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EDI TORI AL

Kenneth Bell, one tinme tutor at xford University, used to advise his new students on the rol e he saw
as appropriate for the University. “It’s our purpose here to make you think rather than to know, but
pl ease renenber that in order to think it is necessary to know.” This is excellent advice, which this
Journal seeks to apply and whichis illustratedin Paul Wthersby ‘s paper, the di scussi on paper concer ni ng
practice of Energency Ascents, and other articles. Differing views on type causation of deconpression
sickness result inthe coexi stence of different bases for the cal cul ati on of the Di ve Tabl es. As no Tabl es
have a built-inloading factor to represent the vari abl es nowgeneral | y recogni sed as effecti ng t he out cone
of any deconpression even t he best possi bl e advice will have a rough and ready aspect inits application
to t he average di ving situation. This woul d be unacceptabl e but for the remarkabl e stress survival systens
of the human body (and of the animal bodies used to nake the initial tests). The safety of Tables is
calcul ated by titration against reported norbidity, and divers view with disfavour tinme spent in
Ther apeutic Tabl e incarceration in a Chanber. This will produce an inbuilt bias towards crediting any
gi ven schedul e wi th an enhanced safety record. The observer habit of pre-judgi ng DCS victins of having
de facto deviated fromthe Table times and tried to hide the fact (not invariably true!) makes for
unwi | i ngness to use dive details fromDCS treatnent centres to assess different theories by eval uating
the results of using the derived tables. In this respect the statenent by Paul Wethersby that npst
“practical ” diving experience does not contribute to our understandi ng of which deconpression theories
work better than others is realistic. But practical diving is the nane of the gane and it is surely tine
for nore attention to be paidto “real diving” as well as to straight-up-and-down work. As |ong as peopl e
tal k seriously of DCS following a no-deconpression dive the “don’t confuse nme with facts” subscribers
to current dogmas will prevail.

It isonlyinrecent tinmes that the significance of factors beyond t hose of dive tinme and depth have been
considered. Tiredness, enpotion, cold, alcohol, CO are now accepted as obvious requiring witing into
the dive profile. It has taken the increasing femal e involvenent into diving to draw attention to the
i nportance of (sex) hornonal changes, a matter mal e Experts were slowto recognise. It is to persons
I'i ke Susan Bangasser, represented here in a val uabl e revi ewof her recent researches, that recent interest
in such factors nust be given in |arge part.

There nust be testing of changes in equi pment and di ve profiles, but such eval uation nust be carried out
responsi bly. M chael Curley and his col | eagues are working within strict regul ati ons but many workers
are likely to feel frustrated by “linitations of red tape” and to claim Necessity for “pushing on
regardl ess”. WIIingness, whether based on faith or ignorance, does not justify such actions. It would
be a foolish fellow indeed who believed that Experts were always right in their prognostications, for
even the egg heads who desi gned the Atom Bonb forgot the danger of radio-active fall-out and in SEALAB
I'1'l breathing equi pnent was used for a 500 ft dive after being tested (and found wanting!) at 60 feet.
So the noralising of the pinion Corner may just be relevant to any of us one day.

Necessity is a dangerous word, often used to stifle constructive thought on alternative approaches to
sone problem The hoary subject of the teaching practice relating to emergency ascents is aired here
agai n, nore by maki ng facts avai l abl e t han by any di rect argunent. The information avail abl e froml nci dent
Reports is theonly validanmunitionfor such di scussions, and that avail abl e fromBS-ACfiles is revealing
despi te unfortunate inadequacies of critical detail. So support reporting schenes.

On a l ess el evated | evel of phil osophy there are papers to drawour attention to the marine dangers which
may effect the diver. Dr Charles Brown, a wel cone aut hor who has been di splaying his wit and erudition
tothe American di vers for many years and i s nowsharing hi s informationw th us al so, reports on a nenorabl e
hol i day dive. One may hope that his buddi es are now aware of their non-buddy diving pattern. M Tony
Ednonds reminds us that the hunbl e “bl uebottle” can pack a wallop; though divers are to a | arge degree
protected by their wet suits they can be consi derably troubl ed shoul d stings occur on their face or neck.
Non- Australianreaders will berelievedtofindthat we canstill report a SHARK ATTACK! Australian readers
will berelievedto findthat it was non fatal and that t he response of those i nvol ved was correct. Thonas
the Toad-fishillustrates the trueismthat it can be a nmi stake to drawattention to oneself .... apossible
expl anation for the occasional unsigned article.

Correspondent s Letters nake a wel cone return, a great pleasure to The Editor, who was begi nni ng t o wonder
whet her t her e was anyone al i ve out t here where t he mai |l man | eft t he Journal s. They, and al |l contributors
and donor Journal s are thanked for their involvenent in this publication.

DI SCLAI MER
Al'l opinions expressed are given in good faith and in all cases represent the views of the witer
and are not necessarily representative of the policy of SPUVS.



MEDI CAL ASPECTS COF SPORT DI VI NG | NCI DENTS:
BS- AC REPCRT 1979

The annual report of the British Sub-Aqua Cub’s
Di ving incidents Panel (Chairman George Skuse)
was presented recently to the BS-AC Diving
Oficers Conference. Inadditiontoastatistical
summary the report provides brief incident
reports which “flesh out” the nunbers into
peopl e. Not unexpectedly thesereports are often
frustratingly i nconpl ete due to the unfortunate
inability of the diving comunity to recognise
the value of informative reports, or indeed of
maki ng any report, but neverthel ess t he Panel has
careful ly presented not only the facts known but
has indicated the basic details that are
unavai l able. Oritical factorsinclude hypotherm a,
pul nonary overpressure, water aspiration, air
enbolism and additional wuncertain factors.
I nadequate reports increase uncertainty as to
causes. It is hoped that future reports wll
include the age of the victimanong details, a
fact avail abl e concerning only one incident this
year, even though this nay require nuch effort in
persuading their infornmants to co-operate.

In general terns the report shows the increasing
probl enms arising fromcol d wat er di vi ng, because
not only are divers finding thensel ves w thout
air at depth because of freezing of the reducing
val ves but t here was one death and two significantly
affected divers due to hypotherm a and one boat
crew menber was incapacitated, putting herself
and the divers at risk, from this cause.

Deconpr essi on si ckness cases denonstrated once
nmore that it can be unsafe to ignore the advi sed
stops and that i n-water treatment i s unsuccessful .
It is apparent that some divers have equi pnent
enabl i ng t hemt o st ay | onger and deeper under wat er
than their education nmakes safe. As one such
victim had survived Spinal Bends the previous
year without apparently learning from the
experience, this problemw |l be difficult to
sol ve. Del ays in obtaining RCCtreatnent occur,
t hough i n one case this was due to unavailability
of facilities. Thenultifactorial nature of many
incidentsisillustratedinsone of the ENT, col d,
fatigue, drink cases. No drugs ot her than al cohol
were reported. |llness as such was represented
by two fatal “heart attacks”, the previous health
of neither victi mbeing given. One Epilepticfit
occurred on a beach i n associ ati on wi th vi gorous
activity attenpting to | aunch a boat, previous
health not stated. A mixed bag of trauma was
reported whichillustratedthe value of first aid
training as a part of the diving course. The nost
significant non-nedical fact to energe was the
i npor t ance of boat manshi p, a danger ar ea previ ously
wel | identified by the BS-AC and a subj ect being
tackl ed actively by them

The report fullyjustifiedthe work of the menbers
of the panel andit i s hopedthat theyw Il receive
i ncreasi ng support fromdivers. Not all the cases
i nvol ved BS- AC nenbers and sonme occurred out si de
the UKL A few of the cases are presented to
ampl i fy the above condensed account.

CASE NOTES:

Cardi ac:

Case 100: This 59 year old man of unstated
experience and previous heal th, experienced ear
probl ems on descent but neverthel ess reached 22
metres before aborting the dive. He suffered a
“stress induced heart attack” when re-entering
the boat and died despite the resuscitation
attenpts of his buddies.

Case 113: The age, experience and previ ous heal th
of this man are unknown. He had surfaced nornmal |y
and was snorkelling back to the shore on the
surface when hewas takenill and di ed. Subsequently
he was found to have had a “heart conpl aint”, but
whet her anyone was awar e of thisis not known. The
Cor oner commented on the need for m nimal health
standards for divers, but in the absence of nore
facts the relevance of nedical checks to the
prevention of heart attacks is problenmatical.

Dri nk:

Case 23: The conbi nati on of too rmuch to dri nk,
toolittle sleep, and 140 miles drive to the dive
siteresultedinhimbeingtakenill at 33 netres

and requiring rescue.

Case 32: Fi rst he dropped hi s wei ght bel t, which
was recovered by his buddy, so the dive started
after a 10 mnutes wait in the water. After 18
m nutes he felt cold so returned to the boat and
thentothe shore. He “felt inadream thenfell
unconsci ous” after first shouting “l’ve got a
bends”, clutching his elbow and having what
| ookedlikeafit. Hewastakento HVS Drake where

he was di agnosed as suffering fromhypotherni a.
Di ve depth 21 netres. Late nights and drink were
thought to be significant factors in this
i nci dent .

Trauna:

Case 49: Victimslipped while fully kitted up,
fracturing the tibia and fibula in oneleg. The
ambul ance was called but cancelled, the diver
remaining sitting at the waterside till the
di ving of fi cer took hi mback home for |Iunch. The
victim s father was asked to cone t o t ake hi mhone
but deci ded to seek advi ce at the hospital. There
was t herefore a 6 hour del ay before the condition
was treat ed, but presunably the painanddisability
wer e not great, andthe wet suit may have provi ded
initial support and | edto an under-estination of
the injury.

Case 14: The diver’'s marker buoy |ine becane
tangl ed j ust bel owt he surface whent he engi ne was
started in gear by m stake. The boat ran over the
diver, «cutting his foot (14 stitches were
required later). There was slack in the gear
lever and the throttle was not marked with the
starting position, and the two crew had not used
this engine before. Luckily there were five
qualified first-aiders in the boat.

Case 65: After a night dive the torch was
recharged, thenswitchedontotest. It expl oded,
causi ng the |l oss of one eye. The torch had | eaked
and produced oxygen and hydr ogen by el ectrol ysi s,
this mxture expl odi ng when the swi tch sparked.



Col d:

Case 117: Aslightly-built trainee snorkelling
in cold water (5°C) becane unconscious from
hypot her m a. He was thereafter judged to be
enotional ly and physically unsuited for diving
and he gave up the sport. It is obvious that the
clubfailedtorecogni sethedangers of hypotherm a
fromcol d wat er and responded | ate to t he war ni ng
signs. He was, however, rescued and suffered no
known dameage.

Case 31: This snorkel diver went in froma boat,
said it was bloody cold, drifted back, |ost
control, and died from hypotherma at the
surface. One would like nuch nore detail
concerning this tragedy.

Case 79: The di vers cane ashore after their boat,
a notor cruiser with two outboard engi nes, had
di sappeared. The boat was found by the Navy two
and a quarter hours later. |t had no lights, no
flares, no radi o, and one i nexperienced girl as
crew. She was suffering from hypotherm a

Loss of Consci ousness:

Case 68: After surfacing from an apparently
normal dive at 16 nmetres he suffered head pain,
blurred vision, vertigo, vonmted and then | ost
consci ousness. He was transported by helicopter
to a RCC wher e he was reconpressed in retrospect
hi s synpt ons wer e ascri bed t o severe si nus pai ns.

Case 74: This divingofficer divedfor 18 mi nutes
at 45 nmetres and then started a normal ascent,
carrying scrap. At 27 netres sonet hi ng happened
and he becane unconscious, |ost his nmout hpiece,
and drowned. Hi s buddy brought hi mto t he surface
by inflating his |ifejacket. The resuscitation
attenptsfailed. Possiblecausesinclude pul nonary
over-pressure, air enbolism andwater i nhal ati on.

Case 25: Deceased was the | ast of aparty of three
to enter the water. He was noted to show signs
of confusion while kitting-up, but the others
apparently were not al arned by this. He was a 3rd
class scuba diver of unknown experience and
recent health. Wile returning to the surface,
from33 metres “he just went unconscious”, |ost
hi s nout hpi ece and drowned. A buddy brought the
body to the surface but resuscitation fail ed.

Case 12: Diving for shells and constantly seeing
abetter onealittledeeper, this experienced2nd
cl ass diver reached 65 netres. Wen he felt ill
he managed to inflate his ABLJ before bl acking-
out. Hi s buddy, separated fromhimat thistine,
surfaced eventual ly after him N trogen Narcosis
is suspected to be responsible here.

ENT

Case 13: Trainee burst an eardrumon diving to
the bottomof a 4 netre pool. He had previously
received the rel evant |ectures.

Case 114: The dive required nuch changing of
dept h by a di ver who was usual ly slowto clear his
ears. After one particularly violent Val sal va he
experienced di zzi ness and required rescue. Depth
11 nmetres.

Case 37: Open Water Rescue Course. Ear clearing
probl ems caused del ays | eadi ngt o one parti ci pant
running |l ow on air and maki ng a buoyant ascent
from22 metre. There is no nmention of contents
gauges on the information code of this
investigation, unfortunately.

Pul monary Barotrauna:

I nadequate details are available concerning
synptoms so it is not possible to eval uate.

Case 46: Atrainee was refitting his scuba, for
the first time, at the bottomof a 5 netre pool .
The instructor snorkel |l ed above, watching. The
trai nee was seento be having difficulties sothe
instructor swam down to tell himto come up.
Unfortunately he had taken sone breaths fromthe
scuba and ascended wi t hout breathing out. He was
di agnosed as having a “burst lung” and two days
later received treatnment at a RCC (sic!).

Case 109: _This diver, of unknown experience,
becane short of air whiledivingoff the Scillies
and surfaced from39 netres without stops. As he
was preparing tore-enter the water with a fresh
air supply he was struck by an enbolism He
recei ved successful RCC treatnent.

DCS

Ther e wer e t wo cases di agnosed as spi nal bends and
el even ot her cases, all except two (one in each
group) receiving RCC treatnent. Two divers had
used a DCM and nost used i magi nati on and hope in
preference to strictly adhering to Tables. Five
attenpt ed sonme degree of in-water therapy before
attendi nga RCC. Only one di ver was statedto have
residual disability. (See Table 1)

Case 21: Atrainee diver, not inthe UK suffered
“a mld spinal bend” after a 25 nmetre dive of
unstated duration. There was a 28 hour delay in
seeki ng treat nent because he t hought that he was
suffering from*flu. No reconpression was deened
necessary-

Case 64: During his ascent froma dive at 51
metres for 30 minutes this 2nd cl ass diver nade
stops 15 netres for 2 minutes, 9 netres for 8
mnutes, 7 metres for 15 m nutes. He shoul d have
taken stops of 20 netres for 5 minutes, 10 netres
for 10 mnutes, 5 nmetres for 100 minutes. He
claimed to use both a DCM and t he BS-AC tabl es,
converting netre neasurenents to feet “in a
hi ghly i ndividualisticway”. H s first synptons
occurred during the 7 netre stop, but he del ayed
seeking advice for 7 and a half hours, then took
anot her 4 hours to reach the RCC, at HMS Vernon,
very definitely “bent” by this tine. He had been
treated there the previ ous year for quadripl egi a
so was advised to give up diving:

COMMENT:

The occurrence of intercurrent illness, whichin
the case of diving incidents appears to be
confined to a Heart Attack, during the exertion
of a diving situation cannot be conpleted
predicted and to sonme degree nust be accepted as
an unavoi dabl e acci dent. Thi s woul d not holdtrue
if the victimhad suffered previous recognised
synpt oms, but such a history is not avail abl e for
a variety of reasons i n nost cases. The singul ar
absence of angi na of effort or of other ill nesses
points to the probability that many cases are
occurring but remain unreported.

Trauma, should it occur, conplicates the uneasy
bal ance of safety/danger factors present in any
diving situation. Rapid correct treatment can
obviously be vital, a cogent argument for the
teaching of basic first aid to all divers.



Case Dive Dive Ascent | n-water RCC

Dept h Ti ne Stops Treat nent

21 25m ? ? No No

66 15m ? No No Yes

64 51m 30 nmin Yes No Yes
(Wong)

59 38m ? ? Yes Yes

86 28m ? ? No Yes

88 46m 33 nin No Yes Yes

90 28m ? No No Yes

110 ? ? ? ? No

116 38m 20 + 18 Yes Yes Yes
m ns. (Wong)

6 34m 25 mn. Yes No Yes

101 23m 25 mns No Yes Yes

ENT probl ens plague nany divers. It is

denonstrated here that they may lead to the
devel opment of nore serious problens. The old
advi ce t hat one nmust not force equalisation, and
shoul d abandon a dive if the trouble fails to
resolve easily and conpletely, has nmuch to
commend it.

Drink, fatigue, cold and other factors reduce the
safety margin for the diver and all have the
speci al danger of being insidious in their
effects. The wi se diver avoids factors that put
himat avoidable risk. Only a fool thinks that
putting up with cold is tough: it is thick!

Pul nonary Bar ot rauma and Deconpr essi on Si ckness
cases presented show not hi ng not al ready known,
including the fact that sone divers have little
or no appreci ation of the dangers they runif they
make their own rules for deconpression stops.
Rather it is remarkable that so few cases occur
anmong such peopl e.

TABLE 1
DECOVPRESSI ON S| CKNESS CASES

OPI Nl ON CORNER conti nued from Page 12.
REFERENCES:

1. Hughes, Stein, Lunch. Hopel essness
i nduced sudden death inrats. Journal
of Nervous and Mental Disease. 1978;
166 (6): 387-401.

2. John Marks. The Search for the
Manchuri an Candi date (as reviewed in
the Sydney Morning Herald 20 and 27
Cct ober 1979).

3. Drummond  Renni e. The Ethics of
Medi cal Publication. Medi cal Jnl
Australia. 1979; 2: 409-412.

4, Editorial. Still no truck wth
torture. Medi cal Jnl Australia.

1979; 2: 637.

Onset  of Delay in Comment

Synptons  Tr eat nent

? in water ?

? 28 hours “mld spinal bend”

? ? Spi nal bends: felt ill so
emer gency ascent without
st op.

at 7m stop ? Used DCM  Previ ous

spi nal bends.
Pai ns increased during in
water treatnent attenpt.

2 hours 29 hours A “by the tables” dive.

? ? Separated from buddy. G oss
errors in deconpression tinme
per f or ned.

? ? Difficulty finding ready
RCC.

? ? Hel i copter to RCC for check

? ? 2 dives, inadequate
st ops.

I n water ? | nadequat e stops + exertion.
In boat 6 mins I nadequat e ascent stops.

A BITE TOO MJCH FOR THOVAS THE TOAD FI SH

Thomas will surely grudge M Spooner his $20
bounty but i f he’ d kept hi s bi g nout h shut he woul d
still be the terror of Shute Harbour, a beach
resort near Mackay. M Spooner, on holiday from
Nort h Rocks (NSW, received sone assi stance from
coast guard Noel Robi nson who had | ed t he hunt for
Thomas since he bit two children | ast weekend and
attacked four other people over the past couple
of months. It was this behaviour that led the
| ocal townspeople to fork up the prize noney for
anyone who could rid themof this piece of bad
publicity, for biting chunks out of paddlers is
held to be anti-social and tourist-deterring.
Yet Thomas was no second “Jaws”, but only a
toadfi sh that seens to have heldtoofirmytohis
belief in territoriality. He straightened two
squi d baited hooks before a third one got him
per haps he thought the | ocal Tourist Board was
trying to buy himoff?

Mari ne bi ol ogi sts are quoted as being nystified
by Thomas’ attacks as toad fish are not supposed
to bite people, though their flesh can be highly
poi sonous i f not specially prepared for eating.
It is a delicacy in Japan where only specially
licenced chefs are allowed to prepare it. |Its
eatingis spiced by the knowl edge that if the chef
is having an “of f” day you won’t be eating there
again ... ever.

Thomas wei ghed 1. 45 kg and was 46 cml ong and was
no beauty even bef ore he was di spat ched by a rock-
wi el ding M Spooner. The squashed renains were
sent to Janes Cook Uni versity at Townsvilletotry
to determine why he was so vicious as to bite
peopl e.

(Daily Tel egraph - 17th January 1980)



TABLE 1
REPORTED EMERGENCY SI TUATIONS:  BS- AC DI VI NG | NCI DENTS PANEL 1979

Primary Factors 1llness (Cardiovascul ar, Hypotherm a, Epilepsy)

Trauma

Pul monary Barotrauna/ Air Enbolism aerophagy of conpressed air

Deconpr essi on Si ckness

Boat rel ated probl ens

Di ver washed from boat

Sur face near/drowni ng

Under wat er | oss of consci ousness

|l oss of air supply demand val ve fault
| ow out of air situation

Air supply problens

Air Supply Probl ens 1. Freezing of reducing valve, DV (F = fresh water)

Case Certification Depth

10/ 79
18/ 79
16/ 79
17/ 79
19A/ 79
19B/ 79
36/ 79
87/ 79
F=fr

7179
37/ 79

57/ 79

60/ 79

20/ 79
109/ 79

41/ 79

9/ 79

1/ 79

2/ 79
30/ 79
44179
52/ 79
60/ 79
3/79

O her

2nd cl ass F 45m
snor kel F 7m
2nd cl ass F 8m
2nd cl ass F 8m
3rd cl ass F 7m
3rd cl ass F 7m
?? F ?
3rd cl ass F 33m
esh wat er
“Trai ned” 24m
2nd cl ass F 22m
?? 40m
?? ?
trainee 20m
?? 39m
?? F 21m
3rd cl ass 21m
Instr. 20m
?? F 22m
3rd cl ass F 30m
Instr. 2m
3rd cl ass 34m
Tr ai nee F 10m
Ener gency Situations

80/ 79

74/ 79

25/ 79

92/ 79

12/ 79

24/ 79

114/ 79

3rd cl ass 7m
Club DO 45-27m
? certif.
3rd cl ass 33m
?? im
2nd cl ass 65m
3rd cl ass 8m
Snor kel 11m

1st stage froze open, then cl osed; buoyancy ascent using separate-
cylinder-supplied ABLJ; functioned at surface.

DV froze free flow, assisted ascent; pul nonary barotrauma, DV
functioned again at surface.

DV froze free flow, used DV to ascend: “Air was dry”.

DV froze free flow, aborted dive: high peak flow DV.

DV froze (?open ?shut); assisted ascent.

DV froze (?open ?shut); assisted ascent.

DV froze (?open ?shut); open water rescue course; assisted ascent.
DV froze (?open ?shut); assisted ascent using buddy’s DV while he used
octopus DV; noisturiser on DV.

2. Low out of air situation

Qut of air, club dive; buoyant ascent, prior scuba experience.

Ear clearing problemleft himlow on air during open water rescue
course; buoyant ascent.

Qut of air as 2nd descent; both he and buddy breathl ess so buddy
breathing failed; buoyant ascent and inflated vest.

Qut of air; failure of buddy breathing then separation, buoyant
ascent: DI ED. DV found to be faulty.

Qut of air so ascended alone; club dive; Air Enbolism

Short of air so ascent without required stops; Air Enbolismafter
surfaced; RCC treatment.

Shared with sol o diver who out of air; DV not returned so free ascent
by donor diver.

Qut of air as contents gauge faulty; neck strap prevented buddy
breat hi ng ascent.

DV becane “tight”, gauge show ng fluctuations; buddy turned tank on
fully while further 5m descent; function OK

3. Demand val ve causing air problem

DV stuck free flow when purged: surfaced: air turned off then on,
then DV functioned normal ly.

DV stuck free flow, as happened before; assisted ascent, hard finning
required as buddy’s ABLJ XS buoyant; swallowed air; X-Ray no signs
pul nonary barotrauma: Narcosis a factor.

DV stuck free flow on 3rd use, dive aborted: faulty DV.

DV “tight”; no distress during dive, vomted at surface, becane ill,
cyanose. Suspected pneunothorax not confirned.

See notes above. Possibly not “out of air” but DV fault.

DV satisfactory at 7m “tight” at 9m assisted ascent; DV had been
incorrectly serviced.

ABLJ open water exercise. Direct feed incorrectly fitted: “took in
wat er” so buoyant ascent.

Ascent carrying scrap; sudden unconscious at 27m |ost DV, D ED
buddy inflated vest and surfaced body.

Confused while kitting-up (?il1l); became unconscious on ascent, |ost
DV, Dl ED.

Seasick so tried to dive; took in water changing snorkel to DV; buddy
inflated vest and towed himto shore.

Di vi ng deeper and deeper for shells; felt ill so inflated ABLJ before
bl ackout’ buoyant ascent: Narcosis factors.

Dark, cold dive; no air in ABLJ cylinder so difficulty in surfacing,
hitting buddy violently: hel ped ashore.

Mich depth changing; difficulty equalising ears; violent Val sal va nade
di zzy; needed rescue.




DI SCUSSI ON PAPER:  SHOULD EMERGENCY ASCENT PRACTI CE BE MANDATORY?

Dougl as \Wal ker

The NOAA financed Wrkshop on Emergency
Ascents Training, heldin Decenber 1977 under t he
unbrella of the Undersea Medicine Society,
reached concl usi ons whichwi Il effect thetraining
experience of thousands of trainees each year
fromnow onwards. The Proceedi ngs have not yet
been published but it is known 1 that “the
decision of all the diving training groups was
unanimous that their staff* be trained in
enmergency ascent, otherwise they were norally
irresponsi bl e since many of the accidents occur
because of panic associated with an energency
situation. It was recognised that there was a
very renote but finite chance of afatal acci dent
during the training episode. But wit hout
training there was a nuch greater probability of
a fatality shoul d any enmergency arise.” Thi s
policy statenent contains serious msstatenents
of the | essons many woul d draw froman inparti al
exam nati on of the records of both fatal and non-
fatal incidents, for theinplicationis that the
deat hs occur because of the non-inclusion of
Emer gency Ascent Practice in the present courses
of instruction. The general | essonthat accidents
illustrate is that ignorance and the absence of
a contents gauge and a functioning buoyancy aid
are thecritical factors, panic being acritical
stage in the incident but not the initiating
factor. Training courses would benefit, it may
be suggest ed, by bei ng | onger and providi ng nuch
nmor e supervi sed act ual practice of diving' s basic
skills. These include correct assessnent of
problens before entering the water, correct
wei ghting, correct equipment, correct dive
di scipline, and recognition that reaching the
surface does not mean that end of danger. The
present position is that nmajor Instructor
Organisations in the USA, and at |east PAD in
Australia, are nowrequiring the performnce of
acontrolled“out-of-air” ascent by all pupilsin
the belief that thereby they are increasing
diving safety. It seens legitimte, therefore,
to present sone of the nore recently avail able
information fromthe UK and Australia, with a
little fromthe USA for good neasure, so that an
i nformed assessnment of the situation can be made
Wi t hout excessive awareness of the inplied UVS
impri mateur when the Proceedings are finally
publ i shed. The question at issue is not whether
a diver who has “overlearnt” to make out-of-air
ascents is better prepared to survive such
situations, but rather whet her t he perfornmance of
a single or a fewsuch ascents by a novi ce diver
during his training is the nost appropriate and
saf est option for the production of a safe basic
scuba diver.

It is accepted that many incidents go
unreported, especially those where the correct
remedi al action prevented the progression of a
probleminto a nore serious difficulty. It is
regretted that informationoncritical pointsis
often inconplete. Neverthel ess discussion can
only be based on the available facts, though
subj ect to possible revision should fresh data
becone avai |l abl e. However many i nci dents | eadi ng
to diver norbidity simlarly remain unreported,
because t he doctor or nedical centre has too few
cases to bother towitethemupinaJournal. The

absence of reports cannot be taken as proof that
norbi dity does not exist, merely that |ncident
Reporting Schenes are inadequately utilised by
the diving comunity.

* (this appears to include pupils).

A I NCI DENT REPORTS

The information presented in Tables 1 and
2 is fromthe recent BS-AC report2 while that in
Tabl e 3is fromthe Provisional Report onthe 1978
Australian diving deaths.3 No cases have been
withheld and all relevant details are shown,
om ssions signifying informati on not avail able
to those witing the original reports. Table 4
gives resunmes of the cases of diving-related
barotrauma of ascent in the US Navy report.
Emergency Situations have been classified for
pur poses of sinplicity of discussion, only those
where the incident occurred underwater and
therefore the matter of skill in Emergency Ascent
may be relevant having the available facts
tabulated (Table 1). The heart attacks both
occurred while re-entering boats, the Epileptic
fit occurred onthe beach after failureto |l aunch
a di ve boat into arough sea, and t he Hypot herm a
case was in a snorkel diver floating quietly at
the surface. Trauna, Air Enbolism etc., were
al so surface energency situations. Thisrestricts
the cases requiring further consideration to
those where the victimbecanme unconscious (and
i medi ate ascent was the necessity for life) or
experienced difficulty with his air supply.

1. Freezing of reducing valve. \WWere free-
flowoccurred a trai ned, cal mdi ver coul d breat he
his way to the surface. In several cases it was
not stated whether free flowor cessation of flow
occurred. It is obvious that fresh water dives
in freezing water require special planning and
that the real answer should be equipnent-
orientated rather than by acceptance of air-1oss
and energency ascent. Such dives should only be
made by those specially trainedin such a branch
of diving. The dangers are predi ctabl e and shoul d
be anticipated by having correct air back-up
pl anni ng.

2. Low out of air situation. It should be
i nexcusabl e to run out of air except where sone
fault devel ops i nthe equi pment (case 60/79, case
9/79). It is suspectedthat many divers get into
troubleinaneffort tostay down as longas their
buddy despite a warning “ti ghtness” when taking
a breath: wunless they are close to their buddy
t hey nust often deci de whether totry toreach him
or nmake a sol o ascent.

3. Demand val ve faults. In three cases free-
flow occurred, which would enable the diver to
surface with air. In cases 52/79 and 3/79 the
sensation of tightness was a cl ear indication of
theneedtosurfacewhiletheDVstill functioned.
Case 60/ 79 i s unfortunatelytoo poorly docunent ed
to all ow useful discussion.



TABLE 2

BS- AC DI VI NG | NCI DENTS PANEL 1979 FATALI TI ES REPORT

Case Skill Mode Dept h Wt er UK

A
27/ 79 T SC 15m sea A
29/ 79 Sn SC 27m F UK
48/ 79 T SC 3m F UK
50/ 79 T SC surface sea UK
31/ 79 Sn Sn surface sea UK
60/ 79 ? SC ascent sea UK

fronf
77/ 79 ? ScC? ? sea UK
74/ 79 ? SC 45/ 27m sea UK
(DO
61/ 79 ? SC surface sea A
25/79 3rd SC ascent sea A
from33m

91/79 3rd SC 13m sea UK
100/ 79 ? SC surface sea UK
113/79 2 SC surface sea UK
T = Trainee Sn = Snor kel Diver 3rd
A = not WK SC = Scuba Diver B =

The ot her Emer gency si tuati ons noted i ncl ude
three where the victi mbecane unconsci ous while
underwat er: none, we may r easonabl y suppose, were
diving strictly “by the book”. The cases, though
worthy of fuller investigation, do not really
bear ont he questi on of Emer gency Ascent trai ni ng.
In cases 80/ 79 and 24/ 79 it is presuned that the
victims were overweighted, a fault indicating a
need for better training in the true function of
the ABLJ, or any other types of buoyancy aid.

Fatalities constitute aspecial and highly
enotive sectioninthe Diving Incidents register
and are the chief reason for the i ntroduction of
di ving instruction (why el se woul d peopl e pay to
learn the sinple art of breathing froma demand
val ve?). O the twelve (12) scuba diver
fatalities in the BS-ACreport only one (60/79),
al ready noted, has a pl ace for energency ascent.
As detail s are | acki ng as t o dept h and whet her t he
DV gave warning of malfunction, as also to the
di ver’ s experience and traini ng, eval uation nust
be postponed. In four cases it is apparent that
the Critical factor was the poor control over
i nexperienced pupils exercised by their
Instructors. The repeated reports of surface
deat hs shoul d make t he weari ng of buoyancy vests
a priority.

Dive I nci dent BS- AC
Uni t G oup | ndependent

3* separ at ed | *3rd ever dive, previous 12m
27m dive school; separated
during descent; inhal ed water?;
instructor there.

3* separ at ed B Rapid ascent (why?) left
instructor with slower 3rddiver
(pupi | al so).

sol o al one | Tryi ng out newequi prent. O her
divers to rescue, but
resuscitation fail ed.

3* separ at ed | 2nd ever use scuba, that day;
surface snorkel to shore, |ow
air, no vest. |Instructor with
ot her pupil.

? ? | Hypot herm a; boat dive.

2 shar e/ B Qut-of-air; failed buddy

separ at ed breath; faulty DV

3* separ at ed | No details

2 buddy B Aural barotraumm; ascent
wi t h scrap; unconsci ous suddenl y
at 27m buddy inflated vest to
raise.

2? separ at ed? | Surface swi mback to shore, in
trouble, sank; no vest, no
surface cover.

3* ?3 | Confused while kitting-
up; unconscious during ascent;
buddy “rescue”.

3* separ at ed B  “Buddi es” continued, no notice
hi s absence.

? ? | Ear troubl e on descent; aborted
di ve; stress - i nduced CT entering
boat .

? ? ? Post dive snorkelling to shore;

= 3rd Class Certificate
BS- AC nenber |

taken ill, died. Heart disease

f ound.

DO = Diving Oficer
= Not BS-AC menber

The Australian fatalities support the
suggestion that i nadequate (or nil) instruction
and experience are conmon critical factors. In
two cases SCUBA equi prent was hired by persons
inadequately trainedinits use. Theonlyreally
puzzling incident was case SC 78/5. It is
presuned that this diver, though judged a good
student and recently certificated, was in sone
manner ill at ease. Possibly the problem was
rel ated t o buoyancy, ear equalisation, aleaking
mask, or sone other disturbing factor, and an
irresistible air hunger devel oped, leading to a
belief that he was short of air though in truth
he had a full and functioning tank. The sudden
| oss of consci ousness made hi moblivious to the
probl ens of Enmergency Ascent procedures.

In Table 4 are exanples of pulnonary
barotrauma occurring under conditions no nore
dangerous than those to which Emergency Ascent
trai ni ng woul d expose divers. The bl owup (case
E) would equate with an inperfectly controlled
ascent such as woul d i nevitably occur on occasi on
every year to sone Instructor). Case Bshows that
inastress situationevenarapidascent withair
readily avail able can result in an Air Enbolism
cases C and F are cautionary tales for anyone
t hi nki ng t hat pool trainingat | east i s absolutely



saf e.

Case

BH 78/ 1
BH 78/ 2
BH/ 78/ 3
BH 78/ 4

SC/ 78/ 1

SC/ 78/ 2

SC/ 78/ 3

SC/ 78/ 4

SC/ 78/ 5

SC/ 78/ 6

SC/ 78/ 7

21

22

21

40

27

Age

25 feet
30 feet
surface
surface

surface

surface

50 feet

25 feet

40 feet

surface

120 feet

AUSTRALI AN DI VI NG DEATHS I'N 1978:

TABLE 3

BRI EF DETAI LS

I nci dent

Ski Il

Dive Unit

Di ve Conmmrent

Dept h

5 years
experi enced
poor swi mrer
?poor sw nmer

NI L

i nexperi enced

just C-card

i nexperienced

just C-card

trai ned
| ong ago

trai nee

al one
al one
separ at ed
al one
al one

separ at ed

separ at ed

separ at ed

separ at ed

boat
boat
rocks
rocks

| and

shore

shore

boat

boat

boat

| and

From

Hyperventil ation bl ackout: spearfishing.
Tangl ed in | obster pot’s rope.

Subar achnoi d haenorr hage.

Rough sea, had new speargun he di d not wi sh
to drop.

2nd use new bought scuba, seeking golf balls
in dam tangled in weeds.

Poor swi mrer, choppy sea; used buddy’s
C-card to hire scuba; surface snorkel
towar ds beach when |low air after dive.
Failed to resurface when separated

from buddy on descent; tired by rough sea;
low air; poor vis. at depth; NO vest on;
contents gauge though used in training.

Hi red equi pnent; 2nd diver was 1st scuba
use! 3rd “instructed” both at dive; entry
wi thout fins; no vest; overweighted, so
descent too rapid, ruptured eardruns; tried
to ditch tanks but tangled in harness.
Lost fin on descent; denmanded i medi ate
buddy- breat hi ng at seabed; soon fail ed;
‘went linmp’, brought up by buddies; sone
response to resuscitation, but died|ater.
NO attenpt to drop wei ghts, use vest,

try to ascend.

No vest; surface swimto boat; choppy sea,
after dive; no recent diving experience.
Found floating mnus all equipnent.

Very difficult to get into boat.

H 78/ 1 27 50 feet wuntrained
i nexperi enced
i nexperienced

?

H 78/ 2 44 9 feet al one

B. IS |IT SAFE, DOES | T TEACH?

There i s no such thing as total safety but
there are actions where the |likelihood of
resultant norbidity is significant if the action
is repeated sufficiently often. The greater the
nunber of persons supervising and undertaking
this ascent procedure the greater will be the
chance that a summation of inperfections in
techni ques or anatony will lead to an obvious
i nci dent . Wrk by Ingvar® and Janes6 has
indicatedthat therew || be many epi sodes of sub-
clinical pathol ogy for every severe case. And Dr
Jefferson Davis has noted7 that of the 25 cases
of Ar Enbolism he has treated, eight were
sust ai ned duri ng swi mmi ng ascent trai ni ng from30
feet. It seenms probable that cases will have
occurred outside the catchment area of his unit8
so the true norbidity of such practice has yet to
be established with any certainty.

Even should sonme training procedure be
sufficiently safe it shoul d al so be subjected to
the test of whether it achieves its objective of
assi stingthe productionof asafediver. Dr den
Egstrom was descri bed9 the teachi ng concept of
“l earning curves”. He has shownthat it takes 17-
21 trials before thereis a plateauin |earning,
the “overl earnt” situation where the skill can be

separated boat Spearfishing,

Damdi ve, down | i ghtly buoyed |ine; | nstructor
ashore, both divers inexperienced; buddy
line; overweighted; too rapid rate of
descent so ruptured druns; cold, dark,
tangl ed in branches, No COp for vest;

val i ant but unsuccessful attenpt by buddy
to help

10 ft. wvisibility; found
dead, ai rline di sconnected from DV.

boat Clearing jellyfish fromwater inlet of

fishing boat; hose parted at joint.

utilised without the necessity for conscious
t hought of every step in the procedure. He has
al so noted that one problemw th, for exanple,
teaching buddy breathing is that the pupils
rarely achieve a facility such that they can
breat h t oget her whil e t hi nki ng of swinmingtothe
surface: rather they are swi nmi ng whil e t hi nki ng
of buddy breathing. There is also a need to
frequently reinforce the skill to prevent its
| oss. The proposed training ascents wll be
i nadequate to inculcate any degree of true
I earning, and will be carried out inunrealistic
condi tions of having a fixed |ine and an adj acent
instructor. Any reinforcement of the lessonis
|'i kel y tobe undertakenwithout thefull precautions
of thetrainingsituation, andit isunlikelythat
even the best instructors will have a “ready”
reconpressi on chanber at the surface at the test
area. It is possible that a sense of confidence
will be given to the pupils but this is a far
di fferent matter frominparting auseful survival
skill. And nmany panic ascents have ended
successful ly despite the absence of prior ascent
practi ce.

It is possible to quote and counter-quote
supposed statistics concerning the value, or
otherwi se, of the inclusion of an out-of-air
ascent from30 feet in basic training courses. A
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constructive way of obtaining a balanced and
final discussion would be for there to be a wide
and inpartial collection of reports on diving
occurrences where sonme serious situations seem
likely to develop. It is hoped that this paper
wi Il showthe val ue of collecting facts and t hen
seeking to evaluate their | essons, and that the
saf ety conscious clubs and organisations wll

take up the suggestion. “Project Stickybeak”

seeks such reports and wel cones co-operationw th
all other interested persons.

TABLE 4

CASE A (1-78 USN) Astudent naki nganorientation
dive using MK5 air set at 15 feet for 5 minutes
becare di zzy 8 m nut es after surfacing, staggering
about. It was noted that his right eye did not
react normally to light. He was reconpressed
Table 6A with conplete relief. Breath-holding
during ascent was probably cause of gas enbolism
Age 23 years.

CASE B (13-78 USN) SETT Steinke Hood escape
ascent by 27 year old man from 50 foot | ock.
Ascent to surface took 10 seconds. Between 1 and
2 minutes after surfacing he reported di zzi ness,
t hen becane i ncoherent. | nmedi ately reconpressed
to 165 feet in RCC, where becane coherent and
di zzi ness cl eared. Treatnment Tabl e 6A fol | owed.
Presuned breat h-hol di ng during ascent.

CASE C (15-78 USN) Using open circuit scuba in
a pool 12 foot deep this 2nd cl ass di ver student
was undergoing training. He had been sw mm ng
under supervision for 45 mnutes at 10-12 feet
when he returned to the surface and seened to
experience probl ens and went under water. He was
brought back but again subnerged, for about a
m nute. Wen pull ed fromthe pool he had cardi ac
arrest. Mil tiple problems were encountered
during hi s treatnent, including pneunonedi asti num
and ri ght pneunot hor ax. Later si gns of hypot hal am ¢
dysfunction devel oped and he showed signs of
hypoxi ¢ encephal opathy. His condition remained
poor and after 11 days brain death was accepted
and |ife support mechani sms were di sconnect ed.
It is thought that gas enbolism caused cardi ac
arrest, resulting in water inhalation. Such
cases, where a diver beconmes unconscious within
15 mnutes of surfacing, should be treated by
reconpression as air enbolismvictinms.
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CASE D (42-78 USN) Thi s 29 year ol d UDT/ Seal di ver
using closed circuit scuba was a nmenber of a 2-
man teampracticing conbat di ves/sneak attacks.
He experienced sone noderate degree of dyspnoea
while swinmmng on the surface but elected to
continue with the series of dives. During the
next 2 hours he made 3 or 4 conbat dives to 15 f eet
and experienced a return of tight, constricted
breat hi ng which progressively increased to the
poi nt of having noderately severe pain, nostly
across the front lower area of the chest and
acconpani ed by t he f eel i ng of definite congestion
and by t he rai si ng of bl oody sput umwhen coughi ng.
Di agnosi s: Medi asti nal enphysena caused by over -
i nflationof the pul nonary system Breat hhol di ng
i s the probabl e cause of this accident. He shoul d
have aborted the series of dives when he first
noted difficulty in breathing. The “can-
do” attitude can do you in when diving.

CASE E (54-78 USN) This 22 year ol d EOD st udent
diver made a training dive to 24 feet, working

with a MKIIl life balloon. In error the balloon
was over-inflated, taking the diver to the
surface unexpectedly. Wthin 15 mnutes of

surfacing he reported to the diving supervisor
withloss of equilibrium At nedical check he was
noted to be displaying restlessness and to have
nmuscul ar weakness in his left armand leg. He
experienced relief on Table 6A at 165 feet and
synptons ceased. Such reconpression should be
initiated with mniml delay, not even waiting
for a full medical neurol ogical check.

CASE F (46-79 BSAC) Traineein5 netre deep pool
was refitting the aqualung for the first tine,
while the instructor watched while snorkelling
above him The trainee had trouble so the
instructor dived dowmntotell himto come up. The
trainee held his breath on ascent and “burst a
lung”, but does not seemto have been seriously
troubl ed by this danage.

ADDI TI ONAL BI BLI OGRAPHY

Anon. “The anbul ance in the valley”. SPUVS
Journal . 1978 (3) July-Dec: 18.
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Ascent Training Practice, pp 7-13; GD Harpur’'s
“New Approach to Qut-of-air ascents”, pp 14-17;
Wal ker’ s report on the 1977 di vi ng deat hs, pp 25-
27, and a pool incident by D Mclvor, pp 21-22

SPUMS Jour nal April-June 1978 cont ai ns addi ti onal
articles reference the subject, and an extensive
Bi bl i ogr aphy.



THE Bl O MEDI CAL RESEARCH DI VER

M chael D Curley, PhD,
Li eut enant, MSC, USN,
Naval Medical Research Institute.

Navy di vers conpl eti ng 85°F warmwat er di ves one
week, then flying over 1,000 miles to take part
in 41°F cold water dives the next week?

I't does happen - particularlyif thedivers
are participatinginone of the bi omedi cal diving
research studies at the Naval Medical Research
Institute. This past spring, research divers
concl uded human- perfornance eval uations of the
one- at nospher e di ving system(JI'M in war mwat er
and one week later were at work in cold water
investigating physiological and psychonotor
performance. For the Navy di ver who’ s | ooki ng f or
unusual and uni que experi ences, bi onedi cal research
diving may be the answer.

The Naval Medical Research Institute
(NWRl')is | ocated on the grounds of the National
Naval Medical Center in Bethesda, Maryl and. The
Navy’'s |argest bionedical research facility,
NVRI has on board approximately 200 mlitary and
200 civilian personnel. Its m ssion, assigned by
the Secretary of the Navy, is “To conduct basic
and applied research and devel opment concerned
with the health, safety, and effici ency of naval
personnel .” As part of NVRI'S effort to carry
out its mission, a bionedical diving research
programhas been active since the early 1940’ s.
Wthin NWR, diving support for rmedical
investigations is primarily furnished by the
Hyperbaric Support Departnent.

Navy divers serve a three-year tour at
NMRI; nost of the billets are slotted for
saturationdivers. Onboardat NVRI inthe spring
of 1979 were 13 divers: 2 Saturation Master
Divers, 5 Saturation Divers, 2 Divers First
Class, 1 EODDi ver, 1 SEAL/ UDT Di ver, and 2 Di vi ng
Medi cal Techni ci ans. When the new 1500- psi
saturation systembecones operational later this
year (Faceplate, Fall '77), the nunber of diver
personnel wll be increased fourfold. The
operational testingand subsequent divingof this
new systemwi | | provide a uni que opportunity for
the divers to be part of “state-of-the-art”
systemt echnol ogy, and ai d i n pushing forward t he
frontiers of diving physiology and nedi ci ne.

The present contingent of divers at NVRl is
called upon to perform a variety of tasks in
support of bio-nedical research, in addition to
the usual duties associated with a diving
facility. Divers at NWVRI often are asked to
volunteer for diving nedical experinments,
experi ments whi ch may denand t he ut nost in diver
stam na and fortitude. For exanple, during the
past year NWVRlI divers participated in studies
eval uati ng commonl y used drugs ( Facepl ate, Spring
"79), cold water performance, flying after
diving, heat loss in water, blood gas exchange,
and diver/operator performance in the one-
at nosphere diving system The tasks NMRI divers
performin these studies are rarely pleasant;
noreover, the studies nmay call for extensive
physi ol ogi cal nonitoring of diver perfornmance
via el ectrodes and probes under conditions of
extreme environmental stress (eg. water
tenperature, fatigue). Successful bi onedi cal
research divers at NVRI exhibit patience in the
face of lengthy and involved experinental
procedures and a dedi cation to acconplishingthe
tasks in an exenplary manner. W thout the
cooperation and professionalism of the NWRI
di ver, applied bionedical diving research woul d
falter.

Al t hough no si ngl einvestigationistypical
of the experinments under way at NVRI, a study can
be chosentoillustrate the tasks NVRl divers are
call ed upontoperform Recently, MR (DV) Waver
participatedinastudy evaluatingthe effects of
wat er tenperature on physiol ogical, cognitive,
and nmotor performance by a wet-suited, scuba-
equi pped diver. During the experinent he
conpl eted 14 dives in water ranging from77°F to
41°F. On each dive he perforned tasks including
top hatch transfer, tooker patch renoval and
installation, time estimation, |earning and
nenory performance on an underwater response
acqui sition paddl e, andtorque wench esti mation.
Bef ore each di ve ECG el ectrodes and tenperature
probes were applied; bottomtines ranged from30
to 50 minutes. The data gathered fromthis study
will assist researchers in understanding the
nature and extent of environmental stressors on
di ver performance. Once validated, this
information will be passed on to the fleet with
recommendations for appropriate action.

Wien not actively engaged in a research
project, NWMRl divers can be found conducting
pressure and O, tolerance tests for US Naval
Academy m dshipmen and diver candidates,
requal i ficationdivesfor Naval D strict Washi ngton
MCand MsCof fi cers, hyperbaric Vickerstreatmnments
for various disorders (eg. gas gangrene, bone
necrosis), requalification dives for NWRI
personnel, and reconpressiontreatnents for both
mlitary and civilian diving accidents. I'n
addition, NVRl divers have the opportunity for
travel. Anmong the TAD | ocations visited by NVRI
research divers in the past year were |sle of
Shoal s, Maine; San Antoni o, Texas; Panama City,
Fl orida; and Col unmbus, Chio.

What do the NVRI researchers think of the
support provided by the research divers? The
comments of Dr JMWal sh are illustrative: “NWR
di vers do an excellent job for us. They are co-
operative and highly notivated, despite nunerous
di sconforts and indignities they nust endure for
reliable data to be gathered.” The NMRI
bi omedi cal research diver fills a unique and
i nportant rol e i n advanci ng our under st andi ng of
the effects of hyperbaria on the human body.

VE THANK THE SUPERVI SOR OF DI VI NG US NAVY,
FOR PERM SSION TO USE THI'S ARTICLE, VH CH WAS
ORI G NALLY PRI NTED | N FACEPLATE, SUMVER 1979.

OPI NI ON  CORNER:
Dougl as Wal ker

QUI S CUSTODI ET CUSTCDES?

Reading the article by Dr Mchael Curley
about his work using Bi onedi cal Research Divers
set e t hi nki ng about the responsi bility of those
runni ng suchinvestigations. Wrkinvolvingrisk
of some sort to the subject is a necessary
concomi tant of seeking to advance physi ol ogi cal
know edge, and i s unavoi dable in the testing of
newdeconpr essi on procedures or the i nvestigation
of the course and the treatnment of hypotherm a,
tonentiontwo exanpl es ef f ecti ng di vi ng nedi ci ne.
Sone seemingly extraneous facts influenced the
decisionto wite, nanely re-reading an article
concer ni ng experi ment s usi ng rat s, the publication
of a book on Cl A experinents2, and the paper by
Drummond Rennie3 (Deputy Editor of the New
Engl and Jour nal of Medicine). The notation about
the responsibility of all doctors to resist
illegal and i moral acts on persons4 was per haps
the stinulus to precipitate into print.

11
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In the Royal Navy and t he US Navy there are
strict regulations toreduce the possibility for
excessi ve ent husi asmon t he part of those running
or taking part in projects involving possible
risk. Inthe RNthere is an i ndependent nedi cal
team with power to termnate any experinent/
proj ect deemed to i nvol ve undue ri sk of norbidity,
and t he sanme holds true for the US Navy. However
much work i s undertaken i n secret projects where,
certainly in wartinme, such rules do not apply.
University and G ant sources also exercise
control over experinents perforned, though possibly
areeasiertonsleadthanaremlitary scrutineers
if Drummond Rennie’s conmments are taken as
evidence. And certainly one has onlytoread sone
of the material that is published to be aware of
t he doubt f ul val ue of some work on t he physi ol ogy
of, say, the Dive Reflex.

As an exanple of the physiological work
whi ch coul d reasonably be considered as better
di scussed t han performed one coul d read t he paper
by Hughes, Stein and Lynch, *“Hopel essness-
i nduced sudden death in Rats”, which was a well
desi gned series of rat drownings repeating the
wor k of a fanpus and t oo revered physi ol ogi st, CP
Ri chter. Apparently the original work was quot ed
by authority after authority inthe best Medieval
tradi tion wi thout anybody questioni ng t he worKk.
These aut hors standardi sed the experinent and
showed that it was not necessary to suppose that
rats had to “gi ve up hope” i norder to expl ai nthat
they drowned when subnmerged for a sufficient
time. They showed that the bradycardi a observed
term nal | y was only whi | e subner ged and was known
as the “diverefl ex” by physi ol ogi stsw thaw der
knowl edge of their subject than npst of those
interested in ascribing feelings of Hope etc. to
rats, seened to possess. They showed that the
LD50 for rats subject to an i nescapabl e streamof
water was a 6 psi jet pressure and that the rats
barely able toremuinwith their nostrils at the
surface tended to drown if they were denied the
tactile input fromtheir vibrissae. They also
showed that rats suffered stress, and increased
nortality, if they were handl ed sparingly, and
tended to get entangled in ECG | eads and drown.
Al this at the cost of watching 200 rats drown.
Are such experinments justified?

But these were respectable workers fully
believingintheworthof their experiments. Sone
may find it a little strange that one was a
Postdoctoral Fellow and Instructor in Child
Psychiatry and Paediatrics, the second was
wor ki ng for adoctoratein Physiology andthat the
third is a Professor and Director of a
Psychophysi ol ogi cal Cinicwhowas interestedin
rats because of the pul se changes in patients in
a Cardiac Intensive Care Unit. The paper raised
no eyebr ows when gi ven at two synposi a, beforethe
Ani mal Behaviour Society and the Anerican
Psychol ogi cal Associ ati on. As the work was
performed to debunk ill-performed work by many
who followed Richter, one can have reasonabl e
doubts on the worth of nmuch published work or the
justification for such experinents. To be
totally fair, the authors did observe that rats,
like humans, can be resuscitated after “dry”
drowni ng. Nothing they di scovered was new, and
t he experi ment al desi gn, t hough nodel | ed apparent|y
on the original work, was i ncapabl e of answeri ng
the question of their paper’'s title. But they
knew this 200 rats earlier!

The description of the C A s nedical
ventures, as detailed in John Mark’s book “The
Sear ch f or t he Manchuri an Candi dat e” and extract ed
in newspaper reports, shows that there are
suf fici ent nmedi cal persons, and ot hers, about who

are only toowilling to treat people |ike people
treat rats. One nmay consi der Shakespeare’s words
appropriatetothe victinms, who well coul d say of
such arrogant peopl e,

“As flies to wanton boys, are we to gods,

They kill us for their sport.”

(King Lear).

Wiile it is to the credit of many that the CIA
experienced troubl e i n obtai ningtrai ned nedi cal
help, it is discreditable that so nany were
wi I lingto beconeinvolved and to publish heavily
bowdl eri sed versi ons of what was occurring. |t
is stated that an enminent and respected figure,
Dr Ewen Caneron (then director of the Psychiatric
Institute at MGII University and one-tine
President of the World Psychiatric Associ ation)
was anmong those deeply involved in experinments
whi ch coul d be considered i moral and illegal by
nmost . The book reports that many of the CA
experiments were perforned on unwi | |ing subjects
witharuthless disregardfor acceptedrestraints
of nmedical practice. |In one study, for whichit
woul d have been inpossible to attract college
student vol unteers seven prisoners were kept for
77 strai ght days on LSD. On anot her occasi on LSD
was given to unsuspecting persons, at |east one
of whom sui cided. The response of Admiral Luis
de Flores, the CIA's research chairman, to this
tragedy was that it “would be aninjustice” if the
person responsi bl e were to be repri manded as this
would hinder “the spirit of initiative and
ent husi asm so necessary in our work.”

As well as the problem of attracting
researchers (sic!) there was that of finding
enough gui nea- pi gs. The nost conveni ent source
was the flotsamand j etsamof the international
spy trade and petty crimnals who would be
powerl ess to seek revenge. One of the project
directors felt that only by testing subjects “for
whom nuch is at stake” could he obtain reliable
results. He called such tests “terninal
experiments”, as the subject’s |ife was possibly
at stake, a code name whi ch shoul d have al erted
those in authority with any noral scruples. Dr
Caneron is said to have used electroshock,
undeterred by the screans of the victins. Heis
al socredited with | eavi ng one woman i n a sensory
deprivation box for 35days. Hediedin1967, much
honoured by his peers.

So it seens that there may be a problemin
that one cannot always rely on the official
nmoni toring procedures to act efficiently. It is
greatlytothecredit of the Aneri can systemt hat,
in due time, the information was nade public,
sonet hing that woul d be possible in few, if any
ot her, countries. As a fall back should the
Est abl i shnent fail to act, who is to act as the
“stirrer”, who should we expect to nake a stir
about sone ani mal or human experinent that seems
to of fend sense or noral ity? Those who | ook at TV
reconstructions of AOd Tyne Music Hall will know
the answer. At the end of t he eveni ng, when every
resource i s being nobilisedto ensure a loud and
effectivefinal rendition, the Master of Cerenonies
lists the performers and concl udes “but chiefly,
YOURSELVES”. Now you know wher e t he buck st ops!

Ref erences on Page 5.



CORRESPONDENCE

Al exander in his barrel
Sir,
| feel the Editorial in the SPUVS Journal July/
Decenber 1978 contained an error in the opening
sentence. |t givestheinpressionthat A exander
the Geat did not have anything to do wth
underwater diving where | consider, from
informati on that has come ny way, that he did. |
amnot sure of the source, but a nedieval arti st
has depi cted Al exander exploring the “beeps” in
aglass barrel. It istitled“Hazards of the Sea”
and shows the probl ens Al exander the G eat woul d
have conme across i f he had gone diving. Thereis
further information that has it that when he
deci ded to capturethelslandof Rhodes he deci ded
on a frontal assault on the very well guarded
city, which has the Col ossus astride the harbour
entrance. He is reputed to have sent in a team
of snorkel diversto cut the nmoorings of the boats
bl ocking the entrance to the harbour, this
allowing himto sail straight into the centre of
t he harbour. Whether or not he di d have anyt hi ng
todow ththe underwater, at | east he appears to
have well known that it existed.

NCEL ROYDHOUSE (OCT. 1979)

Editor: It is goodto hear froman actual reader
of the Journal, even when he nmi sunder st ands what
the Editor neant! As noted, Alexander would
probabl y have been of fered (associ at e) menmber shi p
of the Soci ety even t hough hi s post hunous cl ai ns
of actual wunderwater tine |[|ack independent
corroboration. As the artist credits the
under wat er envi ronment Wit h a sonewhat remar kabl e
flora and fauna it is possible that Nitrogen
Nar cosi s was encount er ed even t hough not recor ded
directly. It is certainly admtted that The
Ancients were up to performng every nasty
activity in, on and under the water that their
technol ogy coul d support: but their scientists
couldn't nmatch those of the present day.
Fortunatel y for Al exander, but unfortunately for
us, there was no diving related incident to
rejoi ce the scribes of his day, so his dive never
made the pages of the Macedoni an Di ving News.

* * *

Dept. of Anaesthesia,
Chri stchurch Hospital,
New Zeal and. 16 July 1979

Dear Sir,

I amindebted to Carl Ednonds for his nost
interesting discussion of underwater oxygen
therapy for DCS. There are a nunber of areas of
the New Zeal and coast where the evacuation of
di vi ng casual ti es nust pose consi der abl e probl ens,
wi th much delay in reaching treatment. Thereis
interest, for instance, in establishing this
enmergency equi prent in the Marl borough Sounds
area of the South Island.

VWiilst | go along with npst of what was
said, | cannot but express concern at the rather
casual manner w t h whi ch Dr Ednonds brushes asi de
the problens of hypotherm a. This would be
entirely contrary to ny own experience. | would
regard hypothermia as being the magjor limting
factor inthe use of underwat er oxygen therapy at
wat er tenper at ures bel owabout 15°C (and possi bly
as high as 20°C)). Has Dr Ednonds ever done a
45 mnute oxygen deconpression in 12°C water
follow ng a 200 foot heliumdive? | have, and it
i s not a pleasurabl e experience, even for one as
wel | endowed with natural insulation as | am

As further support of ny contention, | wouldlike
to make the foll ow ng points:

1. Serious hypothermia may develop in |ess
than one hour in the wet-suited diver. During
shal | ow 5°C di ves | asting about 40 minutes, the
mean fall inrectal tenperature of 15 fit young
experienced scuba di vers was 1. 1°C(Davi s, 1975).
Several thin individuals in that experinent
showed falls of over 2°C and two of them were
renmoved fromthe water for safety reasons before
conpletingtheir allottedtasks. |nanunpublished
study of simlar wet-suited diving in 9°Cwater,
| recorded an average fall in tynpanic nenbrane
tenperature of 1.8°C. Even at 20°C a few thin
i ndi vi dual s shower tenperature drops of as nuch
as 1.2°C during a 45 nminute dive. Hayward and
Keatinge (1979) have recently highlighted yet
agai n probl enms of insidious hypotherm a.

Agai nst this data one has to place that on
long duration subnmersible operations, highly
trai ned naval divers were able to tolerate | ong
periods of cold shallow subnmergence wth
stabilisation of deep body tenperature at above
35°C. However, deconpression accidents do not
occur only in highly trained and notivated col d
adapted military divers.

2. My next point is anecdotal and is in the
formof a case report.

At the end of a day’'s diving during a
research project off the west coast of Scotl and,
an experienced undergraduate diver vol unteered
to carry out a brief bounce dive to 31 netres to
retrieve some equipnment requiring overhaul.
Water tenperature was 11.5°C. He had beenin the
water 30 mnutes, during which tine he had
perforned a 31 netres dive lasting 9 mi nutes. He
was on a life Iline and diver-to-surface
conmuni cati on. About 10 mi nutesintothedivethe
surface tender noted a sudden marked i ncrease in
his respiratory rate. The diver reported he was
ensnared in some bottomlines and coul d not free
himsel f. The standby diver had dekitted at this
stage and it took about 10 mi nutes before he was
in the water. By that tine the diver had
successfully freed hi msel f and nmade an ascent to
the 6 metre stop, where he had exchanged t anks.
By then he had a total dive time of about 30
mnutes to a depth of 31 netres. Because of the
renot eness of the dive site, instead of carrying
out stops of 5 and 5 mnutes at 6 and 3 netres
respectively, this was extended to 5 and 15
mnutes as for a 40 mnute dive to 31 netres.
During the latter half of this, it required two
support divers toassist him- onetonaintainhis
station on the shot and one to hol d hi s nout hpi ece
in place, as he was too cold to do either for
himsel f. On surfacing he had to be lifted ashore
and dekitted, as he was shivering violently and
uncontrol | abl y. Body t enper at ur e was not r ecor ded,
but later he stated that he had never been that
coldinhislife and thought he was going to die.

3. A further factor that nust be taken into
account is the influence of cold on inert gas
elimnation fromthe body. It is an old sawt hat
cold increases the risks of DCS. Likew se the
vascul ar responses to cold exposure reduce
perfusion, including that to many tissues
considered critical in the devel opnent of DCS.
The continued activity of these vascul ar refl exes
and indeed their progression during a |ong
exposure (and2to4 hoursinadditiontothedives
precipitating the accident is long) intenperate
or cold water nmnust surely inpair inert gas
elimnation and thus the effectiveness of
under wat er t herapy.
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Wth constant volune dry suits, this may
not be a problem | amaware of one New Zeal and
di ver who has successfully self-treated a type 2
bend by reconpressing on air back in the seain
a Uni-suit.

| believethe saf ety of underwat er oxygen t her apy
in cold or tenperate waters i s not proven.

M CHAEL DAVI S
Speci al Anaest het i st

REFERENCES:

Davis, FM and Baddel ey AD. Diver performance:
the Effects of Cold. Undersea Bionedi cal
Research. 1975.

Haywar d MGand Keat i nge WR Progr essi ve synpt oni ess
hypotherm a in water: possible cause of diving
accidents. British Medical Journal. 1979 (1):
1182.

(EDI TOR: Dr. Davis raises the point that

deconpression sickness may not be the only
danger, hypot herm a bei ng an ever present riskin
many areas. However it shoul d be noted that Dr

Ednonds has proposed his system of in-water

oxygen deconpression as an exceptional option,

not as a routine procedure. Anyone who enters
deconpression-requiring dive tinmes should be
prepared, not expect the oxygentabl estosave him
from hinsel f. Dives to 200 feet on helium
m xt ures shoul d onl y be nade by speci al |l y trai ned
diveunits withthe necessary backup. They shoul d
not be diving direct fromthe surface but froma
bell, for safety reasons. The “experienced
under graduat e” diver was making the classical

sol o dive wi t hout reserve di ver ready, a fine and
proven way to buy into trouble. Drs Davis and
Ednonds will agree that it is best to arrange
matters sothat the equi pnent i s avai |l abl e but not

required).

* Kk Kk Kk %

COURSES | N UNDERWATER MEDI CI NE

The Diving Medical Centre will be running
courses i n Underwat er Medi ci ne i n 1980 and 1981.

1. Novenber 22nd to 29th 1980 Bay of |sl ands
(New Zeal and) wi t h an opti onal week 29t h Novenber
to 6th Decermber 1980 in Tonga.

2. Honol ul u, June 2nd to 16t h 1981. First week
in Honolulu, second week in the outer islands.

For further details contact:
Di ving Medical Centre,
6 Hal e Road, Mosman, NSW 2088

SUBSCRI PTI ONS

Menbers pay $20.00 yearly and Associate
Menber s $15. 00. Associ at e nenbershipis avail abl e
to those neither nmedically qualifiednor engaged
in hyperbaric or underwater related research.
Menbership entitles attendance at neetings and
the Annual Scientific Conference and receipt of
the Journal /Newsletter. Anyone interested in
joining SPUVMS should wite to the Secretary of
SPUMS, Dr Christopher J Lourey, 43 Canadi an Bay
Road, Mount Eliza, Victoria, 3930.

SPUMS CONFERENCE 1980

The SPUMS Annual Scientific Conference and
AGM 1980 wi | | be held fromJune 20th to June 29t h
at Pul au Ti oman (Mal aysi a) and June 30th to July
5th in Singapore.

The Keynot e Speaker - Guest Lecturer will be
Dr John M Il er, Medical Director of the Hyperbaric
Unit, Duke University, and Secretary of the
Under sea Medi cal Society.

For further information contact Allways

Travel, 168 High Street, Ashburton, Victoria,
3147.

PUBLI CATI ONS OF THE UNDERSEA MEDI CAL SOCI ETY

Ener gency Ascent Training

15th UMs Wor kshop, Decenber 1977.
RC Sanpson and JWM Il er

Price $4.00 including postage.

The Effects of Diving on Pregnancy
19th UMs Wor kshop, Nov 1978.

WP Fife

Price $3.00 including postage.

Treat nent _of Seri ous Deconpressi on Si ckness
and Arterial Gas Enbolism

20t h UMS Wor kshop, January 1979

JC Davi s

Price $3.50 including postage.

These are avail able from

The Undersea Medical Society,
9650 Rockville Pike,

Bet hesda,

Maryl and, 20014

USA

Prices are in US Dollars and a bank draft
shoul d be sent with the order.

NOTES TO CORRESPONDENTS AND AUTHORS

Pl ease type all correspondence, in double
spaci ng and on only one si de of the paper, and be
certainto give your nane and addr ess even t hough
they may not be for publication. Authors are
requested to be considerate of the linited
facilities for the redraw ng of tables, graphs or
illustrations and should provide these in a
presentationsuitabl efor photo-reductiondirect.
Books, journals, notices of synposia etc., wll
be given consideration for notice in this
journal .

SPECI AL NOTE

The article “Drugs and Diving” (SPUMS
Journal, April-September 1979) contained an
extended extract from the chapter of the sane
title in “Diving Medicine” (editor RH Strauss,
MD) . This was not so indicated in the text,
t hough Dr J M chael WAl sh, who wrote the chapter,
was gi ven as a reference at the end of the paper.
This error is regretted. Authors are advi sed of
the need to give clear notice to the reader of
direct quotation of material, and to avoid
extended extracts of the work of others without
prior witten perm ssion fromthe aut hor of any
such extracts.



DECOVPRESSI ON S| CKNESS:
UNDERSTANDI NG

BUI LDI NG AN

Paul K Weat hersby, PhD
Li eutenant, MsSC, USN
Naval Medical Research Institute

A NVRI researcher di scusses t he ki nd of reasoni ng
that has been used to design deconpression
schedul es, and presents his own vi ew of how wel |
the various theoretical concepts agree wth
proven events in a diver’s body.

Divers are well acquainted with the US Navy
deconpressiontables. Howthese tabl es devel oped
and how their devel opnent conpares with the
reasoni ng behi nd deconpression tables of other
navi es and private organi zations i s not as wi dely
known.

Deconpressi on sickness (DCS) is a rare
exanpl e of human di seaseinthat preventionof the
di sease can be approached by the use of invol ved
theoretical calculations. The theoretician
foll ows several steps: first, he deci des on the
cause of the disease; he then breaks down the
cause of the disease into aspects that can be
sol ved separately; finally, he reassenbl es t hese
partial solutions into a conpl ete package that
can describe the entire disease process and its
preventi on.

Deconpr essi on cal cul ati on procedures are
thus devel oped from particular sets of ideas
about events in the body that may cause the
variety of DCS synptons. Each set of ideas,
whet her based on fact, assunption, or guess, is
known as a “deconpression theory.”

SEARCH FOR THE DCS VI LLAI N

Possi bl e causes of DCS, proposed w thin
the last century, are listed in Table 1. Wen
wor ker s becamne stricken wi th DCS, or “the bends”,
during the caisson construction of the St Louis
bridgeinthe 1870 s, sone doct ors concl uded t hat
di ver exhaustion was to blane. But sinple
physi cal exhaustion has failed to answer nost of
the questions raised by DCS, although exercise
whi | e under pressure still appears to contribute
toit.

TABLE 1
PGSSI BLE CAUSES OF DECOVPRESSI ON S| CKNESS

Exhausti on

Bl ood cell aggregation/clotting
Fluid shifts

Chemi cal changes in bl ood vessels
Gas bubbl es

ghrwNPE

More recently, several groups of diving
resear chers have based t he preventi on and t r eat nent
of DCS on drugs and on procedures that affect
bl ood cel | s, bl ood vessel walls, or the novenent
of fluids among vari ous spaces inthe body. These
researchers could be said to foll ow a bi ol ogi cal
approach to DCS prevention.

Today, nost researchers follow a physical
approach to DCS; that is, they believe that DCS
occurs after the physi cal process of gas formati on
in the body. According to this belief, DCS can
be avoided if the fornation and growh of gas

bubbles is avoided or, at least, mnimzed.
Furthermore, this school of thought attributes
the changes in bl ood cel I s, body fluids, and bl ood
vessel s to biochemical events that occur only
after the bubbl es appear.

Enphasis on the gas bubble as primary
villainin DCShas encouraged resear chers who are
mat hematically inclined to try to solve DCS
probl ens wi t hout worryi ng about the conplicated
bi ol ogi cal processes that underlie the disease
(which is the usual node of operation in nedical
research). The processes that descri be howgases
nmove t hrough | i qui ds and howbubbl es f or mand gr ow
in supersaturated liquids are fairly well
under stood. At | east insinpl e physical situations,
these processes can be described with precise
mat hemat i cal expressions.

TABLE 2
ELEVMENTS OF GAS BUBBLE THEORY ABOUT
DECOVPRESSI ON_SI CKNESS

1. Rat e of gas exchange:
Bl ood perfusion
Di ffusion through tissue
Statistical

2. Synpt om provoki ng event (s):
Initial formation of bubble
Gowh to critical size
Bi ol ogy follow ng appearance
Locati on

ELEMENTS OF GAS BUBBLE THEORY

El enent s t o be consi der ed when one eval uat es
DCS bubbl e theories are detailed in Table 2. The
maj or el enents to be addressed are (1) the rate
of gas exchange (ie. at what rates and in which
| ocations does gas nove in the body during a
dive?), and (2) the synptom provoking event(s)
(i e. what property of the gas bubbl e(s) causes DCS
synpt ons?) .

Rat e of Gas Exchange. Gas exchange rates
probabl y depend, in a rather conplicated way, on
the properties of gas nol ecul es as well as on the
properties of body tissues. Gas transport is
frequently described from two sinplified
vi ewpoi nts, the blood perfusion nodel and the
tissue diffusion nodel. The nore common bl ood
perfusion nodel states that gas transport is
limted by rate of |ocal blood flow because the
gas nol ecul es can exchange very qui ckly between
smal |l bl ood capillaries and the tissue spaces
near them Thetissuediffusionnodel statesthat
bl ood can supply or renpve gas quickly, so that
t he process of diffusion of gas nol ecul es bet ween
or intotissue cells linmts the overall rate of
gas exchange. Evi dence froml aborat ory experi nents
has not yet resolved which sinplified approach
applies to human di ving. The final answer may lie
between these two extrenmes; already, several
theories contain mxtures of perfusion and
di ffusion el ements.

Synpt om Provoki ng Events. The second
el enent of any gas bubbl e theory requires that a
deci si on be nade on what nakes bubbl es “bad”. For
much of thiscentury, attenti onwas focusedonthe
idea of bubble fornation. The tactic in
deconpr essi on schedul e cal cul ati on was to avoid
a critical ratio of inert gas supersaturation
(that is, theratio of the dissolved gas parti al
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pressure in the body to the hydrostatic pressure
at the diver’s particular depth). Thi s
consideration was presuned to prevent bubble
formation, andit is the basis for the present US
Navy tables. In recent years, however, evi dence
has accunul ated that during nany dives, divers’
bodi es cont ai ned gas bubbl es wi thout the divers
noticing any DCS synptom  Therefore, several
theories allowfor the formati on of bubbl es but
try to prevent the bubbles from growing to a
certain critical size, or deformng certain
tissue structures, or exceeding acertainnunber.

TABLE 3
DECOVPRESSI ON TABLES CALCULATED BY DI FFERENT
GAS BUBBLE THECRI ES

Sour ce “Ti ssues” Gas Rate Bubbl e
Event

Hal dane 5 Per f usi on For mati on
(1980)

US Navy 6 -9 Per f usi on For mat i on
(Workman, 1956)

Royal Navy 1 Di ffusion Formati on
(Henpl eman, 1967)

SwW ss 6 Perf/Diff Formati on

(Buhl mann, 1969)

“Ther nodynami ¢” 2 Di ffusion Growt h
(Hlls, 1966)
Hawai i 1 Perf/Diff Nunber

(Yount, 1978)

VWHY SO MANY BUBBLE THECRI ES?

Gas theories for cal cul ati ng deconpr essi on
tabl es are shown in Table 3. At the risk of over
sinplification | have listed for each theory (1)
t he nunber of “tissues” (mathematically distinct
set s of gas exchangerates); (2) the procedure for
cal cul ati ng rates dependi ng upon the choice of
bl ood perfusion or tissue diffusion nodels, or a
conbi nati on of both; and (3) the choi ce of bubble
event that | eads to DCS. Cbviously, theories are
available to cover npst of the possible
conbi nati ons.

The reasons for having a wi de sel ecti on of
gas bubble theories of DCS arc sinple: very
little experinental informationis avail able for
deci di ng which set of assunptions nmatches the
events occurring in a diver’s body. The gaps in
our know edge exist for many reasons. The
perfusion-di ffusion controversy still rages
despite evidence that both assunptions are
incorrect. Westill donot have net hods to det ect
or measure sizes of bubbles in nost parts of the
body. In addition, pain, the nbst conmon synptom
of DCS, is difficult to describe biologically
much | ess mathematically. Finally, in spite of
the inherently low incidence of DCS during
t housands of dives using conmon deconpression
schedul es, we cannot elimnate the possibility
t hat chance al one may account for the di fferences
in safety reported in dives using different
deconpressi on tables. Thus, nost “practical”
di ving experience does not contribute to our
under st andi ng of whi ch theories work better than
ot hers.

Several projects at the Naval Medical
Research Institute are ained at plugging these
gaps i n our knowl edge. Commander John Hal | enbeck
has been able to follow the progression of
bi ol ogi cal events in spinal cord DCSthat occurs
after bubbl es becone visible. Commander Thomas

Ber ghage has anassed a | arge body of information
on the procedures that |ead to serious synptomnms
of DCSin small animals - information that will
serve as a reference for predictions from
theoretical calculations.

Commanders Edward Flynn and Kristopher
Greene are preparing to neasure gas exchange in
divers perforningat different | evel s of exerci se.
Dr Louis Honer is developing the nathematical
formul ati ons necessary to conpare special
conbinations of perfusion and diffusion gas
exchange condi ti ons wi t h caref ul ani mal and hurman
measurenments. M col | eagues and | are measuri ng
gas exchange over prolonged periods in many
tissues of animals, and we have devel oped a
statistical description of gas exchange rates
that avoids choosing between perfusion and
di f fusi on assunpti ons.

CONCLUSI ONS

Deconpressi on theories are not scientific
theories in the sense of the law of gravity;
rather, they are nathenatical predictions based
on unverified assunptions.

Deconpression theories do provide
cal cul ati on net hods f or summari zi ng t he experi ence
of divers; they al so provide starting val ues for
devel opi ng new schedul es.

Theoretical cal cul ations of new
deconpr essi on schedul es usual | y cannot be accept ed
i mredi ately; they arerevisedto provide adequat e
safety.

I't remai ns for researchers to establish how
fast and where gas exchange occurs and the
speci fic processes t hrough whichthe gas | eads to
DCsS.

WE THANK THE SUPERVI SOR OF DI VI NG US NAVY, FOR
PERM SSION TO USE THIS ARTICLE, WHICH WAS
ORI G NALLY PRI NTED | N FACEPLATE, SUMVER 1979.

FI FTH ANNUAL CONFERENCE ONTHE CLI NI CAL APPLI CATI ON
OF HYPERBARI C OXYGEN

The Fifth Annual Conference on the dinical
Appl i cation of Hyperbaric Oxygenis schedul ed f or
Wednesday through to Friday, 11-13 June 1980.

For details contact:

M chael B Strauss, M, Chairnman Program
Commi ttee,

Fifth Annual Conference on the dinical
Application of Hyperbaric Oxygen,

C/ - Baronedi cal Departnent, Menorial Hospital
Medi cal Center,

2801 Atlantic Avenue,

Long Beach, California USA 90801

IN MEMORI AM

SPUMS MEETI NG
Canberra 15 March 1980

It iswthregret that we record the stillbirth
of the projected SPUMS neeting scheduled for
Saturday 15 March 1980 at the Royal Canberra
Hospital. The petrol tanker drivers' strike in
NSW f or ced cancel | ati on.



MEDI CAL PROFI LE OF THE WOVAN SCUBA DI VER

Susan A Bangasser

WE ARE | NDEBTED TO NAU FOR PERM SSI ON TO REPRI NT
THI' S PAPER.

ABSTRACT - The Medical Aspects of Wnen Divers
Survey was wi del y di stributed and t he response by
wonen scuba di vers was trenendous. Data will be
present ed covering the fol | owi ng questi ons: What
is the overall physical condition and diving
practices of wonen divers? Are wonen nore
suscepti bl e t o deconpressi on si ckness t han t hei r
mal e col | eagues? Does the birth control pill
affect wonen’s susceptibility to deconpression
sickness? Have women scuba divers dived during
pregnancy? |f so, were there any problens the
nmot her or baby experienced?

The Medi cal Aspects of Wonen Di vers ( MAWD)
Survey was distributed to wonmen scuba divers in
an attenpt to gather i nformati on ontheir health,
effects of nmenstruation on diving, nethods of
birth control, susceptibility to deconpression
sickness, effects of diving on pregnancy, and
ef fect s of pregnancy on diving. There were around
seven hundred responses to the survey, com ng
fromthe Uni ted States, many Cari bbean countri es,
Australia, Singapore, Guam and South Anerica.
This paper will present the information and
anal ysi s gat hered from610 surveys. An additional
72 surveys wer e anal yzed under t he Pregnant Di ver
cat egory.

HEALTH AND DIVING ACTIVITIES OF WOMVEN SCUBA
DI VERS

The wonen who responded to this survey
ranged in age from16 to 63 years; the average
respondent was 29 years of age. This conpares to
a nedian age of 28.1 found by Skin Diver
magazi ne’ s “1977 Reader Survey” (90.5%of their
respondents were nal e). These wonen divers were
in “good” health, since 99.7% indicated that
answer in the survey. The additional 0.3%were
infair health, and none werein poor health. Even
a 63 year ol d respondent, who had t wo mast ect omi es,
was still diving, and was in fair health.

The wonen respondents had been diving
bet ween four nmonths and 17 years, with 4.5 years
as the average. Mdst of the wonmen were active

divers. The breakdown of the diving activity is
as follows:

Di ve once a week (m nimnmm 34.2%
Di ve once a nonth 18. 2%
Dive six tinmes a year 19. 2%
Di ve sel dom 2.1%
Di ve on vacations only 20. 0%

There was avariety of certificationlevels
achi eved by t he wonen, and t he br eakdown f ol | ows:

Basi ¢ Scuba Diver 39. 5%
Sport Diver (Qpen Water Certification) 14.4%
Advanced Di ver 19.5%
Di venast er 1. 6%
Assi stant |nstructor 8.2%
I nstructor 16. 7%

InSkinDiver’'s “1977 Reader Survey”, 91. 7%
of the respondents were certified as Basic
Di vers, and 26.2% had Advanced certifications
because of its means of distribution- handed out
at several underwater conferences, printed in
NAU News (aninstructor associ ationnewsletter),
and printed in Undercurrent.

THE MENSTRUAL PERI OD

One of the questions asked by nmany wonen
diversis, “Can | dive during ny period?” Another
is, “WII I attract sharks?” This section of the
MAWD Survey attenpts to gather information on
di ving practi ces of wormen during their nenstrual
period and their feelings about the issue. Wnen
wer e asked how they felt during their nenstrual
period, and 85.6% felt normal, 13% felt ill
(cranps or nausea), and 1.4%felt incapacitated.
Sore wonen cl ai nred to feel worse onthe first day.
Mbst of the wonen have di ved at | east once during
aperiod (93.9% . Sone of the remaining 6.1%did
not dive, only because the opportunity had not
presented itself yet. Even though the majority
dived during their period, many of them still
worried about attracting sharks (26.2%. The
consensus of nedi cal people who have witten on
this subject is that wonen di vers woul d probably
prefer to wear internal protection, such as
tanmpons; that sharks are attracted to fresh
bl ood, not henol yzed (ol d) bl ood; and t hat a wonen
di ver can go ahead and di ve during her periodif
she feels well. One of the respondents cl ai ned
she used to worry about attracting sharks, but
then she realized her husband’ s nosebl eeds did
not attract them so she quit worrying about it.

Worren had a wi de range of comment s r egar di ng
the effect of menstruation on diving. Sone had
| ess energy, sone were col der on di ves. One wonan
who had no probl ens wi t h her periodwas instructed
not to dive at that time of the nonth. However,
one claimed she had less cranps if she dived
during her period. Another had nore energy and
even had her best times in conpetitive swi nmng
during her period.

Di ving al so affected t he menstrual cyclein
a variety of ways. For some, diving del ayed the
onset of nenstruation; one wonen even woul d skip
a period. For another wonen, if she had several
days of diving, the period woul d be advanced by
as nmuch as a week. Another had shorter and nore
i rregul ar peri ods since diving. Mst of the wonen
made no comrents about any effects of diving on
their periods. Fromthe fewwho did comment, it
is apparent that diving did not affect everyone
inthe same way, and that individual difference
prevail ed.

The maxi mumdept h obt ai ned by woren duri ng
their nmenstrual periodranged froml2to 210 feet,
with the average naxi numdepth of 85 feet. The
average depth dived to (ie. the npbst comon)
ranged from10 to 130 feet, with an average of 51
feet. Any problensthat occurredw th deconpression
wi | | be di scussed under t he headi ng of Deconpr essi on
Si ckness.
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Bl RTH CONTRCOL METHODS

The mgjority of wonen (80.8% have used
some form of birth control since they began
diving, and 65.4% are currently using birth
control of any type. The nmethods break down into
the foll owi ng categories: 45.9%are using birth
control pills, 18.4% use I1UDs, 20.2% use
di aphragnms, and 15. 5%use ot her nmet hods. Anot her
64. 6% of the respondents at one tinme used birth
control pills, although they are not currently
doi ng so. The percentage of divers who are
currently or at any tine have used birth control
pillsis 61.8% Over 32%have used their present
met hod of birth control for at | east five years.
The use of birth control pills was tabul ated
because of the possiblelinkbetweenthepills and
increased susceptibility to deconpression
sickness. The speculationis that birth control
pil | s cause a mi crosl udgi ng (sl owi ng down) of the
circul ation, which can increase chances of the
bends. The effects, if any, of birth control
pi || s on deconpr essi on si ckness of t he respondent s,
wi I | be discussed in the next section.

Use of birth control pills has affected
52.7% of the respondents. The side effects
suffered include: 32.4% had |ighter periods,
24. 6% gai ned wei ght, 10.5% suffered headaches,
7.1%had nausea, 4.4%had heavier periods, 3.7%
had hi gh bl ood pressure, 1. 8%had bl ood cl ots, and
15. 9% suffered fromother synptonms. Wen asked
if their present nethod of birth control changed
t hei r diving frequency or pattern, 97. 8%responded
negatively. O the 2. 2%whose di vi ngwas al tered,
45. 4%di d nor e di vi ng, 27.3%di d | ess di ving, 9. 1%
di d shal |l ower diving, 18.2% had other changes,
and none did deeper diving.

DECOVPRESSI ON SI CKNESS

This survey attenpted to answer these
guestions: Are wonen nore susceptible to
deconpr essi on si ckness than t hei r mal e col | eagues?
Are wonmen nore susceptible to deconpression
sickness during certain times - during their
menstrual period, while using birth control
pills? Fromthe information gi ven on nunber of
years diving and diving activity, each person’s
estimated total number of dives was cal cul at ed.
Fromthe 649 divers used in this analysis, there
were 88,028 estimated dives. Twenty nine cases
of deconpression sickness were reported, giving
a 0. 033%i nci dence. Many cases of the bends were
not treated, but if deconpression sickness was
suspect ed fromt he synpt ons and t he hi story of the
di ve(s), the case was |listed as positive bends.
Cases of skinrash were considered positive al so,
but not skinitch only. There were three cases
of deconpression sickness obtained while in
hyper bari c chanbers and one on a Tektite saturation
dive, but these were not included in the
eval uation of sport divers.

In order to conpare this incidenceratein
femalestoarateinmales, portions of the survey
were sent inanewsletter that reachesinstructors,
assi stant i nstructors and di venast ers i n Sout hern
California. Then the data on wonen instructors,
instructors and divemasters (hereafter called
the instructor group) was separated from the
ot her wormen respondents. The wonen instructors
made an estinmated 44,154 dives, and 10 cases
(three wonen were bent tw ce) of deconpression

sickness were reported (0.023%. The male
instructors nade 43,126 dives, and three cases
(0.007% of bends werereported. (Two other cases
of deconpression sickness in the nal e group nmade
on mxed gas diving were not used in this
analysis). The females had a 3.3 fold greater
i ncidence of deconpression sickness. Thi s
incidence in fenales conmpared to males is
statistically significant by Chi2 at the 0.025
| evel .

The f emal e i nstruct or group made about hal f
the estinmated nunber of dives for the fenale
respondents, yet had about a third of the cases
of the bends (i ncidence of 0.023% . Theincidence
of deconpressi on si ckness anong t he fenal e di vers
basic through advanced (no instructors) is
0.043% Thisdifferenceinincidenceissignificant
by Chi 2 at the 0.100 | evel . Thedatais sumarized
in Table 1.

TABLE 1
| NCI DENCE OF DECOVPRESSI ON SI CKNESS

No. No. Per cent age
Group of of of
Di ves Cases I nci dence
Al'l wonen 88, 028 29 0. 033
Wonen - 43,874 19 0. 043
Basi c- Advanced
Wonen - 44,154 10 0. 023
Instructors
Mal e - 43,126 3 0. 007

Instructors

One section of the survey asked a seri es of
questions answered by the wonenrelatingtotheir
diving histories whileusingbirthcontrol pills
and/or while not using the pills. Al together,
63. 5%o0f the wonen have nade a deconpr essi on di ve
at onetineintheir diving history. For the male
instructors, 70.2% andfor thefenaleinstructors,
60. 7% have nmade deconpression dives. The wonen
who nade deconpression dives while NOT taking
birth control pills (39.6% had an incidence of
3.9% of the divers having had deconpression
sickness. This and the follow ng numbers were
obt ai ned by di vi di ng t he nunber of peopl e who have
had deconpression sickness by the nunber of
peopl e who have nade deconpression dives. The
nunbers are not related to the diving activity
si nce t he nunber of di ves under each conditionis
unknown. Anot her 2. 2%of the wonen, while not on
the pill, had deconpression sickness on a NO
deconpr essi on di ve. Twenty-two and seven-tenths
percent (22.7% of the same group had nitrogen
narcosi s. The deepest dept h achi eved by wonen not
on the pill averaged 115 feet, while the nean
depth averaged 55 feet.

The sanme questions were answered by wonen
who rel ated the facts of their dives while using
birth control pills. The wonen who nade
deconpression dives (31.9% while on birth
control pills had an incidence of 3.7% of the
di vers havi ng deconpression sickness. Another
1.3% of the wormen while on the pill had
deconpressi on sickness on a NO deconpression
dive. Al so 43.8%of the wonen in this group have
had nitrogen narcosis. The deepest depth



TABLE 2

PERCENT OF WOMEN WHO HAVE HAD THE DECOVPRESSI ON
SI CKNESS UNDER VARI QUS CONDI TI ONS

DECOMPRESSI ON DI VES NO DECOVPRESSI ON DI VES

Condi tion No. of Per cent Per cent No. of Per cent Per cent
Di vers of Divers Bent * Di vers of Divers Bent *

Menstruation 131 23.2 3.9 497 88.8 1.2

On the Pill 106 31.9 3.7 301 49. 3 1.3

NOT on Pill 179 39.6 3.9 454 74. 4 2.2

* If a diver was bent nore than once, she was only counted once

achieved by wonen while using birth control
averaged 112 feet, and t he mean dept h aver aged 57
feet.

Asimlar set of questi ons were asked of the
worren about their diving activities during their
menstrual period. O the 23.2%of the wonen who
made a deconpressi on di ve during their nmenstrual
period, 3.9%have had deconpressi on si ckness. An
additional 1.2% have had the bends on a NO
deconpression dive. Asunmary of this dataisin
Tabl e 2.

It appears that the percent of wonen who
have had decompression sickness on a
deconpr essi on di ve under the studied conditions
(during menstrual period and on birth control
pills) does not differ fromthe percent achi eved
by wonen not on the pill. The cases of
deconpressi on si ckness i nthe nenstrual category
are al soaccounted for inthe“Pill” and“No Pill”
groups. The percent of women who have made NO
deconpr essi on di ves and subsequent|ly were bent i s
slightly higher in the “No Pill” category, but
this difference is not significant by Chi.?2

From the information on age, height, and
wei ght, nobst of the wonmen (80% who have had
deconpressi on sickness appear to be normal or
| ess than normal weight for their height. (This
opi nion is based on the follow ng technique: 5
feet = 100 | bs, add 5 pounds for each additional
inch = 10 pounds). For the surveys that included
a question on age (one group was printed without
guestions on age, height or weight), the ages
ranged from 21 to 52, with the median and the
average age of 31 years. The ages of the wonen
bent nore than once ranged from23 to 52 years.
The wat er tenperat ure ranged from40 t o 80 degr ees
f or t he wonen who have had deconpr essi on si ckness.

The i nf ormati on provi ded by t he MAWD Sur vey
indicates that wonen have a greater chance of
havi ng deconpressi on si ckness than mal es. Al so,
adiver withnmoretraining (theinstructor group)
had | ess incidence of bends per dive than the
group of wonen certified basic through advanced.
Afactor that enters the conparisonof “instructor
group” to “non-instructor group” is that for
active instructors (that is, ones who are
teachi ng, not just certified), possibly a higher
percent of their dives would be at depths |ess
t han 40 f eet, sincethey woul d be student training
dives. This factor could be, in turn, counter
bal anced by these sanme active teaching divers
pushing the tabl es, because of the necessity to

nake several dives a day either for training
divers or for serving as guides. These nunbers
do not consider human errors in judgenent. The
percent of divers having deconpression sickness
whil e diving during their period, onthepill, or
not onthe pill, appears to be al nost equi val ent.
The nunbers wi Il be conpared on a per dive basis
at a later tine.

THE PREGNANT DI VER

The safety of scuba diving while pregnant
is a problem because now two lives nust be
mai nt ai ned. No real information has been
avail abl e to hel p the fenal e di ver deci de whet her
to dive or not. Because of the lack of
information, nost nedical “authorities” have
recommended either not diving or keeping the
di ves above 33 feet (the depth where the pressure
in sea water is two atnospheres). Recently, a
study on pregnant sheep was conducted at Texas A
& M University by graduate student difford
Si mmang and Dr W1 liamFife, aphysiologist. This
study indicates that women who are pregnant
shoul d dive above 60 feet, if they choose to
continue diving. The MAW Survey studied the
responses of the pregnant diver and found the
follow ng results.

Atotal of 72 respondents clainmed to have
scuba di ved whil e pregnant. This is 10.5%of the
total nunber of wormen who answer ed t he survey, and
72% of the nunber of wonmen who have becone
pregnant si nce taki ng up scuba di vi ng. Many wonen
began diving after their children were born, and
a number of women had abortions to terminate
pregnancy. These wonen were not included in the
results. |If awonman nade a di ve(s) bef ore know ng
she was pregnant, and subsequently decided to
cease scuba diving, she was included in the
results. Sincethe earliest that a pregnancy can
be determined is six weeks, the women who quit
diving by the second nonth were general ly those
who deci ded t hat pregnancy and di vi ng don’t mi X.
A breakdown of the nunmber who ceased diving is
found in Table 3.

The reasons for discontinuing diving were
usual Iy one of these two: The first is that many
wonen di d not knowif there was any danger to the
foetus and di sconti nued early, usually the first
or second nont h. The next reason for di sconti nui ng
diving was that the wet suit no longer fitted.
These divers discontinued around the fourth or
fifthnonth. Nauseainthe first couple of nonths
of pregnancy kept sone divers out of the water.
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TABLE 3

CONTI NUATI ON OF SCUBA DI VI NG BY PREGNANT WOVEN

Trinmester Nunber Di vi ng* % Di vi ng

First 25 39

Second 26 41

Third 13 20

Mont h Nunber Di vi ng* % Di vi ng
1 10 15.6
2 4 6.2
3 11 17.2
4 10 15.6
5 11 17.2
6 5 7.8
7 6 9.4
8 0 0.0
9 7 10.9

* Ei ght wonmen were still pregnant and had not

di scontinued diving yet. They were not
counted in this part of the analysis.

The wonen i n t his part of the study had been
di vi ng anywhere fromsi x nonths to 17 years. The
medi an nunber of years diving (nunber in the
m ddl e of the range) was six years, while the
average was eight years. The age of the
respondents at the time of the survey ranged from
21 to 46 years, with a nedi an age of 30 years and
an average of 29.6 years. The 46 year old
respondent delivered at the age of 45, dived in
t he wat er above 50 feet, and di scontinued during
the fourth mont h. She and her baby had no appar ent
probl emns.

Forty-one percent of the respondents were
certified as basic scuba divers, 14.5% were
instructors, and the renmining had internedi ate
levels of certification. Two wormen |earned to
di ve while pregnant. The activity of the divers
bef ore and/ or after pregnancy conpared to diving
during pregnancy is listed in Table 4.

TABLE 4

PERCENT DI VI NG ACTI VITY BEFORE AND DURI NG

PREGNANCY
Bef or e/ Bet ween Duri ng
Activity Pr egnancy Pr egnancy
Once a week, 22 20
m ni mum
6-12 tinmes/year 49 18
Vacations only 25 34
Sel dom 4 28

Thirty-ni ne and f our -t ent hs percent cl ai med
that they maintained the same |evel of diving
activity during pregnancy. Sone, therefore, did
not alter their diving habits. The nunber of
wonen who dived at |east once a week renained
fairly constant (see Table 4). Many of these
worren dived in warmwater and worked at resorts
as instructors or tour gui des. Many wonen di ved
during pregnancy because they were going on
vacation, which for a diver neans clear, warm

inviting water. Sone of these respondents have
been cl assified as discontinuing diving in, for
exanple, the fifth nonth, but in reality only
dived during that particular nmonth while on
vacati on. The “seldontf category increased a
great deal, as expected.

The potential problens associated wth
di vi ng duri ng pregnancy i ncl udes the possibility
of the nmother and/or the foetus getting
deconpr essi on sickness. N trogen bubbles inthe
devel opi ng foetus could pose serious problemns.
If the nother gets deconpression sickness (the
bends), she nmay be treated with high pressure
oxygen, whi ch can present anot her probl emfor the
foetus (retrolental fibroplasia). Five of the
respondents nmde deconpression dives while
pregnant. However, no pregnant diver had
deconpr essi on sickness. The rmaxi num depth
obt ai ned by t he pregnant di vers ranged froml12to
180 feet, with a nedian of 60 feet. The average
depth ranged from10 to 100 feet, with a nedi an
of 40 feet.

The tenperature of the water dived in
ranged from40 to 80 degrees, with the nost dives
made i n 70 t 0 80 degree water. Wonen di d not avoi d
diving with wet suits, since 48%wore wet suits
whil e pregnant. However, fitting into the wet
suit was one of the problens contributingto the
decision to discontinue diving until after
delivery.

The babi es del i ver ed by t he pregnant di vers
were all “normal ” accordingtotheir nmothers. One
baby was underwei ght at birth. The mal e babi es
out-numbered the fenmales 61% to 39% The
conplications that occurred during pregnancy
i ncl uded one premature birth, one septic abortion
(caused by an acci dent not diving rel ated), and
two miscarriages. (One of the wonmen had four
m scarriages; two prior tolearningto dive, and
two nore since diving). The rate of spontaneous
abortionfor thegeneral publicisaround20% and
the rate for the respondents was | ess than 3%
There were seven Caesarean sections (12%. This
procedure is becom ng increasingly popular and
the average rate is between 10%to 15% for the
general public. Al but one woman continued to
dive after delivery. Fifteen wonen dived during
nore than one pregnancy.

Since the author is one of the seven
respondent s who di ved t hrough the ninth nonth, |
cannot resi st devi ati ng fromt he nunbers provi ded
intherest of the paper and gettinginto personal
opinion for the pregnant woman considering
diving. This is not the tine to learn to dive.
For the experienced diver, | recomend taking
thingsalittleeasier - make one di ve a day, avoid
difficult surf, use common sense. | recomend
that the pregnant diver stay inless than 33 feet
(practically speaking, don't go deeper than 30
feet - your depth gauge may be of f by three feet
anyway). | feel that scuba diving is a great
physi cal and nental conditioner, but conmon sense
must al ways prevail. | recomrend t hat a pregnant
instructor not be the only instructor with her
students in open water. Instead, she could
actually serve as an assistant; it may be
difficult for her to provi de a conpl ete rescue by
hersel f, shoul d one be needed. |f a wonan does
not feel well, for exanple, nauseated, cranps or
what ever, do not go diving. Renenber, you got
into the sport in the first place to enjoy



yoursel f. The respondents reported no unexpect ed
m shaps or probl ens (even t he deep or deconpr essi on
di vers), but | encouragethe pregnant wonento use
good diving prenatal care.

There is a problemfor the woman who di ves
the first six weeks of pregnancy, because she may
di ve deeper than desirable, not realizing sheis
pregnant. The only guide here, isif a woman has
di scontinued birth control and plans to have a
famly, to begin diving shal l ower. This may nmean
alot of shallowdivingfor sone, but afewdeeper
dives can fit into your schedule. Once you have
had your period, and it is over (usually this
means you are not pregnant, but not always) this
woul d be thetime for any “deep” di ves you may wi sh
to nake. Dive shallow once ovulation or
conception coul d be possible.

The Medi cal Aspects of Wonen Di vers Survey
has attenpted to provi de a medi cal profile of the
wonan scuba di ver. Theresults of the survey have
i ndi cat ed several interestingpointsintheareas
of diving during the nenstrual period,
susceptibility to deconpression sickness, and
diving while pregnant. Hopefully, the results
presented in this paper will be the beginning of
many areas of further exploration.
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MEDI CAL DEFENCE UNI ON REPORT 1979

The following two cases are reprinted by kind
perm ssion of the MU whose annual report
rem nds doctors that m sadventures can be nasty
for themas well as their patients.

a. Hyperbari c Oxygen Blindness

A 42-year old nman receiving hyperbaric
oxygen therapy in 1971 for scrotal clostridial
infection becanme permanently blind. Hs claim
al | eged t hat he was gi ven t oo nuch oxygen and t hat
the treatment was continued after he conpl ai ned
of visual disturbance. After athree week trial
in 1978 the judge found for the plaintiff and
approved danmages of £65,000. This was shared
between the two defence societies involved and
the area health authority. On |egal advice no
appeal was nade.

The j udge found t hat the pl ai ntiff, al though
at tinmes in a confused state, conplained to
nurses, technicians and doctors about his eyes.
The judge said that staff nust pay MORE attention
to conplaints from confused patients and to
comments fromtheir relatives. He found that the
plaintiff had gone blindduringthelast hyperbaric
session, for which there was no clinical
justification. For the defence alternative
causes for the blindness were advanced but
rejected. During the trial the clinical notes

proved a central feature but missing blood
pressure records were an obstacle.

Some familiar | essons areto belearnt from
this action. Long intervals may el apse between
incident and trial. Good, clear, accurate,
| egi bl e and identifiable notes are vital. They
nmust be preserved for the recommended period:
protests about storage problens pale into
i nsi gni ficance when conparedwiththe difficulty
of defending an ol d case wi t hout cont enpor aneous
records. In a nultidisciplinary case |lines of
communi cation must be clearly understood and
used. The | aw places a greater duty of care on
doctors and others in managenent of confused
patients or those with language difficulties.
The pl ea of unforeseeability of conplications may
not succeed: the defendants were heldliableeven
though there had been no previous report of
bl i ndness fol | owi ng hyperbaric oxygen. (Editor:
except neonates).

b. Gas Gangrene

A 21-year old footballer sustained a
conpound fracture of the right tibia and fibul a.
A senior house officer, a nenber of another

society, sutured a small |aceration on the back
of the calf and prescribed Vel osef because of
possi bl e penicillin sensitivity. Under general

anaesthesia a Denham pin was put through the
cal caneum and the leg was placed on 14 Ib.
traction. The conpound wounditsel f was snall and
presented no cause for alarm

VWhen the orthopaedic surgeon saw the
patient for the first tine next norning he noted
that the | ower I eg was rather nore swol |l en than
was t o be expect ed fromt he hi story and t he nature
of the injury. He also noted that shortly after
the man’s arrival in hospital he devel oped a
tenperature of 39.5° but that duringthe ensuing
two days he had becone afebril e, suggesting that
if there had been an infection it was under
control with antibiotics.

Wen the consultant saw the patient again
on the fourth post-operative day his tenperature
was 39.0° and there were large black blisters,
sone of whi ch had bur st and rel eased an unpl easant
smell. It was then that for the first time gas
gangr ene was suspected. Therewas crepitusinthe
| ower leg at the | evel of the compound wound. X-
rays showed gasinthetissues. After consultation
with the bacteriologist it was decided to give
intramuscul ar penicillin despite the history of
allergy. There was no untowards result. He was
al so given anti-gas gangrene serum but the
followi ng day it was apparent that the gangrene
was spreading alarmingly. He was referred to
anot her hospital for hyperbaric oxygen, but
despite this he had to undergo bel ow knee
anmput ati on.

Solicitors acting for the patient sought
di sclosure of the clinical notes and obtained
i ndependent expert advice. As aresult aclaim
was intimated alleging negligence in that gas
gangrene shoul d have been di agnosed earlier on
the basis of radi ographs, the tenperature, the
di scol ouration and blistering of theleg and the
patient’s general condition. It was al so al | eged
that he should have been referred earlier for
treatment with hyperbaric oxygen. The menber
agreed with the Union’s viewthat the clai mcoul d
not be successfully resisted and settlenment was
eventual ly effected for £26,000, to which the
SHO s soci ety contributed 25 per cent. Costs of
£2,074 were al so paid.
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NON- FATAL SHARK ATTACK: A MEMORABLE
QUALI FYI NG DI VE

The vi cti mwas a di vi ng school pupil onthe
final sea dive of his course. There had been
showers earlier in the day but these had rolled
over, leaving the day overcast and a brisk
sout herly breeze. There were five students onthe
last day of their course and they had just
conpl et ed a successful dive fromthe dive boat in
good visibility conditions off a rocky islet.
There were two qualified divers in the boat who
had been di ving with them and two of their course
instructors. To conplete their course they were
required to swmb500 netres in the sea without
equi pnent, and thi s was arranged to take pl ace as
they returned to the beach. |t was a necessity
rather than a pleasure swimas it was cold both
inthe boat andinthewater andthey were swi nm ng
wi thout wet suits or any equipnent.

The five pupils started their swi mw th one
of the instructors acconpanying the two sl owest
swi ner s and t he ot her renmininginthe boat. Due
to differences in swinmring speeds two of the
pupils reached the beach while the third, the
victim was only three quarters of the way there.
The boat was at this time between hi mand the | ast
three swimers, 70 netres of f t he beach. Suddenly
the victim called out “Quick, sonmething has
bitten nme!” and threw up his hands.

The instructor in the boat saw the water
swirl around him but for some nonents didn't
real i se that anyt hing serious had occurred. Then
the swimer called out “SHARKI” and it was
i mredi at el y appreci ated that natters were urgent,
so the boat was accel erated to the spot where the
victimwas floundering. The victimwas rapidly
haul ed aboard, hel ped al so by one of the swi mers
who had cour ageously swumout fromthe beach. The
injuriestotheright thighlookeddreadful tohis
rescuers, the wound edges havi ng separ at ed al ong
a seven i nch gash runni ng di agonal 'y fromi nsi de
his leg to just above his knee, with several deep
bl oody gashes bel ow the main wound. “It | ooked
red, ragged and ghastlywiththetornfleshripped
open displaying sinews and veins. It didn't
appear to be bl eeding too nuch.”, was the report
of one witness.

A qui ck deci sion had to be nade: to reach
t he beach qui ckly but m ni ni se t he novenent of t he
victim The attack occurred only 25 - 30 netres
of f the beach soit only took a fewseconds to get
there. He was carefully lifted fromthe boat and
pl aced above the water line. Apair of |ong john
wet suit trousers were quickly found and used as
a tourniquet. The next decision was whether to
collect the three remaining swi nmers or whet her
toimediately gotothe hospital. Lest the shark
attack agai n, theremai ningswi mers wereretrieved
by the boat and then one of the instructors ran
up the beach and hurriedly drove to the hospital
to summon ai d. The remaini ng di vers covered t he
victimwith dry towel s and gave himconfort and
reassurance while help was awaited.

The staff at the hospital reacted calmy
and rapidly to this unexpected enmergency and a
doctor and t he anbul ance soon reached t he beach.
After abrief initial assessnent exami nation the
doctor set up a drip. The victimwas shivering
fromthe shock of his experience and | ooked pal e
and weak but had surprisingly not |ost a great
deal of blood. It was noted that fortunately the
main artery had not been cut. Seeing the
intravenous needle inserted nearly produced
casual ties anong the spectators! The victi mwas
nowjudged fit to betransportedtothe hospital.

The nedi cal report states that there were
no shark teethleft inthe wound and that the bite
was of a “token nature” (for a shark!), the shark
luckily not having closed its jaws or shakenits
head to tear flesh |l oose. The wound consi sted of
many smal | punctures fromthe teeth, which al ong
the | ower thi ghwerejoinedandin places extended
as deep as the quadriceps nuscle, which had its
superficial fascia covering severed in several
pl aces. No maj or vessel s or nerves were damaged.
Surgical careresultedinmninmal scarringand no
per manent disability.

It was estimated that the shark was
probably 9 - 10 feet in length, though it was not
actually seen. During his recovery in the
hospital thevicti mwas visitedby hisfriends and
presented with a shark tooth on a chain, a
t hought ful gesture he soon appreci at ed!

COMVENT: It is excellent that in a totally
unexpect ed energency everythi ng was done in the
advi sed node. Thi s mi ni m sedthe shock and coul d,
had the damage been nore severe, have been
critical to the outcone. Thanks are due to the
di vers and doctors i nvol ved for permi ssionto use
their reports.

DANGEROUS MARI NE LI FE AFFECTI NG SW MVERS AND
SURFERS

Tony Ednonds
(Beach Superintendent, Warringah Shire Council,
NSWY

The Warringah coastline stretches for 32
kil onetres, from Harbord Beach in the south to
North Palm Beach in the north. The twelve
headl ands encl ose eighteen beaches patrolled
either for the full surfing season (7 nonths) or
t he Chri st nas hol i day period (6 weeks) by Counci |
enpl oyed Beach | nspector-Lifeguards.

During the 1978-79 season an estinated
2,500, 000 peopl e used these beaches during the
duty hours of the I nspectors. O this nunber the
I nspectors treated 6003 for first aid, had 157
taken to hospital and resuscitated 7 (5
successfully).

Approxi mately 80% of the first aids were
the direct result of dangerous nmarine life. For
the Il nspectorsthis particul ar danger i s generally
limted, here in Sydney, to sharks, stingrays,
bl ue ringed octopus and marine stingers. The
former, being the exceptionrather thanthe rule
and the |atter causing the nost concern.

The marine stingers, and the npbst conmon
variety experienced by the Inspectors is the
“bluebottle”, are nost prevalent during the
nonths of Decenber, January, February. The
strong easterly wi nds sweep them towards the
shore in their thousands causing on a nunber of
occasi ons beaches to be cl osed for swi nm ng unti |
t hey di sperse.

The degree of severity of the sting depends
upon the skin of the swinmrer and the degree of
contact. It has been found that persons with
light dry skin are affected the nost. For npst
the effect is severe pain for about 30 ninutes,
however, for those allergic to the sting of a
“bluebottle” the effect is nore serious and
relief fromthe pain nust be sought inmediately
ot herwi se resuscitati on may be necessary. Relief



fromt he pai n can be achi eved by dousi ng t he sting
areawi thal cohol, preferably nethylatedspirits,
or by applying al ocal anaesthetic (eg. xyl ocai ne
jelly) or in extreme cases by an antihi stam ne
i njection, adni ni stered by ahospital, or advanced
medi cal unit.

| think that the best way to understand t he
possi bl e severity of the vari ous dangerous nari ne
lifeis to exam ne sone case studi es nade by four
of the Inspectors.

1. At Bilgola Beach a 17 year old fenal e had
a “bluebottle” tentacl e wapped tw ce around her
neck. Lifeguards said she showed only noderate
di sconfort when they renoved the threads. Pain
was not extreme, however they kept her under
observation after treating her as previously
outlined. Fivetoten mnutes after the threads
had been renoved the girl showed signs of
breat hing troubl e. An anbul ance was cal |l ed, the
girl’s condition deteriorated - outward signs
wer e gaspi ng, mldhysteria, andrapidpul se. Her
neck began to swell, and she conplained of a
chocki ng sensation. Methylatedspirits, xyl ocai ne
and oxygen therapy had all failed torelieve the
choki ng sensation. Her breathing becane erratic,
tinme between gasps |engthened and assisted
breathing by the Inspector was necessary.
Approxi matel y 25 m nut es af ter t he sting, breathing
ceased al toget her and EAR was conmenced. After
four breaths her breathing resuned, she was
pl aced on oxygen therapy and transported to
hospi tal where shewas injectedw thantihistam ne
and her condition stabilised.

2. At Aval on Beach a 25 year ol d mal e was st ung
by a “sea wasp” while skindiving. Initially the
I nspect or diagnosed the sting as a blue bottle,
applied nethylated spirits, xylocaine jelly and
as the man was experienci ng breathing probl ens,
adm ni stered oxygen therapy. The synptons were
severe local pain to chest and arms, shallow
breat hs, and f ast weak pul se. The man’s condition
i mproved and he was transported to hospital for
observation. The sea wasp was recover ed t he next
day and i dentified by Marinel and Staff as Caruki a
Barnesi, a close relative of the Sea Wasp.

3. At Long Reef Beach a 30 year ol d nmal e was
punctured in the lower leg by a stingray. He
experienced severepainradiatinguplegtogroin
area, nausea, stonach cranps, shal | ow breat hi ng
and shock. Oxygen therapy was admi ni stered and
treatment for shock i nproved hi s condition and he
was transported to hospital for treatnent.

4. At Palm Beach a 13 year old fenale was
suspected of being bitten by a blue ringed
oct opus. She had been swi nmming in arock pool and
had felt anirritationin her hair. She brushed
the “thing” away and felt a sharp paintothe side
of her neck. The I nspector sawtwo smal | puncture
marks in her neck. The girl conplained of
di zzi ness and fel t nauseated. She was treated for
shock and t he punctured area was washed wi t h cool
water. The girl was transported to hospital.
Later the pool was drained and a catfish was
f ound.

General |y speaking nost cases of marine
stinginginSydneywaterswill result indisconfort
for a hal f hour period andthat is all. However,
fromthe cases outlined | thinkit is obviousthat
all sting victinms should be observed for that

period of time as a safety precaution. Finally
it has been observed by the | nspectors that as the
“bluebottle” tentacle or thread actually cuts
intothe skin pores, washing by salt or sea wat er
can aggravate the sensation of sting.

EDI TOR: CSIRO scientists have suggested that
many young sea creatures, such as “Bl uebott!|es”
(Portuguese Men-of-War) and jellyfish, spent
their first year of life in the clamcentre of a
gi ant eddy situated off the township of Uladulla
in New South VWales. This is a horizontal wheel
of water about 240 kmacross, with a two or three
knot flowat its outer edge. Sone of the creatures
could ride close to the shore at the edge of this
eddy or pick up on-shore currents of winds. The
bl uebottl es have a “said” on their float set at
about 45 degrees, either to the left or right of
the wind. This ensures that about half of any
group wi | | escape bei ng bl own ashore by any gi ven
direction of on-shore w nd.

The fol | owi ng sel ected extracts froml ocal
newspaper reports wi |l indicatethe probl ens t hat
can ari se when | arge nmenbers of these stingers
i nvade the beaches of the Sydney area. O her
areas of the coast can be simlarly affected.

“Mbre than 800 surfers were treated for
bl uebottl e stings in the Manly-Varringah area
yesterday. e victim a teenage girl, was
treatedat ahospital after sufferingaparticul arly
severe reaction to the stings.”

Manly Daily - 3 January 1976

“Mbre than 200 people were treated for
bl uebottl e stings onthe Manl y- VWarri ngah beaches
during the weekend. Sone were in a lot of pain,
and one young person was taken to hospital.”
Manly Daily - 17 January 1978

“At Bondi a man with stings over his eyes
and nouth, and another suffering respiratory
di stress, were rushed to hospital.”

The Australian - 27 February 1978

“Mre t han 1000 swi nmer s have been stung in
a massi ve i nvasion by bluebottles of the Manly-
Warri ngah beaches. At one hospital 40 of the 176
peopl e seeking treatnent had serious stings. At
Sout h St eyne ei ght gal | ons of nethyl ated spirits
were used to treat victins, and four tines the
nor mal anount of oxygen. Many peopl e went surfing
despi t e warni ngs about t he bl uebottles, and many
conpetitors in ajunior surf chanpi onship had to
be hel ped ashore suffering fromstings. The Wl es
rescue hel i copter and anbul ance was busy taki ng
serious victins to hospital.”
Manly Daily - 13 February 1979

“Two swi nmers were taken to hospital after being
stung at Long Reef. (ne had to be rescued from
the surf and the other coll apsed on the beach.
They needed oxygen, had troubl e breathing, and
were in agony.”

Manly Daily - 21 February 1979
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PAI NFUL ENCOUNTERS

Char | es Brown ND

REPRI NTED BY KI ND PERM SSI ON FROVI NAUI  NEWS NOVEMBER 1979.

The editor asked ne to wite sonething
about resort diving for the winter issue. This

can't wait till Decenber. Sone places can be
dangerous. Don’'t go till you've read this.
| went to Hawaii. Anorelaidback tropical

paradi se you couldn’t ask. But that’'s topside.
Underwat er, the eneny | urks. Steve Kai ser of Gol d
Coast Divers had ferried us to a great spot off
the old Konaairport. It was all cliffs, canyons,
and caves. | peeredinto adarkishcavern (before
entering a cave, it’'s wiseto nake sure there are
no | arge occupants with big teeth). | braced a
f or ear mupon t he edge of the entrance, agai nst t he
gentl e surge. Suddenly | was five feet away, the
forearm on fire. It had taken a barrage of
hypoderm c shots, and I’'d fl exed | i ked a spooked
| obster.

Nowyou can’t curse worth a dam under wat er
- the sounds cone out all garbled, and there is
no audi ence t o appreci at e t hemanyway. So | acki ng
a gratifying alternative | opted for rational
behavi our, and forced nysel f back to the scene of
the crine. Alion fish swamnonchal antly away.

| surfaced and took i nventory. The forearm
showed si x punctures a half to three quarters of
an inch apart. Each was hurting and swelling. |
had to get to shore, but we couldn't desert the
other divers. Probably sensing that sone foul
event would threaten their down time, they's
scattered in all directions and couldn't be
found. Every minute the swellingincreased, and
sodidthe pain. It had two conponents: a severe
| ocal i zed burni ng, and an i ntense ache ext endi ng
fromwist to el bow.

Finally the rest of the divers were out of
air, andweranfor the Kailuapier. Steveradioed
ahead for a car, and within twenty mnutes | was
inm hotel room No hospital for this problem
I didn’t want to waste ti me checking in and t hen
ri sk whet her the duty doc woul d know what to do.
As a long-tinme faithful reader of this colum, |
knew exactly what to do. | ran the bat hroomsink
full of the hottest water | could stand, and
thrust nmy fuming forearminto it. That m ght
sound li ke fighting firewith fire, but it works
because the venomis heat labile. Inmnutes the
wor st was over, and in half an hour the synptons
were nearly gone and | quit.

The next fewdays | was one cauti ous di ver.
Not afraid - just cautious. I knew that sea
creatures rarely attack, but rather defend.
Unl ess you' re provoking them it’s only the ones
you don’t see that are dangerous. So just don’t
go sticki ng your body parts where you cannot see.

We went night divingtoplay withthe manta
rays. They're attracted by |ight, and the Kona
Surf Hotel, bless their pronotional adviser,
ains powerful spotlights into the water so
guest s can gawk at the beautiful beasts and crazy
divers. Aray comes at you, great nmaw agape, as
t hough bent upon swal | owi ng you whol e.

At the last noment he slowy peels off,
al nost sandpapering your belly skin with his.
It’s a panic situation for the uninitiated, but
we know they' re filter feeders and can’t digest
di vers. They approach not to di ne but out of idle
curiosity. If you' re ninble enough, you can grab
and hold and catch a ride.

Perils you think of are no problemits the
ones you forget. It was another night, and the
fickle rays had not shown. Playing a small
flashlight idly over the rocks, | spied a shiny
golf ball inacrevice. | reached for it, and at
the very last nonent froze. | didn't knew why.
Sonething just didn't seemright. | noved the
beam a bit and saw it - two nmal evol ent eyes
protruding fromthe rock. It was a huge stone
fish, canouflagedtol ook likerock. Those babies
pack awal | op that nake lionfishseemtanme. There

have been fatalities. | was lucky that tinme, and
the scare was a good thing. It drove home a big
| esson: the practice of safety is constant
vi gi | ance.

The next day’ s di vi ng was gay and carefree.
The sea is harmess if you're hip and alert, so
enjoy. Wecruisedsunlit grottoes wherelionfish
abounded. They were really sonething to watch
withbrilliant orange col our andfil amentous fins
undul ati ng - so dangerous tothe dunb and harmnl ess
tous. To hold position | reached for a staunch
| ooki ng coral head, not knowi ng it was broken and
just lyingthere. Asit fell away | instinctively
grabbed, and caught a fingerful of sea urchin
spines it was hiding.

The 1ong-spined diadema urchin is not
deadly, but it’s no fun either. The spine tips
are brittle as well as sharp, and break of f after
penetrating the skin. Tweezers don't hel p - what
they grasp just crunbl es away. The finger i s soon
swol | en and tender. Those npbst experienced in
dealing with sea urchin wounds the south sea
i slanders, use a dual therapeutic approach.
First they pul veri ze the spine material, andthen
they pee onit. Pulverizing is acconplished by
repeat ed pounding with sone hard object. As in
western nedicine, the healer’s craft is partly
science and partly art. The art consists in
knowi ng when t o st op poundi ng bef or e you pul veri se
the finger along with the spines. 1t’s unclear
whether the benefit of the wurine lies in
dissolving calcific material or neutralizing
toxin, or i s psychosonatic or evenimaginary. |f
you mi strust native nethods, you can al ways have
a surgeon di g out the spines, or ignore them and
sone day they' ||l go away.

I”ve chronicled ny painful encounters in
par adi se so readers woul d be warned. However, in
honesty | must admit that not everyone fares so

badl y. In fact, the other seventeen mllion
peopl e who di ved Kona t hat week had no probl ens
at all. But don’'t let that lull you into

conpl acency. Renenber - constant vigilance, O
next time you may be the one in seventeen mllion
to get zapped!



