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EDITORIAL

Assessment of Fitnessto Divecan beadifficult decisionfor
both doctors and diving instructors though the factors
given critical weighting in making the decision will be
different in most instances. In thisissue both groupsare
given informative articleswhich may assist themevaluate
against awider databackground. Dr Harpur’ spaper isin
some measure a bridge between the two groups and
indicates the value of an informed and involved doctor in
the assessment of diving incidents: his opinions on
Emer gency Ascent deser vecl osestudy and i mpl ementation.
Naturally hisworkwould belesswell documentedif hedid
not have the active and intelligent assistance of the diving
community at Tobermory, Ontario, Canada. Thereshould
never be any doubt about the need for, and the value of,
inter action and co-oper ation between the medical and the
lay diving communities. The “ Stickybeak” project in
Australia is greatly in the debt also of the Sate Attorney
General’ s/Justice/Law Department of every Sate. Noone
group can“goitalone”.

There is much immediate comfort to obtained from the
rigid, blind by-the-rulesapproach to decisionson Fitness,
but people, thank God, are individual and few are
everlastingly perfect. Problemsarisein deciding in each
casethe degree of variation fromtheideal one can allow.
It is probable that much more information will have to be
acquired beforethetruesignificanceof childhood wheeze,
a past heart attack, controlled diabetes or a post-trauma
paraplegia can be assessed in a meaningful manner.
There are growing attempts to collect such information;
the UMS is starting a scheme, the University of Rhode

NOTES TO CORRESPONDENTS AND AUTHORS

Pleasetypeall correspondence, in doublespacingandonly
on one side of the paper, and be certain to give your name
and address even though they may not be for publication.

Authors are requested to be considerate of the limited
facilitiesfor theredrawing of tables, graphsor illustrations
and should provide these in a presentation suitable for
photo-reduction direct. Books, journals, notices or
symposiaetc., will begiven considerationfor noticeinthis
journal.

Island has one, and the Stickybeak and RAN filesexist in
Australia. All readers are asked to accept the value of
reports and to support these confidential data collection
schemesintheir effortsto improve adviceto future divers
(aswell as present ones!).

One matter only lightly touched upon is the question of
lower agelimitsfor scuba diving. Arecent coursein New
South Walesfor school children during their holidays, for
whichnomedical checkwasrequired andwhichgavethem
confidenceto usescubabut not full instruction andtesting,
indicates the need to consider this matter before some
tragedy occurs and press hysteria sweeps over the media
about diving dangers. The interesting paper by Henri
Pouliquen, which applies to the special conditions of
Tahiti Lagoon, shows that infant divers may become a
realityinareaswithwarmwater. Theprospectissomewhat
alarming, but must be faced and discussed.

As usual the Annual Scientific conference has produced
interesting papers. Dr Bruce Bassett's paper discussing
thedecompr ession sicknessratesof theUnited SatesNavy
decompression tables and his revised no-decompression
limitsfor sport diversbringstolight informationthatisnot
generally availablein Australia. A 6% incidence of bends
ondivesmadetotheno-decompressionlimitsinachamber
should give readers food for thought. His “ belt and
suspenders’ approach has much to recommend it.

All readers are wished a safe, interesting and enjoyable
Christmas and coming year. They are assured that the
Editor longs to have their contributions but not their
obituaries. Divesafelyandencourageotherstodolikewise.

REPRINTING OF ARTICLES

Permission to reprint articles from this journal will be
granted on application to the Editor in the case of original
contributions. Papersthat are here reprinted from another
(stated) source require direct application to the original
publisher, this being the condition of publication in the
SPUMS Journal.



L ‘ENFANT ET LA PLONGEE

Henri Pouliquen

Thematter of scubadiving by childrenislittleknown,
until recently it having been something parentshavehadto
decide each for their own children, empiricaly. The
writer, who is Chairman of the Coral Club Sub Tahiti and
Vice-President of the French Polynesian Committee of
FFESSM, followed thismethod when teaching his12 year
old son and another child. On the basis of this experience
adiving school for children was established in 1979 and
this has very quickly expanded. There have now been
more than 7,000 scuba dives by children and valuable
experience has been obtained, and is here shared.

The idea to enable children to scuba dive came in 1975
when | saw the Tahiti Lagoon, square miles of water,
depths of 2 to 4 metres, the water always warm, with
marvellous corals and a constantly changing scene of
multi-coloured fish. Thefirst problemsencountered were
material onesas| needed small air tanksand small mouth-
piecesfor theregulators. | chose aluminium tanksfroma
French manufacturer. These were usually buoyant so it
was hecessary to “weight” the children. Small diving
masks were al so necessary and these were obtained from
the USA. Once the equipment was obtained the school
started operating every day, even twice daily.
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them heavy tanks, so put them on when the children arein
thewater. My boatsare provided with short ropesfromthe
sides and the tanks are hung in the water from the boats.
The children cling to the ropes while the instructors dress
them with the equipment, in the water. The little divers
never experience the full weight of the tanks.

After 3or 4 dives, all children over 7 yearsold are ableto
take off the mask and put it on again, and remove and
replace the mouthpiece. Thisvery soon becomes agame
and they enjoy doing it. Asfar asthe children between 4
and 7 years old are concerned, it is necessary to proceed
more slowly, to choose well fitting masks so that no water
canenter. The“very littleones’ look at the older children
andwith alittlebit of patience we achievethe sameresult.

Itisvery remarkabletoobservetheself-confidencethat the
young diversacquire. | have seen shy children, who after
some dives, have changed their personality. Parents are
amazed by themetamorphosisof their children. Sometimes
improvements are noticeable at school, the young divers
working better.

The children’s improvement with breathholding is
spectacular. They quickly learn how to “equalise’ their
ears (Vasalva) and then astonish their parents by their
diving ability.

TABLE1

Criteria adopted by L’ Ecole de Plongee pour Enfants de Lagon de Tahiti

AGE OF CHILD MAXIMUM DURATION
DEPTH AT MAX. DEPTH

(MINUTES)

21/2to4 years Im

4to 4 years 3m 20t0 25

6to 8 years am 5

8to9years m 7

10to 11 years 12m 12

12 to 13 years 18m 15

14 to 15 years 26m 20

After six months the school had more than 70 graduates
from6to 13yearsold. Asmonthswent by, parentsbrought
me younger and younger children. Now we have4 and 5
year olds diving easily, admired by adult divers. For the
childunder 7yearsolditisagame: theexplanationsbefore
the first dive must be short, with appropriate and simple
words. Itisnot necessary to speak of the possibleproblems
as they do not dive in more than 1.5m deep water. Itis
important to chooseavery clear water with amaximum of
small fishes. From the very first dive the child hasto be
interested by theunderwater fauna. During thewholefirst
divethe child hasto be supported by the tank while being
free to move. Do not discourage the children by giving

DECOMPRESSION COMMENTS
STOPS ON MAX.
DEPTHS AT 3m
-- Children supported throughout the
dive.
-- As a rule the dive is ended when
children show “goose flesh”.
20to 25 min
20to 25 min It isimportant to know that in Tahiti
the water is often over 26°C.
20to 25 min
20to 25 min Often children wear a diving jacket
so that dives can be lengthened on
depths of lessthan 3m.
20to 25 min

For each child amedical certificate, indicating absence of
contraindications for diving, is required.

Statistics, after more than 7,000 children dives over a
period of 36 months, are as follows: the physical
development of children who have dived frequently is
often spectacular. In no case has development been
disturbed. There have been noincidentsduring thedives.
Thisdiving school, open every day throughout the year in
anatural environment, is conducted at all times in strict
accordance with the criterialisted (Table 1).

Reprinted by kind permission from the CMAS Bulletin,
July, 1882.
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PHYSICAL FITNESS FOR DIVING

Greg Ledlie

| have been asked to give a paper on physical fitness for
diving. | fedl this problem is best approached with first a
discussion on physical fithess, on what it means and what
effects training can produce. Following this, | feel that
there should be a general discussion about the criteriafor
fitness for diving.

Physical fitness can be defined as the physiological
adaptation to exercise demands. There arethree elements
involved in physical fitness:

1) strength
2) endurance
3) flexibility

With training these are devel oped gradually, according to
thestressapplied. Continued exerciseincreasesthecapacity
for further exercise, however with disuse these elements
diminish.

STRENGTH

Strengthistheability toexert muscular force. Tounderstand
this, wemust first consider the elements present in muscle
contraction. As you know, any muscle consists of a
number of fibresand amotor unit consi stsof amotor nerve
fibre and all the muscle fibresit innervates. The muscle
fibre basically consists of sarcomeres. The sarcomere
consists of molecules of actin which dide across myosin
filaments. Muscle contraction comes about due to the
dliding of actin molecules across myosin fibrils. This
requires energy from the phosphagens ATP and
phosphocreatine. The reaction is triggered off by the
release of ACh at the nerve muscle end plate. The only
action the muscle has is to contract. It cannot lengthen
actively its resting length. This is obviously an energy
consuming process and the energy for thisis supplied by
the splitting of the phosphogens ATP and creatine-
phosphate. The strength of a person’s muscles depends
somewhat on his genetic make-up. However, physical
training canmodify thisconsiderably. Changesinmuscles
brought about by physical training include an increasein
thecrosssectional sizeof themuscleand it doesappear that
the strength of the muscle is proportional to its cross
sectional area.

Secondly, there is increased capillary blood supply to a
muscle following physical training.

Thirdly, and perhapsvery importantly, isthe neurological
adaptation which occurs with continued training. Thisis
most important in sportsinvolving skillful use of muscles,
such astennis.

The biochemical changes which occur during training,
have been studied and will be discussed later in this paper.

ENDURANCE

Endurance may be defined asthe ability to sustain intense
activity for a period of time, to postpone fatigue and to
recover rapidly. Endurancemay beseenlocally,inasingle
group of muscles, or generally where many musclegroups
areinvolved. Thelatter isreferred to as cardiorespiratory
or aerobic endurance.

There are three sources of phosphagens. These are the
suppliers of energy for contraction of muscles. Both
muscle strength and endurance depend on a continued
supply of these phosphagens. Each of the three sources
may be predominant in different activities. The sources
are

1) The muscle stores of ATP and phosphocresatine.
These have been measured and the total capacity
appearsto be 0.6 moles. The power developed by
these muscle stores is a maximum of 3.6 moles/
min.

2) Anaerobic Glycolysis.
The capacity of this system without super-added
oxygenisabout 1.2 molesintotal. The maximum
power developed is 1.6 moles/min.

3) Aerobic Metabolism
Here the capacity is infinity, but the maximum
power developed isin the order of 1 mole/min.

Thetotal store of phosphagensissmall. For example - a
100 metre sprint at maximum pace requires about 0.43
moles of ATP, ie. over half the muscle store. However,
resynthesi sof thephosphagensoccursboth fromanaerobic
and aerobic sources.

Anaerobicglycolysisisamethod of producing ATPwithout
thepresenceof oxygen. Thebiochemical reactionsconsist
of the breaking down of glycogen, first to glucose then to
G6P, to F16 DP, eventually to Triose Phosphates. In the
absence of oxygen these are metabolised to lactate. One
mole of glucose produces2 molesof ATPinthisway. (If
oxygenispresent thelactateisconvertedto pyruvateor the
reactionsmay bereversedtoreformglycogenintheliver).
This reaction produces ATP available for muscle
contraction in the absence of oxygen. However the total
supply of muscle glycogenissmall and sufficient for only
1.2 moles of ATP, ie. about 3 x 100 metre sprints. This
system is used predominantly for short, sharp bursts of
energy. For an example, in a 1500 metre running race,
anaerobic glycolysis and muscle stores would be used at
the beginning of arace, during which time an oxygen debt
iscreated. The middle portion of the race would proceed
under aerobic metabolism and the muscle stores and
anaerobic glycolysis would be used for the increased
power needed at the finish of the race. However, in the
absence of oxygen, littleendurancewould be possible. At



the end of the race, muscle glycogen is resynthesised,
while the oxygen debt is repaid.

Various training regimes can be aimed at increasing total
musclecontent of ATPand phosphocreatineandimproving
anaerobicglycolysis. However, thegreatest areaof potential
improvement with exercisetraining istheimprovement of
aerobic supply of ATP.

Aerobic production of ATP comesviatheKrebscycle. In
this, pyruvate is fed into the cycle of chemical reactions
mediated by enzymeswith the production of ATP. Thisis
by far the most productive method of formation of ATP
and requiresthe use of oxygen. The source of pyruvateis
either from glucose, or fatty acids or occasionally amino
acids. Thelimiting factor to energy production hereisthe
supply of oxygen to the exercising muscles. With aerobic
metabolism the total yield of ATP is 38 moles for every
mole of glucose metabolized (12 moles of ATP per mole
of acetyl consumed). Thus our problem is to convey
oxygenfromthesurrounding air to themitochondriainthe
exercising muscles. Thisdependson anumber of factors:

Thefirstisrespiration, thetransfer of oxygenintothelungs
and its transfer across the alveolar membrane into the
blood. Fromthenceit must betransferredinto themuscles
and this depends on the heart and the peripheral blood
vessels. Oxygeniscarriedintheblood chemically combined
to haemoglobin and the haemoglobin concentration and
blood volumeareimportant here. Whentheblood reaches
the muscles the ability of the muscles to extract oxygen
from the blood is important, creating the arteriovenous
oxygendifference. Finally theintracellular enzymesat the
muscle level areimportant in oxygen usage.

The maximum amount of oxygen that aperson is capable
of consuming per kilogram per minute is a guide of his
aerobic fitness. At rest oxygen consumption isabout 225
ml per minute. With maximal exerciseoxygen consumption
risesto about 3,500 ml per minute. Physical training can
increase the maximal oxygen consumption and it does so
in the following ways:

The Lungs

There is evidence of increased vital capacity following
physica training, increased minute volume, and there
appears to be an improvement in lung diffusion capacity.

The Heart

Thereisanincreaseintheheart volume, anincreasein the
stroke volume and in some cases an increase in attainable
heart rate. Maximum cardiac output increases.

The Blood

Physical training causes an increase in the blood volume,

anincreaseinthetotal haemoglobinandinthehaemoglobin
concentration.

5

Thus we see that training improves O delivery to the
muscles

The Muscles

Thereisalso achangeinthe musclesthemselves. Thereis
an increase in the muscle mass and a decrease in the
amount of fat. Various changesin the muscles have been
found using musclebiopsy techniques. Thereisanincrease
of skeletal musclemyoglobin, anincreased capacity of the
musclesto oxidiseglycogentoform carbon-dioxide, water
and ATP. This seems to be due to an increase in the
number, size and surface area of the mitochondriain the
skeletal muscles. For example, it wasnoted that therewas
120% increase in the mitochondria of the vastus lateralis
muscle after 28 weeks of endurancetraining. Also, there
isanincreasein the activity and concentration of enzymes
involved inthe Krebs cycleand electron transport system.
Theseincreased by afactor of two. Training alsoincreases
the ability of skeletal muscle to oxidise fatty acids to
carbon dioxide, water and ATP. A two-fold increase has
been noted experimentally. A trained personusesmorefat
and less glycogen for agiven work |oad than an untrained
person. Thisresultsin less depletion of muscle glycogen
and less production of lactic acid, whichisresponsiblefor
many of the features of fatigue.

Also, followingtraining muscleglycogenandtriglycerides
storesincrease by afactor of two. Itisalsonotedthat ATP
and phosphocreatine stores in muscle increase by afactor
of 20 to 40%. Thereisincreased oxygen extraction from
the blood by the muscles in the trained individual. This
increases the arterio-venous oxygen difference thus
supplying more oxygen to the muscles.

By physical training a fit person can increase both the
strength and endurance in his muscles. This can be
measured objectively. In the laboratory it is possible to
measure the maximum oxygen consumption of a person
which isameasure of hisaerobic capacity. However, the
equipment is cumbersome and not readily applicable to
day to day testing. Cooper and his co-workers have made
studieslinking laboratory oxygen consumption studiesto
performancesinthefieldwith running, swimming, cycling
and other activities. Hehasrel ated maximum consumption
in the laboratory to a person’s ability to run or swim or
cycleacertaindistanceinacertaintime. Hehasconstructed
several tables enabling one to assess fairly accurately a
person’s aerobic capacity by running or cycling or
swimming a given distance in a certain time. His most
popular test isthe 12 minute test which can be applied for
either running or swimming. Theperson, after awarm-up,
runsor swimsasfast ashecanfor 12 minutes. Thedistance
coveredismeasured and by consultationwiththechartshis
aerobic capacity can be assessed.

There are six categories of fitness: Very poor, poor, fair,
good, excellent and superior. These are classified in the
age groups of 13 to 20, 20 to 30, 30 to 40, 40 to 50, 50 to
60 and above 60. For example, in the age group 40 to 49,
the poor group has an oxygen consumption of 30 - 33 ml/
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kg/min. This sort of person was able to cover only 1.14
milesin 12 minutes. Thesuperior grouphadaconsumption
of over 48 mi/kg/min and was able to cover 1.66 milesin
12 minutes.

Similar tables exist for swimming. Thusit is relatively
easy to design asimpletest to assessthe aerobic fitness of
aperson. A good case can be madefor acertain minimum
fitness level for diving.

The present levels necessary for certification seem
somewhat inadequate. Reasons for insisting on a certain
minimal level of fitnessarefairly obvious. Itimprovesthe
diver's safety and also enjoyment.

Incidents can and do occur while diving, requiring a
reasonabledegreeof fitnessto overcomethemsatisfactorily.
Thisiscertainly mostimportant intheinexperienced diver
and this is the person who will usually be undergoing
testing for certification. A more experienced diver can
often weather the storm with less expenditure of energy.
Obvious examples are currents, loss of way, surfacing a
fair distance from shore or boat or encounters with
unfriendly oceaninhabitants. Or hel ping astranded buddy,
etc.

A fit person can enjoy a better dive and is certainly more
psychologically prepared for any misadventure which
may occur.

| would not be so bold asto suggest which level of fithess
one should consider for safe diving certification but | feel
that with discussion from the audience that some basic
ideas may be formulated.

BASIC EXERCISE PHYSIOLOGY
Fred Bove

Thestate of exercise can best bedefined by thewholebody
oxygen consumption (VO2). Normal resting V O2isabout
3.5 ml Og/kg/min, and during exerciseit canriseto 76 ml
Oo/kg/min in well trained athletes. If a person is tested
with a steadily increasing work load, one finds that VO2
riseslineally withwork loadtoamaximum (V O2 max). At
VO2 max, athough work load may be increased, no
further incrementinV O occurs, so anaerobic metabolism
in the skeletal muscles becomes dominant, and fatigue
develops within minutes.

Figure one demonstrates these relationships. Asaperson
approaches VO2 maximum, work load becomes greater,
dyspnoea.is present and a state of generalized discomfort
develops. Because of rapid lactate production at or near
VO2 maximum, a metabolic acidosis aso develops, and
causes further hyperventilation as well as muscle fatigue
due to amarked lowering of the local pH in the muscles.
Normally, an individual can exercise comfortably up to
50% of V O2 maximum, and no lactate buildup in blood or

FIGURE 1

Work load

muscle will occur. Beyond 50% of maximum, blood
lactatewill risetoanew steady state, and asV O2 maximum
is approached, the lactate rise is continuous.

If one wished to measure a diver’s capacity for exercise,
measuring V O2 maximumwould providethemost accurate
assessment of physical capacity. However, since VO2
maximum is somewhat difficult to measure, various
methodsfor ngitsvalueindirectly havebeendevised.
A good aternative to direct measurement is to measure
heart rate in a standard protocol. Since for most people,
VO2 and work load are tightly related, VO2 can be
estimatedfor astandard treadmill work | oad, and attainment
of maximum VO2 can be assessed by heart rate criteria.
For a sport diver to function well in diving, which may
include some occasional heavy exercise needed for
emergencies, a capability of working at ten times the
restingVO2 shouldbepossible. If wewant thediver touse
ten times basal oxygen for some time, then his maximum
should be about fourteen times basal. We refer to these
multiplesof basal VO2 asmets. Our sport diver should be
able to sustain 10 mets for a brief (four to five minute
periodswithout becomingincapacitated by acutefatigue).
Hisor her maximum should be about fourteen mets. Note
that based on body weight, the female sport diver should
end up with about the samerelative capacity. Maledivers
will have greater VO2 values because of greater body
weight. If you are concerned about a diver's physical
capacity, atreadmill test should demonstratethat the diver
can sustain 10 mets of work for 4-5 minutes comfortably,
and the heart rate should be about 70% of maximal. If a
diver cannot performat thislevel, aconditioning programme
should be suggested.

It isasimple matter to understand exercise capacity from
the above principle. Next, we must discuss variationsin
V O2 maximum since work capacity is determined by this
value. VO2 maximum varies with age, sex and state of
health. It peaksbetween 25 and 30, then declinesthereafter
at a rate dependant on the amount of physical activity.
Malesgenerally have higher V O2 maximum, but much of
thedifferenceisdueto body sizeand proportion of adipose



tissue. Withtheproliferation of excellent women athl etes,
the differences in VO2 maximum, when normalized for
body weight and lean muscle mass, are not asdisparate as
once thought. 1lIness which compromises lung, blood or
heart performance limits VO2 maximum aso. Thus a
diver with chronic lung or heart disease, anaemia, or
abnormal haemoglobin will have a reduced exercise
capacity. Finally, thestateof physical activity isimportant.
Inactivity reduces VO2 maximum (poor conditioning).
The training programmes of athletes are based on this
concept.

Many of the problemsin divers which require judgement
on ability to dive, involve questions on physical capacity.
The above guidelines can be used for this purpose, while
alsotaking into account the skillsneeded to beasuccessful
diver.

Beyond physical capacity lies the problems of sudden
incapacitation by illness, inability to learn the necessary
diving skills, and the psychological aspects of diver
selection. All these aspects must be considered when
evaluating a person for diving.

Dr Bove kindly provided this precis of his lecture.
Unfortunately, itisbut a pale shadow of thebrillianceand
erudition of hisoral presentation.

Question:

In working out maximum oxygen uptake is it better to
measure it using a bicycle ergometer or a treadmill?

Dr Fred Bove

Bothinstrumentshavebeen used enough sothat wecan get
apretty goodideaof maximum oxygen uptakefromeither.
Theindividual whoisbeing studied can affect thetreadmill
more than the bicycle. If you get a very large or obese
person on a treadmill then you have to allow for their
weight, because there is some energy consumed in lifting
weight as you step on atreadmill.

Theadvantage of thebicycleisthat the subject staysalittle
morestationary. If youwanttodoblood studies, itiseasier
to put an intravenouslinein the subject’ sarm on abicycle
and sample from it, than on atreadmill.

Y ou can get good datafrom either method. The treadmill
isused alot in cardiovascular clinical studies, where you
are just measuring heart rate.

Question:
| was just wondering about the blood pressure reducing

effectsof exercise. Blood pressuregoesdownwithweight
reduction, would that explain the effect of exercise?

Dr Fred Bove

The blood pressure lowering effect is not due to weight
loss. If thepersonlosesweight duringtraining youmay see
more. But you can get the blood pressure lowering factor
by exercisewithout having significant reductioninweight.

Question: Dr Chris Lourey

Some years ago there were some telemetry studies done
with athletesexercisingonland andinwater. Onland they
showed the two normal pressure responses, arise in the
systolic and a fall in the diastolic. But when they were
exercisedinwater they showed anelevation of thediastolic.
In sports divers with occult heart disease or hypertension
or a high systolic, arise in diastolic could be a cardiac
stress. Would you like to comment?

Dr Fred Bove

| am not familiar with that study. | think you shouldtell an
individual who wishesto get into adiving programmeand
who is grossly unfit for diving, requiring treatment for
hypertension or weight reduction, or perhapsjust isin poor
physical condition, to forget about this year's diving
course and to get in shape and come back for next year's
diving course. | think if you can convincethat personto get
into condition, you will seean overall improvementinthe
cardiovascular response to exercise, including alessened
heart rate response, less dyspnoea with stress, and such
like. My experienceisthat if you get a person fit, he can
go diving better.

The premise that | would take is that if you get the
individual into better shape, youwill findthat hewill make
a better diver, that he can handle the exercise load better.
Fit people have abetter overall cardiac responseto diving
aswell asto exerciseonland. | do not know the answer to
your question astowhether they haveanincreased diastolic
compared with on land. But generally you will find the
diver improveswith fitnessand can handlediving better if
you get him trained.

Question:

How do you train a sport diver to maximise his oxygen
consumption?

Dr Fred Bove

| do not think that you need to try to makeasport diver into
aworld class athlete in order to make him divewell. The
great majority of candidates for sport diving are average.
That is, they are not well conditioned. If they have to do
along surface swim with equipment on against a current,
it will be an overstress situation.

We should train the diver to be able to handle the average
situationthat hecould comeup againstinsport diving. Not
make him into aworld class diver or champion swimmer
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or runner. Sowedo not havetotry andtrainthesport diver
to run twelve miles a day, or to swim three miles a day.

We would like to generate a moderate programme of
exercise which can train that sport diver to be able to
handle the stresses that he will experiencein diving. We
areaimingtomakeapersonfit enoughtodive. Hedoesnot
have to become an expert athlete.

A study was done by NASA. They put trained and
sedentary peopletobed, whichdegraded their performance,
then gave them all a training programme. The trained
personswent back to their previous performancewhilethe
sedentary improved on theirs but not up to the level of the
trained group. The trained persons had more or less
achieved what they could achievefromtraining. Soif you
de-train them and then re-train them they will go back to
wherethey were. Themaximum oxygen consumption can
not beimproved adinfinituminthefully trained person. In
other words there is a limit to what you can gain from
training. Thetrained individualswhen de-trained and re-
trained got back to what they could achieve before. The
untrained or average individuals improved beyond their
previous condition but not to the same level. This was
interpreted as saying that the individuals who were in
average condition were not able to improve to the point
that theother individual shad reached. Inother wordsthere
was an inherent difference or inborn difference between
the different individuals. It is aso possible that the
sedentary individuals, if they had had a longer training
programme, could have achieved more.

If yougiveeveryonethesametraining programme, youare
going to have individuals who come out with a much
higher maximum oxygen consumption because they have
got soma inbuilt advantage, which we do not clearly
understand. Therewill be some peoplewhotrain and end
up with ahigher maximum oxygen consumptionand better
aerobicsthan other personswho aregiventhesametraining
programme.

What | am saying is that there are inherited differences
among individuals, and if you give everyone the same
training programme, you are going to have a spectrum of
responses.

Question: Bob Halstead

| want to comment from the instructor’ s point of view. |
find that thevery fittest peopleondiving coursestendto be
theworst diversat theend of the course. Thereasonisthat
they tend to have inappropriate behaviour in the water,
deliberately swimming against the current and soon. This
would appear tobeapsychol ogical attitudethat they arefit
and can do anything. Whereastheleesfit person behaves
in adifferent fashion.

Dr Fred Bove

Fitness means different things. | see people who say that
they arefit. A twenty-fiveyear old who has been working

at weight lifting is al solid muscle, and he saysthat heis
fit. That person is realy not fit for diving. He needs
endurance rather than strong musculature. |If somebody
saysthey arefit, and they havearmsthesizeof your thighs,
that personisnot really fit for diving, that personistrained
thewrongway for diving. Itisnotgoingtohelphimat al,
infact it isgoing to give him trouble. The other extreme
is the long distance runner who says “I can do anything
becausel runfifty milesaday”. Youarethengoingtorun
into the same problem. That person may only weigh 110
Ibsand whenyou put thetank on hisback hefallsdownand
can not get up again. Hisarms are about the size of your
littlefinger. They arethetwoextremes. | think that thetwo
extremes are not fit for diving. What we aretrying to do
isto get the average person, who is not trained at al, not
physically conditioned at al, to get into some degree of
physical conditionsothat hecanhandlethenormal exercise
that is needed for diving. At the same time you have got
to get hismindinto theright shapetoo. Physical condition
is one thing, train him for that, but also train him to not
overestimate hiscapacities, becausethey aredifferent. We
should train both the body and the mind at the same time,
asthey are two different things.

TWO CASES OF NECROTISING FASCITIS

Peter McCartney

Mr TW wasa58 year old plant operator at apaper mill who
had had no previous ill health other than five years of
occasional arthritis.

History

Rigors and ‘flu for eight days. Constipation for seven
days. Jaundice and dark urine with pain and swelling in
both buttocks for five days.

Three days previously admitted to New Norfolk Hospital
as?hepatitisand treated with IM penicillin 1.5 megaunits
BD.

Admission Findings

Septicaemic (385) dehydrated, jaundiced, tender
hepatomegly, massive induration of both buttocks.

Investigations

WCC 33,000
Bilirubin

Ureaand creatinine
Al Phos 305

raised x 3

— N

Ultra Sound = gall stones, ducts not dilated, therefore
cholangitis unlikely to be cause of septicaemea.

M anagement

IV fluids, central venous pressure line catheterised,
antibiotics - Gentamycin and metronidozole.



Day One

First Operation -
A wide excision and debridement of both ischiorectal
fossae. Little pus and no true abscess.

Day Two

Muchimproved, afebrile. Deterioration of renal function,
creatinine levels rising to seven times normal. Moderate
acidosis.

Cultures showed heavy mixed bacteroides fragilis,
anaerobic strep. clostridium species and E Coli.

Day Three

Continued toimprove. Small darkened area 0.5 cm noted
on the scrotum.

Day Four

Area of obvious gangrene now 6 cm diameter. General
deterioration.

Second Operation -

Extensive necrotic oedematous stringy tissue excised.
Considerable blood loss associated with very radical
excision. Dopamineinfusion needed to maintain BP 100/
60. WCC 83,000 - Not leukaemia.

Two hyperbaric (HBO) treatments given (BD for four or
five days planned)

Third Operation -
Required to control bleeding by repacking wounds.

Day Five

Fourth Operation -
Further re-exploration and debridement.

Third hyperbaric treatment.

Day Six

Muchimproved. WCC40,000. Creatininenow ninetimes
normal but no longer climbing.

Fourth HBO treatment.

Fifth Operation -

In view of his improving prognosis a right transverse
colostomy and minor debridement was carried out.
Cardiorespiratory arrest occurred after thisprocedure. He
was found to have aright upper lobe collapse.

The patient’ s condition precluded further HBO.
Colostomy bleeding, requiring transfusion, was probably

secondary to minor diffuseintravascular coagulation. The
diuretic phase of rena failure was starting.

Day Eight
Sixth Operation -

Minor debridement, but followed by heavy blood loss
requiring transfusion

Day Ten

Haematemesis which was treated conservatively with
twelve units of whole blood. Endoscopy was not helpful.
He had had atotal of 46 units at thistime.

Day Twelve

Seventh Operation -

A rebleed forced this surgery. At gastroscopy multiple
superficial ulcers mainly in the gastric fundus were seen.
A truncal vagotomy and pyloroplasty was performed. He
wasventilated post-op and commenced ontotal parenteral
nutrition.

Day Nineteen

A rebleed which was managed conservatively with the
transfusion of sixteen units fresh frozen plasma and
platelets. Cimetidine was added to his treatment. A
dramaticresult followed bicarbonateinfusion. Thegastric
pH rose to ten measured via a nasogastric tube.

Day Twenty-One

He developed a progressive metabolic acidosis related to
hisrenal failure and TPN.

Day Thirty

Heappearedterminal. TPN wasstopped. pH wascorrected
with massive transfusion of bicarbonate.

Day Thirty-One

Started improving in spite of everything.

Day Fifty

The problems persisting at convalescence were;
(@  weight lossfrom 107 kg to 70 kg

(b)  malnutrition

(c)  poor appetite and vomiting

(d)  apathy and withdrawal

(e)  muscle weakness

Day Fifty-Two

By now therehad beenaremarkablehealing of theperineum

and scrotum. Thinsplit skin graftswerelaid over thearea.
He was discharged to continue convalescence at New
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Norfolk eleven weeks after hisadmission. Hiscolostomy
closed at a later date with completely satisfactory anal
function.

Mr MT was a 58 year old gardener.

Histor

A fourteenday illnesswithabdominal pain, diarrhoea. For
three days an E Coli urinary tract infection. He had been
treated with erythromycin and tetracyclines.

Admission Findings

Septicaemic, distended tender abdomen, creptins over
right iliac fossa. Scrotum and perineum oedematous and
indurated.

Investigations

WCC 23,000

Normal Glucose and renal function

X-ray of theabdomen showed gasin thetissuesof theright
flank

Management

1V fluids, antibiotics

Day One
Operation

An extensive right ischiorectal lesion was found and
widely excised. The abdomen was explored and showed
necrotic muscle and fascia, from the perineum, over the
abdomen to the lower right ribs. Relieving incisionsonly
were performed.

Cultures from the wounds grew heavy mixed growth of E
Coli. Bacteroides fragilis and anaerobic strep.
Postoperatively hewascontinued onantibiotics, penicillin,
Gentamycin and metronidazole. 1V fluidsand Cimetidine
were given.

Day One to Four

Twice daily HBO treatments given to a total of six
treatments.

Day Four

He was greatly improved being afebrile with a normal
WCC. Histreatment was continued.

Second Operation
Closure of the defect with Teflon mesh. Postoperatively

HBO was resumed and a TPN commenced aswell asoral
feeding through a nasogastric tube.

Days Six to Ten

Seven further HBO treatments

Day Twenty-Eight

Split skin grafts applied to the teflon mesh which had
becomefilledwith granulationtissue. Theperineal wound
left to granulate with success.

Colostomy closed at al ater datewith compl etely satisfactory
anal function.

CASE REPORTS

John McKee

| am a general surgeon in Bega on the far south coast of
New South Wales and while the amateur divers do not
bother me very often, quite a few times over the years |
have been asked to give assistance in the treatment of
abalone divers who have run into problems. There are
forty abalonediversin my areaand fromtimeto timethey
get into real or imagined problems. Thisyear | have dealt
with two cases of possible decompression sickness.

Thefirstwasa28year old abalonediver. He had theusual
story of severe painin one shoulder and arm. Hehad been
divingfor sevenyears. Heused decompression stopsvery
rarely. Hehardly ever used adepth gauge. He said that he
spent thelast half hour or soin shallower water than earlier
in the day. That can mean anything.

On the day in question he had done three dives. Thefirst
to 90feet for 45 minutes. Hethen cameup and emptied his
abaloneshellsintotheboat. After asurfaceinterval of five
minutes he dived to 90 feet for 90 minutes. He then came
up to the surface again and unloaded hisbag. Thistimehe
extended hissurfaceinterval to 10 minutesbefore hewent
down to 60 feet for 30 minutes. When coming up, before
he reached the surface, he experienced severe painin his
left arm and shoulder. When he arrived at the hospital |
estimated that hehad alimbbend of moderateseverity. We
gave him oxygen to breathe all night. At this stage | was
contemplatingwhether or nottotry tosendhimby helicopter
to Sydney. His general condition was quite satisfactory.
He had no other evidence of decompression sickness. By
the next morning his pain was alot better, so he was kept
on oxygen for another 24 hours and the pain completely
resolved. The X-rays of both shoulders showed no
abnormality.

The second case was 10 years older and perhaps a little
wiser. He had dived for quite afew years as an abalone
diver. He also was brought to the hospital at night with
suspected decompression sickness. He gave a history of
repeated dives to no more than 70 feet that day. Thefirst
divewasto 70feet for at | east 90 minutesand thesubsequent
six to eight diveswere at shallower depths but for similar
lengths of time. When coming back to shore he felt
discomfortinbothlegs, afeeling of numbness. By thetime



he reached hospital he had developed rigors and a high
temperature. Wekept him under observation whilegiving
him oxygen. Overnight he completely recovered fromhis
symptoms and walked out of hospital the following day.

Then | felt that the correct diagnosiswas avirusinfection
with a high temperature and discomfort with paraesthesia
in both limbs.

Thethird caseisonewhich | think could beincluded with
Fred Bove' sdiscussionondivingfithess. Hewasaschool
teacher, adiver, adiving instructor, who died last year at
the age of 30. When aged 22 he had a subarachnoid
haemorrhage from acongenital berry aneurisminvolving
the anterior communicating artery. He survived this
episode. The aneurism was clipped off in Melbourne.
Eventually he resumed diving. | think this particular case
was brought up either at a SPUM S meeting or one of Carl
Edmond’s courses some years ago, when we discussed
whether or not thisfit young man should beallowedtodive
again. Here was a young man who had actually had an
angiogram which had revealed an aneurism which had
ruptured and been clipped. Therest of uswerestill diving
and none of ushad had an angiogram. (Remember that the
most common age for ruptured berry aneurism isin the
forties). It wasfelt that ashewassymptomlessandwell he
should be allowed to return to diving. He passed very
adequately amedical examinationundertakenby aSPUMS
member. Unfortunately some months later, which was
exactly four yearsfromwhen theaneurismwasclipped, he
had hisfirst grand mal seizure. Prior to this, he had been
completely symptomless. After the grand mal episode he
was started on Dilantin 100 mg three times daily, and was
free of fits. He continued to dive for a further twelve
months, then he had afurther episode of grand mal. Sothe
serum Dilantin was measured and it was found to be 22
millimoles per litre, the normal range being between 40
and 80. His Dilantin was then increased to 180 mg daily.

Over the next twelve months, until about twelve months
ago, he had three or four further fits. During thistime he
did diveintermittently, but hedid not instruct. Until about
twelve months ago it seemed as if the grand mal seizures
wereunder control. Early last year, hestarted to havewhat
wasthought to be petit mal. The episodescame onwithout
warning and he would partly lose awareness of his
surroundings and was often unable to retain the thread of
a conversation. The attacks usually concluded within
seconds but often they would come on so quickly, that he
himself was aware that he looked vague.

Latelast year hewasseen by theneurologistinMelbourne,
who had beeninvolved with hismanagement fromthetime
of the sub-arachnoid haemorrhage onwards, and he was
given prominal in an increasing dose in addition to the
Dilantin. Unfortunately within afew weeksof thishewas
brought to the hospital one afternoon, unconscious. He
had been by himself in his dive shop. He was thought to
have been eating his lunch as he was found unconscious,
with food in his mouth. It was uncertain whether he had
asphyxiated through food inhalation or through some
other factor. Hewasimmediately placed on arespirator.
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A lumbar puncture was done and blood-stained fluid
obtained. Hewasthentransferredthesameday to Canberra
for further management, aswe felt the outlook was rather
poor. He died the following day.

At post mortem he was found to have had a further
subarachnoid haemorrhage. Itwasimpossibleto determine
the site of the leakage. | have spoken to numerous
neurosurgeons and | understand that the anterior
communicating artery aneurism hastheworst prognosi sof
all, becauseit isthemost difficult to reach, and technically
themost difficult to get adequate occlusion of theaneurism.

Initialy it wasfelt that for some years he was doing well,
that he was fit to dive on most base lines that we would
draw. But astimewent by, presumably throughthe effects
of the original ischaemic episode he developed grand mal
seizures. Asweall know, aseizure of any sortinthewater
isvery likely to lead to drowning. Inthis casefortunately
thefinal episodewasonland and no-oneel sewasinvolved.
Itisanunusual casethat | would draw to your attention, for
all of usto remember in the future.

Dr Victor Brand: Chairman

How did you administer oxygen to the first two cases?

Dr John McKee

For giving oxygen at sea, orimmediately they havelanded,
| have an adaptor that takes aregulator that fits an oxygen
cylinder. Others have been given oxygen by mask by the
ambulancemanwhilecomingto hospital, and theflow rate
there could be almost anything. At hospital we have
usually given them something between six and ten litresa
minute.

Dr David Brownbill

A couple of comments about your case of subarachnoid
haemorrhage. He was not likely to re-bleed from the
clippedaneurism. Themostlikely thingisthat hedevel oped
another haemorrhage from a different site. It is well
recorded and | think it isthe most likely cause of death.

I would like to remind you that following surgery he had
a10% chance, right from the start, of devel oping epilepsy.
Thefact that he did not have anything for four years, one
quarter of the people do not have epilepsy for four years,
did not alter his chances.

Thereisno suchthing asawell controlled epileptic. They
arealwaysliable, under theright (or perhapswrong) set of
circumstances, to develop afurther fit. In someone who
hasbad intracranial surgery, if oneadmitsto a10% risk of
him having afit, divingisamatter requiring consideration
by all concerned. But once he has shown that he has a
predilectiontofitting by having had one, divingisabsolutely
contraindicated.
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Dr Fred Bove

| do not think that you would expect to find any changesin
the X -raysof theshoul dersof apersonwith decompression
sickness. We think that somehow there is a vascular
involvement of the long bones, athough that is not an
explanation of the pain. A bone scan would be a much
more useful pieceof information becauseit wouldtell you
whether there was any ateration of the blood flow in the
region of the pain. The X-ray obviously would not change
for many months. Soif you are concerned you might doa
bone scan to see whether there are ischaemic aress.

Dr John McKee

The X-rayswere taken 300 miles from a centre with scan
equipment, but more to reassure the diver than me and
partly to help decide whether to spend about $100,000
transferring himto Sydney for treatment. Very frequently
one gets these divers with various symptoms, and the
transfer cost, by helicopter or by Hercules, is now pretty
tremendous.

Dr Fred Bove

Just one more comment. When | was at Philadel phia, we
treated acaseof limb bendsinacommercial diver working
in the Atlantic Ocean who, by the time he got to the
chamber had lost all hissymptoms. Westill treated himin
thechamber. | would suggest that wherethereisachamber
available you should till treat the symptom free patient
with perhapsatable 5. Thereisaremote chancethat you
are preventing long term changesin the bone.

HOW COMMON IS DY SBARIC OSTEONECROSIS?

John Knight

Every diver hasheard of dysbaric osteonecrosis. Very few
areawarethat therisk of devel oping dysbaric osteonecrosis
islow if onefollows normal air diving procedures.

Surveysof nava diversintheUK (1) andthe USA (2) have
shown a very low incidence of dysbaric osteonecrosis.
This contrasts with earlier surveys of compressed air
workers. The mgjor difference between the two groups
was that compressed air workers spent a working shift
under pressure while the divers had much shorter periods
under water. Many of the naval diverswith bone changes
had been involved in experimental diving such astesting
new decompression tables and deep diving.

JAPANESE EXPERIENCES

In 1976 there were two papers from Japan published in
English. Ohta and Matsunage (3) reported a three year
survey (1966-1968) of the men of avillage (Ohura) onthe
shore of the Ariake Sea off Northern Kyushu where there

TABLE1

CLASSIFICATION OF DYSBARIC
OSTEONECROSIS

JUXTA-ARTICULAR LESIONS

Al Denseareaswithintact articular cortex
A2  Spherical segmental opacities

A3  Linear opacity

A4 Structural failures

a) Translucent subcortical band

b) Collapse of articular cortex

c) Sequestration of cortex

A5  Secondary degenerative arthritis (osteo-
arthritis)

were about 400 divers (active or retired). The men dived
to collect the expensive shell fish Atruria Japonica from
November to March (winter). Except during bad weather
they dived in 10m to 30m, while there was light, with a
lunchbreak of anhour. Thisgavetwofour-hour diveseach
day. During therest of the year they collected other shell
fish from 30m to 60m, worked on salvage jobs from 20m
to 70m or more, and did construction jobsin 10m to 30m.
To quote Ohtaand Matsumagathey “ had used no modern
technique of decompression”. Thisprobably explainsthe
fact that threeto five men died each year from accidentsor
decompression sickness. Decompression sickness was
very common, Socommon astobeconsidered unavoidable.
Their treatment was baths and booze.

Of the301 diverswhowere X -rayed, 152 (50.51) had bone
lesions. Of these, 44 men (29%) had juxta-articular
lesions. Betweenthemthey had 54 juxta-articul ar lesions.
Thegroup had ahighincidenceof previousdecompression
sickness, but therewasno significant rel ationship between
thesiteof the bendspain and thelesions. Theincidenceof
bone changes was higher in those who had been diving
longer andinthosewho had gonedeeper. Theresultsof the
first year's X-rays had been published in Japan in 1966.

The figureswere quite horrifying. Inthegroup with up to
4yearsdiving experience, 22% had bone changes, none of
which were juxta-articular. The5to 9 year group had an
incidence of 46%. The 10 to 14 year group had an
incidence of 71%. After 15 years of diving the incidence
was 74% and after 20 yearsit settled at 82%. The deepest
depth figureswerejust asdepressing. No lesionsin those
who had not exceeded 9m, but there were only 8 of them.
The 10m to 19m group had a 20% incidence, luckily for
them without juxta-articular lesions. Those who dived
between 20m and 29m had a46% incidence, while 30mto
39m was associated with an incidence of 53%. The 40m



to 49m range had an incidence of 64%, while over 50m it
was 74%.

The survey had some failings. Only 43 divers were X-
rayed on al three possible occasions. Only 144 were X-
rayed twice or more. So the figures are probably an
underestimate of the incidence.

The same year Amako, Kawashima, Torisu and Hayashi
(4) published apaper which carried the samesurvey ontill
1972. Sincethe survey started the divers had obtained a
small chamber which was used for deck decompression.
They had also abandoned the lunch break. This report
covered450diversX-rayed of whom 123 had been observed
for more than seven years.

Of the 450 divers, 268 had bone lesions (59.5%). 81 had
juxta-articular lesions (18% of the total). 30% of those
with lesions had the potentially disabling juxta-articular
lesions.

Aninteresting finding wasthat the divers devel oped bone
islands between X-rays. Thisledtheauthorsto add athird
category (C. Bone Islands) to the usually accepted
classification of dysbaric osteonecrosis.

The incidence of dysbaric osteonecrosis increased from
46% in the 16-19 year olds, to 49% for the next decade, to
70%for diversintheir 30’ sandto 75%inthefortiesgroup.
Those over 50 only had a 60% incidence, presumably
becauseof deathand retirement. Theassociationsbetween
experience and depth and increased osteonecrosis were
confirmed.

The most interesting findings were those about the 123
diverswho were studied for seven years. In 1965, 36 had
multiple lesions, 18 had solitary lesions, while 69 had no
lesions. By 1972 there were 69 with multiple lesionsand
27 with solitary lesions. Only 27 divers had no evidence
of dysharic osteonecrosis. During the six years of the
survey, 79 divers had developed new lesions. 27 of them
had new juxta-articul ar lesions, 25 had new head, neck and
shaft lesions, while 13 had devel oped boneislands, which
are not normally considered to be due to dysbaric
osteonecrosis. To confuse matters, someof thosewho had
lesionsonthefirst survey did not develop new ones. Inall,
44 divers came through the survey without developing
lesions.

THE AUSTRALIAN SCENE

In1976 Williamsand Unsworth (5) reported onthe X-rays
of 110divers, 31 fromthe RAN, 15 from the NSW Police,
8 marine biologists or scientific workers, 37 commercial
diversand 19 sportsdivers. Threediversweresaidtohave
used other than compressed air. This suggests the use of
helium, but helium is not specifically mentioned in the
paper. Naval clearancediversuseoxygen-nitrogen mixtures
whichdifferincompositionfromcompressedair. Abalone
divers are commercial divers as they make their living
from diving. But abalone divers are known to treat
decompression tables rather casualy, while employee
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divers are usually more careful. Abalone divers are not
mentioned in the paper. Progression of any lesions
discovered could not be followed as only 30% of the
participants had two sets of X-rays taken.

84 divers (72%) had no bone changes, 8 (7%) had juxta-
articular lesions. Again thisisahigh proportion (30%) of
those with lesions. 18 (17%) had head, neck and shaft
lesions. Presumably two divershad both sortsof lesionsas
their table gives 20 with B type lesions while simple
mathematics gives 18.

They also found 18 other X-ray lesions involving joints.
Such things as osteochondritis dissecans, myositis
ossificans, deltoid bursitis, shoulder dislocation, arthritis
after fracture, traumatic arthritis, tendon calcifications,
capsular calcificationand periosteal avulsiondo not appear
inother reports. Thisgroup appearsto have had morethan
itsfair shareof serioustraumaas22lesionswereattributed
to trauma among 110 men (20%).

When one considersthe various groups of diversincluded
inthesurvey, theRAN had 13 of 31 withlesions(42%), the
NSW Police5out of 15(33%), thecommercial divers6 out
of 37 (16%), other full timedivers1 out of 8(12.5%) [there
were no head, neck and shaft lesionsin thisgroup] and the
sportsdivershad 3 with lesionsfrom 19 subjects (15.4%).

Theincidence of juxta-articular lesionswas RAN 1in 31
(3.2%), Police 2 in 15 (13%), commercial divers 3in 37
(8%), other fulltimedivers1in 8 (12.5%) and sportsdivers
1in 19 (5.2%).

ThefiguresfortheRAN diversarehighbecauseonly those
RAN divers who had suspicious X-rays were referred to
Prince Henry Hospital. When the total RAN diver
population isconsidered theincidencewas much the same
asin other navies. Harrison (1) found 18 definite lesions
in 383 divers(4.7%) whileasurvey of 834 USN divers(2)
produced 16 with lesions (1.7%).

This paper by William and Unsworth (5) was the first
report of dysharic osteonecrosis lesions in sports divers,
and one of the three cases was a juxta-articular lesion

OPTIMISM IN THE 1970's

In 1977 Dr John D Davidson of the MRC Radiological
panel visited Melbourne. He gave a lecture on dysbaric
osteonecrosis. Hequoted, from M RC sources, thefindings
from five tunnelling contracts between 1955 and 1966.

There had been a decompression sickness rate of 1.3%
Typel and 0.12% Type |1, but the incidence of dysbaric
osteonecrosishad been 19.2% of the 1,694 tunnel workers.
334 men had definite lesions while another 229 (13.31%)
had suspected lesions. 7 of these lesions (3.5%) were re-
classified as definite lesions during follow up.

Thelesionsweredistributed asin Table2. 40%werejuxta-
articular. Thiswasamuch higher percentageof potentially
disablinglesionsthanintheJapanesefishermen. However,
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the Japanese had nearly three times the incidence of bone
changes so were more at risk.

TABLE 2
DISTRIBUTION OF 820 DY SBARIC

OSTEONECROSIS LESIONS
IN 334 TUNNEL WORKERS

JUXTA-ARTICULAR

Dense areas 21%
Increased calcification 9%
Denselines 5%
Structural failure 5%
Osteoarthritis 5%
HEAD, NECK AND SHAFT
Dense areas 20%
Increased calcification 40%

At that timethe MRC had X-rays of 2,300 compressed air
workers and of 2,516 divers. 383 tunnellers (17%) had
bone changes, while only 60 divers (2.4%) were affected.
Dividing the meninto air diversand helium divers, onthe
basi sof amaximum depth of morethan 50m, theincidence
was 0.4% in 804 air divers and 2.7% in 1,158 helium
divers. Modern commercial diving seemedto havebeaten
the bogey.

THE NORTH SEA IN 1979

Last year David Elliott told usabout thelatest figuresfrom
the North Sea. In August 1981 The Lancet published a
paper onthe subject (6). 1t wasasurvey of 4,980 diversof
whom 4,670 (93.8%) had no lesion. 106 had suspected
lesions (2.1%) and 207 (4.21) had definite lesions. 700
men have been X-rayed 5 or more times and over 2,000
have had three or more sets of X-rays. Interestingly, 82
men were excluded from the survey because of the poor
quality of the X-rays. Included in the normal group were
those whose “only radiological abnormality was a bone
island, a cyst or some other unimportant change”.

62 men (1.2%) had a definite juxta-articular lesion. 142
men (2.8%) had a definite head, neck or shaft lesion.
Again, those with juxta-articular lesions formed a large
proportion (43%) of those with lesions.

Theanatomical distributionisshowninFigurel. Assome
men had multiplelesions, therewere 72 juxta-articular and
274 head, neck and shaft lesions to record. The numbers
in brackets are those with damaged joints.

When discussing the factors associated with dysbaric
osteonecrosis, the authors, by controlling the experience
factor, were ableto show that age, per se, isnot associated
withthelesions. However, divingexperience(andtherefore
in general, age) is. Prevalence rose from 0.7% for those

TABLE3

DY SBARIC OSTEONECROSIS IN 4980
COMMERCIAL DIVERS

LESION DIVERS %
None 4670 93.8
Suspected Head, Neck, Shaft 71 14
Definite Head, Neck, Shaft 142 2.8
Suspected Juxta-Articular 35 0.7
Definite Juxta-Articular
Intact 53 11
With Damage to Joint 6 0.2
With Secondary Osteoarthritis 2 0.2
Surgically treated 1 0.2

with less than 4 years experience, to 2.2% between 4 and
8 years, 5.5% between 8 and 12 years and to 10.7% after
12 years of diving.

Fatter and heavier men were statistically more likely to
developlesions. Soweremenwho had had decompression
sickness. Of those who claimed never to have been bent
(60%), 1.7% had developed lesions. But 10.7% of those
who admitted having decompression sickness devel oped
lesions. 8 of the 9 men who had damaged joints said that
they had been bent.

FIGURE 1
SITES OF DYSBARIC OSTEONECROSIS IN 207
COMMERCIAL DIVERS




TABLE4

DIVING EXPERIENCE AND DYSBARIC
OSTEONECROSIS

YEARS NORMAL LESIONS PREVALENCE
DIVING

Lessthan 4 1262 9 0.7%

4108 1300 29 2.2%

8to 12 885 52 5.5%

12 or more 869 104 10.7%
TABLES

DECOMPRESSION SICKNESS AND DYSBARIC
OSTEONECROSIS

DECOMPRESSION DY SBARIC OSTEONECROSIS
SICKNESS
NO YES TOTAL

NO 2978 52 3030
YES 1228 147 1375
TOTAL 4206 199 4405

Quite definitely, dysbaric osteonecrosis is related to the
typeof diving. Compressedairto 30mwaslesionfree. 31-
50m gave 8 men lesions (0.8% of those exposed to thisas
amaximum depth). 51-100m gave 19 menlesions(1.6%),
101-200m gave 139 men lesions (8.1%) while 201m or
more resulted in 30 men with lesions (15.8%). Saturation
diving, with adequate records had been done by 1,725
men, of whom 143 had lesions. Again the incidence
increased with depth.

The MRC report points out that femoral juxta-articular
lesions are rare in divers and that only nine divers had
damaged humeral headsmakingitimpossibletobecertain
about the proportion of juxta-articular lesions that will
progress to change. However, in 93 compressed air
workerswith juxta-articular lesions, ninewent on to joint
damage (9.7%). But one should include the 48 who had
joint damageat thefirst survey which pushestheincidence
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upto40%. Forthediversreported on, thefigure cannot be

lessthan 9in 72 (12.5%).
TABLE 6

DYSBARIC OSTEONECROSIS AND MAXIMUM
DEPTH

DIVERS DEFINITE
MAXIMUM DEPTH INMETRES LESIONS
%

Lessthan 30 317 0 0.0
31to 50 1025 8 0.8
51t0 100 1171 19 1.6
101 to 200 1718 139 8.1
200 and deeper 190 30 15.8

The prevalence of bone lesions in the North Sea diving
population has risen from 0.94% in 1975 to almost 5% in
1979. Theincidence, proportion of new casesper year, has
varied but remained below 1.27% of thoseat risk per year.
There is a sharp rise in the incidence of dysbaric
osteonecrosis after the sixth year of experience which is
about the time most divers start helium and saturation
diving.

1,725 saturation divers had 143 lesions (8.3%). Of these
27 werejuxta-articular or damaged joints (1.5%) and 116
had head, neck and shaft lesions (6.7%). 3,255 men had
never done saturation diving or were without sufficient
data. Simple arithmetic gives us 38 men with juxta
articular lesions (1.2%) and 26 with shaft, head and neck
lesions (0.8%) in the non-saturation group. Thisignores
multiplelesionsin both groups. According to the number
of lesionsrecorded up to 10 men had more than onejuxta-
articular lesion while 275 head, neck and shaft lesions
were shared by 204 men.

DAMAGED JOINT
David Elliott told us last year that minor bends were very

common in commercia diving and that the saturation
depth is often 150 feet above working depth. These facts

TABLE 7

DY SBARIC OSTEONECROSIS AND SATURATION

MAXIMUM DIVERS MOST RECENT X-RAY RESULT
DEPTH NORMAL  DEFINITE DEFINITE DAMAGED
SATURATION (m) HNS (%) JA (%) JOINT
1t0 100 215 212 1(0.5) 1 1

101 to 150 664 621 32 (4.8) 10 (1.5) 1

151 to 200 656 589 57 (8.7) 9 (1.4) 1

201 to 300 136 118 16 (11.8) 2(15) 0

301 or deeper 54 42 10 (18.5) 2(3.7) 0
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could explainwhy theincidence of dysbaric osteonecrosis
is higher now than it was in the middle of the 1970'’s.

ADVICE TO THE SPORTS DIVER

What can we make of this? Sports divers who do not go
below 30m, and observe the tables properly are most
unlikely to develop lesions.

Those who dive below 30m, to 50m, have approximately
a 1% chance of developing lesions. On the basis of the
MRC figures, which do not give the lesions associated
with each depth, 36% of lesions will be juxta-articular,
probably in the humerus. Recorded attacks of
decompression sickness increase the incidence of bone
lesions nearly five times. In Australia, many cases of
decompression sickness are associated with rapid ascents.

Varioussurveysof both new and in use depth gaugeshave
shown that a large proportion are inaccurate. Luckily
many overestimatethedepth. But many underestimatethe
depth and can lead the diver astray in his depth-time
profile.

Careful diving, using arecently calibrated depth gauge, a
waterproof watch, staying within the no-decompression
limitsand avoiding sudden unschedul ed ascentsandrunning
out of air should allow the sports diver to enjoy hisor her
fun without risking any joints.
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THE SAFETY OF THE UNITED STATESNAVY
DECOMPRESSION TABLES AND
RECOMMENDATIONS FOR SPORTS DIVERS

Bruce Bassett

I will quickly review what Haldane found and what the
United States Navy (USN) modifications to the original
Haldane model were, as a result of several years of
development of decompressiontables. Thenl will analyse
the safety of the USN standard air decompression tables,
leading on to recommendations for sport divers based on
safety analysis.

Haldane basically had two observations. Testing his
animals by exposing them to increasing depth, keeping
them therelong enough to attain equilibriumwith theinert
gas pressure, saturating them, and then decompressing
them, he developed the concept that there was a critical
supersaturationratio. Thisisoften expressed asapressure
ratio. One can aways reduce the pressure by one half
within the realm that he worked in, to pressures of 6
atmospheres absolute. However the important aspect is
the driving force for inert gasto form bubbles. Therefore
itisexpressed asaratio of the nitrogen pressure, trying to
force gas out of solution, versus the barometric pressure
trying to keep the gasin solution. That was the empirical
observation. Therewassomecritical supersaturationratio
and if he observed it, he did not get the animalsin trouble
with decompression sickness (DCS).

After looking at what factors were involved in inert gas
uptake and elimination, he decided that handling all the
variables was difficult. So he developed a mathematical
model based onthe half time equation. Haldaneknew that
there was an infinite number of curves that described the
uptakeand elimination of nitrogeninvariousregionsof the
body, depending on the combinationsof fat and perfusion.
Of coursetheseratesmay changewith other variablessuch
as cold and exercise. By choosing a number of time
constants to put into the equation one can approximate to
what isreally happeninginthebody. That washis second
concept.

The first decompression tables were built using the half
times5, 10, 20, 40 and 75 minutes, applied to the half time
equation. Asan example, if adiver went to adepth where
thenitrogen pressurein compressed air was4 atmospheres
absolute for 40 minutes one can use this equation to
calculate the amount of nitrogen that is taken up. A 5
minute half time after 40 minuteswill have been exposed
for 8 units of half time, so that tissue would be 100%
saturated. It would have a nitrogen pressure of 4
atmospheres. A 10 minute tissue after 40 minutes would
havebeen exposed to4 unitsof half time sowould beabout
93.75% of 4*atmospheres. The 20 minutetissuewould be
75% saturated, it would hold 3 atmospheres of nitrogen
pressure and so on. Using the empirical observation that
anitrogen pressure to barometric pressure ratio of 1.58is
safe, one can calculate the barometric pressure that the
diver can safely ascend to. One multipliesthe calculated
nitrogen pressure by 1.58 which givesyou the barometric.



pressure that you can ascend to.

Hal danebuilt decompressi ontabl esbased onthisempirical
observation of thecritical ratio and amathematical model.
Compared to what was happening at theturn of the century
in terms of divers getting bent like pretzels, his tables
worked because diving became much more successful and
theincidence of bends went down. Sometime after 1900
when the USN was doing its diving using the Haldane
tables, which were fairly limited in scope, both in depth
and bottom times, it became necessary to go beyond the
Haldanetables. So, usingthe Haldane cal cul ation method
and the Haldane observations, they went to greater depths
and greater bottom times and produced a set of tables, the
older pre-1955 tables. They can be recognised because
they had an ascent rate of 25 feet per minute. Also within
each depthrangethereisan asterix for theoptimum bottom
time at agiven depth time. | am not sure what was meant
by an optimum bottom time. They had times longer and
shorter, but onewaslabelled optimum. They wereused by
the USN for diving for anumber of years. Theold tables
did not have arepetitive dive system. One simply added
the bottom times together and came up with the
decompression requirement after the second or third dive.
They did not giveany credit totheoff gassing that occurred
on the surface.

USN Standard Air Tables

When scuba came into military use, its short duration
demanded repetitivedivingfor useful work tobeachieved.
The decompression penalties of the old system were
unacceptable. Perhaps there was some incidence of
decompressionsicknesswiththeoldtables. Sointheearly
to mid-50’s, the USN went through the whole process
again, using basically theHal daneequationsfor half times.
Then they tested them at the experimental diving unit on
real live diversin water, in awet pot, in their equipment,
doing work. With al thistesting, if adiver bent, that was
not an acceptable schedule. They had to go back, look at
the half times and the calculated nitrogen pressures, and
seewhich onewasthelikely cul prit for having caused that
bend. Thenthey would reducethat calculated value. That
is, reduce the bottom time. Nowadays, with statisticians
breathing down our necks in research, to test a given
scheduleto an end point of ahalf percent bends with 95%
confidencelimitsrequiresabout 150individual mantests.
That is very expensive. Obvioudy they did not do that.
The best that they could do was to produce a set of tables
with an end point of zero bends. The result was that the
tables that were produced in 1955 have not changed one
iotasince.

The USN had to extend the half times beyond Haldane's
slowest tissue, which was 75 minutes. That was awhole
body saturation time of 7 1/2 hours, six times 75 minutes.
The USN tables, the standard air tables and the repetitive
divetables, have half timesof 5, 10, 20, 40 and 80 and the
slowest half timeis120 minutes. If one multiplesthat 120
minutes, the slowest tissue, by 6, 6 units of half time, it
takes 12 hours to reach total saturation. Assuming that
excretionisthemirrorimageof uptakeany excessnitrogen
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that is put into that slowest tissue takes six times 120
minutesto begot rid of. So 12 hoursisthe magic number
intherepetitive dive scheme of the USN tables. Oncethe
diver has gone beyond 12 hours he is considered to be
“clean”. Theoretically there is no excess nitrogen in the
slowest tissue.

So that was number onefinding. They found they needed
a 120 minutetissue basically by running diveslonger than
Haldane did. Maybe they discovered it as a result of
repetitive dives. | am not sure.

The other change from Haldane's observations was the
critical ratio. The USN found that there was a different
supersaturation ratio, apparently a different critical ratio
foreachof thehalf times. Atfirstonesays, well why? Why
can one tissue hold more nitrogen than another tissue? It
probably hasnothing to dowith aphysical force. It may be
simply time and risk. Nitrogen molecules have to move
within the body, to get together and perhaps overcome
forces like surface tension and so on to form a bubble.
There may be a time element for this to occur and for a
bubbleto comeinto being. If onereachesthe surfacewith
a5 minute tissue which has 1.35 atmospheres of nitrogen
init, 5minuteslater half of theexcessgashasgonebecause
itiseliminated at the samefast rateasitistakenup. If one
surfaces with a 120 minute half time tissue with 1.35
atmospheres in it, it takes a long time for that to decay
down. The differing critical ratios represent time at risk,
rather than a physical ability for that tissue to hold more
nitrogen.

Why are these ratios different from Haldane' s? Haldane
based his observations on saturation divers. So he was
only dealing with the slowest compartment. Under those
conditionsno other tissue can haveany morenitrogen than
that. The USN 80 minute critical ratio is essentially the
sameasHaldanehad with his75 minutetissue. Thecritical
ratiois 1.58 to oneand alittle bit lesswith the 120 minute
tissue. But consider abouncedivedownto 165feet for ten
minutes. Fortenminutesthereisalargepressuregradient.
But the 120 minute tissue has not taken up very much
nitrogen, nowhere near itslimit. Soif oneteststhe safety
of a bounce dive and the diver is not bent it becomes
apparent that thefaster tissuescanwithstand ahigher ratio.

Very simply half timesand critical ratiosarethe essentials
when describing the USN standard air decompression
tables. If onecanadd, subtract andfiddlearound alittlebit
with the half time equation, one can calculate these
schedules. Itisavery simple set of calculations. Thereis
no deep magicinit.

M Values

Some people are confused by M values. It issimply the
calculated partial pressure of nitrogenin ahalf timetissue
allowed when you reach a given decompression stop.
What | have been talking about is strictly the surfacing
value. For decompressiondiving, theM valueschange, as
the amount of nitrogen you can add for each 10 feet is
greater thanwhat you can havewhenyoureachthesurface.
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But it also works out that the critical ratios are different.
The ratios actually decrease with depth. The allowable
supersaturation level is less with increased depth and it
reachesitsmaximumonsurfacing. M valuesareexpressed
infeet of seawater (fsw) absolute, whichisarather funny
pressuremeasurement. It assumesthat oneisalwaysunder
33 feet of sea water. Of course feet of sea water is a
pressure measurement and so one can use it in absolute
terms. One uses it because then the equation gives the
answer in feet of sea water which is what one needs in
terms of decompression stops. It ismore convenient than
using M values in millimetres of mercury or pounds per
sgquareinch or atmospheres. M values can be divided by
the surfacing barometric pressureto givethecritical ratio.
Dividing M valuesby thebarometric pressure at sealevel,
33 feet of seawater absolute, will give the critical ratio.

SAFETY OF USN STANDARD AIR TABLES

The USN standard air tableswere produced in 1955. The
next question is how good are these tables? They have
been used by many, many people around the world for all
theseyears. For alongtimethe USN did not haveany idea
of how good the tables were. Individua diving doctors
would probably back me up on that. One would say that
they had 5% bends on that particular project, or another
would say that they had 10%, or another would say that he
did not have any. Therewas apaper published inthe mid
60’ sby Rivers, who analysed 935 cases of decompression
sicknesstreated in the USN over afifteen year span. But
one has no idea of the incidence, because there was no
denominator. The USN had no recording system for the
number of dives made.

In 1970, the USN adopted arecording system, so al dives
made by USN diversor other divers under the auspices of
the USN werelogged. | have used thefirst years statistics
anawful lot. It wasavery brief report which showed that
the total number of dives made was 30,039. Of the 30
accidentsin USN divers, 25 weredecompression sickness.
The figures were broken down by the kind of equipment
that was used. Extracting just the air dives because | am
considering sport diving, there are two ways of looking at
theresults. Therewere 26,035 air dives. The other 4,004
divesledto over half the accidents, so onewould not want
to be a heliox diver, a saturation diver, an experimental
diver or anitrox diver, the categories that made up those
4,004 dives. Intheair category therewasdeep seaair, the
useof USN standard dress, fairly deepdiving, hardworking
diving, probably agood percent, if not all, decompression
dives. Threedecompressionaccidentsgave0.081% bends,
avery respectable incidence record.

Then there was lightweight air, using full face mask, a
band mask, moderate work, moderate depths, probably a
mixture of decompression and no-decompression dives,
with a dlightly lower incidence. Finally, open circuit
scuba, the biggest category of all in that year’ s reporting,
had anincidence of 0.035%. All inall, one accident out of
every 2,173 divesisapretty good safety record. Itisalso
agood reason for you to log your dives, so you can quit at
2,172

| have used that information for years to promote the use
of the USN tables amongst sport divers. Y ou can not beat
those statistics. However, there are some fallacies there.
One big question is“How does the USN use open circuit
scuba?’ There were 17,266 dives on scuba. If none of
thosedivesweremadeanywherenear theno-decompression
limits, then one is just inflating the denominator when
calculating an incidence of accidents or incidents of
decompression sickness. If scuba is used primarily to
scrub the sides of ships the diver is never deeper than 30
feet, probably alot shallower than that and never anywhere
near the no-decompression limits. So this inflated
denominator will influencethestatistics. Thesefiguresare
probably theleast incidencewhenall divesare considered.
It may well equate to what sports divers do - | think that
sport diversdive conservatively, so maybe over al thisis
what the sport diver may expect too. But the question that
really comes up for sportsdiversis“If | diveto thelimits
of no-decompression, what happens’?

Thereisamorerecent report fromthe USN. Itisacouple
of yearsold now, butit confirmsmy impressionsabout that
inflated denominator. Thisanalysislooked at the standard
air tables and from the reporting system took only dives
madeto schedul es, that i stimesand depthsactually printed
inthe USN standard air tables. For example, at 60 feet the
first entry is60 minutes. Thereisno entry for lessthan 60
minutes. So thefirst entry isthe no-decompression limit.
Then it goesto 70 minutes, 80 minutes and so on. So for
a60 foot dive anything less than adive of 60 minuteswas
not included in this analysis. As a result there was a
difference in the overall numbers. Thisreport covered a
seven year span and the total number of dives reported to
be on a Schedule to be found in the USN tables was only
16,167, compared to that oneyear’ sreport of 17,266 open
circuit scubadives, which right away confirmsthat 17,000
of those dives were probably nowhere near the no-
decompression limits. If one eliminates those dives the
incidencegoesup. Get rid of theinflated denominator and
one sees a more redlistic incidence of decompression
sickness - 202 cases, 1.25% over dl (Table 1). 6,712,
41.5% of all divesreported, were between 40 to 140 feet,
the depth range of interest to sport divers. 86% of those
were decompression dives. 14% were no-decompression
dives. There were 98 cases of decompression sickness
(48.5% of thecases) anincidenceof 1.5%. Thatwasalittle
higher than the overall incidence which included dives
downto300feet. Inthedeeper divestheincidenceactually
dropped alittle bit. Thething that isinteresting from the
point of view of sport divers, istable 1. Remember that
86% of the dives were decompression dives, and 13.9%
were no-decompression dives. 86% of the cases of
decompression sickness were from decompression dives
and 13% were from no-decompression dives. That says
that therisk of decompression sicknessinUSN divingisno
different in no-decompression or decompression diving.

Many sport divers, whenthey learnto diveand learn about
decompression tables, are told not to do decompression
dives asthey are not safe. | will agree with that for sport
diving. But not with the inference that decompression
dives give a higher chance of getting bent. That appears
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TABLE1

USN DIVES MADE TO DIVING MANUAL SCHEDULES 1971-1978

DEPTH  DECOMPRESSION DCS (%) INCIDENCE NO-STOP  DCS(%) INCIDENCE  TOTAL DCS INCIDENCE
IN FEET DIVES (%) DIVES (%) (%) (%)

40-140 5,782 (86.1) 85(86.7)  15%  930(13.9%) 13(13.3%) 1.4% 6,712(415)  98(485%)  15%
150-190 5,512 (99.4) 49(100)  09%  35(0.6%) 5547(34.3)  49(24.3%)  0.9%
200-300 3008(242)  55(27.2%)  1.4% 3,908 (100) 55 (100) 1.4%
ALL DEPTHS 15202 189 965 13 16,167 202 1.25%

not to be true. One does not stand a higher chance of
getting bent, unless one does not do it right. Sport divers
cannotdoitrightif they donot plan enoughand do not have
the same standard of surface control asthe USN. Sowhen
you tell sport diversnot to do decompression dives, do not
imply that they are going to get bent if they do
decompressiondives. If onedoesitrightitisnoworseand
no better than no-decompression diving.

| do not promote deep diving amongst sport diversin any
way. However, 5,547 dives (34.3% of the total) were
between 150 feet and 190 feet. There were 49 cases of
DCS (24.3% of the total) giving an incidence of 0.9%, a
slightly lesschance of getting bent than with the shallower
dives! 99% of thosedivesweredecompressiondives. One
doesnot divetothosedepthsasasport diver, because sport
diversdo not do decompressiondives. They arenot easily
handled. It gets beyond sport to do decompression dives.
Between 200 feet and 300 feet the incidence went back up
toabout 1.4%. Obviously all of thoseweredecompression
dives.

DO THESE FIGURES APPLY TO SPORTS DIVERS?

We have to consider the question “Can one expect that
kind of incidence asasport diver?” Theanswer is“yes’,
“maybe’, and “no”.

The answer is “yes’ if one dives the same way the USN
dives and one isin that segment of the population curve
that describes the divers from whom these statistics were
derived. Then one might expect the same statistics.

Fitness

A lot has been made in the United States about the USN
tables being made for USN divers. They are supermen.
They areintop physical conditionandall that. Actually the
usual bell shaped curvedescribesthe USN diver population.
Some are superfit and some are not o fit. Extremes are
what makes the difference between the sport diver and a
USN diver.

Age

There are extremes in age. There are no USN divers
younger than about 18. By the time they get into the

military and go into training, they are over 18. Thereare
sport diversyounger thanthat. Sointermsof whether they
match the USN diversif they are younger than 18 they do
not. So we are not sure. That puts the answer in the
“maybe’ category. Maybe the statistics apply. At the
other end of the scale, there are not very many active USN
diversbeyond the age of 35. By then they move up to the
supervisor classandthey arenot theactivedivers. They go
into the USN at 18 and they start to retire out at about 38,
after 20 years service. So the USN does not have many
active divers over 40. Obviously there are many of usin
thisroomwho cansay “ maybe” thestatisticsapply because
| am not in that population, | am over 38.

Sex

None of those statistics apply to women divers. The USN
only started takinginwoman asdiversvery recently. They
would beinsignificantinthat set of statistics. Soif youare
awoman, you can say that you are not described in that
population.

General Hedlth

Obvioudly, if you are not healthy enough, to pass the
physical for the USN, then you would not be in that
population.

Obesity

Chronic obesity is frowned upon in the military and they
will takethem off diving serviceif they arefrankly obese.
But | have measured body fat in military subjects. There
isarange of fatnessin the USN. | think that everyone at
thismeeting would passameasurement of acceptablelean
to fat ratio for military diving. Other things may hold us
back. Itishardtofind differencesbetween military divers
and sport divers, except for those | have mentioned.

Diving Patterns

When one talks about sport diversin general, many arein
their 20ssothey arelikethe USN divers. Therea problem
is whether sport divers dive the same way as the USN
divers. That isan unknown. The USN tables say one can
go to 60 feet for 60 minutes and come straight to the
surface. But if for somereason the USN never divesto 60



20

feet for 60 minutes, and they do not tell us about it, then
they are diving differently from sport divers.

If aUSN diver makesadiveto 100 feet for 25 minutesand
recordsit as having been made to schedulg, it getslogged
as 100 feet for 25 minutes. What he may have done was
anything from a 90, 92, 93, and so on up to 100 foot dive
from anything from 21 to 25 minutes. A 10 by 5 matrix of
possi blecombinationsof depth and bottom timewhich has
been recorded asa 100 feet for 25 minutesdive. Only one
out of 50 possibilities has actually been madeto the limit.
If one does a 60 feet dive for 60 minutesit isa 10 by 10
matrix. 100 possible combinations of depth and time
which would be recorded as a 60 feet for 60 minutes dive.
Then there are other little things that come out, like the
USN 2 foot and 2 minute rule which is not in the diving
manual. It isnot mentioned on any of the tables or sport
diver tablesthat if oneiswithin two minutesor two feet of
ascheduleonegoestothenext one. Butthe USN doesthis.
Soitisnot a60feet for 60 minute schedule. At 58feetyou
gotothe 70 feet scheduleand at 58 minutesyou gotoa70
minute bottom time. That makes one wonder if sport
divers do dive the same way asthe USN does. | wonder,
because it does not show up in thisreport, just how much
repetitive diving the USN does. Sport diving isasport of
repetitivediving. It may beonly onceayear that onedoes
thiskind of diving. But whenwe do it we divealot ona
sport diving vacation. So there are some differences to
worry about.

recompression chamber after the dive. So any one of the
100 possible dives which can be logged as 60 feet for 60
minuteswould be decompressed for 70 feet for 70 minutes
which is 14 minutes at 10 feet.

| should not bring up reporting accuracy, but apparently in
that first year there were some paper divesin those 30,000
dives. That ispeople who had to make proficiency dives
did not get them in but neverthel essa paper was submitted
indicating the dive had been made. How many therewere
or how significant that was, | do not know. Again, | do not
know the repetitive dive frequency in the USN.

Let ustake someindividual schedulesfrom the USN and
also look at some laboratory studies. (Table 2). For a60
foot for 60 minute schedule, the USN reported a 1.1%
incidence of bends. If asport diver dlips past 60 minutes
and does a 60 feet for 70 minute dive with its proper
decompression, isthat abetter dive form? Inthe Navy’s
experience, no, although the numbers are pretty small,
three out of 62. It looks asif he doesincrease his risk of
bends.

Really more important are dives made in alaboratory to
no-decompressionlimits. Spencer in Seattlehasdonealot
of work with no-decompression limits, using the Doppler
ultrasonic, precordia bubble detector. He recorded one
bend from 13 exposures to 60 feet for 60 minutes, 7.6%
bends. 31% of thesubjectshad venousgasemboli detected.

COMPARISON OF USN, SPENCER AND BASSETT

SCHEDULES, DECOMPRESSION SICKNESS (DCS) AND VENOUS GAS EMBOLI (VGE)

SOURCE DEPTH/TIME DCS/DIVES
USN 60/60 2/183
USN 60/70 3/62
SPENCER 60/60 1/13
BASSETT 60/60 (E) 1/18
USN 80/40 0/40
USN 80/50 2/34
BASSET 80/40 (E) 1/16

(E)  Equivalent Flying After Diving Schedule

So what happens when one really makes dives to no-
decompressionlimits? Thereislaboratory evidence. Some
of the USN statisticsmay makeuswonder alittlebit about
the no-decompression limits. Firstly, how close do the
USN diversgotothelimits? | suspect not very often, both
by probability and by Navy diving supervisor unwritten
lawsinadditiontothetwofoot and two minuterule. When
| went throughthe USN diving school medical programme
backin1964, theMaster USN diversweresaying“ Always
cheat the government, never cheat thediver. Timeand air
are cheaper than bone and brains’. They put them on the
next schedule as they did not want them coming up bent.
They did not want to spend a lot of time working a

DCS VGE
1.1% No record
4.8% No record
7.6% 31%
5.6% 27.8%
0 No record
5.9% No record
6.3l 37.5%

My own contribution is an equivalent flying after diving
schedule. My projectinthelast threeyearsbeforel retired
fromthe US Air Force wasto validate some schedulesfor
flyingafter diving. Thefirstround of thiswastotest 20 odd
man exposuresto 6 different schedules. We made adive
inahyperbaric chamber to abottom timecal cul ated so that
when we ascended to the surface and continued on up to
10,000feet altitude, it producedthesamesurfacingratioas
the USN no-decompression limits surfacing at sealevel.
In my schedule, | did not do a60 feet for 60 minutesdive.
| did a 60 feet for 20 minutes dive. But when the “diver”
surfaced and continued on up to 10,000 feet, theratio that
he attained on reaching 10,000 feet was the same as



coming to the surface after a 60 feet for 60 minutes dive.
| called it equivalent. That was by design. The statistics
back up that it was equivalent, because | had about 5.6%
bendsonthat scheduleand about 30% or lessintravascul ar
bubbles, much the same as Spencer’ s60 feet for 60 minute
dives.

At 80feet for 40 minutesthe USN had no bends. But at 80
feet for 50 minutes they had 6% which is the same asthe
diveto 80 feetin my equivalent dives, 6.3%. 100 feet for
25 minutes was the worst for the USN. It gave 4 casesin
only 43 exposures, but that isa9.3%incidence. Remember
that probably only one out of 50 divesisactually madeto
that limit. My 100 feet for 25 minutes equivalent dive, as
withall my equivalent dives, had a6% incidence of bends.
It isinteresting and thiswill cometo light when | finally
giveyou my recommendationsfor sport divers, that when
you go deeper the bendsrate decreases. Thereisareason
for thisinthedesign of thetables. | wastotally cleanonthe
130 foot for 10 minute equivalent dive and the USN was
almost clean at 130 feet for 10 minutes.

When we actually dive to the no-decompression limitsin
the laboratory you can see 5 to 8% bends. Depth is
controlled. Bottom timesare controlled. Rates of ascent
arecontrolled. All was according to the USN tables both
in Spencer’s and in my laboratories.

PREVENTION OF DECOMPRESSION SICKNESS

What canyou doto prevent that 6% bendsincidence? One
study by Pilmanisat the University of Southern California
used afew diversfor open water no-decompression dives
madein acontrolled way, to ameasured depth of 100 feet,
withameasured bottom timeof 25 minutesand ameasured
ascent rate of 60 feet per minute. Some subjects produced
intravascular bubbling to agreat degree on that exposure.
They found that if they putin a3 minute stop at 10 feet, it
drastically reducedthedegreeof bubblinginthosesubjects.
If they put a2 minute stop at 20 feet and another 3 minute
stop at 10 feet they could eliminate the bubbles. This
indicates that perhaps the no-decompression limitsare on
aknife’ sedgeintermsof bubble production and therisk of
bends. The tables were developed and tested to an end
point of bends not bubbles. After a bend they cut back
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slightly to producethefinal bottomtimeand tested it afew
times. If therewere no bendsit wasfine. Perhaps 30% of
those people were bubbling at that time. When you put
thosetablesintothebigworld, you must expect afew cases
of bendsto pop up. However if you cut back abit moreyou
can drastically reduce the bubbles so you should be able
also to decrease the incidence of bends.

Sport divers represent the world's largest population of
divers. Morethan all military divers, commercial divers,
scientificdivers, abalonedivers, puttogether. Thereareno
accurate statistics and never will be. So we do not know
what the incidence is, and probably never will know.

Generally speaking the sport diving instructorstell us not
to push the tables. Sport divers are instructed to avoid
decompression dives, maybe for the wrong reason, but
nevertheless | think it isvalid. Variousinstructors that |
have come across in my years of talking to diving groups
have come up with their own safety factors. Sometake 5
minutes off all the no-decompression limits across the
board. Others reduce them by 2%, which actually has a
little more logic to it because you end up reducing the
shallower depths morethan you do the deeper depths, and
thatinfactiswhat probably isneeded. Theother thing that
iscommon among sport diversisthat, unlike anavy diver
who goes down to the bottom and stays a certain period of
timeand then comesup, they areup and downand all over.
What influence this multilevel diving has on the risk has
yet to be determined.

Revised No-Stops Limits

It seemsto methe niceway to go about putting some safety
factors into sport diving and to give a definition to not
pushing thetables, isto re-design thetables. That iswhat
| have done with my sport diver table (Table 4). Itisnot
initsfinal formyet. | have already modified part of it. In
Table 3 the half times used for the USN tables on the | eft,
the next two columns are the H values and ratios used for
the no-decompression limits of the USN tables. The H
valuesand ratiosthat | am proposing for sport diver tables
are presented on the right. Where did | come up with
those? Did | just pull them out of my ear |lobes? | told you
that when | flew my man to 10,000 feet after exposuresto

TABLE 3

LIMITING VALUES OF USN AND SPORT DIVER TABLES

USNAVY SPORT DIVER TABLE
HALF TIME M VALUE RATIO M VALUE RATIO
5 104 3.15 95 2.88
10 88 2.67 83.2 252
20 72 2.18 67 2.03
40 58 1.76 53.8 1.63
80 52 158 46.5 141
120 51 151 44 1.33



22

depth| had 5 or 6% bends. That wasunacceptable. Wesitill
had the problem of giving our military divers a schedule
that would allow themto fly immediately after diving. We
then reduced the altitude from 10,000 feet to 8,500 feet.
Money and manpower was short so we could only test
three schedules. Taking agroup of manto 8,500 feet after
their dive did not produce any bendsat all. That cut back
from 10,000 feet to 8,500 feet is presented in Table 3 in
termsof surface and surfaceratiosfor my sport diver table
comparedwiththe USN no-decompressionlimitvalues. It
certainly makes sense to me and | have a few man tests
behind it. Wereduced the USN no-decompression limits
to thosein Table 4. These were tested. Of course sport
diver tables and sport diver problems never get tested
Becausethereisno money. So | was happy to usealittle
military money and have aspin-off for sport diving. These
ratios worked in flying after diving. | am convinced that
my dives were equivalent to no-decompression dives.
Taking these numbers and plugging them back in to
calculate alowable bottom times gives Table 4. The
reduction is about a five minute reduction at the greater
depths, a 10 minute reduction in the intermediate depths,
and very significant reductions shallower than 60 feet. A
30 minute reduction at 50 feet, an 80 minute reduction at
40 feet and actually putting alimit on the 30 foot dive.

Spencer was able to bend people at 25 feet by exposing
themfor over 12 hours. | wasabletobend 5%if | kept them
at 10.75feet for 24 hoursand thentook themto 10,000 feet.
In this situation the AP was equivalent to being saturated
at 22 feet of seawater. The shallowest bend so far.

Table 4 shows the no-decompression limits that |
recommend. | have put themin somepublications. | hope
the National Certifying Agenciesin the United Stateswill
start to push them.

| would like to see, along with this, some revision of the
repetitive dive system.

The repetitive dive system in the USN is based on only a
single half time, the 120 minute half time tissue. Each
repetitive group letter was initially set up to represent an
increaseinnitrogen pressureof 2feet of seawater absol ute.
79% of 33feetis26feet. If you had not been diving today,
if you were clean on the slate, you would have 26 feet of
seawater nitrogen pressure. Repetitivegroup A represents
a nitrogen pressure in the 120 minute half time tissue of
26.1to 28 fsw. Group B would represent by design 28.1
to30fswand soon. Attheend of thediveonecancalculate
how much nitrogen pressure is in the 120 minute tissue.
Something goeswrong when oneanalysesthetables. The
rangeof partial pressuresof nitrogenrepresentedinagiven
repetitive group ranges from 1.5 fsw to as high as 8 fsw.
Thisisfrom unpublished data. | have gonethrough every
singleentry inthe USN tables and calculated the nitrogen
tension after any given exposure at theend of bottomtime,
on reaching a stop and leaving a stop and so on, and then
the surfacing values. When you correlate the surfacing
values with the repetitive groups assigned by the tables
there is arange of about 6 to 8 feet of seawater in some
groups. Thedivewhich givesthe diver arepetitive group

M may have asmuch as 6 or 8 fsw nitrogen pressure more
in the 120 minute tissue than another which also puts the
diverinrepetitivegroup M. Thereisananomaly and | do
not know whether it iscalculation, testing or what. | have
never been able to find the answer.

But it may |ead to some of theanomaliesthat you runinto.
Take a 60 foot divefor 30 minutes with asurfaceinterval
of 30 minutesand then another 60 foot divefor 30 minutes.
TheUSN divetablestell youthat onehasto do an 8 minute
stop at 10feet onthesecond dive. The USN tablealso says
that onecould havegoneto 60feet for 60 minutesand gone
directly tothesurface. Thereasonthat happensisthat each
repetitivegroup designation assumesthat thediver reached
the surface at the high end of that 2 foot of sea water.
Likewisein the surface interval table, it assumesthat one
has the highest nitrogen pressure for the next repetitive
group. When one goes on to the residual nitrogen tableit
assumes that you have the highest residual nitrogen. The
table calculates the time that it would take at that depth to
reach that amount of nitrogen. If in fact one was at the
lower end of the nitrogen pressure one gets credited with
more residual nitrogen than one had which explains the
minus for that 60 foot 30 minute dive. There are some
anomalies and | think it would be a nice thing for sport
diving if we could eliminatethem. That isgoingto bethe
most difficult one, because it will be impossible.

TABLE 4
REVISED “NO-DECOMPRESSION” LIMITS FOR
SPORT DIVERS

DEPTH TIME IN MINUTES
IN FEET USN REVISED

30 UNLIMITED 220
35 310 180
40 200 120
50 100 70
60 60 50
70 50 40
80 40 30
90 30 25
100 25 20
110 20 15
120 15 12
130 10 10
140 10 5

RECOMMENDATIONS FOR SPORT DIVERS

Until such time as| am able to satisfy myself that thereis
abetter repetitive dive system my recommendationsareto
use the revised no-decompression limits (Table 4). In
addition to that | recommend that all divesto greater than



30feet end with 3to 5minutesat 10to 15feet. Dol really
recommend belt and suspenders (braces) to be used
together? Lower the no-decompression limits and add a
safety stop? Yes, | do. And | doit myself, because sport
diving is supposed to be fun and anyone who hastreated a
case of bends knowsthat bendsis not fun. Anything you
candoto prevent decompression sicknessmakesasport of
diving rather thanit being the pain of diving. Thequestion
comes up “If you throw in these safety stops, how do you
get your repetitivegroup?’ Theansweriseasy. Y oucount
the total dive time for selecting a repetitive group. No-
decompressionlimitsarebased onbottomtime. Y oucome
up. You make an additional stop. If you use my schedule
50 feet for 70 minutes, you actually use that 70 minutes.
Thenyou comeup and hangonfor 3to 5 minutesat 10feet.
Y ou then take the total underwater time of 75 minutes to
enter the repetitive group selection process.

Question:

How do the BSAC/RNPL tables compare with the USN
tables for safety?

Dr Bruce Bassett

| have not donethat. Over theyears| have played around
withthesetables, | havebeenworking mainly withmilitary
diversand sport divers. | have concentrated all my efforts
on the USN tables. | have not studied the British tables
enough to know, | understand they are much more
conservative.

They arebased on adifferent model. The Canadian tables
are based on adifferent model. The Swisstablesare also
basedonadifferentmodel. Itisahalf time, M valuemodel,
but more conservative M values. They all say that they
have got good resultswith their tables. | havenot analysed
their tablesnor their results. | am only commenting onthe
USN tables.

Question:

Itissaidthat al divesgreater than 100 feet, when at the no-
decompression limits or longer, produce bubbles.

Dr Bruce Bassett

| havenot seen evidence, asyet, that all such divesproduce
bubbles. | amnot oneof thosewho believesthat. Or maybe
| have got my head inthe sand. Y ou cannot detect bubbles
inall dives. My diveswere madeto the no-decompression
limitsand | got 30% bubbles. That includes all grades of
bubbles, from the occasional oneto the constant stream. If
people claim bubbles on every dive, they are visualising
bubbles. They cannot detect them. They areassuming that
they arethere. | think alot of thiscomesfrom Brian Hills
theory that bubbles form on every dive because
supersaturationisthermodynamically unfeasible. Itissaid
that the body does not tolerate that metastable state and
therefore phase separation occurs on every dive. | think
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there are some things that are missed on that analysis.
Humans become supersaturated at an altitude of 7,500
feet. Commercial airlinersfly with cabin altitudesof 8,500
feet. One is beyond just being supersaturated, one is
supersaturated by 1,000 feet of atitude. Many, many
military aircraft fly with cabin altitudes above 8,000 feet,
up to the bends threshold of 18,000 feet with literally
millions and millions of manned exposures with no
problems. If in fact one forms bubbles whenever one is
exposed to abarometric pressure less than what the tissue
nitrogen pressureisat sealevel, one should be bubbling at
these heights. Y et with al those millions and millions of
exposures there is zero incidence of problems. So think
something is being missed in the concept that you bubble
whenever you have excess gas pressure. One thing that
seems to be overlooked is surface tension. The forces
opposing bubble formation, de novo, are enormous. This
isignoring bubble nuclei. Once the microbubble forms,
the likelihood of it existing is very, very small because a
very small bubble has almost an infinite surface tension
which is of course trying to collapse it. | have not seen
laboratory evidencethat humansdo bubblewhenever they
exceed supersaturation. 1f wedo so, be careful getting out
of the shower.

Dr lan Unsworth

| entirely agreewithyou. Weweretrying Doppler detection
of VGE afew years ago at Prince Henry Hospital. We
decided to use the US Navy Exceptional Exposure table,
which | think you would agree, offers a reasonable
expectation of venous gas emboli. Asthe director of the
study and older than the others, | madetherun. Wedid 25
or 20 minutes at 190 feet. The Doppler, as we ascended,
produced an extraordinary amount of noise which the
outsidestaff saidwasinterference. They weretearingtheir
hair at this. They could not get rid of it. They thought they
were going to be in trouble when | came out of the
chamber. Atabout 30feet | wasfuriousthat my staff were
not getting a decent recording. At about 20 feet | got a
sledgehammer inmy hip. | do not know if any of you have
been bent, but it isvery painful indeed. | was put back to
60 feet and successfully treated. Then | selected afemale
volunteer fromtheother membersof theunit. Werepeated
with some trepidation and some expectation, exactly the
same dive. She did not get bent. We did not even get
venousgasemboli fromthe sameexposure. That backsup
what you were saying that not everyone will bubble after
the same exposure to 100 feet.

Dr Bruce Bassett

| took the USN statisticsand looked at the depths| wanted.
Actualy, when al the USN dives are considered, all
depthsandall bottomtimes, thereisno correl ation between
bends and depth. Depths greater than 100 feet were no
worse then those lessthen 100 feet. Gasloading seemsto
bemoreimportant than depth. Therewasatimecorrelation.
Divesover 60 minutesdidstart to seeanincreasedincidence.
Other statisticsseemto show that short deep divesare safer
then long shallow dives. On one 130 foot dive | had 98%
withskinbends-itches. Thereisavery positivecorrelation
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between skin itches and depth. But thereisno correlation
whatever between bends or detectable gas emboli and
depth.

Females have about a 3 to 4 fold greater incidence of
decompression sickness on dtitude exposure. This has
also been reported in diving.

My final recommendation is to use belt and suspenders,
reduce your bottom time and do decompression stops as
well.

Dr Fred Bove

Asyou know | have been associated with USN diving for
many years. | will describe how USN diving operations
are done. It will alter your thinking about the USN
decompression tables.

The USN diving tables are pinned up at all dive stations,
ofteninvery largeprint. Therearebigred“X’s’ on some
tables because the divemasters have found some tables at
certaindepth andtimecombinations, haveahighincidence
of bends. One of the notorious ones is 150 feet for 30
minutes. The USN has experienced about 15% bend
incidence with thistablein the field, so they do not useiit
any more. Thereisnothinginthediving manualsthat tells
you that.

Thedivemasters seldom usethe prescribed depth and time
to decompressthediver. Theusual practiceinthe USN is
that, if they areanywherenear thedepth or timelimits, they
movetothenext schedule. Somedivemasterswill usetwo
minutes, somewill usethree, somewill evenusefive. That
is, if the diver is within five minutes or five feet, or two
minutes or two feet, of a limit for decompression, he is
decompressed on the next schedule. Thedivemastersalso
will make the table more conservative if the diver is
overworked, underworked, in cold water, in warm water,
in current, has a tough job to do, was up late the night
before, or for anything at all. They will use the
decompression one or two steps beyond that of the actual
depth and time, to decompress the diver.

So in the USN statistics, the actual depth and time of the
dive are often lies. The statistics show an incidence of
bendsfrom thesewrong dives. Therecording system also
has in it the decompression that was used. When one
studies the depth and time log, one finds that the
decompression that was prescribed by the tables was not
used, but amore conservative onewas chosen. Oneof the
reasons why there is reasonably low incidence of
decompression sickness in the USN is because the
divemastersonthedivestationsareextremely conservative.
They factor in amost anything they can find in the
environment to make the tables mere conservative.

The USN has certain physical requirements which are
fairly stringent. Reservedivers, and sailorsfrom the fleet
coming into diving, are often not fit enough to meet the
basic entry requirements for the USN Diving School.
Those entry requirements are higher than the average

population of, say, 25 year old salors. At the diving
school, the day begins at 0630 with a four mile run for
everybody, then PT exercises- thatis, vigorouscallisthenics
- timed by one of the divemasters for another half hour
beforethe classroom and the diving begin. Thiscontinues
throughout thecourse, eight weeksfor themedical officers,
sixteen weeks for the second class diver and twenty-four
weeks for the diving officer. Everybody, including the
medical officers, goesthrough that. When one graduates
from the diving school, and joinsadiving team, that same
routine is followed. Navy divers are generally fit. The
master divers somehow manage to extricate themselves
from the exercise, but at the same time they do not dive
very much, they are up on the platform supervising.

TheUSN assignstwo peoplewithwatchestotimethedive,
and one or two people to watch the depth gauge. So the
timeis accurate to the second and the depth is accurate to
the foot.

Not much of the scuba diving is done close to the no-
decompression limits. Most of the scuba diving is done
shallower then 30 feet. The USN does not use scuba for
deep diving. Most scubadiving is shallow, lessthan 100
feet, often for short, inspection operations.

All in all, the USN tables are quite successful for the
military operation wherethediver goesover theside, goes
down to adepth, doesajob comesback up and rarely does
arepetitive dive. There is a dive team on site, so diver
number one does one part of thejob and diver number two
another part, diver number three, and so on. Itisrarethat
the USN does arepetitive dive. A repetitive dive stresses
the dive station, and it is not routinely used.

With all that, to take the Navy tables and the statistics
related to them, with some knowledge of what operational
diving in the USN is like and apply them to sport divers,
who dive so very differently, is difficult. | generally tell
sport diverstoknock fiveminutesoff al their bottomtimes
for no-decompressiondives. BruceBassett hassaidtotake
off more than five minutes at the shallow end, | think that
isright. I think sport diversshould beinstructed nottodive
right tothesecond of theno-decompressionlimits, because
they will get ahigher incidenceof decompressionsickness.

Decompression diving seemsto beriskier in sport diving,
probably because of the operational aspects. Thediversdo
not do the timing right, they do not quite get their stops
right, they are not prepared to have the excess gas supply
and al the rest of that stuff. Remember also that alot of
military and commercial diving is done with surface
decompression. When the diver gets to the 30 feet stop,
they pull himout of thewater and put himinachamber. So
hefinishesthediveinanicewarm environment with acup
of teain hishand. It isnot quite the same asa sport diver
sitting at 30 feet, 20 feet and 10 feet stops waiting to
decompressin cold water with surface action of thewaves
and everything else. Itisinteresting tolook at your depth
gauge when there is wave action and you are at 10 feet.
Half thetimeyou areat 5feet and the other half at 12 or 13
feet. Soyou arenever quite surewhereyour 10 feet stops
are.



FUTURE SPUMS MEETINGS

NUMBS

The Newcastle Underwater Medicine and Barotrauma
Society will hold a meeting on Saturday 30th April and
Sunday 1st May 1983.

The guest speaker will be Neville Coleman.

A comprehensive educational programme will be
complemented by twodiving excursionsand aninteresting
socia programme. Arrangements have been made for
diving gear to be available for hire at reasonable rates.
Both dives will have dive masters (qualified instructors)
and safety divers.

For further details contact:-
Dr Brian McLaughlin

37 Marshall Street
New Lambton Heights NSW 2305

GREAT KEPPEL ISLAND
29th and 30th OCTOBER 1983

“DIVING, ITU AND ENVENOMATION”

ORGANISER: Dr Chris Acott
Director of Intensive Care Unit
Rockhampton Base Hospital

ROCKHAMPTON QLD 4700

To be held in conjunction with the Intensive Care Soci ety
(Queensland Branch).

Speakers include Dr Straun Sutherland, Dr John
Williamson, Dr Chris Acott and Dr John Knight.

Case histories and papers for presentation are invited.

Thismeetingwill betheweekendfollowingthe Australian
Society of Anaesthetists Meeting in Brisbane in October
1983.
COSTS: Accommodation and meals -
$60.00 per person per night.
Airfare Rockhampton to
Great Keppel I1sland and
return - $65.60.

DIVING WILL BE AVAILABLE
COME AND MEET THE SEA SNAKES
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SPUMS 1983 ANNUAL SCIENTIFIC MEETING

PLACE: THE REGENT OF FIJI HOTEL
DATES: June 20th to 27th 1983
GUEST SPEAKER: PROFESSOR BRIAN HILLS

DIVING BEFORE, DURING AND AFTER

A BROCHURE WAS POSTED IN NOVEMBER

CONFERENCE ORGANISER:

DR JOHN KNIGHT,

80 WELLINGTON PARADE
EAST MELBOURNE VIC 3002
AUSTRALIA

MARINE BIOLOGY COURSES FOR DIVERS

With Reg Lipson

Sea Studies Services will run marine biology coursesin
1983. Planned dates are:-

A level (A FIRST COURSE)

February 2, 9, 16, 23, March 2,9, 7-9.30 pm
(excursion during this period)

April 23 and 24 10am to 5pm

(excursion April 25th)

November 9, 16, 23, 30, December 7 and 14
7-9.30 pm
(excursion during this period)

D level (THE MOLLUSCA - A DIVER’'S LOOK)

June 22,29, July 9 7-9.30 pm
(two shore dive excursions)

All classeswill be at the Hawthorn I nstitute of Education.
For further details contact:-

SEA STUDIES SERVICES

70 Railway Parade South

Chadstone VIC 3148
Telephone: 03 277 0773
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PROJECT STICKYBEAK:
PROVISIONAL REPORT ON AUSTRALIAN
DIVING-RELATED DEATHSIN 1981

Douglas Walker

Two persons using snorkels, seven with scuba, and two
hookah diverswereidentified as having died during 1981.
One of the snorkel users was only 8 years old and died
quietly whilein close proximity to adultson the beach, the
other wasfatally injured when hit by apower boat closeto
shore. The boat was proceeding into the direction of the
sun at moderate speed and had been steered carefully to
avoid surf skiriders. The water was a little choppy and
thoughthevictimwastowing aplastic bottlefloat it had no
flag so he was not readily visible to anyone in a boat.

Three of the scuba divers were totally inexperienced and
untrained, while a fourth’s experience was probably not
great. One experienced diver died as a consegquence of a
seriesof eventsinitiated by an asthmaattack, another from
the combined effects of fatigue, cold, entering the water
while onreserve, no linein apoor visibility situation, and
runningout of air. Theseventh scubadiver wasexperienced
and oneof agroup of underwater photographersat awreck
in 40m deep water. He was seen to start his ascent alone
but he never reached the surface and his body was never
recovered, though his camera was found attached to the
anchor line. It is possible that nitrogen narcosis and cold
could have effected his actions for he was equipped with
a buoyancy vest and failed either to drop his weights or
indicate any problem to other divers nearby.

Both of the hookah divers who died were said to be very
experienced. One died when he was dragged underwater
when his hose fouled kelp as he was being pulled back to
hisboat onthe surface, regulator out of hismouth. Itisnot
known whether his descent was deliberate and he suffered
anoxiadueto akinked hose or whether he“dry drowned”
when unexpectedly submerged; neither of those pulling
him back was watching at the critical moment. The other
died in association with the low air situation when the
compressor’ sreservoir started to loseitsair pressure. He
was thought to be starting to ascend and attention was
concentrated on his buddy, who seemed to be in distress
after his emergency ascent. When the victim’s absence
was realised his hose was used to pull him up, but parted
at the junction with the regulator portion of hosewhen the
pull strain became direct on thisjoint.

Information is also presented concerning an additional
1980 fatality. Thediver, making histhird scubadive, was
using hired equipment. Helost his dentures while on the
surface and was unable therefore to retain his regulator.
His buddy, though equally inexperienced, tried valiantly
to save him but rough water claimed the victim.

CASE REPORTS
These reports are based in most instances on inquest

documentation, though in one case no inquest wasthought
necessary and in another the absence of abody hasled to

delay in holding any inquest. Basic casedetailsare shown
inTable 1.

Case Sn 81/1

This8year old child was swimming in achannel between
the beach and a sandbank, water depth about 6 feet. His
mother and other adults were nearby keeping a general
watch over hisactivities. Hewas seento expel water from
hissnorkel and wasnot seenagainuntil found by asearcher
on the sea bed. Nobody noticed anything to indicate a
swimmer in trouble. The caseisincluded toillustrate the
potential for disaster inthe untrained use of evensosimple
apiece of equipment asasnorkel. Itisnot possibleto say
whether thistragedy was due to inhalation of water down
the snorkel, build-up of carbon dioxide from use of too
large a snorkel, post hyperventilation blackout, or some
other reason.

CHILD. SNORKEL. SURFACE.
Case Sn 81/2

Thepower of PressPublicity ismuchlessthanisgenerally
claimed, for none of the persons skin diving off the rocky
point wereawarethat apowerboat wasto makeaspeedtrip
up thisareaof coast that day. Theboat driver saw the surf
skiersand avoided their vicinity but had no hope of seeing
anyone swimming onthesurfaceastherewasasmall chop
and he had the sunin hiseyes. Thewet suited victim was
towing aplastic bottle float but this had no flag to make it
conspicuous. Thereweretwo other diversin the area but
they werenear totherockswhilehewasabout 10mfurther
out. The powerboat had awell tuned engine and was only
proceeding at part power and this was thought to explain
how none of the divers was aware of its approach. The
boat’s contact with the victim was heard and the other
divers swam out to the area of blood which quickly
disappeared. The battered body was soon recovered and
brought ashore. The boat was seen to stop after a short
delay and the driver was seen to examine the propeller
before he continued up the coast. He was apparently
unaware that he had hit anyone till informed by police at
his next landfall.

This accident would not have occurred had the diver used
aflag onafloat, and might have been avoided if the boat’ s
approachwerenoticed. However, hewasmaking asurface
snorkel recreational swim beforestarting ajourney and not
spearfishing or sport diving and thistragedy wasthe type
of misadventurewhich can easily occur when surfacecraft
mix with swimmers of any type. It is necessary to be
positively visibleto surfacecraft asevennon-fatal contacts
can have serious effects on the victim.

POWERBOAT. SURFACE TRAUMA. NO FLAG.
Case SC 81/1
Personality factors can be critical in either positive or

negativeways. Thelaudabledesiretoovercomeaphysical
limitation can spur the performer to the heights, or dezath.
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Thishighly experiencedyoungdiver suffered from episodes
of severe asthmaand one dive nearly ended fatally for this
reason. Herefusedtofollow advicefromdivinginstructors
and diving doctors to stop diving, possibly regarding his
personal survival asproof that they werewrong. Thisdive,
which ended fatally, wasanight dive with abuddy froma
small protectedbeach. Their first divewaswithoutincident.
After abreak of half an hour ashore the victim used his
Ventolin inhaler and they made a second dive. When he
indicated alow-air situation they both surfaced. He was
seen to inflate his backpack type buoyancy vest and start
to swim towards the nearest land, a rocky shore ares,
ignoring hisbuddy’ scall to swim to the sandy beach from
which they started the dive. He called out that he needed
hisinhaler before he was lost to sight by his buddy in the
dark. After reaching the beach the buddy ditched his
equipment and started to search along therocky shoreline.
Thevictim’ sbackpack wasseenfloating away andthenthe
body was found wedged among the rocks, held down by
the weight belt, in afew feet depth of water.

It is apparent that the victim would almost certainly have
survivedif hehad not left hisbuddy, under the stressof his
asthma symptoms, and swum to anearby but suitable exit
area. The mistake of pulling the backpack release rather
than that of hisweight belt wasthefinal factor, the sudden
loss of buoyancy causing his immediate and fatal
submergence. Later testing showed that the backpack on
release would have entangled his arms for a time and
prevented him from reaching the weight belt release even
if hehad retai ned the presence of mind to maketheattempt.

ASTHMA. SEPARATION. SURFACELOSSBUOYANCY
FROM ERROR DITCHING BACKPACK FLOTATION.
RETAINED WEIGHT BELT. NIGHT DIVE. PANIC
RESPONSE.

Case SC 81/2

The day-trip advertisement included an offer of the
opportunity to dive with scuba while visiting an offshore
reef resort, an offer taken up by the victim and his wife
when the boat reached the island. Their only experience
was a half hour of instruction in shallow water ten days
before. Theequipment availablefor hirewascriticised by
some apparently experienced divers, criticism not
appreciated by the person in charge of the equipment.
There were three inexperienced persons wishing to dive,
thevictimand hiswifebeingjoined by another day tripper.
This person soon decided not to make a dive after al,
having no wish to don strange apparatus and immediately
descend to the sea bed alongside the moored boat, adepth
of 50feet. They werehanded thenecessary equipment, the
“instructor” explaining that he had an extraweight on his
belt because he had awetsuit and that they could blow up
their vestsif they needed arest. After their introductory
dip, apparently aspecial feature so that people could boast
of a 50 feet dive, the “instructor” led the two remaining
neophytes on an underwater swim towards the seemingly
distant reef. Heled theway, though hereturnedtothemon
one or more occasions, to urgethemto greater speed. The

victim's wife then saw him swim past her and turned
around to see that her husband was floating quietly just
above the seabed. The victim was brought to the surface
and towed ashore, where severa persons assisted with
resuscitation measures. Though the victim reached the
hospital alive, he died three days later from the cerebral
and pulmonary effects of the incident.

Examination of the equipment showed that the regulator
was faulty, requiring four times the correct breathing
effort, and the buoyancy vest contained an empty CO2
cylinder. Neither the boat’s captain nor the “instructor”
gave any evidence at the inquest on the grounds that it
could incriminate them.

GROSSINEXPERIENCE. HIRED SCUBA. DEFECTIVE
EQUIPMENT. SEPARATION. TOTALLYINADEQUATE
SUPERVISON.

Case SC 81/3

Adverseweather conditionsforced agroup of underwater
photographers to change their intended dive location and
they agreed on aboat dive on awreck in about 40m depth
water. Therewere several boatsand 12 peoplediving, the
non-divers remaining in the boats. Buddy pairs were
organised but as underwater visibility was 20 feet and as
photography isanindividual pursuit, separation of buddies
occurred. The victim was seen at one time sitting on the
wreck making some adjustments of his weight belt, and
later seen starting his ascent. 1t was only when another
diver surfaced with the victim’'s camera, which he had
found tied to the anchor line, that his absence was noticed.
Search failed to reveal any trace of him. He waswearing
abuoyancy vest which would haveresulted intheultimate
surfacing of thebody had it beeninflated. Noadverselocal
factors were known and he is said to have had some
experience of this depth of dive. The facts of this fatal
incident can never be known but nitrogen narcosis, and
possibly cold, could explaintheseeming failuretoseek aid
from othersif in trouble, or to drop his weight belt or to
inflatehisvest. Pulmonary barotraumawith air embolism
was not necessarily the cause, but is a possibility.

SEPARATION. 40M DIVE. DEATH DURING ASCENT.
UNKNOWN FACTORS

Case SC81/4

Two sets of diving equipment were hired by the victim's
friend, anewly certificated diver withashort experience of
diving, asheintended to show histwo friendshow to dive
while they were on holiday at a caravan park near the
mouth of ariver. He gave them verba instruction one
evening and the next day offered them a chanceto try a
scubadive. They had aboat and hefirst gavethevictim’s
friend a chance. He entered the water first and then she
followed. Her mask immediately flooded and she sank to
the river bed, 6 feet below, because she was excessively
weighted. Shewasunabletoriseuntil heassisted her. He
later stated that they had a quiet swim around, while her



version wasthat she returned immediately to the boat and
refused to have anything more to do with diving.

Later in the day they landed on abeach near the mouth of
theriver and the victim decided that hewould try to scuba
dive. Thebuddy gavehimacoupleof practiceimmersions
in1mdeepwater, withoral inflation of thevest experience,
before making a short underwater swimin slightly deeper
water near the beach. After a short time the victim
indicated that he was tired and wished to return to the
beach. It is not known whether his earlier difficulty in
getting acomfortablefit with hisfinshad been satisfactorily
resolved, but he had no wet-suit and was overweighted.
Theweight belts, being hired, had weightswhich could not
be removed and the buddy, who had awet suit, chose the
weight most appropriatefor hisown needs, thelighter belt.
He claimed that he had been taught that one alwayswore
aweight belt even if without awet suit, compensating by
vest inflation. The organisation concerned deny that he
was ever told anything of the sort. Possibly he had never
given any thought to the matter before questioning at the
inquest. Duringthereturntotheshorethevictim swamon
the surface using his scuba regulator while the buddy
swam behind and below him. Foreseeing no problems, the
buddy swam below the victim and reached the shorefirst.
He noted that his friend was only afew yards away then
turned and removed his tank. When he looked next he
could not see any sign of the victim, not even bubbles.
Initially hethought that atrick wasbeing played on himor
that theother had decided to continueand dived again, then
he became alarmed and started a search both from the
shore and in the water. The police were informed and
called in an experienced local diver, who quickly located
the body.

Theseabed slopesrapidly inthisareaso thoughthevictim
was last seen where water was about 5 feet deep, he was
found where the depth was 18 feet. Both fins and mask
wereoff but theweight belt wasstill in position and thevest
uninflated. Possibly thistotally inexperiencedanduntrained
men, fatigued and over-weighted, lost mask and finswhile
out of his depth and inhaled water, dying rapidly before
solving his survival problems.

The buddy had intended to let his friend try a pool dive
first, asafer proposition than open water, but the pool had
been closed.

FIRST SCUBA DIVE. HIRED EQUIPMENT.
OVERWEIGHTED AS BELT WEIGHTS FIXED.
SEPARATION. SURFACE PROBLEM. LOSSOF FINS
AND MAXK.

Case SC 81/5

Whiletheir friendswere preparingaBBQ), two of theparty
had abeer each and prepared to dive. Thebuddy, who had
been diving for 10 years, had hired two scuba units so he
could take his friend for his first dive. One of those
remaining onshoreofferedtotimethemand|etthemknow
when their air would be getting low (sic). It wasrealised

29

that something waswrong when the buddy surfaced about
10 minutes later, about 5m off the shore, and called for
help. He later described how they had been swimming
over the sea bed in 10 feet deep water when the victim
tapped him onthe shoulder and pointed to show that he had
somewater inhismask, then pointedtothesurface. Hehad
seemed to start towards the surface then to be kicking his
way along theseabed with oneflipper missing, soonlosing
the second fin also. The buddy was close behind and
picked up both fins. He tapped the victim on the shoul der
to offer them back, then noticed that he had now lost his
mask and no longer had the regulator in his mouth. The
buddy put hisownregulator inthevictim’ smouthandtried
to ditch hisweight belt, but the victim waskicking wildly
and dislodged the buddy’s mask. This forced him to
surface as he could hold his breath no longer, dropping
both hisweightsand tank to assi st hisescapefromarisk of
himself drowning. Without aweight belt hewasunableto
descend again, having excessive buoyancy. Recovery of
thevictimwasaffected by othersof theparty after they first
dived and rescued the tank and weights. All equipment
was later recovered and confirmed to be functioning
correctly.

FIRST SCUBADIVE. HIRED TANKS. SHALLOWDIVE.
LOSSOF FINSAND MASK. RETAINED WEIGHT BELT.
BUDDY MADE VALIANT ATTEMPTS TO SAVE.
SEPARATION DURING INCIDENT.

Case SC 81/6

From the information available, it seems that the two
divershad 2 to 3 year’ s scubadiving experience each, but
neither had received formal instruction. They werefishing
for crabs and crayfish around a reef they reached by
swimming from the shore. The water was choppy though
cam underwater. After awhile they surfaced and sat on
thereef totalk. They werelow onair sothebuddy said that
he would dive to collect the catch bag while the victim
started the return to shore. When he surfaced he observed
his friend on the surface proceeding as arranged, so he
himself swam underwater (to avoid the chop) until hewas
forcedto surfacethrough running out of air. Hecompleted
his swim using his snorkel. After arriving he discovered
that hisfriend had been seen waving hisarm and heard to
shout for hel p beforedisappearingfromsight. Heattempted
a search but was unsuccessful, though later searchers
recovered the body 3 hours later from 20 to 25 feet deep
water.

Examination showed that the tank was empty and that the
weight belt was still on, the quick release jammed under
thetank at thevictim’ sback and out of hisreach. Thishad
resulted from its excessive looseness. The victim had no
buoyancy vest and distained to carry asnorkel “becauseit
getsintheway” . Hehad been unableto survivethesurface
swim fully weighted in choppy water without a snorkel,
drowning as he had no buddy to assist him.

SEPARATION. SURFACE CHOPPYWATER. NOVEST.
NO SNORKEL. LOOSEBELT TURNED SOUNABLETO
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REACH QUICK RELEASE. FAILED TO DITCH
EQUIPMENT AS STUATION REQUIRED.

Case SC 81/7

The victim was a professiona diver of many years
experience. With a companion he was using a heavy
scrubber to clean the hull of avessel inaharbour. Thejob
lasted all day astimewasimportant, thediversstandingin
the open cool of thewharf between divesin the cold dirty
water. Before entering thewater for thelast timethediver
pulled hisreservelever. After ashort timeheindicated to
his buddy that he was low on air and they both started to
ascend. When hefailed to surface a search was organised
and hewas discovered, unconscious, on the harbour floor.
Itisnot certain whether lifewasthen extinct or whether he
died after he had been brought out of the water.

FATIGUE. COLD. OUT OF AIR. DIVED WITH
RESERVE ON. NO LINE IN POORVISBILITY WATER
CONDITIONS

CaseH 81/1

Two very experienced hookah divers werein akelp area
wheretherewere many fish to watch and crayfish to catch.
After about 45 minutes at 45 feet the buddy found that his
hose was entangled in the kelp and had to ditch hisweight
belt (withthe attachment hose) at 14 feet and surface. This
equipment was retrieved by his friend.

After arest and alight meal they dived again, thistimefor
15 minutes. The buddy then indicated to the other his
intention to return to the boat and that the other should
follow him. The signal was acknowledged. The buddy
again found himself fouled on thekelp and had to ditch his
equipment, making a successful ascent despite thefailure
of hisbuoyancy vest tofunction. After surfacing heorally
inflated his vest and swam to the boat.

About 5 minutes |ater the other diver surfaced 30m away,
gave the “OK” signal and took the regulator out of his
mouth. Hehad acatch bag containing crayfishinonehand
and called to be pulled back to the boat. Whenlast seenhe
was vertical in the water, at which time his hose had
becometaut and the peoplein the boat were concentrating
on winding the hose back with areel. When they next
looked, hewasno longer at the surface and they presumed
initially that he had dived to free his hose from kelp.
However, they noted that there were no bubbles apparent
and becameworried. Thebuddy put on mask, snorkel and
finsand dived to find out what had happened. Thevictim
was found thoroughly entangled in kelp, apparently dead.
With some difficulty the body was pulled to the surface.

Thehookah equipment wastested and found fault-free, the
hosekink resistant. However; thevictim’ svest wasfound
to contain no carbon dioxide cylinder, though this is
unlikely to have affected the outcomeof thisincident. The
pathol ogist reported the cause of death as asphyxiadueto
failure of the air supply and did not accept the possibility
of “dry drowning” asacause. Itispossiblethat thevictim

was dragged underwater unexpectedly when the hose
became hitched around kelp 15 feet below the surface,
suffering laryngospasm and cardiac death before he could
replacehisregulator or drop hisweight belt. Hosekinking,
though possible, could only affect himif hehad beenusing
his regulator at the critical time. Thistragedy, involving
careful, safety conscious divers with good equipment,
occurred when the victim was unobserved and alone at a
critical time while on the surface.

SURFACE. HOSE FOULED ON KELP UNDERWATER.
VICTIM PULLED UNDERWATER AND TANGLED IN
KELP.

Case H 81/2

Hookahusersareprimeexamplesof the Sword of Damocles
situation, for they can pass from complete ease to an
emergency (out-of-air) situation with extreme rapidity.
The two divers in this incident were at 30 feet catching
crayfish when their friends in the boat noticed that the
pressure gauge on the reserve air tank showed falling
pressure. Both hoselinesweretherefore given three hard
pullsandthen astart wasmadeto pulling the hosesinto the
boat. A short timelater therewasasmall explosion asthe
leaking gasket on the compressor completed its failure.

It was apparent that the victim had started to ascend so
attention was concentrated on the other diver, who had
surfaced but seemed to bein adistressed condition. Itwas
only after he had been pulled into the boat that it was
realised that the victim had failed to surface. Hewas seen
to be hanging motionless about 15 feet below the boat, a
“dead weight” and no bubbles seemed to be ascending.
The hose parted at the connection with the regul ator hose
unit whenitwaspulledtoraisethebody. The condition of
thesurvivor gavethem so muchworry that they abandoned
further attempts to recover the body and ran the boat
straight back to the beach to obtain an ambulance. Itis
believed that the survivor's distress was the result of
swallowing, and possibly aso inhaling, some water. The
body wasrecovered later with theweight belt still worn. It
is not known why the victim failed to drop his belt while
ascending when the air supply petered out. Pulmonary
barotraumawith air embolism may have occurred but the
autopsy report isinadequate to decide this point.

HOOKAH FAILURE. DEATH ON ASCENT.
Case SC 80/6

This case isreported as a late addition to the Provisional
Report onthe 1980 fatalities. A group of six friendshired
four scuba units with the intention of diving for crayfish.
One of the group had some experience of diving with an
experienced local diver whose namethey used in the dive
shop. Because of their inexperience (sic) the victim was
paired with another of the group. This was to be the
victim'’ sthird dive, both previousdiveshad beeninsheltered
water (that and the previousday). No fear wasfelt before
undertaking thisdive“ ashe had already dived to 85 feet”.
They intended to keep close together as atrue buddy pair



but came across some crayfish about 100 to 150 yards off
therocky shorelinein 20to 25 feet deep water. Thebuddy
askedthevictimtoreturntotheshoreto obtain acatch bag,
which he started to do, swimming on the surface using his
regulator air supply.

A short timelater the buddy followed underwater and saw
the victim above him treading water. He surfaced and
found that the victim had lost his mask and dentures and
wasunabletoretainthemouthpiece. After ashort struggle
the buddy dragged the victim to arock and started to pull
him out of thewater, but alarge wave washed them off and
contact waslost. Therewasasurgebuilding up, especially
over therocks, making conditionsunsafefor inexperienced
divers. The victim was recovered a couple of hours later
by an experienced diver. The weight belt was missing,
presumed dropped by the victim.

THIRD SCUBADIVE. HIRED EQUIPMENT. SURFACE
DIFFICULTY. INEXPERIENCED BUDDY MADE
VALIANT EFFORTS TO SAVE VICTIM. NO VEST.
WATER POWER EXITING PROBLEM. LOST
DENTURESCRITICAL.

DISCUSSION
Snorkel Deaths

There continues to be a welcome absence of deaths of
spearfishermen resulting from the practice of
hyperventilation. Thetwo snorkel usersreportedindicate
areas of danger margina to “diving” but of potential
significance, the use of snorkels by those who are
insufficiently good swimmers to manage the problems
which may arise, and the possibly increasing danger to all
types of swimmersfrom the near-to-shore use of powered
boats. Itisunrealisticto suggest that every swimmer show
aflag while near to the shoreline, though not when diving
or swimmingin sealanes. A number of reports of serious
but non-fatal incidentsinvolving power craft suggest that
the problem is requiring active attention by maritime
organisations.

Scuba Deaths

The scuba fatalities, seven in 1981 and one from 1980,
reinforce the generally accepted safety guidelines,
beginning with the basic one that untrained divers are at
risk if let loose in the sea. In dl four fatalities involving
totally inexperienced divers hired equipment was being
used. Separationwasafactor, aswastheneedfor efficient
buoyancy aid. Thevaueof asnorkel and the hel plessness
of the scuba diver bereft of hisfinsis aso apparent. The
value of a buddy should be again apparent, despite the
failure of the two buddiesto save their companions under
unusually difficult circumstances.

Thediverswhowere experienced who died had all broken
the accepted rules for safe diving, all being considerably
separated fromtheir buddiesat critical time. Theasthmatic
whose degth is reported died through a combination of
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factors, the death card being the mistake of ditching his
back pack. Had hewornaconventional vest hewould have
survived, as also he would have done had he remained
calmly on the surface and allowed hisbuddy to tow himto
thebeach. Panic, which can affect ANY ONE under stress
conditions, denied him this option. The professiona
diver's death illustrates that even the experienced cannot
affordto takechances; oneday comesthereckoning. Here
the unadvised practice of diving without alinewith scuba
in alow visibility situation without possibility of direct
ascent to the surface (he was under the ship’s hull) was
compounded by fatigueand coldimpairing alertnesswhen
the out-of-air situation arose.

Hookah Desths

Hookahdiversshouldbeconstantly awareof thepossibility
that their air supply can be suddenly unavailable. Thetwo
victims here reported were experienced and could have
been expected to survive such incidents. In thefirst case
the kelp was a scenic and fruitful but entangling
environment. The buddy had two unpleasant emergency
ascents because of hose entanglement, having to ditch his
belt (and regulator) on each occasion. It seems probable
that the victim was surprised by his submergence and
thereby was too late to ditch his belt before becoming
totally entangled in the kelp and losing his air supply.
Strangely, for they werecareful divers, bothhadinoperative
buoyancy vests. The second hookah fatality cannot be
readily explained, though air embolism could have
occurred, thoseinthe boat being too occupied to noticethe
victim’s momentary surfacing (if it occurred). Astheair
loss was not instantaneous, an experienced hookah diver
would have been expected to survive.

Advice

Had all these scubaand hookah diversdived “ by the book”
they would have most probably survived. The fewer the
chancestaken, thegreater thefavourablefactorsinthedive
plan, the better the expectation that misadventures are
survived comfortably. Think and act to keep the oddsin
your own favour.
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PROJECT STICKYBEAK

This project is an on-going investigation seeking to
document all types and severities of diving-related
incidents. Information, all of which is treated as being
CONFIDENTIAL inregardtoidentifying details, isutilised
in reports (such as this) and case reports on non-fatal
incidents. Suchreportscanbefreelyusedbyanyinterested
person or organisation to increase diving safety through
better awareness of critical factors. Information may be
sent, in confidence, to:-

Dr DG Walker
PO Box 120
NARRABEEN NSW 2101

FIRST AID PRIORITIES FOR DIVERS
THE TOBERMORY VIEWPOINT

G Harpur

Due to the large number of divers attracted to the
Tobermory area by the clear waters and abundant marine
artifacts, we are provided with many opportunities to
examinethose events surrounding diving accidentswhich
influence their outcome. In the past year approximately
30,000 dives were committed, principally between the
24th May and the Thanksgiving weekend in October, by
some 7500 divers of whom 30% were student divers on
theirinitial openwater experience. Since 1974, therehave
been 36 accidentsresultinginmajor injury todiversaswell
ascountlessminor incidentswithlessserioussequelae. In
this paper | intend to present areview of the more serious
incidents and accidents with particular attention to those
factors which contributed to the serious or fatal outcome.

Our figuresindicate that on any given divein the last two
years, the diver’s chance of being injured was 0.04% and
of being killed was 0.003%. These figures do show a
higher incidencethanisreported el sewhere, eg. the Rhode
Island surveys, and may reflect the effects of cold water
andthehigh proportion of novicedivers. Trainingaccidents
havebeenrare, with only 1 fatality and 2 seriousincidents
occurring in the past 7 years.

There have been 16 deathsin the period 1974 to 1981, out
of atotal of 36 seriousaccidents. Of these deaths, 11 died
before reaching the surface, 3 died after reaching the
surface but before reaching the recompression facility and
2 died after completing an initial treatment table. The
remaining 20 diversall survived and were entirely intact,
so far ascould be clinically determined, after one or more
treatment runs. There were no survivors who sustained
any long term injuries as aresult of their accidents. This
typeof sharp divisionisprobably unusual and can be most
likely explained by the unique character of our situationin
Tobermory. Most of the diving takes place within the
confines of Fathom Five Provincial Park and this areais

controlled by both OPP (Ontario Provincia Police) and
Park staff routinely, so a very rapid response to any
accident is possible. The average time from the victim
arriving at the surface until being placed back under
pressure, when indicated, is between 30 and 40 minutes.
Thisorganizational so permitsavery detailedinvestigation
of each incident and accident to be carried out at the same
timeasthevictimisbeingtreated. Park staff and OPPdive
team members conduct interviews with other members of
thedivinggroup. Inmoreseriouscases, exhaustivestudies
are conducted on the equipment and air supply, with the
assistance and such technical support asDCIEM (Defence
and Civilian Institute of Environmental M edicine) and the
Centre for Forensic Science in Toronto.

TABLE1
FACTORS RESPONSIBLE FOR INCIDENTS

WHERE A DIVER FAILED TO SURFACE OR
SURFACED WITH ASSISTANCE

DIVER FITNESS
Training

None or taught by afriend

Diving alone

Improper response to:
freeze-up
emergency ascent
buoyancy control
shallow water blackout

Psychological State

Unfit
Temporary conditions
Pre-existing long term conditions

Medical Conditions

Temporary
Pre-existing long term

EQUIPMENT

Inadequate
Malfunction

RESCUE

Poorly organised or no plan
Improper technique

If we consider first the group of diverswho failed to make
thesurfaceontheir own, wecandividetheminto subgroups
according to the various factors which accounted for this
failurein each case. In some of the accidents, more than
oneof thefactorslistedin Table 1 may have been present.
The following brief case histories serveto illustrate these
points.



DIVER FITNESS
TRAINING

Fortunately we have not encountered many casesof diving
without formal instructionwhich haveresultedinproblems
in Tobermory, althoughthesearecommon el sewhere. The
oneexamplewehaveillustratesacombination of informal
instruction, diving alone and inadequate equipment.

Diving Alone

PH, a26 year old male, who had just completed hisPhD in
Maths and Physics, and who was a self taught skin diver,
wasfreediving to 50-60 feet depth in an area off the shore
of Georgian Bay which hadaflat bottom, sloping gradually
to depth in excessof 100 feet. He had no buddy, but there
were several groups of scuba divers in the same general
area. Hisfriendson shorewandered away for aperiod, as
they were accustomed to hisbeing out for periodsupto 90
- 120 minutes. He was not on the shore or visible in the
water whenthey returned. After aperiod of confusionand
tripsto his car 1 mile away, the alarm wasraised. It was
now dusk. Hisbody waslocated the next morning by OPP
diversin 70 feet of water. 1t wason the bottom with 16 1b
of lead in place, afull wet suit, mask and flippers and no
buoyancy device. Another weight belt, visible from the
surface, with 18 Ib of lead on it, lay nearby. Autopsy
determined the cause of death to be drowning. Hislack of
adequate training undoubtedly left this diver unaware of
how rapidly shallow water blackout occurs, and hislack of
avest reduced his options.

We have not been able to document asingle casein which
equipment malfunction directly caused adiver’s death or
injury. It has always been the diver's response to the
problem which results in the pathology. Recognition of
the malfunction and effective management of it are part of
good diver training. The following casesillustrate areas
where the job is still being inadequately done.

Inappropriate Responses. Freeze-Up

Regulator freeze-up is a common event in cold water,
whichisto say in all water deeper than the thermoclinein
Canadian lakes at any time of the year. Proper training
should reduceunnecessary useof the purgebutton, anxious
panting and heart exertion which encourage this problem.
All students should be aware of the problem, exposed toit
and taught how to recognize it and how to respond
appropriately. That is by breathing off the free flowing
regulator to the surface. Failure to do this has been the
initiating event in several incidents, two of which resulted
in fatality.

In the first of these, the individua who died was an
innocent bystander.

JM wasan 18 year old malediver who, after qualifying the
day before, was persuaded to participate in a badly
conceived dive to 70 feet off Flower Pot Idand. Four
diverstook part. Two had previous experienceto 70 feet
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in warm water, and formed one buddy pair. JM’s buddy
had one previous dive to 100 feet in cold water. None of
the divers were familiar with the site. No shot line was
dropped to confirm depth, despite the fact that depthsin
excess of 300 feet are encountered in this area.

Difficulty with buoyancy control was encountered by all
the divers during the descent as they had all weighted to
neutral trim at the surface and failed to anticipate the
effects of wet suit compression. Thisresulted in arapid
descent and thediversfoundthemsel vesvery unexpectedly
at 90 feet, just 20 feet off the bottom in clear 4°C water.

At this point, one of the pair of warm water divers
encountered afreeflow probably secondary to anxiety and
overbreathing. Heabandoned hisregulator and attempted
buddy breathing, but was unsuccessful due to numb lips.
His buddy now abandoned him, ascending rapidly. JM’s
partner, the most experienced diver, took over. Thethree
remaining divers were on the bottom at 110 feet at this
point. The CO2 cartridge, a25 g sizeonthevictim’'svest
had been pulled with no apparent effect. (See the later
section onvests). Theattemptsto force buddy breathethe
victim were moderately successful. This pair of divers
swamup after droppingthevictim’ shelt. JM wasfollowing
in no apparent difficulty. At 50 feet the rescuer ran out of
air, pulled his reserve and continued up with the victim.
IM wastill inattendance. At 30feettherescuer completely
ran out of air, dropped his weight belt, blew his vest and
released thevictimwhowasnow positively buoyant. Both
divers arrived on the surface where the other diver was
waiting. Thevictimwasinfair shapealthough heunderwent
prophylacticrecompressionfor possiblecerebral embolism
at Toronto General Hospital later.

JM never arrived at the surface. Lack of planning led to
confusion and delay in the rescue attempts. Thebody was
recovered 4 hourslater by OPPdiversonthebottom, infull
gear withhisvestand CO2 cartridgeintact (ie. not activated).
Autopsy showed death was due to massive air embolism.
The degree of mask sgqueeze present suggested that IM
made a breath hold lunge for the surface when the other
divers took off from 30 feet. Histank contained air and
there was no evidence of equipment malfunction.

Although JM did not encounter freeflow, thefailure of the
initial victim to deal properly with this event initiated the
sequence which led to his death.

The second exampleillustratesamuch more direct effect.

SG, also an 18 year old male, was making a dive on the
Arabia, whichliesin 110 feet of water. Hetoo wasalow
timediver, but did have several hours of post certification
diving at depths of up to 40 feet in cold water. The
temperatureat 110 feet was4°C asusual and thevisibility
40-50feet inlow light. He encountered afreeflow at 100
feet early in the dive, and abandoned his regulator. His
buddy commenced buddy breathing with him, but SG
refused to return the regulator. The buddy dropped his
belt, activated his CO2 yest and swam up, dragging the
victim, he thought, by the regulator. When he arrived on
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thesurface, SG wasnot withhim. Thebody wasrecovered
several hours later in full gear and with an intact C0O»
cartridge. Autopsy showed death had been dueto massive
air embolism to al major vessels, with damage to both
lungs. Panicinduced by aninappropriate responseand the
surprise of an unfamiliar problem had claimed another
victim.

There were also many minor incidents which avoided a
similar conclusion only by chance. One, which was
somewhat amusing, involved a fellow and his girl in 30
feet of water. The girl encountered a free flow and
abandoned her regulator. He being chivalrous, gave her
his. She refused to relinquish it. Asin the last case, he
bounced to the surface, dragging her with him, but in this
case she was unharmed. The abrupt development of a
romance-shattering insight was the only damage done.

The major problem in all these cases arose because of an
inappropriate responseie. abandoning theregulator. This
indicatesaflawinbasictraining. Goodfreeflow simulation
ispossible. OUC have recently published amodification
to astandard scuba set, devised at Tobermory, which will
permit any student to be exposed to this problem and its
management, in the safety of the pool.

| nappropriate Responses: Emergency Ascent

Evenwiththebest of training and planning and equipment,
if one dives long enough one will encounter an out of air
situation, more frequently if one neglects any of the
foregoing.

Theinadequacy of theresponsescurrently being taught for
use in this situation, are illustrated by the next series of
cases.

JK was another 26 year old malediver. The frequency of
this age and sex combination begins to look like an ill
omen. Hewas performing an emergency ascent from 30
feet in open water aspart of hisgraduation exercises. The
drill to be followed was:

1 remove the mouthpiece
2. undo the weight belt and pass it to your buddy

3. swim up, humming constantly, with the instructor
and flare at about 5-10 feet.

JK commenced hisdrill but fouled up at 2, when he undid
his tank strap. He replaced his regulator, refastened his
strap and after abrief rest, started again. He completed the
exercise correctly and was observed to be exhaling,
presumably by humming, throughout the ascent, by his
instructor. At the surface he wasimmediately asked how
hefelt. Hereplied, “I feel fine”, just before passing out and
convulsing. CPR was effectively applied and he was
evacuated to the beach and subsequently to the hyperbaric
chamber, inapproximately 25 minutes, whereanimmediate
table 6A with extensions was commenced. He recovered

spontaneous respiration and circulation after drainage of
bilateral pneumothoraces, and remained stable without
any recovery of cerebral function despite repeated
recompression. He died 4 days later of brain infarction.
Examination of his equipment and gas analysis revealed
no problems.

JK had approximately 10litrelungs. If weassumedthat he
near filled his chest before his attempted ascent, the
outcomeiseasy to explain. Humming doesnot permit alot
of air to escape. Theamount necessary to produce agood
hum can be aslittle as 50 ml/second. A hard hummer can
get rid of 500 ml to 1 litre/second, but averages are
probably around 250 ml/second. From 30 feet to the
surface, JK had to clear 9 to 10 litres if he was to avoid
disaster and hisascent timewas6to 7 seconds. Humming
obviously could not do the job. Unfortunately the lungs
providelittlewarning of theimpending disaster asevidenced
by his“fine”. Thetragic partisthat hisunimpeded airway
had the capacity to handle flows in excess of 10 litre/
second, more than 6 to 7 times his requirement. The
obvious solution is to teach an ascent technique which
keeps the airway open. (See continuous breathing cycle
ascent below).

Probably the commonest emergency ascent technique
taught isthe continuously exhaling pattern. This mode of
ascent wasdefinitely used in 8 of our embolism caseswho
survived, in one of the fatal cases for certain, and it is
highly probableit wasthetechniqueusedin4 others. This
constitutesabout 60% of thefatalitiesand about 75% of the
casualties due to ascent technique.

The case of diver TR, a42 year old male, assistant diving
instructor illustrates this very well.

TR had completed awell organized dive with his club on
the Arabiaand was making the ascent from 110 feet when
he decided that since he was ascending alittle faster than
thenormal 60 feet aminute, he should probably dowhat he
taught hisstudentsto do during fast or emergency ascents,
ie. exhale continuoudly.

Thiswas the last thing he could recall until he cametoin
the hyperbaric chamber some hourslater. He had arrived
at the surface unconscious and not breathing, brought up
by hisown vest due solely to vest expansion. Hehad some
frothy red sputum coming from his nose. His group
followedtheir emergency trainingand commencedartificial
respiration (AR) with the victim on a 20° head low slant
and transported him to the chamber. On arrival there he
was breathing spontaneously, coughing up some bloody
sputum. He was still very obtunded, responding only to
deep pain. Rapid recompression on atable 6A resultedin
dramaticrecovery within 15 minutes. Hewasconfusedfor
the first 90 minutes after full recovery of consciousness.
He kept asking how he could possibly have embolised, as
he was so positive about his decision to exhale. We
reassured him that although many would doubt him, we
did not and explained the mechanism of small airway
closuretohimandthehazardsof exhaling ascents. Thesad
part isthat this diver had adequate air supply and stopped



breathing only because he was misinformed.

Thedegreeof embolismsustainedinthiscasewasobviousy
dlight and thisis typical of the injury which results from
low volumeair embolism. Theembolism doesnot usually
kill directly, but does alter consciousness and lead to
drowning. These casesare often missed at post mortem as
not many pathologists are well versed in the mechanics of
diving injuries. This problem, like that created by the
humming ascent, is avoided by the continuous breathing
cycle ascent protocol.

Inappropriate Responses. Buoyancy Control

In many of the cases where the diver died, the cause of
death was drowning and the embolism or hypoxia or
fatigue which led to this outcome were not in themselves
serious. Intheseinstancesafailureto get to the surface or
a failure to remain there, was the critical factor in
determining the outcome. Many critically injured divers
survived because they reached the surface. All of those
who remained on the bottom or returned to it, died.

This underscores the importance of the diver making
certain that he will continue to ascend even if he loses
consciousness. None of the divers recovered from the
bottom had dropped their weight belt, and none had
deployedthe CO2 cartridgeor otherwisefully inflated their
vest.

The case of PH cited earlier, illustrated the effects of
hypoxiainfreediving. Many scubadiversfail toappreciate
that oncethey are out of air they too can becomecritically
hypoxic during ascent for the samereasons. Calculations
show that adiver who runs out of air and then attemptsto
swim up with no assistance from vest or from dropping a
weight belt runs a significant risk of abrupt loss of
consciousness during the ascent if he starts deeper than 50
feet. Intria runsfrom 60feetinthechamber at Tobermory
while exercising at alevel equivaent to such aswimming
ascent, two subjects were unable to complete a simple
secondary task all theway up, both becoming confused at
depths greater than 6to 7 feet. A repeat run from 90 feet
resultedinonesubject gettinginto difficulty with confusion
at 21 feet, the other at 13 feet. Such confusion under water
could result in loss of control and breath holding, with
subsequent embolism or aspiration of water and drowning.

A good exampl eof thisisthecaseof LC, a27year old diver
on her first night dive in the company of an older more
experienceddiver. Thedivewasplannedto 30feet, butthe
area of the dive included depths to 90 feet. Both divers
were weighted for a neutral trim at 18-20 feet with 12 |b
and 14 b lead respectively. Some incident led to both
women embolizing and neither shed her weight belt or
inflated her vest, but one surfaced, the other, LC, was
recovered the following day, having drowned following a
minimal embolism. | wish | could say the other survived,
but shedid not for aseriesof reasons| shall deal withlater,
but she had a chance, LC had none.

35
PSYCHOLOGICAL FITNESS

Many of theincidents, especially those which commence
with free flow, indicate that the diver involved was under
excessive pressure at the time of the incident. Most
frequently thisstressappearsto originatein peer pressure.
Thelow timediver attempts adive which takes him out of
hisdepth and experiencein order to beoneof thegroupand
provethat he can hack it thus setting the stagefor tragedy.
Asthisfactor isapparent in many of the casescited, | will
give no specific example.

This same problem, diving while under excessive duress,
has |ed to two cases of spurious decompression sickness.
Both of these cases presented as type two decompression
sickness but the findings were inconsistent and the
complaints variable. Resolution of one case required a
sham chamber treatment with descent to 3 feet on
compressed air resulting in an abrupt and total resolution
of al symptoms and signs.

MEDICAL CONDITIONS

Temporary

Medical fitness or rather the lack thereof has been a
significantfactorinbothincidentsandfatalities. Temporary
disability of minor degree has served asthe trigger factor
in several cases and the commonest exampleis difficulty
with ear clearing. It would appear that we are not doing a
very goodjob of training peopleinthisarea. Weconducted
asurvey of novicediversduring the summer of 1978 with
the results shown in table 2.

TABLE 2

DAMAGE TO THE EARS OF 186 NOVICE DIVERS

No Barotrauma 79
Minimal 29
Moderate 70
Severe 8
(Bilateral) (11)

The interesting point about thisis that despite the fact the
two-thirdshad significant traumato their ears, only oneor
two recognized this fact.

Most of the problems created by this sort of trouble have
been minor. We see asteady stream each summer that we
refer to asinvestors. The people leave home 200 or 300
kilometresaway without checking that their earscanclear.
They arrive in Tobermory, pay for their charter, rent
equipment and get teamed up with abuddy, and still have
not checked that their earsclear. Finally at 10-15 feet on
thefirst dive, with all their money and timeinvested, they
discover that their ears are going to be difficult. They
proceed to try everything known to God and Man to get
thoseearstowork, frequently winding upinour handswith
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various types of squeeze or worse.

Theeffectsarenot alwaystrivial. Therehasbeenonecase
of adiver, GP, inwhom air embolism resulted from panic
at 10to 12 feet over ear pain. Hemadeabreath hold ascent
and becameconfusedwith bl oody cough and voicechanges.
Responseto therapy wasexcellent and amodified table 6A
resulted in histotal recovery.

Most serious problems arising as a result of temporary
disability are aresult of diving while under the influence
of drugs, the commonest being alcohol. The partner inthe
case of LC cited earlier, was a 42 year old female, KC.
What event led her to embolize during that night dive was
unknown. She cameto the surface where she added fresh
water drowning to her problems because her face was not
supported free of the surface with her weight belt on and
thevestwasnotinflated. Shevomited and aspirated during
resuscitationattempts. Despiteeffective CPRand surviving
her initial chamber treatment, sheeventually died with the
following injuries: massive air embolism of the cerebral
vessels, aspiration pneumonitisand fresh water drowning.
Her blood alcohol was reported as twice the legal limit.

Fatigue, al cohol and decongestantsfiguredinthetemporary
disability whichled tothedeath of. TR, a26 year oldmale
diver. TR drove up to Tobermory during the night,
arriving at 0600 hours having imbibed liberally en route.
Duringhisfirst diveof theday at 1000 hoursheexperienced
difficulty with his ears. So he took a couple of Sudafed
tablets. Thiswas hisfirst experience with this particular
medication, and for good measure he washed them down
with a couple of ounces of rye. Two hours later he made
a dive to 40 feet for 45 minutes. He made an abrupt
swimming ascent for reasonswhichwerenever elucidated.
At the surface, he was confused and could not stay up,
succeeding neither in releasing his weight belt nor in
inflating his vest. He subsequently lost contact with his
buddy and sank. Hewasrecovered by other diversinafew
minutesat adepth of 4feet. Hewasunconsciousandfailed
torespond to attemptsat resuscitation. The cause of death
was drowning secondary to minimal air embolism.

Street drugs probably played asignificant rolein the death
of LS. This23year old diver approached two other divers
at 100 feet with his regulator out. He took the regulator
offered him and took one breath, returned it, then refused
to take it back. The rescuer had located his octopus and
offered the regulator to keep, but it was refused. The
victimwasnow intotal panic and holding tightly onto part
of thewreck Arabia. Therescuers pried hisfingersloose
andtook him up, squeezing hischest, pounding hisgut and
doing al the things they had been taught to make him
exhale.

Unfortunately an air breathing mammal underwater in
severe panic will giveyou aimost anything, hislunch, his
blood, but not hisair solong asheremainsconscious. Thus
the diver predictably held his breath and sustained a
massivedegreeof embolismresultingininstantirreversible
death. Subsequentinvestigation showedthat hallucinogens
and cannabis had both been in use.

A more effective job of educating sport divers to the
hazards of diving whileimpaired physically, emotionally
or pharmacologically istheonly thing that will reducethe
frequency of these occurrences.

Long Term Pre-existing Conditions

Thepresenceof alongterm pre-existingmedical condition
whichshould contraindicatedivingisbecomingalarmingly
common. What ismost disturbing about thisisthat many
of these diverswith ahistory of epilepsy, or asthma, have
reportedtheir illnesstothephysicianwhodidtheir screening
physicals, requiredto enter Scubatraining by most agencies,
and were cleared as completely fit to participate in the
sport. The consequences of thisare well demonstrated by
several incidents. | will cite two.

GB wasa42 year old diver with along history of epilepsy
which had been under control for more than 20 years, but
which still required that he take Diazepam (Valium) on a
regular basis. During a dive to 50 feet, off Lighthouse
Pointinthe Tobermory harbour area, helost consciousness
during ascent whileseparated from hisbuddy. Fortunately
he was positively buoyant and continued to the surface.
Hisluck at the surfacewas good as he popped up under the
nose of some well trained people who cleared his airway
of vomitus and administered effective CPR, which was
required. When he arrived at the Hyperbaric facility 20
minutes later hewas still comatose and requiring AR, but
now had spontaneous heart action present. After 15
minutesat 165 feet heshowed no signsof recovery. When
placed on a breathing mixture of 50% N2 and 50% O2 he
responded rapidly. Within 5 minutes he was awake but
struggling and confused. He remained confused for 4
hourswhilean extended table 6A wascarried out. Hethen
abruptly recovered totally except for a short period of
amnesia surrounding the dive. The difficulty with short
term memory persisted for several days. His subsequent
course was one of total recovery with no sequelae. Heno
longer dives.

Thesecond caseisthat of a59 year old male, VK, who had
pre-existing arteriosclerotic heart disease with a rhythm
disturbance, requiring medi cation, and chronic obstructive
lung diseaseof moderatedegree, al sorequiring medication.
At 110feet on the Arabiathisdiver became stuporousand
confused, but was brought up under control by hissmaller
femalebuddy in atruly remarkabledisplay of good diving
skills effectively and calmly applied. He was coughing
bloody sputum and unconscious at the surface requiring
AR. Recovery was rapid but complicated by aggressive
behaviour and confusion adding to the problem of his
management. Atour unit he presented asacase of definite
pulmonary barotraumawith bloody, frothy sputum and of
fresh water near-drowning of significant degree
superimposed on the original maladies. Hew as hypoxic
and confused to beginwith. Thishad been clearing during
evacuation and with O2 and ahead | ow position continued
to do so. He had no pneumothorax. However X-rays
confirmed the presence of near-drowning and the pre-
existing emphysema. Ashewasimproving he elected not
to use the chamber in the face of the serious pre-existing



disease. Had he been worse or deteriorating our hand
would have been forced. He subsequently made a full
recovery. | am surethe possibility of afatal outcome was
not missed by much.

To reducethissort of problem we havejust drafted ashort
articleoutlining the hazards of scubadiving and listing the
factors to be looked for during medical examination to
determinefitnessfor the sport. Thisisto bereproducedin
the journal of Family Medicine and the Medifacts tapes
system, which should bring it to the attention of amajority
of primary care physiciansin Canada.

EQUIPMENT

Regulators

Many of the cases aready cited illustrate equipment
shortcomings. Regulator freeze-up canbemanaged. While
it cannot be completely prevented by current single hose
designs, many companies have produced products which
are more resistant than others. To achieve low breathing
resistance, high peak flows are required. Many designs
havepursuedthisgoal, neglectingthefact that thesehigher
flow ratesimply greater cooling and therefore greater risk
of freeze-up. Divers should be made aware of those
designswhich best meet both criteriasuch asthe excellent
line by Sherwood which we have found very freeze-up
resistant.

COp Vest

In cold water the performance of these vests at depth is
pitiful (Table 3). Below 60 feet CO» vests are wholly
inadequate in our 4°C waters, even with the largest of
cartridges. A vest can be used asalast resort air supply if
fitted withtheright mouthpieceandif theskill ispracticed,
butif itisfull of CO2 breathingwould of courseonly hasten
your demise. A CO2 cartridge with a power inflator does
not ease the problem as the one time you really need that
vest iswhen your air supply has gone.

Twoyoung divers, MZ and JSdied whilediving thewreck
of the Forest City. These diverswere wearing C0O2 vests
which at 150 feet would provide 1.25 pound lift when
depl oyed agai nst net negativebuoyanci esof approximately
10to 12 pounds. Neither reached thesurfacenor survived,
so the exact role played by this deficiency remains
speculative.

The diver TR referred to earlier droned because he failed
to inflate his vest on the surface. He was unableto do so
becauseit had apower inflator but hewasout of air. It had
an oral inflator but he was fighting so hard for breath he
could not spareany. It had no CO2 or alternativelast ditch
fill system.

Thesolutionsarefairly obviousandsimple. Anindependent
fill system for the vest. This should be breathable oneis
diving in cold water deeper than 50 feet. The training
required for safe use of the system should be part of all
diver courses. There is a new inadequacy in equipment
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TABLE 3
C02 VEST BUOYANCY
Cartridge size Lift at 90 feet
in 5°C water
38g 51b
259 2-31b
12 g 151b

(AverageCanadiandiver-buoyancy at theend of expiration
is4 |b negative. Thisbecomes 6 to 8 Ib negative if water
isinhaled).

which, asfar as| am aware, has yet to produce a casualty
that | would like to mention in passing.

Stabilizing jacket

Thestabilizer jacket isbeing widely promoted astheideal
buoyancy device. Whileitiscompact and comfortablein
most circumstances, fully inflated many models cause
significant restrictionsto respiration and asensation rather
like what | have always imagined the grip of an octopus
might feel like. These effects could be devastating if
experienced for the first time in an emergency situation.
Divers should be cautioned in thisregard. Details of the
restriction to respiration will be included in a study to be
published shortly.

Malfunction

Equipment malfunction was an initiating factor in many
cases, including JM, SG and L Sand acomplicating factor
inothers, including TR and JG. | would liketo emphasize
that the malfunction per sekilled none of these divers. It
was their reaction to the malfunction that did.

RESCUE

Thisbringsmetothelast areaof difficulty, theresponseto
the accident by other divers. The most frequent cause of
difficulty in relation to technique waswith CPR. Inthree
of four cases where divers reached the surface but died
before reaching the recompression units, faulty or no CPR
wasinvolved. Inthecaseof TR1oosebridge-work lodged
inhisthroat. Therescuersabandoned CPR on RR because
thevictim vomited. AsResusci-Anne never did that they
weretotally unprepared. Inonecase, no CPRwasattempted
because the victim was cold, blue and had dilated pupils.

Most divers could get 2 out of 3 on that test after any dive
at Tobermory. Inthecaseof KCtheinitial problemswere
compounded by faulty CPR, which fractured ribsand may
have lacerated the lungs.

CPRtrainingfor diversneedsto emphasizethat unconscious
diversin ahead low position amost inevitably vomit, ina
passive way and that to save these people you must be
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prepared to clear the airway, spit out the chunks and keep
going. Divers must also be taught that the pupillary signs
aretotally unreliablewhendealingwithapotential cerebral
air embolism.

Organisation and Planning

The following case illustrates almost every factor | have
discussed and many more besides.

JG was a 30 year old diver, with low time diving with a
group who did not know him or hisexperience beyond the
fact that he possessed a C card. Hisgirl-friend was along
as part of the group so the pressure was on as the group
decided to dive the Arabia. Dive organisation had been
fairly good throughout the weekend, but for some reason
whichwasnever clear, itwasnow let dlip. Thediverswere
not in standard buddy teams. On the descent one female
diver aborted after crossing the thermocline at 80 feet and
was|eft alone onthedescending line. JG continued down.
After completing a part of the distance around the wreck
one of the more experienced divers noticed that JG was
already down to 750 psi and directed him back toward the
ascending line. He then turned to signal the rest of the
group to follow. The girl left behind was at 70 feet and
came to the surface with the rest of the group, having
encountered no other diver. At the surface, the captain of
the charter boat, an interested bystander, pointed out that
the group was a diver short and the search for JG began.
There was no-one who had not aready dived. So four of
thoseinthewater madeimmediate repetitive dives, one of
them twice, using fresh tanks. Finally 20 minuteslater JG
was brought to the surface, dead. Death was due to
massive air embolism of the brain and heart. Subsequent
investigationreveal ed that thediver had encountered afree
flow, ascended, embolized and sunk to the bottom where
hewasfound. Asaresult of therepetitivedivescommitted,
we wound up treating 1 case of type 1 decompression
sickness and 4 cases of missed decompression. | do not
believe an additional comment is required

Thedual fatality of JSSand MZ on adive conducted without
a safety diver, reserve air or communication 8 miles off
shore, illustrated the same deficiencies. The old maxim,
plan your dive and dive your plan really saysit all.

LESSONS FOR FIRST AID PRIORITIES

In this review of the accidents at Tobermory | have
attempted to review thosefactorswhich could bealtered to
improvethesituationand prevent theaccidentsorimprove
the outcome.

First aid has obviously got to start with training if the
figures are to change much. Of 15 deaths, 11 failed to
surface which certainly limits one's options in dealing
withtheseaccidents. Universal adoption of thecontinuous
breathing cycle ascent protocol below would eliminate

most of theair embolism cases. Detail sof thisprotocol are
available on request.

1. Do not remove the regulator from your mouth
unless you have another to replace it with, or in
cases of entanglement. The regulator provides a
safety valve, and a possible source of air.

2. Continuetoattempt tobreatheinand out at all times
even if out of air or without your regulator. This
ensures an open glottis and larynx, and minimises
the chance of small airway closure.

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

CPRtrainingisthemost critical factor todateindetermining
the outcome if the diver surfaces.

Good diveorgani zationensuresrapid responseand prevents
incidents from becoming complicated.

Thereis no conclusion to this paper, itisin fact merely a
beginninginwhat wehopewill becomeabroader, ongoing
review of Canadian diving accidentsand incidentsleading
to improved First Aid for Divers.

SPUMS MELBOURNE MEETING

A very interesting programme was available to members
on November 20th. Unfortunately few memberstook the
opportunity to hear Dr Peter L averick present two cases of
spinal decompression sickness and Dr Geoff Macfarlane
discussthe pitfalls of histories as given by divers and the
newly available recompression chamber stationed at
Morwell. They werefollowed by Dr Harry Oxer discussing
decompression accidents in Western Australia and Dr
CharlesHackmanwho presented two casestreated recently
at PrinceHenry’ sHospital. Thefinal speaker wasDr John
Knight who outlined “First Stepsin First Aid for Diving
Accidents’ using achart devel oped from that presented to
thejoint SPUM S Singapore Navy meeting in June 1980 by
Dr Mike Davis and published in the SPUMS Journal
Supplement 1981. The new chart appears opposite.

Those who missed the meeting will not need to miss the
information as the papers will be published in the Journal
during 1982.
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MEMBERSHIP OF SPUMS

Members pay $20.00 yearly and Associate Members
$15.00. Associated Membership is available for those
neither medically qualified nor engaged in hyperbaric or
underwater related research. Membership entitles
attendance at meetings and the Annual Scientific
Conference and receipt of the Journal/Newsl etter.

Anyone interested in Joining SPUM S
should write to:

Dr Janene Mannerheim
Secretary of SPUMS

22 Frank Street,

Box Hill South VIC 3128

8TH SYMPOSIUM ON UNDERWATER
PHYSIOLOGY

TOBEHELD AT GRAY ROCKSINN
ST JOVITE PROVINCE OF QUEBEC
CANADA
from JUNE 15th to JUNE 19th 1983

Registration fees:

UMS and SPUMS members US$130.00 before 1.4.83,
US$140.00 at the Symposium.

Accommodation including three meals a day will be less
then US$70.00 per person per day.

Topics for the Symposium:

1 Inert gas exchange, counter-diffusion and bubble
formation.
2. Interactions of ventilatory control, hyperoxia and

increased gas density at high ambient pressure.

3. Oxygen toxicity.

4, Circulatory and haematol ogical effectsof hyperbaric
pressure.

5. Molecular and cellular effects of pressure.

6. Thermal effects of the hyperbaric environment.

7 Behaviour and performance under hyperbaric
conditions.

8. Decompression sickness, barotrauma and
osteonecrosis.

9. Appliedhyperbaricphysiology andclinical science.

For further information write to:

8th Symposium on Underwater Physiology
Undersea Medical Society Inc.

9650 Rockville Pike

Bethesda, Maryland 20814

USA

DIVING MEDICINE IN DEPTH

Courses conducted by:
Human Underwater Biology Inc.
PO Box 5893
San Antonio, Texas 78201
(512) 492-9395

January 22-30, 1983. BP- 18/Fundamentals. Bonaire, the
Netherland Antilles.

March 26- April 3,1983. AP-9/Selected Topics. Bonaire,
the Netherland Antilles.

April 23-30, 1983. BP - 19/Fundamentals. Roatan,
Honduras.

June 18-25, 1983. AP - 10/Selected Topics. Roatan,
Honduras.

August 13-20, 1983. AP - 11 Selected Topics. San
Salvador Island, the Bahamas.

Brochuresfor each coursewill bedistributed approximately
fivemonthsbeforethestartingdate. Early registrationsare
encouraged as spaceislimited at eachlocation. To ensure
a place in the course of your choice, write to Human
Underwater Biology enclosing adeposit of US$50.00 per
person. The full course deposit of $200.00 per person is
payable within ten days of receipt of the course brochure.

A REMEMBRANCE FROM TIMES PAST

A correspondent hasreported an occasion, afair few years
ago, in the childhood of scuba diving, when a friend and
himself filled their Porpoise tanks from an ordinary
compressor rather then a CIG 3500 psi cylinder. They
noticed somelung discomfort but continued to dive. Later
inthe day the correspondent surfaced first and noticed that
hisbuddy’ sbubblesleft asurfaceoil filmwhenthey burst.
They realised that they had used air polluted by oil vapour
from the compressor. They seemingly suffered no ill
effects from such an exposure nor from their genera
ignorance of scuba diving. Till recently divers were
remarkably tolerant of “dirty air”, though our correspondent
used CIG air wherever possible. A wise man.

Book Received

A copy of Subsea Manned Engineering by Gerhard Haux
(Publishers, Best Publishing Company, USA) has been
received and areview will appear in the next issue of the
Journal. Thisbook can be obtained by contacting Mr Rick
Poole, Pro Diving Services, 27 Alfred Street, Coogee,
Sydney NSW 2034.



