compressed air and conventional
sport diving regulators for dives greater than 57 msw is
extremely dangerous and can lead to oxygen CNS toxicity
convulsions.

Wes Stiles, one of the world’s foremost cave divers
with compressed air experience to depths greater than 90
msw, now refusesto divedeeper than 39 msw unlesshe used
“special mixes’. He learnt hislesson the hard way several
yearsagowhen heonly just survived aCNSoxygen hit at 49
msw in a cave system.

“Technical Diving” offersthe prepared, knowledge-
able diver a chance to experience a realm not previously
accessibleto humans. Thereisevery reasontothink that, as
our technology and knowledge advances, wewill be ableto
push the envelope further.

Bob Cason
Readers are referred to the Editorial on page 1 for
the less pleasant aspects of Technical Diving.
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DECOMPRESSION SICKNESS ?

TelitaCruises
P.O.Box 303, Alotau
Papua New Guinea

A case of hysterical decompression sickness ?

At 0400 on the morning of October 19th 1991 | was
awakened by one of our clients aboard our charter boat. He
complained of numbnessandtinglinginhisleft arm, said he
thought he might have decompression sickness and col-
lapsed to the deck. He was distressed and shocked. Within
three minutes we had him breathing 100% oxygen through
ascuba regulator, wrapped up with a blanket in a comfort-
able chair and drinking water.

Within minutes he complained, by signals and writ-
ing onapad, that hefelttingling in hisright hand and that his
kneeswere shaking. He had urinated just beforewaking me
“anorma morning urination, yellow”. During the next half
hour he drank alitre of water.

His Oceanic dive computer wasinterrogated and the
following dive profiles obtained:

Dive Time Maximum depth Divetime
1 0715 24 m 80 ft 63 min
multilevel
2 1030 11.8m 39t 68 min
3 1325 6.6m 22 ft 91 min
4 1540 6m 20 ft 54 min
5 2030 10.3m 341t 42 min

All diveswerewell within the No-stopslimits of his
computer.

After afew minuteson oxygen hefelt better, decided
that he could not feel anything after all in hisright hand. His
knees stopped shaking and he was no longer cold, clammy
and sweating on hisforehead. After 30 minutes on oxygen
hefelt no symptomsat all. After anair break of ten minutes
we gave him another 15 minutes on oxygen asaprecaution.

On questioning he admitted that the night before he
had slept on hisarmandit had“ goneto sleep” and hethought
that perhapsthishad happened again. However hewasvery
concerned about getting the bends and thought that he
should do what he did and report it to me.

That afternoon he made a shalow dive with no
praoblems, then continued thediving cruisefor afurther week
making four or five dives a day with no problems.

Bob Halstead
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SPUMSANNUAL SCIENTIFIC MEETING 1991

THE PADI MEDICAL STATEMENT

Drew Richardson

Introduction

Scubadiving isan enjoyable and fascinating leisure
activity. A 1988 study performed by Diagnostic Research
Incorporatedt indicated approximately 2.7 million active
recreational scuba diversin North America. A broadening
cross section of the general population is choosing scuba
diving as arecreational activity.

Thedivingindustry assumesan ethical andlegal duty
to inform student divers of the risk factors associated with
diving. Interestedin self regulation, theindustry hasbanded
together to promote diving saf ety and health whilereducing
the number of accidents and fatalities during the growth
period of the past decade.

As an educational association, PADI has invested
resources into the design of quality training programs and
educational materials. This commitment is to ensure that
diversareproperly trained to dive safely and enjoyably after
certification. Diver education plays an important role in
accident prevention. A diver in training must demonstrate
competence in the various cognitive and motor skill areas
associated with learning how to scubadive. Inaddition, they
must devel op proper judgement in order to take responsibil-
ity for themselves while diving after certification.

However, some accidents are related to the interac-
tion of the aquatic environment and an individual’ s health.
The 1988 Divers Alert Network (DAN) Report on Diving
Accidents and Fatalities® indicates a portion of injured
diverswho were aware of their own medical problemsmade
apersonal choicetoengageindiving. PADI believesthat the
incidence of diving accidents is likely to be reduced by
utilizing a medically based screening process to exclude
individuals, with certain medical problems known to be
predisposing factors, from engaging in recreational scuba
diving.

A standardized and objective assessment of medical
risk was sought after by the diving educational associations
who were members of the Recreational Scuba Training
Council (RSTC). After several months of work, this was
accomplished with the 1990 release of the RSTC Medical
Statement. The member associations of the RSTC enthusi-
astically embraced such a milestone and applauded the
physicianswho worked on thisproject. Special recognition
and thanks is deserved for Paul A. Thombs, MD, Medical
Director, Hyperbaric Medical Center, and Brian M. Foley,
MSc, Director of Technical Services, Hyperbaric Oxygen

Therapy Systems, both of St. Luke's Hospital, Denver,
Colorado for their major contributions to this milestone.

Each member agency has adopted the content of this
statement into their medical forms. In the North American
marketplace this represents eighty percent of the diver
educational associations implementing this form into their
respectivetraining programs. The PADI Medical Statement
isareproduction of thisform.

Medical screening for therecreational diver

The marketing effort of the Diving Instructional
business attracts people of all ages. Animportant prerequi-
siteto diver training isthe medical screening of each candi-
date. As part of PADI’s Standards, each candidate must
read, complete and sign the PADI Medica Statement.®

It must be stated that ascubainstructor isnot consid-
ered amedical expert. He should not be expected to make
diagnosis or render definitive opinions as to whether a
course applicant is medically eligible to participate in a
scubacourse. Thisresponsibility should rest entirely witha
qualified licensed physician. In North Americaand in other
parts of the world, most diver training agencies do not
require every student to undergo a medical examination by
alicensed physician prior to enrollment in a scuba course.
They do, however, require sometype of medical screening.

The content and format of such screens differed
widely until the introduction of the Recreational Scuba
Training Council Medical Statement. The statement pro-
vided standardized guidelineswith apre-screening method-
ology onwhat constitutesmedical eligibility tolearntodive.
This reduced the problem of lay people being faced with
medical decisions. Perhaps most importantly, the new
medical evaluation and screening statement has medically
based provisionsto inform the non-diving physician of the
contraindications to diving so that an informed recommen-
dation may be rendered.

Development of the medical statement

When it comes to theissue of student medical eligi-
bility for diving, the recreational diving community must
defer tothehyperbaric medical community for expertiseand
guidance. Theinformationinthe PADI Medical Statement
was developed by well known members of the Undersea
Hyperbaric and Medical Society along with prominent phy-
siciansfrom DAN in conjunction with several professional
instructor organizations affiliated with the RSTC. As a
result of this multi-disciplinary approach, the statement
represents consensus opinion of the experts. The new
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medical statement represents the culmination of agrowing
consensus within the North American diving medical com-
munity asto what constitutes medical eligibility to learn to
dive. Thisisavery positive advancein the standardization
of the diving medical screening process. Until itsrelease, a
comprehensive standardized format representing amedical
consensus did not exist in the recreational diver training
community.

It should be noted that the statement has evolved
since its release with several improvements and revisions
made through suggestions from the international medical
community.

Design of the medical statement

The statement uses a student health screening ques-
tionnaire designed to be comprehensive enough to flag
questions yet decrease the number of unneeded physical
exams. Recognizing that no screening method can be
perfect (there may bethosewho will knowingly circumvent
safety efforts by giving false answers), the authors of the
statement, in designing screening questions, made decisions
asto whether the process catches unfit students adequately.
The questions are quite thorough and conservative and
probably direct some students to a physician for further
screening when thisissue has little impact on their safety .4

The statement is designed to accommaodate the fact
that thenumber and di stribution of physicianswith expertise
in diving medicine makes it difficult for many diving stu-
dents to get a reasonable risk assessment.

The statement has instructions to the physician in
addition to an reference section so that physicians may be
educated sufficiently about their patients conditions and
diving physiology to make reasonable recommendations.
DAN iswilling to assist physicians further with difficult or
unusual cases. Each areaof screening identifiestherelative
and absol ute contraindications for the examining physician
to render an opinion.

The PADI Medical Statement isavehicleto help the
diving candidate, the examining physician and the scuba
instructor ensure the student’s medical fitness for diving.
The statement specifically states that the student will be
participating in diving activities and the physician is also
givenguidelinesasto how specific medical conditionsrelate
to diving.

Role of the diving candidate

At the beginning of every PADI course the first two
pages of the six page statement arefilled out by the student.s
After explaining the purpose and importance of health and
safe diving to the student, the medical history section re-
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quires the student to write a yes or no answer for every
question. All blanksare checked by theinstructor to ensure
no questions areleft unanswered. If a"yes" answer isgiven
to any question, the student must be referred to a physician
with the statement for examination and an unconditional
medical approval prior to water activities. Thisreleasesthe
lay instructor fromthehistorical burden of deciding whether
a student should be seen by a physician or not.

Inthepast scubainstructorswereoccasional ly placed
in the uncomfortable position of wanting to teach awilling
student to dive, but not knowingif diving could compromise
the student’s health.® With the new statement, a doctor
makes a decision based on his knowledge and expertise in
the medical field along with the patient history and the use
of the guidelines written expressly for this purpose.

It isimportant to also state that the student may not
assumemedical responsibility for himself. Itisimportantto
identify theserisksto the candidate and encourage honest in
responding to the statement. Thisisdonewiththefollowing
Statement:

“This is a statement in which you are informed of
some potential risks involved in scuba diving and the conduct
required of you during the scuba training program. Your
signature on this statement is required for you to participate

inthe scuba training program offered by .................. ; Instruc-
{0 ] SR ; located in the facility
........................................................... ; in the city of
................................... andstate of.......ccoccceiiiiiini

Read and discuss this statement prior to signing it.
You must complete this Medical Statement, which includes
the medical-history section, to enroll in the scuba-training
program. If you are a minor, you must have this Statement
signed by a parent.

Diving is an exciting and demanding activity. When
performed correctly, applying correct techniques, it is very
safe. When established safety procedures are not followed,
however, there are dangers.

To scuba dive safely, you must not be extremely
overweight or out of condition. Diving can be strenuous
under certain conditions. Your respiratory and circulatory
systems must be in good health. All body air spaces must be
normal and healthy. A person with heart trouble, a current
cold or congestion, epilepsy, asthma, a severe medical
problem, or who is under the influence of alcohol or drugs
should not dive. Iftaking medication, consult your doctor and
the instructor before participation in this program. You will
also need to learn from the instructor the important safety
rules regarding breathing and equalization while scuba div-
ing. Improper use of scuba equipment can result in serious
injury. You must be thoroughly instructed in its use under
direct supervision of a qualified instructor to use it safely.

If you have any additional questions regarding this
Medical Statement or the Medical History, section, review
with your instructor before signing.”

A student having been declined medically may wish
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toassumehisownrisk and attempt to convincetheinstructor
to enroll him in ascubacourse. A publication on the legal
aspects of diving instruction, published by PADI, called
“The Law and The Diving Professional”” cautions instruc-
tors against this by stating: “It may be argued that the
student, being aware of his conditions understands and
assumes the risks accompanying his condition, but the
student is no more a medical expert than the instructor.
Further, the instructor may be negligent in not relying upon
the physician’ sjudgement, thus possibly creating an unrea-
sonable risk of harm for the student”. As a result, PADI
Standards require theinstructor to follow theinstruction for
use of the form and secure an unconditional approval from
alicensed physician.?

Role of the physician

Animportant concern regarding medical approval to
diveisthat not al physicians are aware of certain physical
and emoational factors peculiar to scubadiving. Inthe past
students requiring a physician’s medical approval prior to
diving have received approval from aphysician who had no
knowledge of diving medicine. In many casesthisisof little
significance, however, this becomes troublesome to the
diving instructor and student when the candidate presentsa
medical history of asthma, diabetes, seizures, heart condi-
tions or other conditions the diving medical community
considers contraindications to diving, yet receives medical
approval to engagein diving.®

In addressing this problem, the medical statement
assumes (consistent with society’ sexpectations) that aphy-
sician should bethe decision maker. Physicians makedaily
decisions with their patients regarding risk to benefit ratios
of diagnostic procedures and treatments. It is logical to
extend this processto risk assessment in recreational scuba
diving. Thestatement providesamedically based guideline
to the physician that is diving specific. The statement
assumes physicians have a sufficient background in physi-
ology to learn enough about diving medicine to make
informed decisionsbased onrisk assessment. Theattending
physicianisprepared for patient examinationwith themedi-
cal history by the following instructions:

“Recreational scuba (self contained underwater
breathing apparatus) diving has an excellent safety record.
To maintain this status itisimportant to screen student divers
for physical deficiencies that could place them in peril in the
underwater environment.

The Recreational Scuba Diver's Physical Examina-
tion contains elements of medical history, review of systems
and physical examination. Itis designed to detect conditions
that puta diver atincreased risk for decompression sickness,
pulmonary over-inflation syndrome with subsequent cer-
ebral gas embolization and loss of consciousness that could
lead to drowning.
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Additionally, the diver must be able to withstand some
degree of cold stress, cope with the optical effects of water
and have a reserve of physical and mental abilities to deal
with possible emergencies.

The history, review of systems and physical examina-
tion should include, as a minimum, the points listed below.
The list of contraindications, relative and absolute, is not all
inclusive. It contains the most commonly encountered medi-
cal problems that put the diver at risk, and (lead him) to
consider the individual patient’s state of health.

Diagnostic studies and specialty consultations should
be obtained as indicated to satisfy the physician as to the
diver’s status. A list of references is included to aid in
clarifying issues that arise. Physicians at the Divers Alert
Network (DAN) are available for consultation by phone (919)
684-2948 during normal business hours. For emergency
calls, 24 hours, 7 days a week, call (919) 684-8111.

Some conditions are absolute contraindications to
scuba diving. Conditions that are absolute contraindications
place the diver at increased risk for injury or death. Others
are relative contraindications to scuba that may be resolved
with time and proper medical intervention. Ultimately the
physician should decide with the individual, based on his
knowledge of the patient's medical status, whether the indi-
vidual is physically qualified to participate in scuba diving.

Remember at all times that scuba is a recreational
sport, and it should be fun, not a source of morbidity or
mortality.”

Physicans are then guided through each screening
areawhich identifiesrel ative and absol ute contraindi cations
in the following areas, cardiovascular system, pulmonary,
neurological, otolaryngol ogical, gastrointestinal, metabolic,
endocrinological, pregnancy, hematol ogical, orthopedicand
behavioral health.

A bibliography and endorser contact information is
also provided for attending physician reference.

Role of thediving instructor

The success of the screening process depends on
instructors providing the screening forms to potential stu-
dents and encouraging them to be honest when completing
thequestionnaireasamatter of healthand safety. Instructors
can discourage studentswith medical problemsformdiving
if they feel that their chancesof receiving physicianapproval
islow. If the answer to a screening question isunclear, the
instructor can tell potential students that their case is com-
plex and invite them to discuss medical issues with their
physician prior to completing the questionnaire.

Whenaphysiciangivesapproval toastudent astohis
medical eligibility to dive, the instructor must then make a
choice as to whether or not he wishes to take the student
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under instruction. If an applicant ismedically approved for
diving and theinstructor believesthe student hasacondition
that may not be suitable for diving it is appropriate for the
instructor to inquire from the student and seek further
guidance for the physician who examined the student. The
Law and The Diving Professional” discusses this point
“ultimately, the scuba instructor must make the final deci-
sion as to whom will be permitted to take a scuba course.
Scuba instruction is not a right to which al persons are
entitled. Itisaprivaterecreationa choiceonthepart of both
theinstructor and theapplicant. Aninstructor hasabsolutely
no legal obligation to accept every applicant. Therefore,
keeping in mind these considerationsin the area of medical
fitness, an instructor may exercise discretion by refusing
admissionto anapplicationif, thetheinstructorsjudgement,
thereis cause for concern”.

Asstated earlier, it isimportant for an instructor not
to assume responsibility for medical judgements or approv-
als. Thisis solely the physician's area of expertise, the
instructor isrequired by PADI, toleavethisresponsibility to
the physician.

Conclusions

By using the PADI Medical Statement, instructors,
students and physicians are all assured they are doing their
best to ensure individual health for diving. The process of
student, instructor and physician interaction is designed to
provide information about student medical history and risk
identification to makeaninformed recommendation prior to
scubadiving. Thisinturnwill support acontinuance of safe
and enjoyable scubadiving for themajority of theinterested
population.
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SPUMSpolicy isthatevery intending diver
should have a medical from a doctor trained to do
diving medicals before starting to dive.

With this issue of the Journal comes a copy
of the SPUMS submission to Standards Aus-
tralia Committee CS/83 detailing what is consid-
ered necessary for a diving medical for recrea-
tional divers.

Further copies are available from the Secre-
tary of SPUMS, C/o0 Australian College of Occu-
pational Medicine, P.O.Box 2090, 3t Kilda West,
Victoria 3182, Australia.

THE RECREATIONAL DIVE PLANNER AND THE
PADI EXPERIENCE

Raymond E. Rogers

Introduction

In 1988, the Professional Association of Dive In-
structors (PADI) began distributing the Recreational Dive
Planner (RDP) asandlternativetotheUSNavy tables, which
had long been accepted around the world as a de facto
standard for recreational use. Althoughthe USN tableswere
neither designed nor tested for theway they werecommonly
used!, their very familiarity made them tolerable to most
expertsinthefield of diving safety. The most likely reason
that they were well accepted by the medical and scientific
communitieswasnot fromany inherent excellence, but from
the fact that divers who used them had a very low rate of
decompression sickness (DCS).23

Asdependableasthe USN tableswere, they werefar
from perfect and were criticized in many quarters. Some
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considered them unnecessarily conservative and restrictive
for repetitive diving.* The RDP is aresult of this body of
opinion, and so arevirtualy all divecomputersintheworld.
But there was another opinion which was shared by some
well-respected individuals, an opinion which holdsthat the
old tables were too generous.>® After all, hundreds of DCS
cases were being treated each year,” and, at least until
recently, the overwhelming majority of diverswho experi-
enced DCS had used USN tables.® Because of this, some
people were understandably concerned that any procedure
which allowed more bottom time was something to be
feared.®1°

Testing of the RDP has been reported to SPUM S on
aprevious occasion.** The reports were well received, but
some observers were pragmatic enough to realize that a
favorable laboratory outcome does not guarantee accept-
ability in practice. They wanted to know what the experi-
ence would be after many diverswere using the RDP. This
paper discussesthat experience. Aswithall diving statistics,
answers are hard to come by, and when given, are usually
suspect, but the duty to search for them still exists. A
superficial examination of reports about diving and dive
accidents reveal s the inadequacy of most of these reports,
and a careful examination reveals that they are not as good
as they seem. Yet, it is possible to work only with the
materials at hand. These caveats having been pronounced,
it may be said that the experience with the RDP has been
good.

DAN accident reports

The best source of information is the Divers Alert
Network (DAN), even though a chronic shortage of funds
limitsDAN initsability to be asthorough asit would like.*?
DAN hasimproved its data collection and analysis remark-
ably inthelast few years, but it isthefirst to admit that it has
away togo. DAN deservescredit for the progressthat it has
madeanditwill continuetoimprove. TheDAN 1989 Report
on Diving Accidents and Fatalities has just been released,
and is the most current, finalized information available.®
Thismeansthat thereisno official information about thelast
18 months, aperiod when several new dive computerswere
introduced, and when PADI phased out the old USN tables
in favor of the RDP. Thereis, however, some preliminary
and unofficia information.

Evenwhenreportsexist, it doesnot meanthat desired
answers are available. It is necessary to discriminate be-
tween what is written and what may have really happened.
Examination of accident reports demonstrates how many
cases are caused by diver error. Only asmall number occur
with diverswho did things correctly and still had DCS, or as
it has been called “an undeserved hit.”

A detailed study of the first 33 RDP incidents re-
ported to DAN in 1989 revealed the nature of this problem,

andtheanalysiswaspublishedinmid 1990.%* Therest of the
1989 reports were similarly studied when they became
available. Theresults of this analysis were combined with
that of the first, and are summarized here. Some of the
incidentswere more apparent than real. Several of the cases
clearly were from use of the old USN tables, but they were
marked as “RDP” and thus were listed on the database
printout. A few diverswere using computerswith the RDP
asabackup, and both methodswererecorded. Of thosethat
did appear related to the RDP, five categories seemed to
characterize theincidents; and somereportsfit in more than
one of these categories. A few examples are listed to illus-
trate each category. In all examplesthe depth/timeisgiven
followed by the surface interval, usualy in minutes, in
brackets.

Ruleviolations

21 cases of DCSwere obviousruleviolations. Two
examples are:

Profile: 105/24
Over limit of 110/16 by 8 minutes; no emergency
stop.

Profile: 90/22 (90) 90/32 (90) 80/35.
No safety stops were ever made; 2nd dive was over
limit; did not quit for 6 hoursasrequired; rapid ascent
(lowonair); over limit againon 3rd dive; rapid ascent
(low on air again); felt numbness/tingling beforethe
last dive but continued to dive; drug use.

Dubiousreporting

20 cases of DCS were dives which are suspicious
because of dubious reporting. Four examples are:

Profile: 90/20 (3.5 hour) 50/25 (1 hour) 30/40

Profile: 80/20 (80) 80/20

Profile: 40/40 (20) 40/40

Profile: 30/35 (90) 35/40 (90) 35/60 (90) 40/25 (60) 40/
20 (75) 65/30. A marginal notesaid “Don’t remem-
ber exactly”.

Equipment malfunction

Five cases reported equipment malfunctions such as
stuck inflator hoses, computer shorted out and the diver
changed to RDP in mid-dive. Some of these reports were
obviously incompletesuch astiming devicefailures, withno
report of how the dive time was determined!

Benign exposures

21 Cases of DCS occurred with benign exposures
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TABLE 1

REPORTED SURFACE INTERVALS SHOWING TENDENCY TO ROUND-OFF
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“EXACT”
Obviously Possibly Probably
22 20 35
33 40 65
34 50 95
48 50 95
48 140
52 140
92 140
102 140
142 150
152 160
200
220

permitted by any system. Four examples are:

Profile: 40/43 (52) 30/46
Profile: 92/10
Profile: 70/30
Profile: 35/20

Permitted by RDP but not by USN tables

Three casesof DCSoccurred with exposures permit-
ted by the RDP but not by USN tables.

Profile: 50/33 (50) 50/33 (50) 60/29
Profile: 51/37 (60) 30/40 (45) 50/47
Profile: 50/47 (150) 60/49 (140) 50/51

Diver error is not specific to the RDP. It applies
across the board to all divers and to all decompression
procedures. Becauseitisglobal innaturedoesnot meanthat
it less important. The opposite is true. Individuals with
physiological aberrations may be beyond the reach of those
concerned with safety, but correction of diving deficiencies
isan areathat is amenable to improvement.

As a further observation on “Dubious reporting”,
Table 1 shows surface intervals in two groups. those that
seem exact, and those that seem rounded off to the nearest
quarter-hour. It is apparent that many divers reconstruct
profilesex post facto. Notethat even thosethat appear exact
usualy endin“0" or “5".

Table lisadiscouraginglist for anyonewho desires
avalid appraisa of the RDP. Fortunately, a few facts are
availableto helpevaluatetheRDP. Through 1989, weknow

ROUNDED

Obviously Possibly Probably
1:30 30 90
2:00 30 90
2:00 45 90
3:.00 45 90
45 90
1 hour 45 90
3.5 hours 45 105
60 120
2 .5 hours 60 165
3 hours 60 165
60 180
30-45 75 180
210
210
300

thetotal number of DCS casesreported to DAN, the number
of these cases associated withthe RDP, and the number of

TABLE 2

FOUR YEAR SUMMARY OF DAN AND RDP DATA

YEAR DAN cases RDP cases Number
of RDPs
1986 562 - -
1987 602 - -
1988 553 11 188,958
1989 678 59 417,972

RDPs distributed (Table 2).

The number of RDP cases for 1988 may be decep-
tively low. TheRDPwasavailableonly part of that year and
took time to become widely used. Information for 1990 is
incomplete, but unofficially, the incidence rate seemsto be
about the same asin 1989.

It is possible to reach a number of conclusionsfrom
this information.

For the only full year (1989), 9% of the DCS reports
wererelated to the RDP, and 91% of the DCS reports were
unrelated tothe RDP. Thenumber of DCSreportsincreased
from 553 in 1988 to 678 in 1989, or by 125. 53% of the
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reports in this increase were unrelated to the RDP.

If theRDPdidnot exist, RDPdiverswould haveused
another procedure. On theimprobabl e assumption that none
of theRDPdiverswould have DCS, the DAN totalsof Table

TABLE 3

FOUR YEAR SUMMARY OF DAN DATA (IF ALL
RDP DATA ISDELETED)

YEAR DAN cases
1986 562
1987 602
1988 542
1989 619

2would beasin Table 3, or a4-year average of 580.
Making the more likely assumption that, if the RDP
divers had used another procedure, some of them would
have had DCS anyway, the totals would be consistent with
the historical annual increasesin the number of DCS cases.

Estimates of percentage of RDP users

Anyoneinvestigating diver safety facesthenecessity
of working with “soft” data, and adifficulty with evaluation
of dive accidents is that it involves multiplying one esti-
mated number by another estimated number. One is an
estimate of the dives performed by an“activediver” and the
other isan estimate of theactivedivers. Boththesenumbers
are controversial, especially the number of active divers.*s
Additional disagreement relates to the “drop-out” rate,®
since this determines the number of active divers. The
SPUMS Journal ran a series of articles on the topic several
yearsago. Theissuewasnot resolved and may never be, and
thisisnot an attempt to reopen the controversy. Itismerely
asuggestionto establish aplausiblebasisof comparison that
can provide a reasonable perspective.

Estimatesof thenumber of activedivershaveranged
from 700,000% to 2,700,000, with an active diver being
defined as one making at least three dives per year.®® This
yields, at a minimum, a range of 2,100,000 to 8,100,000
dives per year. Theredlty is that anyone who dives at all
probably dives more than three times a year, making the
latter number much larger.2 The implication is that one
figure may differ from another by afactor of four (or more)
and still be within bounds of published estimates. Thereis
no way of learning the number of dives performed around
the world, and it is therefore more rewarding to discuss
percentages. If estimates are within an order of magnitude
of being correct, that may be as much as can be expected.
Thefollowing approximations are presented with the stipu-
lation that they should not be interpreted too rigidly.

A survey has shown that divers drop out at arate of
15%withinthefirst year after certification, 8%inthesecond
year, 10% in the third year and 20% in the fourth year.
Within two years following certification, 77% remain ac-
tive.

Almost 585,000 entry-level divers have been certi-
fied with the RDP. If the erosion rate is as described, a
cumulative 496,000 of these divers would still be active.
(Since the RDP is relatively new, these figures are fairly
reliable; there is less anecdotal evidence associated with
themthanwith statisticsthat go back 35years.) Other active
divers have acquired about 160,000 RDPs outside a certifi-
cation program, and presumably, most of these are used
today. Previoudly certified diverswho beginto usethe RDP
reduce the number of non-RDP users and simultaneously
increase the number of RDP users. Applying the above
erosion datato thisgroup yields anumber of 131,000 RDPs
in active use.

Combining new and previous divers, (arbitrarily
decreased by 20%), leaves an estimated total of
(496,000+131,000)x0.8=502,000 diverswho are presumed
to use the RDP actively.

If the number of active divers is the largest esti-
mated,'” thenRDPusersare (502,000/2,700,000)x100=18%
of the total. If the number of active divers is the lowest
estimated,'” then RDP users are (502,000/700,000)x 100 =
72% of thetotal. A superficial inspection of diversat most
dive siteswill suggest that thefirst figureistoo low, and the
second is self-evidently too high.

If anumber ischosen halfway between the extremes,
there would be 1,700,000 active divers. RDP users would
represent (502,000 / 1,700,000) x 100 = 30% of active
divers, afigurethat is perhaps debatable but not unrealistic.
Even if this calcul ated percentageistoo large by half, RDP
userswould neverthel essrepresent 20% of activedivers, and
if too large by as much as afactor of two, RDP userswould
represent 15% of active divers. DAN accident information
relates approximately 9% of DCS reports to the RDP.%®

Conclusion

No evaluation or analysis can be any better than the
data on which it is based. Most dive accident reports are
flawed. They are amost entirely subjective, usually being
based on information provided by the affected diver, whois
possibly too ashamed and embarrassed to reveal the truth.
The problem is made worse in that record-keeping is often
so poor that adiver may not know thetruth at all, and hasto
resort to haphazard guesses. Nevethel ess, much timeisspent
analyzing this defective information, but until better meth-
odsof datacollection are devel oped, datainterpretation will
remainwesak. If thisproblem could besignificantly reduced,
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causes of accidents could be better identified, and diving
safety would be enhanced.
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TRIAL OF IN-WATER OXYGEN RECOMPRES-
SION THERAPY IN ANTARCTICA

Peter Sullivan and Attila Vrana

Abstract

In recent years the Australian National Antarctic
Research Expeditions have carried out several extensive
divingprogramsinAntarctica. Asaccesstoarecompression
chamber in this situation is usually impossible, a case of
decompression sickness would present a major therapeutic
problem. It has been suggested that, despite the extremely
cold conditions, the technique of emergency recompression
inwater, using oxygen, may beapplicable evenin Antarctic
waters. This paper presents the results of thermal monitor-
ing carried out during two simulations of the technique
under actual Antarctic conditions. The first trial had to be
aborted after 90 minutes when one subject sustained a
significant drop in his core temperature. In the second trial
aheavier subject was able to maintain an acceptabl e rectal
temperaturefor theentire2 hours36 minutesduration. From
thisitisconcluded that, using current diving equipment, the
technique cannot beadequately relied uponfor thetreatment
of decompression sickness. For the technique to be safely
used, even better thermal insulationthanthat currently inuse
would have to be employed.

Introduction

The concept of using oxygen underwater for the
emergency treatment of decompression sickness in remote
areas was first suggested by Edmonds in the early 1970's,
athough not published until 1976.1 It was devised as the
result of a number of cases of decompression sickness
occurring in extremely isolated areas of the south-western
Pacific, whereevacuationtoarecompression chamber would
have involved a delay of many hours or even days. Origi-
nally, it washoped that thistechniquewould prove adequate
for thetreatment of minor cases, and prevent deteriorationin
serious casesuntil suitabletransport could bearranged. Not
only wasit successful intheseaimsbut, inanumber of cases
of neurological decompression sickness, the procedure re-
sulted in dramatic improvement and even cure. Indeed, the
technique has proven so effectivethat it has been approved,
athough only for emergency use in areas remote from a
chamber, by the Royal Australian Navy? and in the 1979
AustralianDiving Standards(A S2299).2 Inrecentyears, the
United States Navy approved amodified version of oxygen
in-water recompressiontherapy, but only asan option of last
resort.* At the Twentieth UnderseaMedical Society Work-
shop onthe Treatment of Decompression Sicknessmembers
concluded that while they could not recommend the wide-
spread use of underwater oxygen treatment, they did note:
“In remote conditions, with expert and experienced person-
nel, and when procedures have been fully planned and the
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proper equipment is at hand, workshop members recognize
that the technique has value’ .

Over thelast decadethe Australian National Antarc-
tic Research Expeditions (ANARE) have carried out several
extensive diving programs, particularly at Davis Station,
Antarctica. Thissurely must beoneof themostisolated dive
locationsin the world, located asit is some 220 km below
theAntarctic Circle, cut off from shipping by sea-icefor nine
monthsof theyear, and lacking facilitiesfor air transport. In
the absence of arecompression chamber the dive team was
acutely aware of the need for safe diving procedures. The
dive tables (1972 RNPL/BS-AC) were modified accord-
ingly by adding extraincrementsto both depth andtime, and
no divesrequiring decompression were permitted. Even so,
the possibility of decompression sickness could not be
entirely excluded and the optionsfor treating suchacasehad
to be considered. One such option was the use of in-water
oxygen recompression therapy.

Sincethistherapy takesbetween two and three hours
(depending on the severity of the case and the rate of
improvement), cold water is usually considered a contra-
indication to the use of underwater oxygen therapy.® Even
in the tropical waters of Central Queensland, one such
treatment had to be abandoned when the patient reported that
he was becoming too cold and insisted on terminating the
dive.

In the summer of 1981/82 Carl Edmonds carried out
atrial of the oxygen underwater equipment at Davis Station.
One diver acted as the stationary “patient” and wore a dry
suit, albeit anill-fitting one, whilethe other worea9 mmwet
suit and was free to swim about.

Neither diver was monitored and thermal stresswas
assessed purely on subjective grounds. Thetrial wastermi-
nated after 1 hour 15 minutes when the “ patient” started to
shiver and complained of feeling cold. Despite this result,
Edmonds concluded that the underwater oxygen system
could be employed in the Antarctic, provided that better
thermal protectionwasused, such asathin neoprenewet suit
under adry suit.’

The 1985 diving program was carried out on a
considerably more sophisticated level: all members of the
six-man dive team wore custom made dry suits and band
masks; breathing gaswas supplied from an air-bank kept in
the warmed rear-section of one of the vehicles; and dives
were carried out from a heated dive shelter (Figure 1).

In addition, real-time monitoring of both rectal and
skintemperatureswas ableto be conducted. It wasfelt that,
using this equipment, it might be possible toconduct atrial
of afull underwater oxygen recompression therapy safely .
Certainly we wished to carry out a monitored trial of the
procedure rather than being forced to attempt it for the first
time with a genuine case of decompression sickness.
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Materials and methods

The technique of underwater oxygen therapy is as
follows: the patient is lowered aong a shot line to 9 m,
breathing 100% oxygen from asurface supply. For comfort
he should be dlightly overweighted and resting in aharness
or ding. Ascent is commenced after 30 minutes in mild
cases, or 60 minutesin severe cases, if significant improve-
ment hasoccurred. Thesetimesmay beextended for another
30 minutesif no improvement has occurred. The ascent is
madein steps of 1 m every 12 minutes. The patient should
aways wear afull face mask and must be accompanied by
another diver at all times.

For the purposes of thistrial the intermediate thera-
peutic profilewas chosen,1 hour at 9 m and an ascent taking
afurther 1 hour 36 minutes. Although the risk of cerebral
oxygen toxicity isminimal at this depth, for reasons of both
safety and ease of implementation the trial was conducted
using air rather than oxygen. It is considered that the
difference in the therma conductivity of the two gases
would have no significant effect on therespiratory heat loss.
However, the dive panel did have provision for a separate
oxygen supply to the “patient”, if required.

The anthropometric characteristics of thetwo divers
who carried out thetrialsarelisted in Table 1. The estimate
of Mean Weighted Skinfold Thickness (MWST) was based
on the work of Edwards,®® such that:

MWST =0.2

Biceps

+0.2

"™ Triceps

+0.35

35 ¢ pecepuiar T 025

Suprailiac”

Body surfaceareawasestimated accordingtoDuBois
and DuBois® and percentage body fat was as calculated by
Durnin and Womersley.1t

Subject 1 had carried out 54 Antarctic dives within
the previous year and Subject 2 had performed 24. Evenif
acclimatization to cold in Antarctic divers does occur (and
thereissomeevidenceto suggest that it doesnot *?), it would
appear unlikely to have contributed to any significant differ-
ence between the two divers.

Both divers wore the following: polypropylene un-
derwear (which carried the thermistor leads in specially
sewn-inchannels), 3mm(1/8") Thinsulite™ undergarments
and boots, dry suits (CF200X, Diving Unlimited Interna-
tional Inc., San Diego, California), band masks (Kirby-
Morgan), and three-fingered 6 mm (1/4") neoprenemitts. In
each mitt were two 10 g magnesium-iron heat-bags. When
working properly thesebagsgenerate heat by theexothermic
reaction of the two metalsin salt water.®® However, in our
experiencetheir performance was quite variable. The band
masksnot only fulfilled therequirement for afull-face mask
but also allowedfor verbal communi cationsthroughout both
trials.

Thetrial diveswere carried out approximately 1 km
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Figure 1. Diving convoy on the sea-icein Antarctica

TABLE 1

ANTHROPOMETRIC CHARACTERISTICSOF EXPERIMENTAL SUBJECTS

Subject Age Height
(years) (cm)

1 30 178

2 42 189

from Davis Station in some 10 m of seawater. The sea-ice
was 170 cm thick, enabling the warmed dive shelter to be
parked directly over the dive-hole. The temperature of the
seawater at the time of both trialswas -1.4 °C.

Both subjects were instrumented with eight skin
thermistors (Y S| 409B, Yellow Springs Instrument Co.,
Y ellow Springs, OH.) and arectal probe (Y Sl 401) inserted
10 cm. Information from each of these thermistors (plus

Weight MWST Surface Body
(kg) (mm) area (m?) fat (%)

70.1 7.4 1.87 15.6

925 9.0 2.20 21.0

ECG and voice communication) was transferred via a 20-
wire cable in the umbilical to the dive shelter. There the
results were recorded every minute on a datalogger and
transferred to amicrocomputer. Scaled dataweredisplayed
on a video screen and printed out after each scan. The
selection of thermistor sites was as per Adolfson, Sperling
and Gustavsson.* (Figure 2).

Mean skin temperature ( Tsk ) was calculated as
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Figure 2. Thermistor locations

follows:

Tsk=0.07T,+0.175(T,+T, +0.05T,+0.14T +
0.19T,+0.2T,. Mean hand temperature was calculated as
themeanof T,and T,,.

For the tria to be considered successful it was in-
tended that the“ patient” should not only remain moderately
comfortable throughout the full 2 hour 36 minutes of the
treatment table, but that his thermal parameters should be
within the limits established by the CIRIA/ UEG group.t®

a Deep body core temperature should not fall below
35.5°C.

b Mean skin and local head temperature should not fall
below 25 °C with no local measurement below 20 °C except
for hands and feet which should be maintained above 15°C
(for useful work in the fingers) and above 10 °C to prevent
pain and possible cold injury over long dives.

Results

TRIAL ONE

Inthefirst trial the smaller diver, Subject 1, acted as
the stationary “patient” and Subject 2 was his attendant,
maintaining the same depth but free to swim about. Both
subjectsstarted withadlightly elevated rectal temperatureas
aresult of wearing their dry suits for some time inside the
warmed dive shelter. Subject 1's rectal temperature fell
steadily from the startt of the dive. After 90 minutes it
seemed highly unlikely that he would be able to maintain a
rectal temperature above 35.5°C for the required 2 hours 36
minutes, so thetrial was aborted. On leaving the water his
rectal temperature suddenly dropped over a 2 min period
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Figure3. Trial 1of oxygenin-water recompressiontherapy.
The shaded areaindicatesthe dive profile. Thedotted lines
indicatethe UEG minimum acceptable temperatures. Sub-
ject 1 was the stationary “patient”. The trial was aborted
because of thefall in his rectal temperature.

from 36.2 °C to 35.8 °C, the familiar “ after-drop” effect.

Subject 2 reported much lessthermal discomfort and
his rectal temperature demonstrated a much slower fall
(Figure 3). Even after 90 minutes his core temperature had
only fallen by 0.5 °C.

In spite of the difference in rectal temperature, both
subjects maintained a very similar mean skin temperature,
just above the minimum acceptable level. However, there
was one noteworthy difference; after the first few minutes
Subject 1 had ashinthermistor reading about 6 °C lower than
Subject 2. This resulted from the stationary “patient,”
Subject 1, maintaining a vertical position with subsegquent
leg sgueeze, while his attendant, Subject 2, swam about
horizontally.

Despite the exothermic heat-bags the mean hand
temperature of both subjects fell below the recommended
minimum (10 °C) within 30 minutes of commencing the
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Figure4. Trial 2 of oxygenin-water recompressiontherapy.
The shaded area indicatesthediveprofile. Thedotted lines
indicate the UEG minimum acceptable temperatures. This
time subject 2 was the stationary “ patient” and maintained
anacceptablerectal temperature. Datafor thetwenty minute
mark is missing because of atemporary malfunction in the
monitoring equipment.

dive.

TRIAL TWO

Inthe secondtrial it wasthe heavier diver, Subject 2,
who took the role of the stationary “patient”. Asshown in
Figure 4, he sustained adrop in rectal temperature of 0.8 °C
during the first 30 minutes. From then on he was able to
stabilise his core temperature at around 37.0 °C for the
remaining 2 hours of the trial. Though not actually dis-
tressed by the cold hereported that it could not be considered
as aparticularly comfortable dive.

Theattendant, Subject 1, wasfreeto swim about and
did so whenever hefelt himself becoming cold. Asaresult
heal sowasableto maintain an acceptablerectal temperature
and fared much better than he had done on the first trial.

Again, both subjects were able to maintain a mean
skin temperature above the recommended limit. However,
unlike the first trial, where both subjects had very similar
mean skintemperatures, thistime Subject 1 consistently had
askin temperature 2-3 °C above that of Subject 2. Thiswas
partly aresult of hisconsiderably warmer hand temperature,
and partly because, once again, the horizontal attendant had
asignificantly higher (8°C) shinreadingthandidthevertical
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“patient”.

Subject 2's decline in hand temperature followed
much the same pattern asit didin Trial 1, and after approxi-
mately 40 minutesfell below 10°C. However, neither onthis
dive, nor on any of the 150 other dives which were carried
out during the year was there any evidence of non-freezing
coldinjury tothehands. Interestingly, Subject 1’ sright hand
remained comparatively warm, about 17 °C, apparently
because on this occasion the exothermic heat-bags worked
adequately.

Discussion

It is not surprising to find that it was the heavier
“patient” who was able to maintain an acceptable recta
temperature for 2.5 hours, while the thinner diver sustained
a significant drop in his core temperature when in the
“patient” role. This only confirms the importance of the
insulating role of subcutaneousfat previously demonstrated
by Keatinge, Webb and others.¢%

Also, the results of these two trials confirm the view
expressed by Hayes® that adiver working in sub-zero water
will need insulation of about 2 togs (1.3 Clo) to maintain
comfort, (asolid neoprenedry suit with Thinsuliteundergar-
ments has an insulation value of 1.9 togsin water), but that
once he stops working the requirement rapidly exceeds 4-5
togs.

One final point to consider is that in both trials the
subjects were normothermic at the start of the “treatment”.
However, in areal-life situation it is quite possible that the
dive which “bent” the diver might also have rendered him
somewhat hypothermic.

Remembering that symptomsof decompressionsick-
ness often present within one hour of surfacing it is likely
that the victim may not be adequately rewarmed at atime
when the diving physician is considering subjecting him to
a further 2 to 3 hours of immersion in sub-zero water.
Ascertaining the patient’ s core temperature woul d be essen-
tial before even contemplating the use of in-water oxygen
therapy in such conditions.

Whileitwould beunwiseto extrapol atetoofar onthe
basis of only two trials, these simulations of the underwater
oxygen recompression technique demonstrate that, even
using someof the best passivethermal protection equipment
currently on the market, there still remain major problems
concerning the risk of hypothermia and local cold injury.
Although onelargediver wasableto undergo afull 2.5 hour
“treatment”, a smaller, indeed average sized, diver demon-
strated a significant drop in core temperature after only 90
minutes and the “treatment” had to be abandoned. There-
fore, thetechniquecannot be considered sufficiently reliable
in such cold waters and a proper recompression facility
shouldbeprovidedfor all futurelarge-scale Antarcticdiving
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programs.

Despite the above comments, in an extreme emer-
gency, whereaccessto achamber isimpossible, underwater
oxygen recompression might still be worth attempting,
especially if diver monitoring is available to increase the
safety of the procedure. For even though afull 2 or 3 hour
therapeutic profile may not be possible, it appears that at
least an hour of oxygen at 2 ATA could normally be safely
delivered and might well proveto be of considerable value.
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CLINICAL REVIEW ROYAL ADELAIDE HOSPI-
TAL HYPERBARIC MEDICINE UNIT 1990

Chris Acott

Introduction

Sinceitsinception in 1986 the Royal Adelaide Hos-
pital (RAH) Hyperbaric Medicine Unit has had a steady
clinical work load (Table 1).

During 1990 the medical staff of the Unit wasafull-
time Director, four Specialists, a part-time General Practi-
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TABLE 1

Y ear No of Patient Chamber

Patients Treatments Runs
1986 109 565 319
1987 169 1480 759
1988 122 1379 654
1989 117 1033 548
1990 116 792 477

tioner and one Visiting Specialistinvolvedinresearch. The
Director and specialists all had other clinical commitments
in the RAH Anaesthesia and Intensive Care Department.

The nursing staff consisted of a Charge Sister, one
full-time RN and two part-time RNs. Aswell therewas a
nursing pool of 26, 4 of whom had Critical Care nursing
skills. There were 2 full time Hyperbaric Technicians.

Patient treatments

The patient numberstreated weresimilar to previous
years (Table 1).

Thecomplication ratewaslow. Therewere3deaths,
oneeach from cyanide poi soning, carbon monoxide poison-
ing and cerebral arterial gas embolism. Two patients re-
quired myringotomiesbecausethey could not equalize. One
patient devel oped a pneumothorax.

Casestreated

Carbon monoxide poisoning, decompression sick-
ness, osteoradionecrosisand chronic refractory osteomyeli-
tiswerethe main conditionstreated. Thefull list appearsin
Table 2.

Carbon monoxide poisoning

Sixty onepatientsweretreated. Thirty onewerefrom
accidental exposure and 30 from suicide attempts.

Thetotal number of treatmentswas205. Theaverage
number per patient was 3.4 with the range being 2 to 8.

The range of carboxyhaemoglobin levels on admis-
sion was between 6-77 mg% averaging 24 mg%. Thelevel
on admission had no correlation with the number of treat-
ments the patient received. Table 3 lists the causes of the
accidental exposures. Faulty gas heaters and faulty car
exhaust predominate. Forklift drivers still continue to be
exposed.
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TABLE 2
CASE LOAD

Carbon monoxide 61
Decompression sickness 20
Osteoradionecrosis
Gas gangrene
Osteomyelitis
Wound healing
Idiopathic hearing loss
Spinal sydrome
(ischaemic muscle)
Cerebral arteria gas embolism (CAGE)
Venous stasis ulcer
Necrotising fascitis
Cyanide poisoning
Chemical inhalation
Non-healing bone graft
Cerebral ischaemia
Post-partum fitting

NWhr~OTO
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TABLE 3

CARBON MONOXIDE POISONING ACCIDENTAL
EXPOSURE

Firefighters
Faulty car exhaust
Faulty gas heater
Housefire
Accident at work
Fork lift drivers
Firein prison
Miners

(2Country Fire Service)
(2 families of 4)

PN WNOOOLW

Experienceat the RAH contradictsthe opinion of the
Australian Nationa Institute of Occupational Health and
Safety which stated in 1989 “fire-fighters who are working
on bushfires...are unlikely to experience hazardous expo-
sure to carbon monoxide” .

A hose attached to the car exhaust is still a popular
way to try to commit suicide. In majority of casesthe hose
fell off, while some changed their minds, and in others the
car ran out of petrol. Only 1 patient, who attempted suicide,
had had a previous exposure to carbon monoxide. Thiswas
from afaulty car exhaust.

At 18 month follow-up 2 patients had neurological
sequel ae (short term memory loss and poor concentration).
One patient who had attempted suicide died 3 days after
admission.
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Decompression sickness

Of the20 casesonly 3 presentedwithjoint painalone.
Therest had neurological symptomsor signs. Table4 shows
the sex breakdown and the number of treatments given.

TABLE 4

DECOMPRESSION ILLNESS

No. of cases
Male 18
female 2
Total 20

No. of treatments

Range 1-8

Average 35

Oneonly 5

5 or more 8
Total 69

All patients received a RN Table 62 as the initia
treatment. Five were given IV fluids. None received
steroids or aspirin.

Follow-up at 1 and 3 monthsrevealed that 3 still had
residual problems. These 3 have ceased diving. At the 12
month follow-up 2 still had residual problems.

Table 5 lists the dive tables used. There was an
increase in 1990 of the number of divers who were using
computers compared with previous years.

Forty five percent of the dive profiles were within
DCIEM tables, however, all of these were associated with
accepted predispositionsto DCS. Thesewere:- heavy alco-
hol intake, multiple ascents, recent or concurrent illnessand
clinically a patent foramen ovale.

TABLE 5

DECOMPRESSION ILLNESSDIVE TABLESUSED

Table used Number Inside DCIEM
limits
None 4 1
Dive Computer 4 1
BS-AC/RNPL 1 1
Comex 1 1
PADI (old) 1 -
RDP 2 2
USN 5 3
Unknown 2 -
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TABLE 6

DECOMPRESSION ILLNESS ASSOCIATED
FACTORS

Alcohol

Previous DCS

Multiple dives 1
Multiple ascents

Flying after diving

Altitudeafter diving

Vird illness

Last dive deepest

Deep bounce dive

RPONRFEPR,NOOORFR BN

Table 6 lists the associated factors with al the cases
of decompression sickness. There are some disturbing
factors associated with some of the diver's diving habits;
diversnot using any recognised diving schedul e, the deepest
dive being the last dive of the day and deep bounce diving.

The shallowest recorded was 8 m, while the deepest
was 56 m of seawater. Theaveragedepthwas20.5m. The
8 m dive included 8 ascents to the surface.

Sixteenwerelocal divers, thereforetransportation to
treatment was not a problem. However, only 6 divers
presented for treatment within 12 hours of a problem being
noticed. Table 7 lists the time from onset of symptoms to
treatment.

TABLE 7

DECOMPRESSION ILLNESSBETWEEN DELAY
SYPMTOMSAND TREATMENT

0-12hrs
12- 24 hrs
24 - 48 hrs
48 -72 hrs
72 - 96 hrs
96-120 hrs
> 120 hrs
Mean
Range

NP RPRRPWOWRO®

89.6 hours
5.5 hours- 7 days

Thequalification levelsof thediverstreatedislisted
in Table 8.
Osteor adionecr osis

Nine patients were treated. Thisinvolved atotal of
235treatments. All patients, themandiblewasinvolved. All



TABLE 8

TRAINING LEVEL OF TREATED DIVERS

Basic 1
Advanced

I nstructor

Not recorded

Commercial

NWNWO

Average years of diving 3.5 years.

were following radiation and surgery for head and neck
carcinoma. Five still continued to smoke at the time of
treatment. All had agood clinical result.

Osteomyelitis

Four patients were treated, involving atotal of 125
treatments. Threepatientshad asuccessful clinical outcome
which was judged by sinus and wound healing. The fourth
patient’ s trestment continued on into 1991.
Gas gangrene and necrotising fascitis

Five patients with gas gangrene were treated. All
received at least 6 treatments, one patient received 11. All
were diagnosed at the time of surgery. All caseswere post
traumatic and Clostridium Welchii wasisolated in al. One
patient with necrotising fascitiswastreated. The infection
responded well to hyperbaric oxygen.
Idiopathic hearing loss

Two patientsweretreated for atotal of 17 treatments.
Both patients had a marginal increase in their hearing.

Venous stasis ulcer

There was no improvement in this patient.

Slow healing wounds

Threepatientsweretreated with poor results. All had
very poor wound toilet despite constant encouragement by
the Unit staff.
Spinal ischaemia

Two patients were treated with limited success.
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Cyanide poisoning

The one patient poisoned by cyanide died.

Arterial gas embolism

One patient had an iatrogenic cerebral arteria gas
embolism during coronary artery by-pass. Inspite of treat-
ment the patient died.

Education

During the year two Medical Officers Diving Medi-
cine courses were held. There were three Diving Medical
TechniciansCourses, two Hyperbaric Nursescoursesand an
Abalone “Shellers’ course. Three Diving Safety Seminars
were held.

Research

Research into Gas Embolism and Carbon Monoxide
Poisoning continues. Dr Chris Acott is supervising the
divingincident monitoring survey, whichwill reveal for the
firsttime accuratefiguresof what arethe common problems
of recreational diving. Itishoped that thetraining agencies
will beableto learn from thesefiguresand then changetheir
teaching so that more emphasis is given to avoiding the
problems.

Publications

Williamson JA, King GK, Callanan VI, Lanskey RM and
Rich KW. Fatal arterial gas embolism: detection by
chest radiography and imaging before autopsy. Med
J Aust 1990; 153: 97-100

Williamson JA. Case report: Inadvertent spinal subdural
injection during attempted spinal epidural steroid
therapy. Anaesth Intens Care 1990; 18: 406-408.
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ARTICLESOF INTEREST REPRINTED FROM OTHER JOURNALS

THE END OF DECOMPRESSION DIVING

Bob Halstead

During the past five years an incredible amount of
theorizing, research and devel opment hastaken placetrying
tofind waysfor diversto enjoy multi-day, repetitive, multi-
level diving and yet avoid getting decompression sickness.
New decompression tables, some designed specifically for
recreational divers, havebeen published andtested. Confer-
ences have been held, papers written and some amazing
progress made. The most significant part of thisrevolution
has been the introduction of diving computers.

When the computerswerefirst introduced they were
criticized for several valid reasons. These criticisms were
useful in that they forced manufacturers to conduct trials,
which speeded the introduction of new and better programs
and of computerswith improved reliability. The processis
far fromover, butitisinterestingthat very few criticismsare
heard these days from people who have taken the trouble to
find out what the computers are trying to do, and how and
why they work. If you are not sure yourself, | suggest you
get hold of an excellent book “The Recreational Diver's
Guide to Decompression Theory, Dive Tables and Dive
Computers” by John Lewisand Karl Shreeves, published by
PADI. Itistrue, however, that thereisstill no computer that
can befollowed exactly on most divesundertaken by recrea-
tional divers.

Now, before you get the wrong idea, | think that
diving computers are the greatest thing to happen to diving
sinceArchimedes. Depth gaugesarenotedfor their abysmal
inaccuracy and unreliability, including maximum depth
needlesthat “creep”, and adiver’sloss of cerebral function
at depth through narcosis makesit difficult for diversto get
an accuratereading of their maximum depth. Measuring the
bottom time is not always perfect either (forgot to set your
watchagaineh!). Sol havetowonder at peoplewhoimagine
asport diver cantaketheselargely imaginary numbers, feed
theminto aset of divetablesand comeup with any meaning-
ful information, evenif they doknow how towork the cursed
things, which most divers do not. Nevertheless| thing that
it is healthy for usto realize that computers are till limited
inwhat they can do at their present stage of evolution. That
is as of today, the 1st of November 1991. Tomorrow who
knows?

Computers do measure, very accurately, the diver's
depth and time and monitor this throughout the dive. They
do produce a no-decompression limit (actually a no-stop
limit), correctly cal culated evenif not necessarily applicable
to every individual diver, and some provide decompression
information if the limits are exceeded. They are very

successful at giving meaningful informationif thedivesare
multi-level, but only if the deep dives are done first in a
repetitive sequence and the deepest part of the dive is
reached early with the dive progressing into shallower
water. Thereisstill discussionastothevalidity of multi-day
calculations with some convincing arguments (but no data)
that multi-day divingisnot additive. Thevariation between
computers depends on the criteria used in the program.
Some programs are more conservative than others.

Now wherewe start to run into trouble with comput-
ersis-

When we start to make repetitive divesthat are deep
or with a short surface interval;

When we realize that every dive should be ended
with a decompression stop;

When we try to take into account the fact that, for
largely unknown reasons, thereisan enormousrange
of human susceptibility to getting bent.

Rearranging this slightly. Given that a particular
diver's (you, for example) susceptibility to getting decom-
pression sicknessispossibly unpredictableandvariable, and
that neither computers nor modern tables accurately predict
the correct no-stop limits for al dives, particularly deep,
repetitive dives with short surface intervals, it is essential
that every dive be terminated with a decompression stop,
even if oneisnot required by the computer or by the tables.

These non-required stops are known as saf ety stops.
They arenothing new. Sensibledivershavebeenusingthem
for years mainly because they understood that considerable
uncertainty existed even if they had measured their depths
and times carefully, and calculated their tables correctly.
Alsoevenshort safety stopshavebeenfoundtobeincredibly
effectiveinreducing bubbleformation, particul arly ondeeper
dives. For long shallow dives much longer safety stopsare
neededto havethesameeffect. Neverthel esssafety stopsare
far more effective than controlling the rate of ascent. It
seemsthat therate of ascent does not actually matter except
that fast ascents could lead to lung over-expansion and air
embolism. Theessential procedureisto avoid “ decompres-
sion” dives but make a safety stop of at least three minutes
at 5 m after every dive anyway, and to make longer stops
after repetitive and/or long shallow dives.

But thereisno universal agreement asto whenanon-
decompression (no-stop) dive becomes a decompression
dive. Todemonstratethislook at theshort tablebel ow which
gives the no-decompression (no-stop) limits according to
various authorities for asingle diveto 18 m.

French 75 mins (no comment)
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USN 60 mins
NAUI/PADI 55 mins
Spencer 52 mins
Bihliman 44 mins

So if you wish to avoid decompression diving and
decidetodiveto 18 m (60ft) what doyoudo? Whatyou have
to dois choose atime between 44 and 75 minutes and have
abottom time less than the time you have chosen. Y ou can
pick the numbers you believe in, the religious approach, or
pick a number out of a hat, the Vegas approach or phone
Nancy Reagan or the Queensland Inspector of Diving, the
mystical approach.

This is where | started to think that the world was
going crazy. Thisis not the first time this has happened to
me, if youremember it al so happenedwhen | saw diverswho
were perfectly safe by themselves being forced to make a
dangerous dive by being appointed an incompetent or in-
compatible buddy, or when | saw divers exhausting them-
selvesin acurrent by wearing abuoyancy compensator that
could have seen better service asaseaanchor. Suchislife,
but seeif you do not agree with me:

1 A decompressiondiverequiresadecompressionstop
in order to make the dive “safe”.

2 A no-decompression dive reguires adecompression
stop in order to make the dive “safe” (as discussed
above).

3 All divesareeither decompression or no-decompres-

sion (no-stop) dives.
4 Diveswhich requireadecompressionstoparecalled?

There it is. We have an unnecessary term in our
vocabulary: “no-decompression dive”. There should be no
such thing. Infact | call upon all Governmentsto immedi-
ately bantheterm. Henceforth all divesmust be decompres-
sion dives.

Thislookslikel amjust playingwithwords, but hang
on a minute. All the tables and decompression meters
available right now are obsessed with No-Decompression
Limits, yet everyonein the business agreesthat safety stops
should be made, i.e. that the dives should be conducted asiif
they were decompression dives. My argument is that all
computersand all tablesshould tell thediver exactly what to
do. Inother wordsthey shouldincludethesafety stopsinthe
program or table, and never give ahint that it is possible to
ascend directly from any dive.

After dl, if you are an instructor trying to teach a
diver to make adecompression stop at theend of every dive,
you are actually pretty silly immediately telling the diver to
make sure that all dives are no-decompression dives!

Itisjust evolution at work again. We have learned
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that safety isimproved if all divesare considered asdecom-
pression dives, that the concept of no-decompressiondiving
isasuseful asping-pong ball inasnorkel, and that it istime
to produce computers that tell use what stops we should be
making after every dive.

Itisstill true, of course, that diveswhich are particu-
larly deep or long or are repetitive will load us with excep-
tional quantities of nitrogen and require longer
decompressions. We can set limits, not necessarily the old
no-decompression limits, admitting that they are arbitrary,
which we could call the “Recreational Diver Limits’. This
isan easy exercise. Authoritieswho publishtablescandoas
they do now and limit the information to acceptable dives,
and computer manufacturers can build limit warnings into
their computers as they do now.

What | hopeto see from al thisis:-
1 Computers that divers can actually follow.

2 A universal recognition that all dives require a de-
compression stop.

| think these would reduce the incidence of decom-
pression sickness.

Reprinted, with permission, fromTelita Crui sesNews-
|etter November 1991

Bob Halstead's address is Telita Cruises, P.O.Box
303, Alotau, Papua New Guinea

ORCA INDUSTRIESSHUTSIT DOORS
Edge, Skinny Dipper, Delphi ownersleft in the lurch?

If the good news at Christmas was that you found an
Orca computer under your tree, then the bad news isthat if
you ever need it serviced or repaired, you may find no oneto
help. On December 20th 1991, Orca shut down their
operations and closed their doors, the victim of faulty
products and a tough recession.

While Orcawas the first American company to pro-
duce a workable computer and initially had the market
nearly all toitself, frequent problemswith all itsmodel skept
it from ever getting on secure financia ground.

The original Edge had transducer problems, leading
toseveral bent divers. The Skinny Dipper was plagued with
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problems, not the least of which was that it leaked: an
Undercurrent survey of readersfound that as many as one-
third of their Dippers had |eaks severe enough to cut off the
computer. The new Delphi had its problems, but having to
recall thelatest version of that device, the Delphi 3.0, further
weakened Orca’ sfinancia condition. Addtothisthereces-
sion and thelower than expected salesfor the holiday season
and, says Steven J. Carnevale, Orca president, “ These fac-
torshavemadeitimpossibleto continueoperating. Wehave
decided to discontinue operations and proceed with an
orderly liquidation of the company’s assets.”

Paul Heinmiller, Orca' s chief engineer, told Under-
current that they had hoped that normal sales would over-
cometheburden of theDelphi 3.0recall. “Unfortunately the
economy has not held up and our sales have been below a
norma year. When Steve made his announcement on
December 11th, it came as a surprise. Not that we didn’t
know that there were problems, but we felt that we would
pull through.”

Orca accepted no units for servicing or repair after
December 11. Thosethat were not finished by the 20th will
be returned, Heinmiller said.

Orcaowners, most of whom have been fiercely loyal
totheir computers, evenin theface of problems, are, for the
timebeing, out of luck. Withnoindependent repair services,
they may never find anyone to handle their problems or
provide replacements. Prior to closure, Carnevale looked
for an infusion of capital, but to no avail.

The best Carnevale hasto say to Orcaownersnow is
that “Customers may be contacted some time next year
regarding availability of sales and service if the assets of
Orca are purchased by someone who intends to resume
operation.” If no buyer isforthcoming then Orcacomputers
will become atechnological dinosaur.

In addition to the problems Orca had with its equip-
ment, the decision to remain solely a computer company
may have also contributed to its demise. Companies with
full lines of equipment, Dacor, USD, Oceanic, Beauchat,
Tekna, Sea Quest and now ScubaPro, integrated their com-
puters into their product line; during this economic down-
turn, thesalepower of priced productshel pskeepthemalive.
But Orca, whose only product is a luxury to most divers,
learned too painfully that in a recession, the purchase of a
luxury item can be easily postponed, especially for divers
deciding to postpone travel.

Furthermore, when Orca was the sole producer of
computers, both active and new divers were their market.
Today, most divers who have been active for awhile have
already purchased their computers, leaving the primary
market to newly certified diversand those who have been at
it for ashort time.
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So while more and more companies entered the
market, competing both in price and product, Orca s share
dropped dramatically.

For the past few months, rumours were afoot that
Orcawasintrouble. Thoughthoserumoursweredenied, the
hand writingwasonthewall. 1t wasnot amatter of whether
Orcawould fold, but when. Now we know the answer.

Andwealso know that Orca, althoughthefirst victim
in this recession, may indeed not be the last.

Reprinted by kind permission of the Editor, from
UNDERCURRENT.1992: 17 (1): 6

Theaddressof UNDERCURRENT isP.O. Box 1658,
Sausalito, California, 94966, U.SA.

BE PREPARED!

ChrisAllen

Analysis of diving incidents in 1991 highlights the
need for diversto plan for every eventuality.

Following my 1990 report, whichrecorded oneof the
lowest number of sportsdiving fatalitiesfor several years, it
is disappointing to have to begin my review of the 1991
diving incident statisticswith the newsthat, in contrast, this
year has been one of the worst since 1973 in terms of
fatalities, with 17 being recorded. Of these, 8were BS-AC
members.

BSAC FATALITIES AND MEMBERSHIP 1982-1991
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When the fatal accidents are considered in more
detail, we find that two divers died on solo dives and
separation was afactor in afurther six cases, thus underlin-
ing the crucial importance of the buddy system for safe
diving.

Oneareaof particular concernthisyear isthat four of
thedeaths(noneof whichinvolvedtheBS-AC), occurred on
dives or training courses organised by dive schools.

There is rather better news when we look at the
recorded cases of decompression sickness, wherethereduc-
tion from the record number of casesin 1989 (137) hasbeen
maintained. Last year | reported asharp drop from 137to 80
cases, but had to acknowledge that my data capture was not
as good as it ought to have been, because of a lack of
information from the Ingtitute of Naval Medicine (INM).
Thisyear, for thefirst time, the INM have been operating a
central database of decompressionincidentstowhichall the
UK recompression facilities have been encouraged to con-
tribute, using a standard reporting form. This has made it
easier for them to supply us with much more complete
information, which in turn means that our data is more
accurate.

DECOMPRESSION SICKNESS ANALYSIS - 1991

WITHIN TABLES 23

ASCENT TO ALT. 1
RAPID ASCENTS 8

MISUSE OF TABLES 4

WITHIN COMP. 20
REPEAT DIVING 12

MISUSE OF COMP 3

MISSED STOPS 5§
DEEP DIVING 33

TOTAL NO. OF CASES - 100

This year a total of 100 cases of decompression
sicknesshavebeenrecorded, whichreinforcesmy belief that
the peak figure of 137 cases, seenin 1989, was areflection
of record levelsdiving performed that year asaresult of the
exceptionally good summer, rather than asign of continuing
upward trend as some people were claiming.

Overall, the incidence rate of decompression sick-
ness among sport diversin the UK appearsto be remaining
fairly constant withonecaseinevery 10,000t0 15,000 dives.
Some 40% of these cases occur within thelimits of accepted
decompressiontables. Such casescan often proveto havea
medical explanation. However the risk of decompression
sicknessisnot evenly distributed, and aseveryone should be
aware, therisk increases significantly with deeper divesand
with repeat diving. This year for example 65% of the
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recorded cases of decompression sickness were on dives
deeper than 30 m.

Cases of lost divers always tend to attract publicity
and mediaattention, and that wascertainly the casethisyear.
Although the actual number of cases was not particularly
high, there were some dramatic examples. Such cases
inevitably imposeasignificant demand on search andrescue
resources and do nothing to enhance the reputation of the

sport.

DIVERS' USE OF EMERGENCY SERVICES
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The most extreme case of all thisyear involved two
diverswho were reported missing in the Farne Idlands. An
extensive air and sea search was mounted, involving heli-
copters, lifeboats, coastguard units and other vessels. After
seven hours, the search was suspended overnight and re-
sumed the following day. The two divers, who were adrift
for morethan 23 hours, were not located until they managed
to get themselves ashore several miles down the coast and
made contact with the Coastguard.

Another pair of divers, who surfaced earlier than
expected, were unable to attract the attention of their cover
boat which was only about 100 m away. They drifted away
quickly onthesurfaceandin spiteof anextensiveair and sea
search and thefact that they fired severa “ mini-flares’, they
were not picked up for more than six hours. They were
eventually picked up well outside the designated search
area.

When looking at the location such incidents, the
Skomer area seems to have experienced more than its fair
sharethisyear, and it seems clear that many diversvisiting
thisare seriously underestimating thelocal tidal conditions.
It was there for example that another pair of divers also
drifted on the surface for six hours, covering a distance of
more than ten miles, after they had surfaced out of sight of
their cover boat. Surface marker buoys had not been used
because the water was calm and there was no obvious
current. However the divers experienced strong currents
towards the end of their dive, and these swept them rapidly
out to seawhen they surfaced.
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The remedy for the mgjority of such casesis very
obvious, use a surface marker buoy (SMB). Although you
will hear people complain about theinconvenience of using
anSMB, itismy experiencethat they either havenot thought
their equipment through adequately, or have simply not
mastered required skills. Providing a proper reel and buoy
arrangement isused, there should belittle or no effect onthe
diver. Unlessyou arediving in avery localised areas such
as on awreck, or thereisaparticular risk of the buoy line
becoming entangled, the benefitsto the cover boat in know-
ing exactly where the divers are far outweigh any slight
inconvenience to the divers themselves.

As usual, boating and surface incidents form the
second largest group of reports after decompression sick-
ness. Inonecase, aparty of diversonahard boat all entered
the water together because the tide was increasing too
rapidly to allow timefor two“ shifts’. Thevery last diverin
theparty became entangled with theladder ashe had jumped
in and, unseen by the boat's skipper, was dragged along
underwater as the boat moved off. The force of the wash
ripped his mask and mouthpiece off and he very nearly
drowned. When the skipper’s attention was drawn to the
problem he was unable to do anything. Fortunately two
divers from another party nearby were able to cut the
casualty free and lift him back into the boat where he was
resuscitated. The importance of maintaining sufficient
cover intheboat to react to an emergency and, if necessary,
to effect a rescue cannot be over-emphasized.

DIVING INCIDENTS BREAKDOWN - 1991

MISCELLANEQUS 18
ILLNESS 1
EQUIPMENT 13

~ FATALITIES 17

TECHNIQUE 11
ASCENTS 12

\

\

N DECOMPRESSION 10
30ATING/SURFAGE 28 DEGOMPRESSION 100

Still onthesurface, an unusual incident was reported
when a diver lost his knife overboard from an inflatable
during thetrip to the dive site. The knife was still attached
by acurling tel ephone-type cord and bounced along behind,
first of al puncturing one of the tubes of the inflatable,
before re-entering the boat and striking two of the divers.
Although no serious damage or injury was caused, | am
aware of far moreincidentsbeing caused by these cordsthan
by diverslosingtheir knivesand my advicewould definitely
be not to secure your knife in this way.
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The BS-AC Incident Reporting Scheme receives
reports not just from Britain, but also from our branches
overseas. Reports of shark attack are fortunately very rare,
but thisyear two BS-AC membersin K enyasuffered serious
injury whenthey wereattacked by ashark whilst performing
acircular search exercisein low visibility. Neither of them
saw the shark before they were hit. Both sustained serious
leg injuries and unfortunately one subsequently had to have
his leg amputated below the knee.

Among theincident reportsinvolving equipment are
two which emphasise the need not underestimate the risk
from handling compressed air cylinders. We tend to take
them for granted because they rarely give problems, but the
consequences of failurecan bedramatic. Intheearly part of
thisyear, adiver’ s pony bottle exploded whilst being filled,
causing severe damageto the compressor room and injuring
three people. It had last been tested four years previously
and on examination was found to be severely corroded.

The second incident involved a cylinder which was
overcharged at a dive shop. The cylinder was an ex-fire
brigade cylinder with aworking pressure of 135 bars. Itwas
charged to 240 bars by afellow customer who was* helping
out”. Thecylinder'stest pressure was only 180 bars and a
serious accident could easily have occurred. Thelessonis
clear. Cylinders should only befilled by competent opera-
tors who ensure that they only fill cylinders which have a
current test certificate.

When analysing Incident Reports, | am often struck
by the number of times in which the consequences of an
incident have been made more severe by the absence of
suitable backup equipment or an appropriate contingency
plan.

Oftenin such casesthegeneral planning and conduct
of the dive was perfectly acceptable, but when something
wentwrong, usually only asmall thing, therewasinadequate
provision to deal with the situation.

Another lost-diver case illustrates just how easily
things can go wrong when something unexpected happens.
A pair of diversascending up the shot line after adiveto 48
m found that the shot rope buoy had been pulled under, and
had collapsed and sunk to 25 m. Consequently, they were
forced to perform their required decompression stops in
mid-water, and whilst doing so they drifted a significant
distanceinthetide. Whenthey surfaced they wereunableto
attract the attention of their cover boat and drifted away. A
large scale search involving four lifeboats and two helicop-
ters ensued and they were eventually picked up about three
and half hours later.

In this example, if the divers had been carrying a
delayed surface marker buoy they would have been able to
perform their correct decompression stops, whilst at the
same time indicating to their surface cover exactly where
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they were. Once on the surface, had they had an alternative
meansof attracting attention, suchasaflagor aflare, it might
have made all the difference.

Planning for such contingenciesis something which
experienced divers do, amost without thinking. A simple
way to test whether your equipment and dive plan can cope
with an unexpected problem is to pose a few “What if”
guestions.

Try the following examples to start with. What if |
surface a long way from the cover boat, how will | attract
their attention? What if | do not find my way back to the shot
ropefor somereason, how will | control my decompression
stops effectively? What if we need to recall the divers
contact the Coastguard administer oxygen/change a spark
plug, do we have the necessary equipment?

Ideally every diver should have a secondary air
supply, own aSMB and carry abackup means of attracting
attentiononthesurface. Every diveboat should haveaVHF
radio and carry oxygen. On every planned decompression
stop dive, spareair should be available and each pair should
carry adelayed SMB.
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Many of those directly involved in this year’ s inci-
dentshavelearnttheir lessonsthehardway. They now know
how to prevent them recurring or how to deal more effec-
tively with the situation should it arise again. By studying
the full 1991 Diving Incidents Report, hopefully the rest of
us can aso learn from their experiences and implement the
solutions, before we encounter the problems.

Reprinted by kind permission of the Editor, from
DIVER, 1991; 36 (12)December: 43-44

The address of DIVER 55 High Street, Teddington,
Middlesex TW11 8HA, United Kingdom.

Chris Allen isthe BS-AC Incidents Adviser.

Theaddressof theBritish Sub-AquaClubisTelford's
Quay, Ellesmere Port, South Wirral, Cheshire L65 4FY,
United Kingdom.

GLEANINGSFROM MEDICAL JOURNALS

The following articles have come to the notice of the editorial staff and these notes are printed to bring them to the
attention of membersof SPUMS. They arelisted under variousheadingsof interest todivers. Any reader who comesacross
an interesting article is requested to forward the reference to the Journal for inclusion in this column.

MARINE ANIMAL INJURIES

Two-fathom hickey.
Falcone RE and Miller AP. New Eng J. Med 1991; 325(7):
521-522.

Letter

Describes hand injury due to suction, partial-thick-
nesscontusion-avulsion (hickey), following attempted hand
feeding a stingray by a diver. Appropriate treatment de-
scribed. Moral: Beware of feeding “tame” stingrays.

Suddendeathin achild followingjellyfish envenomation
by Chiropsalmus quadrumanus.

BengstonK, NicholsMM, SchnadigV and EllisMD. JAM
A 1991; 266: 1404-1406.

Abstract

Sudden death following coelenterate envenomation
isnot uncommonin AustraliawherethePacific box jellyfish
isindigenous. However, few casesof suddenfatal reactions
have been reported in the Northern Hemisphere, and those

that have occurred haveall been attributed to the Portuguese
man-of-war, Physaliaphysalis. Wereport thecaseof achild
who died within 40 minutes of accidental envenomation
with tentacles of a jellyfish, Chiropsalmus quadrumanus,
and describethefindingsat autopsy. This coelenterate may
be of special danger to small children.

Stonefish and stingrays- somenoteson theinjuriesthat
they cause to man.
Cooper NK. J R Army Med Corps 1991; 137: 136-140.

A review is presented of past and present records of
injuries caused by these fish with particular referenceto the
occasional fatalities that have ensued.

Thewidegeographical range of speciesof bothtypes
indicate a variety of current Service postings where such
injuries can be sustained.

The pharmacological actions of the venoms of both
typesaresummarised asfar asthey areknown. Modernlines
of management are described which stress the need for
through debridement of these injuries.
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Historical vignette - the death of an Australian army
doctor on Thursday Island in 1915 after envenomation
by a stonefish.

Cooper NK. JRArmy Med Corps 1991; 137: 104-105.

Discusses stonefish envenomation and queries the
diagnosis of stingray injury on the doctor's tombstone.

RECREATIONAL DIVER TRAINING

Economic considerationsin promoting scuba refr esher
courses. an Australian view.
Wilks J. Sources 1991; September/October: 58-60.

A paper addressed to NAUI Instructors drawing
attention to the fact that a large percentage of the divers
surveyedwoul d beinterestedinundertaking refresher causes
to upgrade their skills.

Undersea and Hyperbaric Medical Society
Annual Scientific Meeting 1991
Selected Abstracts

RECREATIONAL DIVERS

How well do they doit: a survey of sport divers' ability
to work decompression problems.
Hill RK Jr. Undersea Biomed Res 1991; 18 (Supp): 51.

The best decompression schedule is unsafe if not
used properly, and little work has been done to evaluate the
ability of sport diversto work out decompression problems
once they complete their training. During SEASPACE 88,
thelargest sport diving meetingin America, aquestionnaire
and 5 decompression problemswere distributed, with 2,576
completed forms returned. Only 46% of those completing
the 5 questions had all correct representing 54% of female
respondents and 46% of the males (ANOVA p= 0.00005).
Which training agency, level and date of more advanced
training, and type of specialty trainingwereall significantly
different for the group correctly answering all the questions
(p=0r<0.001). Not foundto besignificantly different were
theageof thediver, thedate of initial training, the certifying
agency of the most advanced training, nor the date of thelast
training. These findings have implications for both diver
training and the safety of use of diving computers.

From the Hyperbaric Medicine Department, Our
Lady of the Lake Regiona Medical Center, Louisiana,
U.SA.

Evidenceof altered liver function in agroup of amateur
scuba diversfollowing a diving holiday.
Doran GR. Undersea Biomed Res 1991; 18 (Supp): 46-47.
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In the light of previous findings of altered liver
function among professional deep saturation diversarange
of biochemical blood testswere performed on 9 experienced
amateur scubadivers (8 male; aged 30-60 years) before and
immediately after a12 day diving holiday to Eilat, Israel in
March 1989. Theaveragetotal number of divesundertaken
was 18; to depths ranging from 6 to 50 msw, with an overall
averagedepth of 20msw. Withtheexception of onemaleall
the divers continued to consume &l coholic drinks while on
holiday. Significant post holiday climbs were detected in
their plasmaactivitiesof isocitrate dehydrogenase (P<0.05),
alkaline phosphatase (P<0.01) and acid phosphatase (0.05).
The levels of the plasma glycoproteins thyroxine-binding
globulin and fibronectin also rose (P<0.01), together with
the complement C,, fraction (P<0.02). No significant post-
holiday changeswereidentifiable overall inthe activities of
thetransaminases (AST,ALT), g glutamyl transferase (GT)
or cholinesterase, nor in their plasma bilirubin or g, acid
glycoprotein levels. While among the male divers the
changes were generally moderate, those evident in the only
woman in the group were pathologically severe (including
raised AST, ALT and gGT), such as would characterise a
mild hepatitis. However, subsequent serology failed to
identify any common infective agtiology. The fact that,
apart fromthecaseof thewomandiver, noelevationof ?2GT
wasevident, coupled with thefact that changeswereequally
apparent in the male who abstained, argues against these
disturbances being attributable to “ excessive” alcohol con-
sumption. Overall theresults confirm that some significant
aterations in divers' liver function tests may be brought
about by repetitive shallow diving and that exposureto very
high ambient pressures (>6 ATA) isnot aprerequisite. The
possibility that women may be more severely affected than
men requires further careful review.

Fromthe Department of Chemical Pathology, Charing
Crossand Westminster Medical School (University of Lon-
don).

Clinical evaluation of repetitive deep diving by recrea-
tional diverson thewreck of the Andrea Doria.
Blumberg L and MyersRAM. Undersea Biomed Res1991;
18 (Supp): 50.

Ten male recreational divers were clinically evalu-
ated over a3 day period as they made repetitive deep dives
[>200 fsw] with compressed air to the wreck of the Andrea
Doria in the North Atlantic Ocean. Diving profiles were
recorded and verified while diverswere followed clinically
for signs/symptoms of decompression sickness, air embo-
lism, and/or other diving maladies. Ulltrasonic Doppler
testing was used to assist in objective analysis. The divers
rangedinagefrom27to47yearsold, weight from 145t0 285
Ibs., previouslogged divesfrom 50to 1250, and diving depth
from 187 to 240 fsw. During the 3 day study period the ten
divers performed a total of 49 dives. None of the divers
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exhibited any signs/symptomsof decompressionsicknessor
air embolism. Intravascular bubbling was detected in only
2 diversand only onediver attained a Spencer rating of 2 on
any dives. The incidence of positive Doppler testing was
4.3%. Nitrogen narcosis was not a significant problem for
any diver. Theequipment used by each diver wasextensive
and included multiple back-up devices and systems. Eight
diverscarried at least 1 dive computer, while 1 carried 3 (in
casetheother 2failed). With water temperature at depth of
46 ° F, all divers wore drysuits except one.

All divers had trained for these deep dives by per-
forming progressively deeper dives [>130 fsw, 39 m] sev-
eral weeks to months prior to attempting these truly deep
dives. Although not recommended for the average diver,
repetitive deep diving by experienced recreational divers,
with appropriate equipment andtraining, ledto noincidence
of decompression sickness, air embolism, or other diving
maladies during this study.

FromtheDepartment of Hyperbaric M edicine, Mary-
land Ingtitute for Emergency Medical Services Systems,
University of Maryland, Maryland, U.S.A.

VESTIBULAR PROBLEMS

Vestibular diseasein dive accident victimsin Hawaii.
Arnold AA and TolsmaKA. UnderseaBiomed Res1991: 18
(Supp); 45-46.

Between 1983 and 1990, 315 diving accident victims
weretreated at the Hyperbaric Treatment Center. Of those,
a retrospective analysis identified 37 (12%) cases having
vestibular symptomatology. Twenty-sevenwerediagnosed
as having Vestibular DCS (VDCY), 9 as having Inner Ear
Barotrauma (IBE), and 1 as having AGE. Of those with
VDCS, 16 (60%) had associated DCS syndromes, and 11
(40%) had purely vestibular symptoms. 1EB included Peri-
lymphatic Fistulae, and Cochlear Trauma. Thediagnosesof
IEB and VDCS were made, for the most part, on clinica
grounds. Of the many examination modalities used, some
are emphasized by the physiciansat HTC. Despite detailed
evaluation of the patient, it was often difficult to distinguish
between dysbaric disease and IEB, and therefore some
patientswith IEB received atrial of recompression therapy.
It was noted that these patients did not have worsening of
their symptoms. It is recommended that a full and careful
evaluation be performed, thoughit should not interferewith
the prompt initiation of recompression therapy. If doubt as
tothediagnosisexists, itisbetter in our experienceto err on
the side of recompression, since worsening of 1EB symp-
toms, though a theoretical concern, did not occur in our
series.

From the University of Hawaii, Hyperbaric Treat-
ment Center, Honolulu.
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DIVING MEDICINE COURSES

DIVING MEDICAL CENTRE COURSES

Courses will be conducted to instruct medical prac-
titionersin diving Medicine, sufficient to meet the Queens-
land Government requirements for Recreational Scuba
Diver assessments, at

Sydney, New South Wales
17th to19th April 1992
and
Noosa, Queensland
Queen’s Birthday Weekend 1992

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

ROYAL AUSTRALIAN NAVY SCHOOL OF UN-
DERWATER MEDICINE
DIVING MEDICINE COURSE
21st September to 2nd October 1992

Apply directly to the Officer in Charge,
School of Underwater Medicine,
HMAS PENGUIN,
Balmoral, N.S.W.2091

ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

Basic Coursein Diving Medicine

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

Dates October or November 1992

Cost $A 500.00

Advanced Coursein Diving and Hyperbaric Medicine
Content
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.
Dates October or November 1992
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

Overseas courses and meetings appear on page**
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Medical
Diving
Texts:

4 Diving Medicine, 2™ edition

& The Physiology and Medicine of
Diving

@ Atlas of Aquatic Dermatology

& Medical Examination of Sport
Scuba Divers

@ Stress and Performance in Diving

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

# Problem Wounds

& Offshore Health Handbook

& Hyperbaric Physiology & Medicine

€ Man in the Sea, volume I

4 Man in the Sea, volume II

# Diving in High Risk Environments

# Nitrox Manual

@ Recompression Chamber Life
Support Manual

@ Basic Decompression Theory and
Application

For more informa-
tion on these & the
other Best diving
books, send for your

FREE catalog:

A complete list of authoritative books
dealing with various facets of the
underwater world such as: dange ous
marine animals, business, construction &
salvage, diving medicine, decompression
sickness, photography, equipment
maintenance, treasure, cave diving, safety,
wreck diving, and first aid.

To get your catalog,
mail this coupon to:

Best Publishing Co.

—— S — — A WSS — — —— ——

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

Yes, Please send a Free Catalog.

Name

Address

City
State Zip

Country
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Dive all year
round with
Australia’s

prestige
scuba diving
magazine.

SUBSCRIBE NOW!

r-----———-—-—--——_—1
} Tick boxes. Please send me I

I [ One full year (6 issues) of Sportdiving Magazine
I for $34.50 (Within Australi)a) y 9 M !

| Overseas Subscribers. 1 year (6 issues)
| [JAUD$67.00 Surface Mail
I JAUD$81.00 Airmail

Please find enclosed my cheque money order
| Charge my credit card D D y

| JBankcard [JMastercard [JVisa
J USE BLOCK LETTERS

| City, State: ...cooovvieeces e Postcode:...................

| Pagable to Mountain Ocean & Travel Publications AcN 006 642 422
P.0. Box 167, Narre Warren, Victoria, Australia 3807
I Phone: (059) 44 3774 Fax: (059) 44 4024

| VOTED AUSTRALIA'S No. 1 DIVE MAGAZINE!

L-————————-—-——---—J

sportdiving

—
[
o
=
a
=
=3
=%
®
=
)
=
2
3
©
m
b3
b=
=
G GED I GND GED GED NI SR GED BN NN SR GNS SR I SN GRS SED GEN emm




SPUMS JOURNAL Vol 22 No. 1 January-March 1992

OVERSEAS COURSESAND MEETINGS

UNDERSEA AND HYPERBARIC MEDICAL SOCI-

ETY
ANNUAL SCIENTIFIC MEETING

23rd to 27th June 1992
at the Hyatt Regency Bethesda, Bethesda, Maryland.
(Bethesdais very close to Washington DC)
Registration feeUS$ 200

ASSOCIATED MEETING AND COURSE

MEDICAL MYTHSOF DIVING
Diving medicine symposium for recreational diving
Saturday 27th June 1992
Registration fee US$ 30

DIVING MEDICINE COURSE

NEUROLOGICAL FITNESSTO DIVE
23rd June 1992
HSE approved course. Director Dr David Elliott.
Registration US$ 175

For further information about these contact

Jane Dunne, C/o UHMS,
9650 Rockville Pike, Bethesda, Maryland 20814, USA
Phone (301) 571-1818 Fax (301) 571-1815

DUIKMEDISCH CENTRUM
Diving Medical Centre Royal Netherlands Navy

MEDICAL ASPECTS OF DIVING EMERGENCIES

HMSTHETIS
9th - 14th August 1992

This practical course in diving medicineis for doc-

tors who may be required to respond to a diving-medical
emergency.

Full board and 5 nights accomodation on board are

included in the course fee of 2,500 Dutch guilders (NI fl),
approximately £ 780.

Apply inwriting to

Biomedical Seminars,

7 Lyncroft Gardens,
Ewell, Surrey KT17 1UR
Fax (UK 44) 81 786 7036

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

For all your domestic and international travel requirements contact

ALLWAYS TRAVEL

(03) 885 8818

TOLL FREE
008 338 239

LLwAyS

TOURS

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



