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EDITORIAL

Our readerswill notice achange onthe cover. After
much discussion it was decided at the last committee meet-
ing that the image of the Society would be improved by
removing thecartoon from the cover and moving away from
a card cover and reverting to a white cover. The latter
changes will take about a year as sufficient blue card had
recently been bought for at least ayear’ sissues Thisissue's
cover is not necessarily the final choice, opinions from our
readers will be appreciated.

Another innovation is that the Society has now a
lending library of taped presentations, asastart therearethe
tapes of the 1988 Underseaand Hyperbaric Medicine Soci-
ety’s 1988 Annua Scientific Meeting and of the recent
SPUMS, Royal Society of Tasmania and Royal Hobart
Hospital meeting on Hyperbaric and Diving Medicine. The
transcriptsof thismeeting will be published asasupplement
to the Journal in due course.

Thisissuecoversvarioustopicsof interest. Fromthe
Annual Scientific Meeting we publish John Williamson's
advice on jelly fish envenomation, essential reading for all
diving where jellyfish are to be found. Douglas Walker
contributestwo case historiesdetailing thedangersof disori-
entation underwater and of the need to leave the surface
quickly in acurrent, preferably down afixed line. Robert
Wong contributes acase history of illness of obscure origin
following diving. We are privileged to print the abstract of
Dr OttoMolvaer’ sthesis, withitsinterestingillustration. Dr
Molvaer isamember of SPUM Sand aleading diving doctor
in Norway who has contributed to the Journal over many
years. Thefinal clinical contribution comesfrom the Royal
Adelaide Hospital where a pilot study on the efficacy of
hyperbaric oxygen (HBO) therapy for burns showed a sig-
nificant decrease in mortality in badly burnt patients com-
pared with retrospective controls who had suffered compa-
rable burns. Although Gorman and Leitch make the point
that a prospective randomised trial of HBO in burnsislong
overdue their figures, areduction in mortality from 21%to
4.4%, make it doubtful whether any Hospital Ethical Com-
mittee could reasonably counternance such atrial.

Diving getsisfair share of attention with alessthan
enraptured survey of dive computers by John Lippmann,
who also contributes an alteration to the rules for using the
British Sub-Aqua Club (BS-AC) tables that have been
around for awhile. Thesetableshave now been superseded
by the introduction of “The BS-AC '88 Decompression
Tables’. These are described in an article reprinted from

“Diver”. Onewonderswhy the BS-AC hasfelt it necessary
to producetableswhichwill undoubtedly encouragedecom-
pression diving rather than embark on an educational pro-
gramme in favour of non-decompression diving. Perhaps
the large number of wrecks around the coasts of the United
Kingdomand thedepressing annual tally of diving accidents
ledtheminadifferentdirectiontotherest of theworlddiving
community. The BS-AC medical standards printed in this
issue make interesting reading although many Australian
diving doctors might be more cautious about who they
advise not to dive.

We get an insight into the thoughts of the non-
English spesking diving world with the minutes of the
Medical Commission (CMAS) of the World Underwater
Federation. It is encouraging to see that ideas that have
circulated in Australia and New Zealand for years are now
being actioned in the world diving scene. It isunfortunate
that thefinancesof the Australian Underwater Federationdo
not alow it to pay for an Austradian delegate to these
meetings.

The saga of the safety of diving is continued with
more papers reprinted from “Undercurrent”. From theseit
would appear that there are probably fewer divers actually
diving than had been assumed in America. In Austraiawe
still have only vague guesses. However the Queensland
Government is pushing the diving industry into improving
its performance and with luck this might include counting
the diversand their dives. Moreof thisinthe next issue. In
this issue we bring you the conclusions of the Western
Australian Government’ sUnderwater Task Force, whohave
shown common sense and interest in the safety of divers
without over-regulation by government. We extend our
congratulationsto the Task Force and congratul ate them on
listening so effectively to the advice given by the Western
Australian members of SPUMS who gave evidence, to
whom the Society, and every diver throughout Australia, is
indebted for their hard work. It is certain that the Western
Australian conclusions are going to influence other govern-
ments.

Finally asthe Journal wasbeing put tobed newscame
that the Australian Standards Association, which had aban-
doned work on astandard for entry level diving training, is
forming anew committee, without other responsibilities, to
deal with this question. The first meeting will probably be
in Sydney in March and SPUM Shasbeen all ocated aseat on
the committee for the first time.
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SPUMS ANNUAL SCIENTIFIC MEETING 1988

JELLYFISH ENVENOMATION
WHAT DIVING MEDICAL PHYSICIANSSHOULD
KNOW

John Williamson
JELLYFISHES

Thefollowing species have been studied to date: the
mauvestinger, hair jelly, Portugueseman o’ war, cubomedu-
sae (Figure 1) (including Chirodropids), North American
sea nettle, and cabbagehead jellyfish. Their distributionis
world wide. They are found mainly in salt water, in al
oceans and seas and are more numerous in the tropics.

They envenomate those who use the sea, fishermen,
divers and tourists, and marine scientists. Children are
particularly susceptible(Figure2). TheChirodropids(many-
tentacled box jellyfish) (Figure 3) cause the mgjority of
presently recognised human fatalities (Figure 2). However
2 recent confirmed fatalitiesin the U.S.A. from Portugese
man o'war have occured, in Florida and North Carolina.

JELLYFISHVENOMS

These are complex mixtures of polypeptides and
enzymes. They include acid and alkaline proteases (elas-
tase, DNase, collagenase, metall opeptidase), haemagglutin,
and histamine®. The venoms damage humans locally and
systematically. They act by both toxic and antigenic mecha
nisms. The former predominates. The toxins are of high
molecular weight in the range 10,000-600,000°. Thereare
somelabilecomponents; for examplethereislossof toxicity
from heat (37°C), storage, and somefractionation processes.

HUMAN SEROLOGICAL RESPONSE*

Specific IgG serum concentrations appear within a
few days following envenomation. 1gG titres persist for
many months. Reasonable (and improving) correlation is
possible between clinical and serological identification of
envenomatingjellyfish. However significant cross-reacting
antibodies do occur to the venoms of ather jellyfish.

Titrelevelsof 1in 50 are significant. Titresof 1in
3000 are seen not infrequently. Elevated IgG titresare not
protective against the cutaneous pain of jellyfish sting.
Thereis some IgM response, but it is weaker than the IgG
response. Following jellyfish envenomation, immunologi-
cal reaction! occursin both the B and T cell systems.

LETHAL MECHANISMS*?

The pharmacology of jellyfish venoms is largely

FIGURE 1

A Cubomedusaof the“Irukandji” type (oneof the4
tentaclesbroken during capture). Diversareat risk fromthe
sting of this group of open water jellyfish. The syndrome
may mimic decompression sickness.

unknown, possibly they are cell membrane destabilisers.
Deaths are mainly toxic, however some are allergic dueto
anaphylaxis.® Thetoxic deathsare possibly combinationsof
myocardial toxicity>s, central neurological toxicity, and
hypoxiafrom pulmonary effects.® Other severetoxiceffects
include gangrene (Figure 4), rena failure and haemolysis.

Anaphylaxishasbeendocumented for amauvestinger
envenomation®, and suspectedfor the Portugueseman o’ war
or bluebottle. Suggestiveevidenceisthat basophilsrelease
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histamine in response to venom challenge; sensitivity was
passively transferrable in serum, which may have been an
unrecognised cause of deaths in the past. Anaphylaxisis
more likely in “sensitised” individuals, e.g. those with
asthma or allergies.

Venomabsorptioninjellyfishstingsisthemost rapid
known. This is due to multiple (millions) simultaneous
microdosesinto dermis. Thispresentsahuge surface area.
There may be some direct intravascular deposition. Capil-
lary absorption is enhanced by the muscle pump action of
movement. It isnot certain that absorption can be stopped
by compression/immobilisation bandaging. All other ven-
oms (snakes, spiders, and insects) are absorbed by acombi-
nation of vascular and lymphatic capillary flow. Theroleof
lymphatic absorption in jellyfish venoms is unknown at
present.

CLINICAL FACTS

Skin reactions to stinging

Cutaneous pain is immediate, and usually severe.
The skin pain is savage in Chirodropid stinging. Thereis
erythema, blistering (Figure 5), and desguamation. Full
thicknessskin death may occur. Thereisincreased vascular
permeability leading to oedema. Serotonin inhibitors
(methysergide) and leukotrieneinhibitors (piripost) reduce
cutaneous vasopermeability in animals. Initialy there are
always adherent nematocysts and occasionally adherent
tentacles.

FIGURE 2

A post-mortem photo (12 hours) of a 4 years old
aboriginal boy fatally stung by the chirodropid Chironex
fleckeri. The identity of the jellyfish was confirmed by
adherent tentacl eand skin scraping examinations. Sadly, the
majority of on-going jellyfishfatalitiesin Australiaare now
aboriginal children who inhabit remote tropical coastlines
(Photo courtesy of the late Dr Jack Barnes, Cairns).
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FIGURE 3

An adult chirodropid (Chironex fleckeri) under arti-
ficialy clear conditions, showing the massive armament of
tentacles, each laden with millions of venom bearing nema-
tocysts. Entanglement in these by a careless swimmer, or
bare-skinned diver producesthe most explosive envenoma-
tion process presently known. Nematocysts cannot sting
(envenomate) through any clothing, including awet suit, or
“stinger-suit”.

Cardiovascular responses

Theseincludehypertension, and hypotension, arrhyth-
mias, which may be decreased by Ca™ channel blockers.
Thereismyocardial el ectro-mechanical dissociation” and it
is said that the heart may arrest in systole.® The increased
capillary permeability can affect the pulmonary vascular
bed | eading to pulmonary oedema, which can also becardio-
genic®. Local arterial spasm can cause distal gangrene.
Apaper on this subject isin preparation.

C.N.S. Effects

Venoms do not cause neuromuscular blockade, nor
convulsions. Thereisimpaired consciousness, and respira-
tory arrest with subsequent hypoxiahas been reported. The
peripheral painin“Irukandji syndrome” may beneural. The
massivehypertensionwith Irukandji may bedueto catechol -
amine surge®.

Resuscitation

In al cases one should not give up resuscitation
prematurely asmany attempts have been successful. Some-
timesexpired air resuscitation only isrequired. Therole of
specific antivenom (Chironex) in potentially lethal Chi-
ronex stingsisat present under examination, but it probably
helps. Short-lived venom action is probably due to heat
lability. Calcium channel blockers may help the myocar-
dium; calcium will not”. Antivenom specificity will im-
prove in the future, for life threatening stings.
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Analgesia

Skin pain is eased by direct application of ice. Itis
also unquestionabily relieved by the specific antivenom for
Chironex. Intravenous narcotics are used non-specifically
(e.g. for the muscle pains of Irukandji envenomation) re-
quire expert medical supervision. Evaluation of pain relief
is confounded by placebo responses and is inadequate at
present.

STILL UNKNOWN
Among the things we still do not know are:-
1 How jellyfish venomskill humans;5’

2 How much of a dose of venom is absorbed by
lymphatics and how much by capillaries;

3 The metabolism and excretion of venoms®,
4 Thein vivo action of existing antivenoms;

5 How to provide simple, safe and effective analgesia
for first aidersto use.

THE FUTURE
Better care of patients suffering from jellyfish en-

venomation canonly comefrom better education of medical
practitioners in the subject of marine envenomation.

FIGURE 4

Thenear gangrenousarm of ayoung femal e stung by
either aCassiopeaor Chironexjellyfishinthewatersoff the
Goa coastling, in India. This resulted in arterial vascular
insufficiency following envenomation on the skin of the
upper arm.
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FIGURE 5

Severeconsequencesof thesamejellyfishstingshown
in Figure 4, 6 days following envenomation; shows blister-
ing and threatened skin death distal to the actual sting site,
dueto acombination of primary toxic and secondary ischae-
mic effects. Other jellyfish stings may produce vesicle
formation at the site of tentacle contact.

REFERENCES

1 Burnett, JW., Caton, G.J. Jellyfish envenomation
syndromes updated. Ann Emerg Med 1987; 16:
1000-1005.

2 Williamson, J. Immunology and jellyfish venoms.
SPUMS J. 1986; 16: 95-97.

3 Burnett, JW., Calton, G.J. Venomous pelagic coelen-
terates: chemistry, toxicology, immunol ogy andtreat-
ment of their stings. Toxicon 1987; 25: 581-602.

4. Burnett, JW., Calton, G.J., Fenner, P.J., Williamson,
J.A. Serological diagnosisof jellyfishenvenomations.
J Comp Biochem Physiol 1988 (in press).

5 Togias, A.G., Burnett, JW., Kagey-Sobotka, A., Lich-
enstein, L.M. Anaphylaxis after contact with a
jellyfish. J Allergy Clin Immunology 1985; 75: 672-
675.

6 Endean, R. Separation of two myotoxinsfrom nemato-
cysts of the box jellyfish (Chironex fleckeri). Toxi-
con 1987; 25: 483-492.

7. Lumley, J., Williamson, JA., Fenner, P.J., Burnett,
JW., Colgquhoun, D.M> Fatal envenomation by
Chironex fleckeri, the North Australian box-jelly-
fish: the continuing search for lethal mechnaisms.
Med J Aust 1988; 148: 527-534.



SPUMS JOURNAL Vol 18 No 4 October-December 1988

8 Fenner,P.J.,Wiliamson, JA., Burnett, JW., Colquhoun,
D.M., Godfrey, S., Gunawardane, K., Murtha, W.
The “Irukandji syndrome” and acute pulmonary
oedema. Med J Aust 1988; 148: 150-156.

121
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thesia and Marine Medicine at Townsville General Hospi-
tal. Hisaddressis The Department of Anaesthesia, Intensive
Care, & Marine Medicine, Townsville General Hospital,
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ORIGINAL PAPERS

THE ROLE OF HYPERBARIC OXYGEN IN THE
TREATMENT OF THERMAL BURN INJURIES: A
BRIEF REVIEW OF THE LITERATURE AND THE

RESULTSOF A PILOT STUDY.

Des Gorman and lan Leitch
Introduction

Thermal burn injuries are common, and have a sub-
stantial morbidity and mortality. Both the treatment in
specialised BurnsUnits, and the rehabilitation of the patient
back into the community are expensivel. Despite this
background, the eval uation of different treatmentsfor burnt
patients has been poor. Often studies have inadequate
control dataand therearedifficultiesin accurately assessing
burn wound depth?.

Hyperbaric oxygen (HBO) therapy administered sys-
tematically may bean effective adjuvant to the conventional
care of thermal burn wounds, since it can reduce tissue
ischaemia, attenuate interstitial fluid oedema and compart-
ment pressure, improvethemicro-circulation, and stimul ate
both revascularisation and re-epitheliasation of hypoxic
wounds®.

Since the original observation of accelerated burn
wound healing in rabbits treated with HBO wasreported in
1969+, data have been collected in avariety of other animal-
modelstodemonstrateat | east threewaysinwhichHBO acts
directly to promote healing of thermal burn wounds.

The first is areduction in the eventual depth of the
burn wounds (ie. the progression of partial-thickness burns
to full thicknessis retarded)®. This reduction is associated
with less extravasation of fluid®’, an increase in the ATP
concentrationsintheburnwounds(evenwhen HBO admini-
stration is delayed)?, and a reduction in overall animal
mortality®. The second direct actionisan increased healing
rate of burn woundsin animalstreated with HBO*S, and the
third is an anti-septic effect*. This anti-sepsisis mediated
probably both by enhanced host responsesand by direct anti-
bacterial action®.

The beneficia effects of HBO may be enhanced by
the concurrent administration of antioxidants, but their use
iscontroversial. For example, while a free oxygen-radical
scavenger enhanced the protective effect of HBO onarabbit
lung smoke inhalation injury?®, similar benefit could not be
demonstrated in ischaemic skin flapsin rats'; and elevated
oxygentensionshavebeen shownto actually antagoni se, not
potentiate, lipid peroxidation in-vitro.

In addition to these direct effects on burn wounds,
HBO has also been shown to improve outcome in animals
who have inhaled cooled smoke®, by reducing the fluid
extravasation into the lung interstitium. Lung injury from
smokeinhal ationiscommon after thermal burninjuries, and
isasignificant cause of mortality*?. Carbon monoxide (CO)
intoxi cation has been claimed to be the commonest cause of
death of victims dying at the scene of afire™® and HBO has
been shownto bethedefinitivetreatment of CO intoxication
in a controlled prospective study*.

In contrast to these controlled animal studies, reports
of HBO usein humanswith thermal burnsare, with perhaps
a single exception, poorly controlled. Also, these human
studies have used unreliable methods of assessing burn-
wound depth?. Theseretrospectively, semi, or uncontrolled
studies have reported that HBO: reduces the mortality in
severely burnt patients'; reduceseither the number of areas,
or the surface area requiring grafting**>%; reduces fluid
requirementst**>%7;  reduces hospital-stay time and overall
treatment costst**%; reduces burn wound sepsis’; and
increases skin graft survival in patients who have had burn
wounds grafted®s. However there has been only one
prospective controlled, but not randomised, study of 875
patients with thermal burns, which showed HBO to signifi-
cantly reduce the mortality of severely burnt patients®.
There are no human data and only a single report of an
inhalational injury in rabbits beingimproved by the admini-
stration of normaobaric oxygen (NBO)®.

Thereareno reports of adverse effectson burnswith
systemicHBO, and asolitary report of topical HBOincreas-
ing scar thickness®.
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Therearethen substantial animal and human datato
support arole for HBO in the treatment of thermal burns.
However, there is an urgent need for randomised prospec-
tiveand controlled human studiesto examinebothHBO and
NBO.

Pilot Study

We conducted a pilot study from July 1986 to June
1988 at the Roya Adelaide Hospital (RAH), South Austra-
lia, to determine the feasibility of administering HBO to
burnpatientsat theRAH, andto determineif HBO produced
deleterious effects.

A control group of 113 patientswas generated retro-
spectively by considering al admissionsto the RAH Burns
Unit from January 1983 to June 1986, when HBO treatment
was introduced. We excluded patients with less than 10%
total body surface area (TBSA) burns, as the mortality is
negligible, and those with more than 75% TBSA burns as
many were given analgesia only. The data for age, area
burnt, and mortality for this control group are shown in
TABLE ONE. All these patients received conventiona
surgical careonly.

From July 1986 to June 1988 inclusive, 67 patients
with more than 10% TBSA burnsand lessthan 75% TBSA
burnswere given HBO as an adjuvant to their conventional
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surgical care. Their results are also summarised in Table
One. TheHBO patientsdid not differ significantly fromthe
retrospective non-HBO control group for age (34.2 + 14.9
(SD) years.v.38.6+17.2(SD) years, p>0.05) or meanarea
burnt (28.9 + 20.6% .v. 25.5 + 15.5%; p>0.1). However,
the mortality of the HBO patients was significantly lower
(4.4% .v. 21.3%; Fisher's exact probability, p = 0.002).

Clearly, other factorssuchasimproved nursing could
have contributedtothefall inmortality, anditisnot possible
toattributethisreductiontoHBO al one. Wecould conclude,
however, that it was feasible to conduct a prospective
randomised controlled study to eval uatetherel ativeroles of
HBOandNBOinthetreatment of thermal burnsinjury at the
RAH, and further that there was no evidence that HBO
adversely affected theoutcomeof thesepatients. A prospec-
tive study is now being implemented.

Summary

In addition to its beneficial effects on CO intoxica-
tioninburnt patients, HBO therapy may also haveapositive
direct effect on the thermal burn wound. In animal burn
injuries, HBO not only speeds the healing of the burn, but
aso reduces the mortality and reduces the area of partial-
thicknessburnsthat proceedtofull-thickness. Thedatafrom
burnt patients is consistent with these findings, but with a
single exception, are generally inadequately controlled and

TABLE 1

Number:
Mean age (+ SD):
Mean TBSA burnt (+ SD):

Mortality:

* p =0.002 (Fisher’s Exact)

Control Group HBO Group
(Non-HBO) 1986-1988
1983-1986
113 67
38.6+17.2yrs 34.2+14.9yrs
25.5+15.5% 28.9 + 20.6%
21.3% 4.4%*

Characteristics of patientsadmitted to the RAH BurnsUnit with TBSA burns> 10% and < 75% in the period from January
1983 to June 1988 inclusive; and treated with conventional surgery alone (Control Group, January 1983 to June 1986), or
with conventional surgery and HBO (HBO Group, July 1986 to June 1988).
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are gathered using inaccurate methods of assessing burn
wound depth.

A pilot study conducted at the Royal Adelaide Hos-
pital has shown a significant decrease in mortality in se-
verely burnt patientstreated with HBO when comparedto a
retrospective control group. On the basisof thesefindings,
and the positive animal and human literature published
aready, itisclear that a prospective randomised controlled
study of therole of HBO in the treatment of thermal burns
injury islong overdue.
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REVISITING KEY WEST SCUBA DISEASE

Robert Wong

“ScubaDisease” whichwasprevalent between 1955
and 1959 in the U.S. Navy Diving Operationsin Key West
was shown to be due to contaminated Scuba hoses and
regulators. This health hazard was attributed to the aspira-
tion of Gram-negative organisms, especially Pseudomonas.

Bradley and Bornmann' compared Scuba Disease
with Salt Water Aspiration Syndrome described by Ed-
monds?. Both conditions have symptoms resembling aflu-
likeillness, viz. chills, anorexia, nausea, malaise, headache,
aches and coughs. However, Bradley and Bornmann indi-
cated three major differences between the two conditions:
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elbows and back, which were shifting in nature. He also
experienced headache, nausea and afeeling of faintness, as
well as hot and cold sensations. There was pleuritic chest
pain, marked dyspnoea, aggravated by even the mildest

exertion. The shortness of breath continued to worsen, he
had to stop ontwo occasionswhilst cleaning histeeth. That
evening, some 24 hours after the dive, he was awaken by

dyspnoea, whence he started coughing which was dry and
nonproductiveinitialy. Intheensuing few days, the cough-
ing became productive of mucoid sputum. Two other divers
who used the same equipment had similar symptoms, but

these were much milder and without the respiratory compo-
nent. Becausethey wereat sea, thediver only consulted the
local hospital 7 days after his dive.

At thelocal hospital, there were no significant clini-
cal findingsapart from hisobviousshortnessof breath. The
chest x-ray showed a diffuse, granular picture. Dueto the

Tablel
L egionellaPneumophilia Gpl Gp2 Gp3 Gpa Gp5 Gp.6
Total Globulin
Day7 Neg Neg Neg Ne&g Ne&g Neg
Day9 64 — 128 — — —
Day 31 512 — 512 64 — 128

@ Length of the prodromal period (two hours for salt
water aspiration versus 24 hours for scuba disease);

b Less incidence of dyspnoea and production of spu-
tum in scuba disease;

© Lengthof illness(6-24 hoursfor salt water aspiration
versus 24-72 hours for scuba disease).

Furthermore, Edmonds? indicated that Salt Water
Aspiration Syndrome was more common in the colder
months. Bradley and Bornmann! deemed Salt Water Aspi-
ration Syndrome aform of Scuba Disease.

Case Report
A 30 year old diver was diving using hookah equip-

ment inthenorthwest of Western Australia. Some 12 hours
after hislast dive, hedevel oped achesand painsin hisknees,

lack of laboratory facilities to perform more sophisticated
investigations, the patient wastransferred to ametropolitan
teaching hospital.

Further enquiriesreveal ed that the patient smoked 60
cigarettes per day; hisfather developed asthmalatein life.

Clinical examination showed a suntanned, fit 10ok-
ing male with fast, shallow respiration, at a rate of 28 per
minute. Therewerebilateral inspiratory basal crepitations.
Other systemswereessentially normal. Arterial blood gases
onair showedaPO, 83, PCO, 39. Respiratory function
testsshowed alow FEV, 3.291(4.28* 0.55), normal FVC
5.47(5.47+0.74),low FEV /FVC60.1% and MMFR 1.941/
s (4.48 * 1.12). Lung volumes were essentially normal,
however, the Diffusing Capacity near TLCwas19.5(34.9+
5.1) D mi/min/mm.Hg. Histamine Provocation Test
showed a PC, greater than 16 mg/ml, indicating a normal
nonspecific bronchial reactivity. Thetestsshowed amoder-
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ate airflow limitation, but not characteristic of currently
symptomatic asthma. The diffusing capacity was sugges-
tive of an interstitial lung disease. Arterial Blood Gases
repeated 15 hours|ater showed aPO,110and PCO, 28. The
P(A-a) DO, was within the normal range.

Therewasaleucocytosiswith acount of 15,000 and
ESR 31. Extensivestudiesof funga, viral and bacteriologi-
cal examination were normal. The diving equipment was
examined but no abnormality was detected. Immunoglob-
ulins were also normal.

With bed rest, heimproved with no treatment, albeit
marked lethargy was present for over 2 weeks.

Seventeen days after the onset of symptoms, leu-
cocytosis peaked at 23,000, ESR had fallen to five. How-
ever, serological examination for legionella showed:

Resultsare expressed asthereciprocal of thetitreor
as'neg’ whenthetitreislessthan 64. A fourfoldriseintitre
provides evidence of recent infection.

Seventeen days after the dive, his chest x-ray was
clear, therespiratory functiontestswereessentially normal,
although there was still a dlight reduction of the diffusion
capacity at 27.3. White cell count dropped to 14,000 by the
23rd day. Repeat respiratory function testsdone on day 31
were normal.

Discussion

Thecasepresented shared many of thesymptomsand
signs of Scuba Disease and of Salt Water Aspiration Syn-
drome. It wasunfortunate that the patient did not present to
hospital until six days after his last dive and that the other
divers did not attend the hospital at all.

Beaty and Pasculle®intheir discussiononLegionella
infections pointed out that cigarette smokers are more sus-
ceptibletoinfection. Symptomsof malaise, headache, fever
and shaking chills are common. An early nonproductive
cough which progresses in severity occurs and usually
becomes productive of mucoid to mucopurulent sputum.
Other symptomsinclude dyspnoea, pleuritic chest pain and
myalgia. Gastrointestinal symptoms are present in about
25% of patients. Tachypnoea and tachycardia are also
common. The disease becomesworse during thefirst four
to six days and another four to five days may pass before
dramatic clinical improvementsbegin. Many patientsexpe-
rience weakness and early fatigability for weeks after the
acute stages of the illness. Laboratory findings show an
elevated ESR and leucocytosis greater than 20,000. Abnor-
mal renal and liver function tests have also been reported.
Chest x-ray shows parenchymal infiltratesin about 65% of
thecases. A firm diagnosisismade by thedemonstration of
legionellaein the respiratory secretions by either culture or
immunofluorescent straining.
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The patient, aheavy smoker, had al the symptoms
described. In common with Salt Water Aspiration Syn-
drome, he had afal in FEV, and in P,O,; the P(A-a)DO,
gradient was normal, however. A low diffusing capacity
suggestive of interstitial lung disease was present. It was
unfortunatethat no respiratory function tests were obtained
for the patients with Scuba Disease.

Edmonds' stated that in the differential diagnosis of
Salt Water Aspiration Syndrome, one must consider the
possibility of other occupational diseases of divers, e.g.
Decompression Sickness, Pulmonary Barotraumaand Scuba
Disease. One should bear in mind &l so the other causes of
pneumonitis such as chemical or hypersensitivity.

L egionellapneumophila, agram-negativebacterium
was unknown until the outbreak of a severe respiratory
illnessin Philadelphiain July of 1976.

Retrospective studies using serologic techniques
traced theearliest outbreak of L egionnaires Diseaseto 1957
among employeesof amesat packing plantin Austin, Minne-
sota.

Key West Scuba Disease was shown to be due to
pseudomonasinfections, alsogram-negativebacteria. Could
some of the victims of Key West Scuba Disease be due to
infection by Legionella pneumophila?

Summary

A case history is presented of adiver using hookah
equipment in the subtropical climate of the Northwest of
Western Australia. The symptoms, signs and |aboratory
findings were similar to those of Scuba Disease and of Salt
Water Aspiration Syndrome. Pseudomonaswasnotisolated
from this patient. A diagnosis of Legionella pneumophila
infection was made.
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EFFECTS OF DIVING ON THE HUMAN COCH-
LEOVESTIBULAR SYSTEM

Otto Inge Molvaer

Dissertation abstract

Cochleovestibular barotraumawas seenin all types
of divers. A retrospective analysis of 76 cases (83 injured
ears) isreported. Itishypothesized that middleear gasmay
enter the perilymphatic space of theinner ear during ascent
in cases of perilymphatic fistulae. The cochlear injury was
classified as permanent in 58% of the cases.

The sound pressure level from the breathing gasin
standard hard hats was measured to about 96 dB(A) (re
20uPa), whilethelevel from high pressure water jet lances
reached about 145 dB(A) closeto thedivers head gear. In
living chambersfor saturation diving sound pressurelevels
reached about 106 dB(A). After the environmental control
unitsweremoved to the outside of the chambersthe highest
recorded levels were about 96 dB(A).

Significant temporary hearing threshold shiftswere
demonstrated in divers participating in two saturation dives
of 19and 34 daysdurationto 300 and 500 msw respectively.
The recovery took up to three days post-dive.

Y oung, highly selected professional divershadlower
hearing thresholds than age-matched randomly selected
(standard) controls, but higher than the normality curves of
the International Organisation of Standardisation. How-
ever, divers in their fourth decade of life had thresholds
comparable to the standard controls. Divers who smoked
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had significantly higher threshol ds than their non-smoking
colleagues. After an observation period of about six years
thedivers' hearing had deteriorated faster than that of both
otologically normal subjectsand of theunscreened controls.

Transient vestibularimbalancewasdetected by ENG
in 25% of the divers participating in four dives to 300-350
msw, but normalisationoccurredwithinayear. Thevestibulo-
ocular reactivity to bithermal caloric stimulation was sig-
nificantly reduced in six diversat 250 msw as compared to
surfacevalues. Alternobaricvertigowasreported by 33% of
194 professional divers. Although the symptoms usually
weremild, in some casesthey caused seriousdisorientation,
nausea and vomiting.

By Ed. SPUMSJ

The aboveisthe abstract of a doctoral dissertation
whichwas successfully defended by Dr Molvaer (a member
of SPUMS) on September 30th, 1988. Readerswishing for
further information should contact Dr Molvaer whose ad-
dressisthe Norwegian Underwater Technology Centre A/'S
(NUTEC), P.O. Box 6, N-5034 Ytre Laksevag, Norway.

DIVE COMPUTERS
John Lippmann

Since decompression sicknessin humansfirst reared
its ugly head back in the mid-1800s, scientists and others
have sought ways to improve and simplify decompression
calculations and procedures.

Haldane introduced his model and schedules at the
beginning of this century, and since then many decompres-
sion tables have been published. Although some of thevery
|atest tables include methods for compensating for parts of
adive spent shallower than the maximum depth, most tables
requireadiver to chooseano-decompression or decompres-
sion schedule according to the maximum depth and bottom
time of a dive. The calculation assumes that the entire
bottom time was spent at the maximum depth, and that the
diver's body has absorbed the associated amount of nitro-
gen. However many dives do not follow that pattern. A
scubadiver’s depth normally varies throughout adive, and
often very little of the bottom time is actually spent at the
maximum depth. Inthiscaseadiver’ sbody should theoreti-
cally contain far less dissolved nitrogen than is assumed to
be present when using thetabl esinthe conventional manner.
Somediversfeel penalised for thetime of the dive not spent
at the maximum depth.

Theided situation isto have adevicethat tracksthe
exact dive profile and then calculates the decompression
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requirement according totheactual divedone. Suchdevices
have emerged since the mid-1950's, some gaining some
notoriety.

Probably the best known of the early decompression
metersisthe SOSdecompression meter whichwasdesigned
in 1959 and emerged in the early 1960s. The meter, which
is still currently available, appears to represent a diver's
body as one tissue. It contains a ceramic resistor through
which gasisabsorbed before passinginto aconstant volume
chamber. Withinthechamber isabourdontubewhichbends
as the pressure changes, and the pressure level, which
represents the amount of absorbed gas, is displayed on an
attached gauge. On ascent gas escapes back through the
resistor and eventually, when enough gas has escaped, the
gauge will indicate that a safe (supposedly) ascent is pos-
sible. A number of problems arise with the use of the SOS
meter. Individual meters often vary greatly, and the no-
decompression times for dives deeper than 60 ft (18 m)
exceed the US Navy no-decompression limits(NDLS). The
meters give inadequate decompression for repetitive dives
when compared to the USN and most other tables. I1n 1971,
the first six divers requiring treatment at the Royal Austra-
lian Navy School of Underwater Medicine chamber were
diverswho had ascended according to SOS decompression
meters.!

The Defence and Civil Institute of Environmental
Medicine (DCIEM) of Canada devel oped a decompression
meter in 1962. It utilised four resistor-compartments to
simulatenitrogen uptakeand eliminationinadiver. Initially
the compartments were set up in parallel so that each
compartment was exposed to ambient pressure and thus
absorbed gas simultaneously. When tested, this configura-
tion produced an unacceptable bends incidence. The four
units were then re-arranged in a series arrangement, so that
only the first was exposed to ambient pressure and gas
passed from one compartment into the next. This configu-
ration wastested on almost 4,000 test dives and produced a
very low incidence of bends.*

The meter gave effective half-times from five to
more than 300 minutes, and it indicated current depth and
safeascent depth. The DCIEM unit never becameavailable
to sport diversasit would have proved to be very expensive
and would have required extensive and costly maintenance.

In1975FarallonreleaseditsMulti-TissueDecomputer
which was designed to be a no-decompression meter. It
consisted of four permeable membranes, two of which
absorbed gas and two which released it. The Royal Austra-
lian Navy tested two metersin 1976 and found them to give
very divergent results. One became more conservative
while the other became more radical. In addition, various
mechanical problems eventuated. Tests done in the USA
confirmed that the NDL s given by the meter often greatly
exceeded those of the USN tables.

127

Over the past ten years or so, various methods of
extrapolating the USN (and some other) tables to credit a
diver for the shallower portions of a multi-level dive have
emerged. These methodsrequire manipulationsthat aretoo
complex for many divers and require the dive plan to be
knownin advanceandrigidly followed. They are generally
unvalidated, and their safety is a subject of dispute. In
addition, if timeis spent at morethan two or threelevelsthe
calculations become prohibitively complex.

By the mid-1970s with the advance in microproces-
sors (a chip which can contain a series of pre-programmed
instructions) it became possible to construct a small com-
puter capable of doing very complex multi-level calcula-
tions. Recent technological innovations have overcome
some of the early technical restraints and the scuba diver
now has access to the convenience of automatic and more
accurate depth and time recording, together with accurately
computed multi-level decompression schedules, at far more
affordable prices.

A microprocessor is capable of reading a pressure
transducer (which convertspressureinto el ectrical impul ses)
very rapidly and can apply nitrogen uptake and elimination
agorithms(themathemati cal equationswhichrepresent gas
uptake and release) to this information every few seconds.
These computers can therefore track a diver’ s exact profile
and cal culate decompression regquirements according to it,
rather than by the “rounded-off” profile which is used with
decompression tables.

Despite, andin somecasesbecauseof, thesefeatures,
some reputable diving scientists, doctors and educators
remainvery critical of thesedevices. Somearguethat adiver
will become too machine-dependent and would be at aloss
and in a potentially dangerous situation if his computer
failed while in use. However some diving instructors feel
that modern decompression computersarelesslikely tofail
than divers are while reading the tables and that there are
somereasonablebail -out proceduresin caseof meter failure.
Probably the major fear of the computer criticsisthat some
computersbringadiver far too closeto, or beyond, thelimits
of safe diving, especially during repetitive dives.

The decompression models programmed into the
model-based computers are designed to simulate nitrogen
uptake and releasein adiver’ sbody. However they arejust
modelsand cannot completely predict thegasflowinand out
of our actual tissues. Our physiology is not always so
predictable as many factorsinfluence the rate of gas uptake
and elimination and the possibility of consequent decom-
pression sickness. So even though the computers follow
their model sexactly and thetheoretical tissuesprogrammed
into the computer load and unload as expected, our bodies
might not be behaving quite so predictably. There is no
safety margin built into most computerswhich substantially
compensates for this difference. Tables, on the other hand,
usually contain an inherent safety margin and, in addition,
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since we must “round-up” any intermediate depth
and/or timeto the nearest higher or longer tabled depth and/
or time, we partly, but not always fully, compensate for our
own body’ s deviation from the model.

A table-based non-mullti-level computer retains any
inherent and/or “round-up” safety margin of the table, a
table-based multi-level computer retains a small amount of
themarginand amodel -based computer retainsnomargin at
al unlessit is built into the model itself.

COMPARING COMPUTERSTO TABLESFOR NO-
DECOMPRESSION DIVES

When no-decompression times allowed by various
computers are compared to those allowed by varioustables
(eventhosebased onthe samemodel) for thesamedive, vast
differencesoften appear. Thesedifferencesbecome greater
for repetitive dives. Tables 1 and 2 compare the times
allowed by various computers and tables for two series of
repetitive dives that | carried out in a water-filled pressure
chamber. | have conducted avariety of other simulated and
real diveswith similar results. Someof thereasonsfor these
differences will be discussed in this section.

Single Dives

Table 3, below, compares the single dive NDLs of
various computers to those of the USN and Buehlmann
(1986) tables.

Single Rectangular Dives

It can be seen from Table 3 that the single dive No-
Decompression Limitsof thecomputersare more conserva-
tive than the USN limits and are generally similar to the
limits of the Buehlmann Table. Therefore for a single
rectangular dive these computers will usually give a more
conservative no-decompression time than the USN Tables.

It has been shown experimentally that divers who
diveright to some of the USN NDLswill be quite likely to
bubble during or after the ascent. By shortening the initial
NDLs and in some cases slowing down the ascent, these
computers (and modern tables) attempt to minimise bubble
formation during or after adive.

Single Multi-L evel Dives

On a multi-level dive the computers will normally
extend the allowable no-decompression dive time far be-
yond that allowed by the tables.

This occurs because the computer constantly cal cu-
latesthe (theoretical) gasuptakeor releaseat all levelsof the
dive, rather thanjust at themaximum depth astablesdo. This
function is demonstrated in Figure 1 which shows a dive
profile allowed by a Suunto SME-ML. At each level of the
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dive there was one minute of no-decompression time left
when the ascent was commenced to the next level.

Thissingle dive required no decompression accord-
ing to the computer, but required decompression of 15
minutesat six metresand 31 minutes at three metresaccord-
ing to the USN Tables.

Onasinglemulti-level diveof 30 mfor fiveminutes,
followed by 20mfor 10 minutes, followed by ascent to 15m,
the Suunto SME-ML alows a further 46 minutes of dive
time at 15m before a decompression stop isrequired. The
Huggins table alows 25 minutes at the 15m level before
requiring decompression.

Repetitive Dives

Thedives shownin Tables 1 and 2 were rectangular
divessothat themulti-level capability of the computerswas
minimised and thetimesallowed by the computers could be
compared to the times allowed by the tables.

Itisobviousthat the computersallowed substantially
more time for these repetitive dives than the tables would
give. Weknow that it isunwise, and at times hazardous, to
divethe USN Tablesto their limits, especially on repetitive
rectangular dives. How then canthegeneroustimesgivenby
these computers be justified?

As previously mentioned, divers who dive right to
some of the USN limitswill be quitelikely to bubble during
or after the ascent. Some of these divers will develop
manifestations of bends, but most will be asymptomatic. In
either case these bubbles will slow down the out-gassing
processand giveriseto moreresidual nitrogen for repetitive
dives than there would be if no bubbling had occurred.

By shorteningtheinitial NDLsand slowing downthe
ascent rate, these computers attempt to minimise the bubble
formation after the initial dive. This should enhance out-
gassing, reduceresidual nitrogen and thus enablelonger no-
decompression bottom times for repetitive dives. The
Buehlmann Table works on this premise. It utilises shorter
initial NDL sthanthe USN Table, followed by aslow ascent,
and thisiswhy it sometimes allows longer no-decompres-
sionbottomtimesthangivenby the USN Tablefor repetitive
dives. However, asyou can seefromtheexamples, usingthe
Buehlmann Tablefor repetitivedivesisstill more conserva-
tive than using most computers.

Because most tables are based on the off-gassing of
a single slow tissue during the surface interval they often
have asafety margin built into them, whereasthe computers
carry no such margin. Repetitive Groups and Residual
Nitrogen Times given in tables are designed to account for
the highest gasloading that istheoretically possible and are
usually based on a single tissue compartment only. Since
this tissue is a “slow” tissue it out-gasses slowly on the
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FIGURE 1

Thetimes given are in minutes unless otherwise
specified.
Divel
Depth 36m
Allowable no-decompression bottom time
Aladin 8
Microbrain 8
Edge 11
Skinnydipper 10
SME-ML 10
USN Table 15
Buehlmann Table 12
Bottom time (actual) 10
Decompression time required none
Ascent time 1.3 minutes
Dive 2.

Surfaceinterval 60
Depth 30m
Allowable no-decompression bottom time
Aladin 14
Microbrain 13
Edge 19
Skinnydipper 19
SME-ML 19
USN Table 11
Buehlmann Table 8
Bottom time (actual) 18

Decompression time required
Aladin 40 seconds at 3m
Microbrain 2minat 3m
Edge none
Skinnydipper none
SME-ML none
USN Table 15minat3m
Buehlmann Table 2minat 6 m
and 7 minat 3m
Ascent time 2.3 minutes

surface. The tables assume that all of the tissue compart-
mentsareunloading at thisrate and so may over-estimatethe
theoretical gasloadsof thefaster tissue compartments. This
resultsin shorter repetitivedivetimesthanwould beallowed
if theactua (theoretical) gasload inthefaster compartments
wasconsidered. Sothiscrudenessof thetable’ scalculations
may lead to longer surfaceintervalsthan arerequired by the
model, but introduces a margin of safety by assuming the
diver has more residual nitrogen than the model dictates.
However many depth and time combinationsmay lead tothe
same Repetitive Group athough, in reality, the nitrogen
contents in the various body tissues are quite different.
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FIGURE 2
Thetimes given are in minutes unless otherwise
specified.
Divel
Depth 27'm
Allowable no-decompr ession bottom times
Aladin 19
Microbrain 18
SME-ML 22
USN Table 30
Buehlmann Table 20
Bottom time (actual) 18
Decompression timerequired none
Ascent time 3.5 minutes
Dive 2

Surfaceinterval 32 minutes
Depth 30m

Allowable no-decompression bottom times
Aladin 14
Microbrain 14
SME-ML 16
USN Table 3
Buehlmann Table 6
Bottom time (actual) 16
Decompression time required
Aladin 4mina3m
Microbrain 4mina3m
SME-ML none
USN Table 15mina3m

Buehimann Table 2minatém
and7minat3m
Ascent time 25minto3m
Decompression done 4minat3m

Therest of thistableisto be found on page 130

Computers calcul ate repetitive dive times according
to the exact (rather than the maximum possible) gasloading
given by the model, taking into account all the tissues used
in the model. This usually allows more dive time for
repetitivedivesthanisallowed by tables. However in some
situations the times can be similar. The deeper NDLs are
determined by fast tissues which absorb gas rapidly and
which off-gasrapidly at the surface. Repetitive Groupsare
based on slower tissues. If repetitivedivesare compared for
NDLsin the depth range where the Repetitive Group tissue
controlstheNDL (i.e. shallow to moderate depths), then the
limits given by thetables and the computer should be close.

On some long dive sequences or in situations where
repetitive dives are done over many consecutive days, the
computers are sometimes slower to unload as they are
programmed with slower tissuesthan are used to determine
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Dive 3

Surfaceinterval 32 minutes
Depth 36m

Allowable no-decompr ession bottom time
Aladin 7
Microbrain 8
SMIE-ML 10
USN Table none
BuehlmannTable none
Bottomtime(actual) 10

Decompression time required:
Aladin, decompression wasindicated
but cleared during (rapid) ascent

Microbrain 5minat3m
SMIE-ML none
USN Table 15minat6m
and31l minat3m

BuehlmannTable Amina6ém
and9minat3m

Ascenttime 1 minute

© J. Lippmann, 1987

therepetitivegroupsintables. Thismay leadtothesituation
where the tableswill allow you to begin anew days diving
without considering residual nitrogen from the previous
day’s diving, whereas a computer may still carry over a
penalty. Thiswill normally only applytothefirst diveof the
dayandthecomputer will thenallowlonger bottomtimesfor
the following dives that day.

ARE THE COMPUTERS SAFE?

Thesafety of thesedevicesisstill thesubject of many
aheated debate.

The main criticisms focus on the following argu-
ments:

1 Themodel sonwhichthecomputersarebased arenot
completely accurate. Decompressioncomputerswill
retain inaccuracies until the devices can directly
measureanindividual’ sactual tissuenitrogen levels.

2 Theinherent safety margin of thetablesaswell asthe
extrasecurity gained by “rounding-off” thetablesis
lost in the computers. Thiswill give a diver more
time, but will at times put him more at risk.

3 Although some of themodel son whichthetablesare
based have been well-tested for fixed-depth dives,
there have only been a few well-controlled, docu-
mented tests of the validity of the multi-level appli-
cations. The number of these tests has been insuffi-
cient to determine the validity of the multi-level
applications with any statistical significance.
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Beforereleasingthe” Edge” in 1983, Orcalndustries
conducted a study to evaluate the safety of the algorithm
programmed into the“Edge”. Twelvediversdid aseriesof
ten “chamber dives’. Nine of the profileswere multi-level
no-decompression profiles, and the tenth required decom-
pression. The diverswere monitored with Doppler bubble
detectors. In the 119 profiles completed, bubbles were
detectedin onediver and werethelowest grade of bubbles.?
None of the divers showed definite signs of bends. Two
divers were dightly fatigued, one had some skin itchiness
(whichoftenoccursinchamber dives) and another had slight
tingling in one leg. Tingling was a condition this subject
often had after diving but it was reported as it was stronger
thanusual. No conclusionscould bedrawn astowhether the
manifestations of fatigue and tingling were due to decom-
pression stressor other factors. However significantly more
dives are needed to establish the risk of decompression
sickness for the various schedules. For example, for each
schedule a minimum of 35 dives without bends is needed
before abendsrate of lessthan two per cent can be claimed
with 95% confidence.?

Orcalndustries report that more than 500,000 dives
have been done by divers using the “Edge” (to my knowl-
edge at the time of writing, the vast majority of these dives
have not been documented or validated) and that 14 cases of
bends in divers “properly” using the “Edge” had been
reportedto OrcaandtheDiversAlert Network (DAN) by the
end of 1987.4

Uwatec, themanufacturersof the* Aladin” (“ Guide’),
report that between 50,000 and 100,000 incident-free dives
have been done using the* Aladin” (to my knowledge at the
time of writing, the vast majority of these dives have not
been documented or validated) by theend of October, 1987.
These divesincluded 290 well-documented dives done, by
aBritish scientific expedition, in Lake Titicaca, 12,580 feet
(3,812 m) above sea-level .5

With well over half amillion apparently safe dives
carried out by computer-users, it might appear that the
computersareindeed safedevices. However, aswithtables,
it is difficult to determine whether it is the computers
themselvesthat are safe, or if the apparent safety liesin how
divers are using them and the type of dives that they are
normally using them on. Since most of the 500,000 plus
diveswereundocumented, itisnot knownwhether or not the
divers dived to the limits given by their computers. If the
unitsare not dived to their limits then we still do not know
how safetheactual limitsare. Thisisespecially relevant to
multi-level and repetitive dives.

More than 200 divers were treated for bends in
Australasiain 1987. The vast majority of cases displayed
neurological effects. These cases often arose after dives,
often repetitive dives, that were conducted in accordance,
and at times well within, conventional tables. Some had
done a multi-level dive but had surfaced within the NDL
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specified by the table for the maximum depth.¢

With such a high incidence of bends when diving
within conventional limits, somefear that more casesmight
beexpectedto occur whenthelimitsareextended, especialy
for repetitive dives. Ascomputers become more and more
common a better understanding should emerge.

By mid 1988, 79 cases of bends in divers using
computers had been reported to DAN. In Englandin 1987,
16% (11/69) of the diverstreated for bends had been using
adiver computer.” Recent (asyet unpublished) figuresfrom
Aberdeen show asubstantial bendsincidencein diverswho
used computers for multi-day repetitive diving.

| believethat to alarge extent the bendsratein dive
computer users will depend on how divers dive when they
usetheir computers, on thetype of dive profileand ontheir
rate of ascent.

It appearsthat adiver who ascends slowly will have
lesschanceof getting bends, especially neurological bends,
than one who ascends more rapidly. | believe that a diver
should ascend no faster than about 10 m/minute when
shallower than 30 m. Many computersincludeawarningto
tell adiver when heis exceeding the recommended ascent
rate. The rate varies between computers, but | believe it
should roughly equate with the above recommendation.
Thisfunctionisahighly desirable, if not essential, function
of any dive computer.

If you exceed the recommended ascent rate at any
stage during a dive, especially at or near the end of a dive,
reduce your dive time substantially from that given by the
computer for therest of that diveand for repetitivedives. If
bubblesformasa result of the faster ascent, they will slow
down out-gassing and makethetimesgiven by the computer
far lessrealistic.

| also highly recommend that a diver goes to the
maximum depth early in the dive and then gradually works
shallower. If adiver beginsadivein the shallowsand then
progressively getsdeeper and deeper beforeascendingtothe
surface, the nitrogen load in the“ slower” tissuesislikely to
contribute more than usual to bubbles which are subse-
quently formed in the“fast” or “medium” tissues during or
following ascent.

If you are using a dive computer | believe that you
should:

Ascend slowly. Never exceed the recommended
ascent rate and generally ascend at about 10 m/minute or
slower.

Go to the maximum depth early in the dive and
progressively and slowly work shallower. Endthedivewith
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profiles.

Donot diverighttothelimitsgivenby thecomputers.
They do not cater for individual susceptibility to bends.

Avoid using the computer for deep repetitive dives,
especially those with rectangular profiles (in fact avoid
doing deep repetitive dives!).

Intheevent of acomputer failure, ascendslowly to 3-
6 m (nearer to 6 m if possible) and spend as much time as
possible there before surfacing.

THE FUTURE

It appears that dive computers are here to stay and
they will devel op enormously asknowledge and technol ogy
advance. The current models are based only on depth and
time, but future computers might be programmed to include
other variablessuch asdegreesof individual susceptibility to
bends, exertion, water temperature and del ayed out-gassing
dueto arapid ascent. | am told that a computer which will
do the latter is currently nearing completion and | believe
this to be alarge step towards improving computer safety.

The ultimate computer would measure the nitrogen
level within an individual diver's tissues. | have put my
order in already!

SUMMARY

Divecomputersaredesigned to cal culatethe decom-
pression requirement for the actual dive profile, rather than
for the “rounded-off” profile which is used with tables.

Most current computers are programmed with an
actual decompression model rather than with tables.

Computerseliminateerrorsintablecal culations, and
usually provide much more bottom timethanisgiven by the
tables.

Tables include inherent or added margins which
provideadegreeof safety if our body absorbsmorenitrogen
than predicted by themodel. Computersdo not includesuch
margins as they follow the model exactly.

For single rectangular dives the computers usually
give more conservative NDL s than the tables.

On a multi-level dive the computers will normally
extend the alowable no-decompression bottom time far
beyond that allowed by the tables.

Thecomputersusually allow far moretimefor repeti-
tivedivesthanisallowed by tables. Thisisanareaof risk for
the computers as is multi-day diving.
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at least five minutes at 3-6 m. Avoid rectangular dive The
safety of divecomputershasnot been determined astoo few
validated tests have been done to determine the bends risk
associated withtheir use. However, thisisalsotruefor most
decompression tables!

The computers generally rely on a slow ascent rate
and the times given are less valid if a diver has ascended
faster than recommended.

Computerscanand dofail and thediver must havean
appropriate back-up procedure.

If using a computer it isimportant to:

Go to depth early and then work shallower through-
out the dive. Ascend at the appropriate rate. Do not dive
righttothelimits. Allow for predisposing factorsof bends.
End al dives with afew minutes at 3-6 m.

For multi-day diving rest every third day.

The above article is taken from a book relating to
variousaspectsof diving which John Lippmanniscurrently
finalisingfor publicationin1989. No part of thisarticlemay
be reproduced without the prior consent of the author.
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LIMBO DIVING - THE DANGERS OF FREE
DESCENT
CASE REPORTSOF TWO FATALITIES

Douglas Walker
SUMMARY

The dangers associated with scuba diving are well
documented and the region of maximum danger has been
identified asthe surfaceitself. Thecritical factorsinfluenc-
ing the course and outcome of al dives are discussed in all
diving manuals and by all who instruct others, but all make
theunstated assumptionthat thediver and hisbuddy arewell
orientated in regard to their surroundings. Thisassumption
does not hold true where the descent is made in deep open
water inthe absence of either adirect sighting of the seabed
bel ow or close contact with someother fixed and recogni sed
object, such asadescent line. Most diversin such circum-
stances would discover that they were untrained to accom-
modate to such conditionsand woul d experience adegree of
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orientation and stresswhich wouldimpair their responsesto
the problems they faced. Inappropriate responses due to
diver error can very rapidly cascade into a situation of
increasing danger. Two fatalities occurring in dives under
such circumstances are presented.

Case Reports
Casel.

All the diverstaking part in this club-organised boat
dive were trained and had some experience, though not
necessarily of thistype of dive. Thetwo diversinvolvedin
thisincident were probationary members of the club but had
shown evidence of their training and had been watched
during a dive that morning to 18m (60 fsw) for 44 minutes
and judged to perform correctly. Theafternoon divewasoff
arocky reef, in calm water and fine weather. The dive boat
had its anchor in 19.5m (65 fsw) deep water alittle off the
reef and the depth under itsstern was 24-25.5m (80-85 feet).
Astherewassome current flowing from thereef towardsthe
boat thediverswereadvisedto swimunderwater towardsthe
reef after making their water entry, they werealso advised to
limit their dive depth to no more than 18m (60 fsw).

Thevictim and her buddy were the last pair to enter
thewater and although the dive marshal suggested that they
descend down the anchor lineit is probable that they failed
tofollow thisadvice and made an open water “free descent” .
As they entered the water the first pair of divers surfaced,
having aborted their diveafter only 13 minutes, and reported
the presence of a down-current which had swept them into
24m (80 fsw) deep water while they were adjusting their
equipment underwater. They also mentioned that visibility
was so poor that they did not see the sea bed until they
reachedit. Unfortunately thevictimand her buddy probably
never heard this report of the conditions they were to
experience.

It is not known exactly what happened but it is
apparent from the buddy’ s account that they found them-
selvesforced downby thiscurrent, initially to 30m (100fsw)
depthandthen deeper still until they foundthemselvesonthe
seabed at adepth of 39-42m (130-140feet). Herethevictim
seemed to be experiencing aproblemwith her breathing and
gave an “out of air” signal. Buddy-breathing was initiated
but shortly afterwards the victim “blacked out” and the
buddy “shot to the surface” and called for help. A surface
search was maintained but the victim never surfaced, and
subsequent underwater searches failed to find any trace of
either thevictim or her equipment. Therewasnoimmediate
underwater search because it was recognised that there was
no chanceof finding thevictimalive, and minimal chance of
locating her in the low visibility conditions in the presence
of the current and depth-dictated short dive time allowable.
The duration of the dive had been 8 minutes.
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Training, Experience

Experiencedin thistype of dive
DiveOrganised by

PreDiveBriefing

DivePlatform

SurfaceCurrent

Descent

Intended divedepth
Actua divedepth

Atseabed

Buoyancy vest

Weight belt

Search

ADVERSEFACTORS

SPUMS JOURNAL Vol 18 No 4 October-December 1988

TABLE 1

Casel

Trained, someexperience,
actual experiencenot stated.

Probably not.
DiveClub.

Advised of surface off-reef
current, soweretoswim
underwater toreef.

Boat anchored off therocky
reef.

Flow from reef to boat.

Commenced near anchor
line but strong downward
current then took them
deepinlow visibility
water. No FNT complaints.

18m.
42m.

Victimair hungry and felt
heavy, attempted to buddy
breathethen suddenly

|ost consciousness.
Separation asbuddy made
rapidascent.

Apparently notinflated.
Typeof vest inflation not
Saed.

Apparently not rel eased.
Not attempted because of

current, depth, poor
visibility.

Case?2

Trained, experienced but only
divesfairly closeto shore.

No.
Dive Club.

Briefed about wreck depth and
need to descend as soon as
water was entered. No advice
to ascend if wreck not seen by
18m (60 fsw).

Boat slowly moving over
wreck.

Slack water but liable here to
strong currents.

Controlled descent without
landmarks, adequately ableto
equalise ears, Buddy’ s depth
gaugefaulty, read 10 fsw

(3 m).

18 m.
36 m.

Acute panic overbreathing
reaction by victim, regained
control and controlled ascent
with buddy to 24 m (80 fsw)
but then swam away and was
lost to view.

Partly inflated on sea bed.
Type of vest inflation not
stated.

Apparently not released.

Underwater search
unsuccessful.

Poor visibility. Lack of landmarks. Total inexperienceat suchdepth. Failedtorealise
that therewasaseriousproblem requiring that thedivebeaborted. Nitrogennarcosis.
Cold. Depthrelatedlack of buoyancy. Anxiety panic. Failedtodropweight belt. Case
1 probably failed to inflate her buoyancy vest. Case 1 felt her air supply to be
inadequate and attempted buddy breathing and probably inhaled somewater. Case 2
buddy pair failed to follow the instructions to descend immediately.
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Case 2.

This also was a club-organised dive. It was made
from aboat whose skipper wasfamiliar with taking diversto
dive sites, though it was the first time either he or they had
visited this wreck as it had been “closed” to divers until
recently. There had been warningsissued that it was adive
for the experienced because of the poor visibility and the
strong currents which frequently occurred in the area, and
divers were still prohibited from any entry into the interior
of thewreck. None of thisinhibited the frequenting of the
wreck by many dive boats. The wreck lay on its side, the
uppermost side being at about 15m (50 feet) depth and the
sea bed being at about 36m (120 feet) depth.

Thevictim had beentrained several yearspreviously
and had dived frequently but her experience had been
limited to close-to-shoredives. When the dive boat reached
thewreck therewere already several other boatsthereflying
the“DiversDown” flag and anchored onto thewreck, sothe
skipper decided to drop the divers off over the wreck,
remaining under slow movement in order to be free to pick
up surfacing divers in an emergency without the delays
resulting from being anchored. Thiswas a practice he had
found useful and safe. Therehad beenabriefing concerning
thewreck duringthetrip out toit and thedivershad beentold
that they should reach it at 18m (60 fsw) or less but had not
been specifically advised to abort their dive should they not
findit by thisdepth. It wasdack water asthe pairsof divers
were dropped off but they had been advised to descend at
onceand not to remain at the surface or they would belikely
to drift from above the wreck. The skipper stated later that
all savetwo pairsfollowedthisadvice. Noneof thosedivers
descending at once encountered any recorded problem with
their dives. Two couples appeared to delay their descent,
that of the victim and her buddy and another pair. Thelatter
reached 22.5m (75 fsw) without sighting the wreck so
surfaced but thevictim and her buddy continued down tothe
seabed. The buddy was unaware of their depth until they
were on the seabed because her depth gauge malfunctioned
and continued to show “10 fsw” (3m) throughout the dive.
Diversfrom theanchored boats had the benefit of the anchor
lines to guide them down, those from this boat had no such
assistance.

When the buddy looked at the victim’ s depth gauge
after they reached the sea bed she was surprised to see that
it read 120 fsw (36m). When she showed thisreading to the
victimthelatter reacted with panic and attempted to blow up
her “compensator” in order to effect an emergency ascent
but was calmed by the buddy and amore orderly ascent was
commenced. It is probable that the victim now became
aware of being overweighted (for this depth) and again
panicked and spat her regulator mouthpiece out, but then
replaced it. Her breathing was noted to be hurried “and her
eyesshowed panic”. Whenthey reached about 24m (80feet)
depth (an estimate as the buddy’s depth gauge was still
inoperative) thevictimturned onto her back and startedtofin
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away horizontaly or alittle downwards, apparently
towardsthewreck because the buddy saw someropesinthe
water. Asthe visibility was only 1.3m (4 feet) the buddy
soon lost sight of the victim so continued to the surface
aone, reporting what had occurred assoon asshewaspicked
up by the dive boat. She was given another (full) tank and
adivinginstructor who wasamember of thedive club group
descended with her to see whether they could locate the
missing diver. They saw some bubbles coming from arent
in the side of the wreck but the instructor recognised that
these were evidence of his earlier dive when he had briefly
entered the hole, which was at about 60 fsw depth. Notrace
of the victim or her equipment was ever found.

DISCUSSION

Therewereanumber of factorsand actionsin each of
these cases which adversely effected the safety of the dives
concerned. In both the divers were without experience of
deep diving (asfar asisknown) and will have been unlikely
to haveever previously descended “intolimbo”. They must
have experienced an increasing degree of stress as they
descended without seeing any landmarks with which they
could orientatethemselves. Thediversin Case2 areknown
to have descended sufficiently slowly to equalise their ears
at al times and there is nothing to suggest that the diversin
Case 1 suffered any equalisation problems during their
enforced descent.

The critical factor of greatest importance was un-
doubtedly theinexperienceof thediversinvolvedinrelation
tothetypeof divethey weremaking, openwater divesbeing
particularly stressful in low visibility conditions. They
failed to recognise and respond appropriately to events
which indicated that their dive was proceeding in a far
different manner than that they had expected, so failed to
takethenecessary decisionto abort their descent by ditching
weights or inflating their buoyancy vests, allowing descent
to continue unchecked until the sea bed was reached. Had
the water been deeper, their predicament would have been
worse. Cold, poor visibility, nitrogen narcosis, depth-
related loss of buoyancy, and an anxiety-related air hunger,
al contributed to a panic response which further reduced
their ability to respond correctly. Thereis no information
concerning the equipment worn, none of which was recov-
ered, but itismore likely that anxiety rather than an incom-
pletely opened tank valve was responsible for the victimin
Case 1 attempting to buddy breathe, and under such circum-
stances inhalation of water would be very likely. The
method of inflation of the buoyancy vestsisunknown butin
Case 2 may have been solely by oral inflation. If sothe vest
was onewhich was quiteinappropriatefor use by any diver.

A point of great significance wasthefailure of those
involved in running these club divesto recognise the poten-
tial dangers, though thisisentirely understandablein Case 1.
Had the victim and her buddy followed normal practice and
descended holding the anchor line this tragedy might never
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haveoccurred. Otherscanlearnfromthiscasethat common
routine procedures may protect from unrecognised dangers
aswell asexpected ones. In Case 2 there should have been
arecognition that a“free descent” into deep water, particu-
larly in an areaknown to be dangerous by reason of currents
and poor visibility, was a procedure not to be undertaken
without prior consideration. Possibly the divers had ex-
pected to descend a line but had not liked to expostulate
when they were told that the boat would not be anchoring.
However, themajority of those diving fromthisboat had no
difficulty infinding the wreck, having followed theinstruc-
tionstodescendimmediately. A line-holdingdescent should
betreated as being mandatory whenever the “target” of sea
bed or wreck is not plainly visible from the surface.

The difference in dive profiles which led to these
fatalities in contrast to the successful dives made by their
fellow club members was the unplanned depth, lack of
visibility, and arriving at an unplanned destination whose
location was uncertain in relation to the expected goal. It
may be considered fortunate, in the circumstances, that the
buddies survived.

A NEW RULE FOR AN OLD TABLE
THE BSAC CHANGESTHE RULESFOR DIVES
TO9M OR LESS

John Lippmann

The BS-AC has recently (March 1988) altered the
procedure to be used when cal cul ating the decompression
requiredfollowingasequenceof morethantwodives, where
the last diveisto adepth of 9 m or shallower.

Previoudly for aseriesof three diveswherethethird
divewas9mor shallower, theRNPL/BS-AC “ concession”
(which allowssomecredit for surfaceinterval sof two hours
or more) could be used for the second dive, No further
calculationswererequired for thethird diveasitwas9mor
shallower. For aseriesof four diveswherethethirddivewas
deeper than 9 mandthefourth divewas9 mor shallower, the
“Multiple Dive Rule’ (adding together all of the bottom
timesand decompressing for the deepest depth) wasapplied
to the first three dives, and the fourth dive, being 9 m or
shallower, did not require any decompression.
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However, while researching the forthcoming new
BS-ACtables, it wasdiscovered that these procedureswere
incorrect. Third (or subsequent) divesof 9m or shallower
must be taken into account, which means that the “Mul-
tiple Dive Rule” should be used.

Thiswill often make athird dive extremely difficult
toplanwithinaday’ sdiving, and can alsoinfluencethenext
day’ sdiving, sincethefirst dive of the next day may still be
the third dive undertaken within a 24 hour sequence.

TableA canbeusedtoplanathird divetoamaximum
depth of 9 m without the need for decompression stops. It
aso indicates the surface interval which must follow that
third divein order to re-enter the RNPL/BS-AC table with-
out penalty.

Using the new rulefor athird diveto 9m or shallower

1 By referringtothecentral sectionof TableA, planthe
surfaceinterval preceedingthethirddive. Thechoices
are 0-30 minutes, 30-60 minutes, 60-90 minutes, 90
min - 4 hr and more than 4 hours.

2 Read down the column corresponding to the surface
interval chosen to determine the maximum no-stop
time for the third dive.

3 Thefinal column showsthesurfaceinterval required
after the third (9 m or shallower) dive so that the
RNPL/BS-ACtablecan bere-entered without atime
penalty.

EXAMPLE 1
Y ou are planning the following sequence of dives:

Thefirstisto 20 m for abottom time of 30 minutes,
followed three hourslater by an 18 m no-stop dive. If you
then wish to dive to 8 m two hours later, and begin a new
day’sdiving 13 hours after surfacing from the 8 m dive:

@ What isthe maximum allowable bottom timefor the
second dive?

(i What i sthe maximum allowable no-stoptimefor the
third dive?

Since this is a sequence of more than two dives the
“Multiple Dive Rule’” must be used for the first two dives,
but thenew additional 9 mtablecanbeconsultedfor thethird
dive.

Dive 1 requires no stop and Dive 2 can have a
maximum bottom time of (46-30) = 16 minutes.

To find the allowable bottom time for Dive 3, enter
Table A from the top at the column corresponding to a



SPUMS JOURNAL Vol 18 No 4 October-December 1988

137

TABLEA

Surface Interval following 2nd dive

minutes
0 30 60

No-stop timein minutes
for athird divetoa - 8 28
maximum depth of 9 m - 7

surfaceinterval of 2 hoursfollowing the second dive. This
isthe 90 min - 4 hr column. Movedown thiscolumntofind
the time allowed for the 8 m dive. If the dive was to be
followed by a15 hour surfaceinterval, abottomtimeof 115
minutes could be chosen. However, since the surface

interval followingthedivewill only be13hours, amaximum
bottom time of 41 minutesis allowed.

EXAMPLE 2

Y ou areplanning to do threedives. Thefirstisto 24
mfor abottomtimeof 25 minutes, thesecond, after asurface
interval of 5 hours, isto be ano-stop diveto 16 m and will
begin at 1645. Y ou then wish to do athird diveto 6 m, and
then be ableto dive again at 0900 the next morning, without
atime penalty.

0
(i)

What surface interval is required after the second
dive?

What isthemaximum allowableno-stop bottomtime
for the third dive?

Againthisisaseguenceof morethantwodivessothe
“Multiple Dive Rule’” must be used for the first two dives,
and Table A can be consulted for the third. No stop is
required for the first dive. The maximum no-stop bottom
timefor thesecond diveis(32-25) = 7 minutes. Y ou should
surface from the second dive at about 1653.

If youplantodiveagain after asurfaceinterval of say
80 minutes, you would be ableto divefor up to 28 minutes
but then must wait 15 hours before diving again without
penalty. Thiswould mean that you could not dive without
penalty until about 0941.

If instead you dived to 6 m for a maximum of 7
minutes, you could dive again 14 hours later, without pen-
alty, which would alow you to dive at 0900 the next
morning. Alternatively, if you allow asurfaceinterval of 91
minutesbeforedoingthethirddive, youcoulddiveto6mfor
41 minutes and then dive without penalty at 0900, as you
wouldend up having asurfaceinterval of between13and 14
hours.

Surface Interval after 3rd dive

hours
90 4
115 187 15 hours
78 147 14 hours
41 86 13 hours
- 26 12 hours

Thisnew rule seemsto makean already complicated
systemevenmorecomplicated. However thereissomelight
at the end of thetunnel. The good newsisthat the new BS-
AC tableswill definitely beout thisyear. They will require
no calculations at all and promise to be afar simpler and
more practical table.

Copyright John Lippmann 1988

John Lippmann isa FAUI instructor and the author,
with Stan Bugg, of THE DIVING EMERGENCY HAND-
BOOK. Hisaddressis 24 Frogmore Road, Murrumbeena,
Victoria 3163, Australia.

ARTICLESOF INTEREST FROM OTHER
JOURNALS

THE BRITISH SUB-AQUA CLUB INTRODUCES
NEW TABLES

CHANGING THE WAY WE DIVE

Mike Busuttili, Chairman of BS-AC National Diving
Committee’ s Decompression Working Group introduces
the BS-AC '88 Tables.

Itisnow 12 yearssincethe RNPL/BS-AC tablewas
adopted by the BS-AC. In thistime there have been many
changes in the sports diving scene. Equipment devel oped
hasallowed usto stay underwater longer and remainwarmer,
and we have become more adventurous in our search for
diving sites. It has also become increasingly clear that the
RNPL/BS-ACtableisinsufficiently flexiblefor thepatterns
of diving required by diverstoday.
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pression Working Group was briefed to look into the ques-
tion of whichtablethe Club should usefor thenext 12 years.

The study looked at al existing tables suitable for use by

sports divers, taking into account also the development of

dive computers, and found no existing table which did not
require cal culations to determine the decompression needs
of arepetitive dive. The conclusion was that we should

commission a new table which would closely follow the

brief to giveimproved safety, along with greater flexibility
and freedom, and without cal culations.

Dr Tom Hennessy was asked to carry out this devel-
opment for the BS-AC. In doing so, he drew on his long
experience in the field, having worked on both the RNPL
table and commercial tables.

Theresult of thiswork is now availableinthe form
of theBS-AC’ 88 Tables. Thesearethefirst decompression
tables produced exclusively for sportsdivers, and are right
up to date in their ability to match divers' needs.

TheBS-AC’88Tablesareavailableintheformof a
heat-seal ed bookl et containing instructions, seventables(A
to G), and a Submersible Decompression Tablein theform
of aplastic card which the diver can take into the water.

Simplicity isthekeywordintheuseof thetables. For
a single dive you ssimply look down table A to find your
maximum depth, look along for the time you plan to spend
on the dive, and note whether this is a no-stop dive or
whether you need to carry out stops. At thefoot of the Time
columnisaletter fromB to G. Thisisyour SURFACING
CODE. Y outhenlook at the SURFACE INTERVAL table
for this code and find that as the surface interval increases
youwill gainanew code (knownasthe CURRENT TISSUE
CODE). When you have decided which code will apply to
your next dive, youlook at thetablecarrying the samel etter,
andyouarefreetocarry out any diveonthat table. Thereare
no calculations, no “residual nitrogen times’, and no “pen-
alties’ to be deducted from your dive time.

In developing the new tables, the opportunity has
beentakentoincorporateanumber of improvements. These
are asfollows:

DIVE TIME is now defined as the time from
leaving the surface to reaching 6 m on the return to the
surface. It replaces the previous “bottom time” definition
which made no alowance for a dive which included a
gradual ‘exploratory’ ascent.

ASCENT RATE remains at 15 m/min., except
that thelast 6 m of theascent must take1 minute. Thisavoids
the too-fast ascents which are believed to have contributed
to a number of accidentsin recent years.

DECOMPRESSION STOPTIME isthetimeto
be spent at the stop depth, and does not include any time
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taken for the ascent.

Decompression stop depthsareat 9 mand 6 m,
but it is important to remember the significance of the
surface ‘stop’ (i.e. the surface interval), as this bears the
brunt of the decompression chore).

A feature of the BS-AC '88 Table isthat there has
been no need to ‘round-up’ divetime and depth increments
to produce asmall and compact table. The compactness of
the RNPL/BS-AC table made it easy to carry, but gave
excessive penaltiesfor repeat dives, particularly morethan
two dives, and unnecessarily long decompression stops. As
the new tablesincorporate 7 tables, afar wider selection of
divescan beoffered, with decompression schedulesclosely
tailored to real needs. Although the no-stop times are
slightly reducedincommonwithall other new divingtables,
the increase in dive time resulting from doing a short (1-2
mins) decompression stop is very worthwhile.

A source of concern to the NDC has been the com-
mon practice of doing the maxi mum no-stop time shown on
thetablefor the planned depth, followed by adirect ascent.
In many casesthe ascents exceed thelaid-down speed of 15
m/min, particularly near the surface, and this greatly in-
creasestherisk of decompressionaccidents. TheBS-AC’ 88
Tablesencouragethe use of ashort stop at 6 m, followed by
a slow ascent to the surface. This greatly improved the
efficiency of thedecompression process, giving abenefitin
the form of longer dive times.

Those divers wanting to plan more than two divesa
day will find the BS-AC '88 Tables ideal, due to their
flexibility and simplicity. Theapproach usedistruly differ-
ent to that used by any other tables, giving afull set of tables
for planning on the surface, together with a submersible
tablewhich alowsyou to make adjustmentsif you overstep
your planned depth or time. Onthe back of the SUBMERS-
IBLE DECOMPRESSION TABLE is the DIVE PLAN-
NING AND RECORDING WORKSHEET. This alows
you to note down your planned and actual dive datain flow-
chart form.

The BS-AC '88 Tables can be expected to have an
impact on club diving in several ways:

1 Diverswill be able to carry out more dives per day
than previoudly.

2 They will need to plan their buoyancy so that they
really can be neutrally buoyant in the 6 m surface
zone.

3 Diveorganiserswill needto makearecord of divers
exit times and SURFACING CODES in order to
check their repetitive dive possibilities. Ideally,
divers with similar CODES should be paired to-
gether.
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4 Branchesshould planto maketheir changeover tothe
new table following a‘teach-in’ to gain familiarity.

Teaching material has been prepared to assist the
familiarisation process, andisalready beingused by Coaches
inyour region. Thismaterial will also beavailablefor sale
to branches.

TheBS-AC’88TablesareavailablefromtheBS-AC
Shop, or from your local dive shop. Please note that the
tables are Copyright and photocopying is forbidden.

Reprinted, by kind permission of the Editor, from
DIVER,August 1988, (Vol 33:No 8 14-15). Theaddressof
DIVERIis40 GraysInnRoad, LondonWC1X8LR, U.K. The
Address of the British Sub-Aqua Club is 16 Upper Woburn
Place, London WC1H 0QW.

By Editor, SPUMSJ.

Copyright restrictions have prevented the publica-
tion of the new BS-AC tables. Readerswishing to inform
themselves further should write to the BS-AC at the above
address.

WESTERN AUSTRALIAN UNDERWATER DIV-
ING TASK FORCE

In March 1987 the Western Australian Government
announced the formation of an Underwater Diving Task
Force. Thiscommittee's report has now been published by
the W.A. Department for Sport and Recreation.

Extracts from the report are reprinted below. One
individual, George King, of Exmouth and the three organi-
sations - RAN, SPUMS and the Department of Sport and
Recreation - weresingled out for “aspecial thank you”. The
Secretary and other Western Australianmembersof SPUM S
are to be congratulated on their hard work and successful
presentations.

TERMS OF REFERENCE
To plan actions which can be immediately imple-
mented to reduce the number of accidents occurring in

underwater diving, including:

1 The presentation of appropriatelegislation, if neces-
sary.
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2. The formation of an education campaign on water
safety, in particular underwater diving, for imple-
mentation in the summer of 1988/89.

3. To assess the current level of diver insurance and
make recommendations on future coverage.

4. To make recommendations on the pricing of the use
of the Navy’ s recompression chamber.

5. To make recommendations concerning appropriate
medical examinations for divers.

6. To make recommendations for action on any other
issues in underwater diving.

INTRODUCTION TO THE PROBLEM

TheTask Forcefoundit very difficult to obtain clear,
statistical evidence on either the number of peopledivingin
Western Australia, or the number of dives they performed
each year. It was aso very difficult to obtain information
from other States or countries to alow comparisons.

A study by Brad Mettam, “A Report on the Rise of
Scuba Diving Accidents in Western Australia Requiring
Recompressionandthe State Government’ sResponse” (Sub-
mission 22) found that the number of scuba divers
recompressed in 4 Statesover the 2 year period 1985/86 and
1986/87 was as follows (see table on next page).

Though Mettam stated that the figures from the
Adelaide and the Stirling Chambers were operators' esti-
mates, our own investigations indicated similar trends.

AsMettam’ s submission was so comprehensive, the
Task Force paraphrased or quoted his information in the
remainder of this section.

Mettam queried why there had been asuddenrisein
two States (WA and Qld) and wondered whether it was
linked to therapid growthin popularity of sport/recreational
diving. Thethreelargest sporting diving certification agen-
cies FAUI, NAUI and PADI, reported a consistent growth
rate of some 30 to 40% per annum over the past two years.
The approximate numbers of divers trained in Western
Australiawere: 3,000 in 1985, 3,900 in 1986 and 5,000 in
1987. In addition, the SDFA, the largest non-commercial
instructor group, has records of some 1,600 people whom
they have trained over the last five yearsin this State.

Mettam believes that a link can be established be-
tween the rise in accidents and the increase in numbers of
diversbeing trained. Discussions by Mettam with medical
practitioners and examination of dive profilesbetween June
231985, andMay 71987, for diversrecompressedat HMAS
Stirling, led him to suggest the following causes:
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HMAS HMAS
Stirling Penguin
WA NSW
1985/86 2 Zie)
1986/87 43 51
%I ncrease 0 4

Firstly, medical practitioners are more aware of the
signs and symptoms of diving illnesses as a result of in-
creased publicity combined with anumber of recent diving/
medical seminars in Western Australiaand other States.

Secondly, diversbeing better trained, arethemselves
recognising the subtle signs and symptoms of a “minor
bend” such as fatigue, impaired senses, skin rashes and
dlight joint discomfort.

Very few of the divers treated at HMAS Stirling
exhibited obvious signs and symptoms, such asaparalysis
or greatly swollen joints.

Information provided by the HMAS Stirling recom-
pression chamber showed awide range of certification and
qualificationsof those people using the chamber. The Task
Force noted that a large number of untrained divers and
commercia divers such as pearl and abalone divers, were
using the chamber in a greater proportion than would be
normally expected. Thesefigures are discussed el sewhere
in the Report.

To obtain some statistical data, the Task Force sent,
viaHMAS Stirling personnel, questionnaires to every per-
son who had been treated at the Stirling recompression
chamber over thelast 3years. Thisinformationwasusedto
examine the dive profiles and accidents of some of those
who used the chamber.

In addition, two boat ramp surveyswere carried out,
one on Sunday, 15th November 1987 to coincide with the
opening of the Western Australia Rock Laobster fishing
season and the second, afollow-up survey restricted to the
south-west corner of the State, conducted late in January
1988. This survey asked a number of questions of boat
owners and diversin an attempt to study a cross-section of
divers, their activities, qualifications, use of dive-tables, etc.

Though the samplesweresmall, 375inthefirst case
and 158 in the second, enough information was gathered to
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Royal
AIMS Adeaide
Townsville Hospital
QLD SA
7 25
% 16
270 -64

be able to show some trends in compressed air diving
activities,

A morecomprehensivesurvey wasconductedthrough
divestoresin February 1988. It wasproposed that theresults
of this survey would be added to the existing body of
statistical information.

SUMMARY OF RECOMMENDATIONS
SECTION 1 - PROPOSED LEGISLATION

Recommendation 1

That compressed air diving equipment and services
be available only to divers certified to the level of Draft
Australian Standard 88026 or higher (itspredecessors, or its
overseasequivalents), unlesstraining under thedirect super-
vision of aNational Coaching Accredition Scheme(NCAYS)
approved instructor.

Recommendation 2

That any personwho suppliescompressed air diving
equipment and/or services to an uncertified diver (unless
under direct scuba instruction or to a wholesaler for the
purpose of wholesale distribution), should be charged and
penalised appropriately.

Recommendation 3

That any person who uses the certification card of
another diver for the purposes of obtaining compressed air
diving equipment or services, for useby anuncertified diver,
should be deemed to be committing an offence.

Recommendation 4

That no person should teach compressed air diving
unless in possession of aNCAS Level 2 Scuba Instructor
Certificate.

Recommendation 5

That a register of NCAS-accredited instructors be
established and maintained by an appropriate Government
agency so that the public can confirm an instructor’ s quali-
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fications. Thisregister to be updated on amonthly basisby
the NCAS-approved instructor agencies.

Recommendation 6

That a register of approved compressed air diving
instruction schools be established and maintained by the
same Government agency as for Recommendation 5. The
contentsto be made availableto the public asrequired, and
reviewed regularly.

Recommendation 7

That aregister of approved retail outletsfor the sale
and/or hire of compressed air diving equipment be estab-
lishedand mai ntained by theappropriate Government agency.
The contentsto be made available to the public asrequired,
and reviewed quarterly.

Recommendation 8

That an appropriate Government agency maintain a
register of air filling stations. The contents to be made
available to the public as required.

Recommendation 9

That all suppliers of compressed air for divers (in-
cluding amateur clubs) havetheir air checked by the appro-
priate Government department, (currently the Department
of Occupational Health Safety and Welfare of Western
Australia) at least every six months.

Recommendation 10

That al diversinvolvedincommercial diving should
hold a certificate equivalent to, or above, the proposed
Australian Standard Dr.88026 or, the appropriate training
standard for their particular industry.

Recommendation 11

That the Department of Marine and Harbours de-
velop a course appropriate to all commercial divers not
covered by the * Submerged Lands Act’, the * Construction
and Safety Act’, orinvolvedinmilitary operations, and open
it to all prospective commercia divers.

Recommendation 12

That commercial diving industry bodies be encour-
agedto conduct regular seminarsondiving health and safety
for their divers.

Recommendation 13

That all diversand diving supervisorsinvolvedinthe
pearl, abalone or other shell fishing industries be trained to
atleast Australian Standard (A S) 2815(a) “ Surface Supplied
Air Operations’ beforecommencing pearl, abal oneor other
shell diving.

Recommendation 14

That all diving medicalsfor shell diversbeconducted
annually to 2299 by a qualified medical doctor trained in
hyperbaric medicine
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Recommendation 15

That the Workers Compensation & Assistance Act
1981 be amended to ensure that all commercia divers are
covered by workers compensation insurance.

Recommendation 16

That all vessel sengagedincommercial diving activi-
tiesshouldhaveaproperly certifiedtrained divinginstructor
who should:

@ Ensure that al diving practices are kept within the
Australian Standards appropriate to the industry.

@i Maintain adequate records of each dive conducted
from the vessel, with specific reference to any inju-
riessustained, or incidentsthat may leadto aninjury.

(i)  Have adequatefirst aid supplies and be prepared to

treat any accidents that may occur.

Recommendation 17

That an officer be employed by the Department for
Sport and Recreation to keep appropriate records and to
assist the diving industry where possible.

SECTION 2 - EDUCATION CAMPAIGN

Recommendation 18

That an Education Campaign on Water Safety, in
particular Scuba Diving, be drawn up using appropriate
Government agencies, to beready for the 1988/89 summer.

Recommendation 19

That a media campaign be prepared to convey the
following pointsto a properly identified audience amongst
the general public:

@ That compressed air diving isafun family sport for
peopleover theageof 14 yearsandthat it contributes
to general fitness.

(i There is a need to seek training from a properly
qualified instructor.

(i)  Diving with compressed air is dangerous if safety
rules are not followed.
(iv)  Forcontinued saf ety and enjoyment, continuediving

with aclub.

Recommendation 20

A campaign using direct media techniques be pre-
pared to remind all active divers of the essential safety
factors:

@ To be thoroughly conversant with a recognised de-
compression table, and useiit.
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(i)  Tobeawareof, and takeinto account, the predispos-
ing factorsthat may increase chances of decompres-
sion sickness.

(i)  Toawaysdivewith abuddy.
(iv)  ToawaysuseaDiversFlag.
()] To'‘take5at 5 (5 minutesat 5 metres).

Recommendation 21

That theDiving Emergency Serviceanditstelephone
number (008) 088 200, beactively promotedtoall diversand
that information sheets, stickersand plastic cardsbewidely
distributed to clubs, dive shops, divers and relevant emer-
gency authorities.

Recommendation 22

That aseriesof pamphletsbeproduced whichtargets
specific diving groups. Each pamphlet should outline the
dangers of problems each group faces, with particular
emphasis on decompression sickness and how to avoid it.
These groups include prospective divers, recreational di-
vers, hookah divers, diving instructors and commercial
divers.

Recommendation 23

That the diving industry be encouraged to organise
regular seminarsfor all thoseassociated with compressed air
diving. Inparticular, doctors, instructorsand dive shop staff
should be involved so that they are kept up to date with
current scientific findings.

Recommendation 24

That theappropriate Government department initiate
action aimed at encouraging qualified diversto updatetheir
training and knowledge.

Recommendation 25

That theappropriate Government departmentsshoul d
encourage and assist the diving industry to provide Entry
Level Diver qualification courses.

Recommendation 26

That ontheacceptanceof all or part of thisreport, the
recommended changeswithin theindustry, and the reasons
for these recommendations be widely publicised.

Recommendation 27

That aseminar be held for the diving industry repre-
sentativesto gain their support for the dissemination of the
Underwater Diving Task Force education initiatives.

Recommendation 28

That an education campaign using pamphlets and
seminarsbeinstigated to highlight the requirements of safe
diving practices within each commercial industry.
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Recommendation 29

That administrative assistance be made available to
the Australian Underwater Federation (WA Branch) to co-
ordinate a development plan and to assist with the imple-
mentation of the education initiatives proposed by the Task
Force.

SECTION 3 - INSURANCE

Recommendation 30
That therebeno compul sory personal accident insur-
ance for divers.

Recommendation 31
That all NCASLevel 2 scubainstructorsshouldhave
adequate professional indemnity insurance cover.

Recommendation 32

That, for registration with the WA Department for
Sport and Recregtion, scubainstructorsmust show evidence
of adequate professional indemnity insurance cover to a
minimum of one million dollars.

SECTION 4 - PRICING OR RECOMPRESSION
CHAMBER

Recommendation 33

That the State Government inform the Common-
wealth Government of the view that no charge should be
placed on civilian divers requiring recompression in the
hyperbaric unit at HMAS Stirling.

Recommendation 34

That all concerned with compressed air diving, div-
ing instruction, retailing, or diving medicine, should pro-
moteand utilisethe Diving Emergency Serviceastheinitial
contact in adiving emergency.

Recommendation 35

That, prior totheestablishment of thehyperbaricunit
at Fremantle Hospital, discussions should be held between
the State Department of Health and the Commonwealth
Department of Defence to establish appropriate protocols
for the interchange of patients between the Stirling and
Fremantle Hospital recompression chambers.

Recommendation 36

That the costs for recompression treatment of com-
mercial divers should be covered under the Workers Com-
pensation and Assistance Act 1981.

Recommendation 37

That commercial divers should promote and utilise
the Diving Emergency Service as the initial contact in a
diving emergency.
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SECTION 5- MEDICAL EXAMINATIONS

Recommendation 38

That all compressed air divers be required to pass,
without qualification, a medical examination to Draft AS
88026 standard before being permitted to commence a
course of compressed air diver instruction leading to full
certification.

Recommendation 39

That, as soon as practical, regulations should be
implemented to require all compressed air diving medical
examinations to be carried out only by doctors trained in
hyperbaric medicine.

Recommendation 40

That all professional/commercia divers have an
annual medical examination to the appropriate standard
listed below:

AS 2299
Divers covered by the PDAA
Pearl divers
Other fishery divers
Defence and policy divers
Other commercial divers.

Draft AS 88026
Scientific and Investigatory Divers
Scuba diving instructors

Recommendation 41

That, assoonaspractical, ahyperbaric unit shouldbe
established at a metropolitan hospital to treat diving acci-
dentsneeding recompression, and other appropriate medi cal
conditions, and to provide a resource facility for divers,
instructors and medical personnel.

Recommendation 42

That regular training courses and seminars be estab-
lished sothat doctorscan gain experienceand qualifications
in hyperbaric medicine. Such courses should be conducted
using the resources of the Royal Australian College of
General Practitioners, the South Pacific Underwater Medi-
cine Society and the Australian Medical Association.

Recommendation 43

That the Australian Medical Association beaskedto
make an official approach to the Dean of the Faculty of
Medicine of the University of Western Australiato include
more information on hyperbaric medicine as part of the
medical course.

Recommendation 44

That the Western Australian Health Department
approach the Federal Minister for Health requesting that
recreational diversbeableto claimarebatefor all or part of
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the diving medical examination fee under Medicare provi-
sionsand also, the additional necessary investigations such
as chest x-rays, spirometry, €lectro-cardiograms and audi-
ograms.

SECTION 6 - OTHER ISSUES

Recommendation 45

That the Department of Marineand Harbourscontact
charter boat operators and advise them of the special safety
requirements they need to be aware of when hosting dive
groups.

Recommendation 46

That the importance and significance of the Divers
Flag be incorporated into diver and public water safety
education campaigns.

Recommendation 47

That the State Government communicate with the
International Maritime Consultative Body and discuss the
possibility of thereallocation of the DiversFlagto Flag ‘R’.

Recommendation 48

That areas of metropolitan ocean waters which are
‘safe’ and ‘interesting’ be set aside for the exclusive use of
divers and that there be no collecting (including by line-
fishing), or damaging of marine life in these areas.

Recommendation 49
That diversusing hookah apparatus be subject to the
samecontrolsand lawsasfor diversusing scubaeguipment.

Recommendation 50

That diver education seminars include aspects of
diver safety and dangerous practices in addition to the
problems of decompression sickness.

Recommendation 51
That the practi ceof emergency freeascentsshouldbe
discouraged.

Recommendation 52
That the use of a ‘J valve to the exclusion of a
contents gauge should be discouraged.

Those who wish to study the reasoning which led to
theTask Forceto makeitsrecommendationsshouldwriteto:

Lisa Chivers

TheDepartment of Sport and Recreation
10th Floor, Mineral House

100 Plain Street

PERTH, W.A. 6000
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MINUTESOF THE MEETING OF THE
MEDICAL AND ACCIDENT
PREVENTION COMMISSION (CMP)

OF THE CONFEDERATION MONDIALE DES
ACTIVITIESSUBAQUATIQUES
(WORLD UNDERWATER FEDERATION) (CMAS)
HELDINMALTA ONTHE
3RD AND 4TH OF NOVEMBER 1987.

The meeting was chaired by Dr Marcel Bibas, Presi-
dent of theMedi cal and A ccident Prevention Commission of
CMAS.

Present
Marcel Bibas (France, President of the CMP)
Ramon Sancho Fuertes (Spain, 1st Vice-President)

Jean-PierreMortier (Belgium, 2nd Vice-President)

MagnusAlmgren (Sweden)
JaapBarnard (South Africa)
PatrizoCarloBianda (Switzerland)
RamiroCali Corleo (Malta)
MartinCallga (Malta)
DominiqueGuldner (France)
Krzyztof Kuszewski (Poland)
JoeMicallef (Malta)
Abdessatar Nefzi (Tunisia)
GeradWolf (Austria)
Apologies

JacquesWolkiewiez (France, Secretary of the CMP)
GeorgesDelonca (France)
Peter Landsberg (South Africa)

President’s Report

Thismeeting of our Commission isimportant,
although there are no elections, for our Bureau is el ected
for four years.

The CMP is a full Commission within our World
Underwater Federation and it is indispensable for our
Commission to be present at the major international events
of CMAS. Some years ago we suffered from a lack of
integrationwithin CMAS. That stageiscompletely pastand
itisup to usto make the necessary effortsto ensurethat our
actions will be more and more recognised and appreciated.

These meetings provide us the pleasant opportunity
of getting to know each other, to exchange opinions and to
make plans. It also gives me the opportunity to present to
you the general policy of CMAS and the role that our
Medical Commissionistoplay init. A great many possibili-
tiesareofferedtousthrough CM A Sandwehavetomakethe
very best of them in order to attain our objectives.
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Wewant to extend information to doctors. In order
toachievethisweorganiseinternational instruction courses.
Thelast took placein Santa Teresain Sardinia, the next will
be held in Martinique.

We are in the process of creating a medical video
library; weal sointendto publish NewsL ettersand First Aid
Manuals for diving accidents.

We need better coordination between the CMP,
CMASandtheNational Medical Commissions. Itisneces-
sary that the information flow isfaster. That isthe reason
why we have asked each Federation to del egate adoctor of
its choice to the CMP. We will thus have direct and well-
informed contacts who are concerned with our problems.

The Bureau of our Medical Commission has there-
fore appointed medical advisers with aview to entrusting
these specialists with specific activities.

Regarding the devel opment of the promoation of the
CMP, | would liketo get your opinions and suggestions, for
thisfieldisvery important for thefuture of our Commission.

Finally alast point concerning the elections. Those
elected to the CMP servefor aperiod of four years. | think
that thisperiodistoo long and that we should beinlinewith
the period of serviceof the Executive Bureau of CMAS, that
isto say two years. All CMAS Committees apply thisrule.

| thereforeproposethat at thenext General Assembly
we propose a motion with a view to shorten the period of
service of the elected members of the CMP to two years.

A.Nefzi
National Federations need to be better informed.

P.C.Bianda

CMAS distributes News L etters to Federations, but
these News Letters do not come to Doctors or Medical
Associations. Itwould beagoodideato do somethingalong
these lines.

R.Sancho Fuertes

In Spain we do not have this problem, for | am a
Doctor of theFederationand | thereforecirculatetheCMAS
information to the regional Federations, the medical press
and even the Doctors' Association.

G.Wolf
The same appliesto Austriawherethe circul ation of
informationiswell done.

M .Bibas

The prablem of information flow varies of course
from one country to another. It isoften amatter of internal
organisation. We do want to make efforts however so that
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amaximum of individualsreceive our information in each
country.

Secretary’s Report

The message which the Secretary Genera of the
Medical and A ccident Prevention Commissionisanxiousto
get acrossto you cannot but reflect hisintense satisfaction to
see the activity of his Commission being structured and
sometimesdifficult projectsgradual ly being achievedwhich
reflect the aspiration of its entire membership.

Besides the sati sfaction deriving from these results,
it isright to be delighted to seethe CMAS spirit becoming
gradually moremarked within our work. Withrespecttothe
CMP there is the will to look al around the world for
experiences along new lines, not only along the existing
lines which are influenced perhaps too much by Europe or
even France. The hopeisto be able to inform everyone of
the whole range of progress achieved by diving medicine
and to participate in everything which islikely to improve
the prevention of the pathology of our activity.

Theprincipal challengeof our Commission’ sworkis
the ambition to truly internationalise the dial ogue between
diving physicians and to circulate all recent data gathered
aroundtheworld.

Thereisnomeetingwherel donot havetodeplorethe
lack of representativesfrom beyond Europeand thedifficul-
tiesthat those present at these meetingshavein making their
Federations share in the travel cost. It isonly by sharing
these costsevenly andfairly that our international character
and the value of actionswill be seen.

The Bureau of the CM P does not however expect a
miracul ous, immediate solution and is getting organised to
improve itswork. So we attach the greatest importance to
the notion of working groups, which will try and gather a
maximum of opinionsamong our corresponding physicians
on a given subject; thus the work of integration will be
achieved by the members of the Bureau working with
advisersinterested in the subject.

This is how | think we should plan the future: a
significant activity “by correspondence” which is possible
thankstotheexceptional quality of work doneby theCMAS
administrativeteam, thisactivity serving asabasisfor more
collaborative work and Bureau decisions.

Among thework in progress along these lines, | am
happy topresent thefirst encouraging resultsof theworldwide
study on means of evacuation and recompression, a long
term project which will result in rich data base and will be
available to everyone.

It remainsto present my apol ogiesto themembersof
the Bureau for not being able personally to attend this
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important meeting; | will be busy on another continent,
organising a meeting on Diving Aptitude.

| wish the CMP working sessions in Malta every
success, which they will certainly have in view of the
presence among you of our pleasant and dynamic President
Doctor Marcel Bibas.

Evacuation and recompression facilities

ThisinvestigationannouncedintheApril 1986 CMAS
NewsL etter has started with the distribution to all members
of our organisation of atrilingua questionnairewhich | had
established withthehelp of the CMPBureau inthe course of
several meetings.

Thefirst results did not take long to reach the Secre-
tariat wherethey areprocessed and anal ysedto shortly set up
a computerised data base so that everyone can obtain up-
datedinformation onthe meansof recompressioninthearea
where he plans to go and practise his activity.

After arelatively slow start of collecting datawe are
at present delighted to see our map gradually being covered
even though one continent is not covered.

Therearehowever still agreat many gapsasyouwill
seelater. The author hopesthat the direct contacts made at
the General Assembly in Maltawill allow Officers of the
countrieswhich have not yet suppliedinformation, to dothe
necessary so that each diver who approaches us can be
informed about facilitiesfor first aid availablein each zone
before he leaves home.

Present record of data collected by continent:

1 EUROPE: France, Spain, United Kingdom.
Information completed.

2  SOUTH AFRICA : South Africa.
Information completed.

3 AMERICA ; U.SA., Barbados.
Information satisfactory.

4 OCEANIA : Australia, New Zeaand.
Information very complete.

5 ASIA/MIDDLEEAST : Isradl.
Dossier adequate.

6 FAREAST : Singapore.

Around these areas there are of course significant
gapswhichwearetryingtofill. Theinformation whichwe
haveat hand will allow ushowever to start already now with
the computerisation of the data base which will go on
improving as we continue our investigations.

P.C.Bianda

In Switzerland there is a telephone service which
operates around the clock and awhol e network has been set
uptoensuretherescueof casualties. Ittook usfour yearsto
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organise such arescue network but it works very well in
cooperation with the Swiss Lifeguards.

Wehavetriedto organiseasimilar network onworld
level with one single telephone number to dial in the event
of an accident. Thisisavery effective approach.

M.Bibas

| am aware of the difficulties one can come across
when one goes global and therefore do not share the enthu-
siasmof our friend Bianda. | find hisideasomewhat utopian
although very attractive.

JP.Mortier

In Belgium we have made an agreement with Heli-
Samu. If the weather is fine there is no problem, the
operationsarevery swift but unfortunately whentheweather
is bad we have sometimes a delay of fiveto six hours. We
alsohavealifeguardfor diving operational at weekendswith
anadvisory telephoneservice; thedoctor onduty dispatches
the various rescue services to the casualties. The list of
recompression chambersin published in our News Letter.

G.Wolf

In Austriawe have atelephone number to dial inthe
event of an accident; we have produced stickersbearing the
number. We have also ahelicopter service which provides
transport.

P.C.Bianda

The Swiss Air Guard islinked to all recompression
centresandtotheclinicsanditsactionisthereforeextensive.
In our opinion it can be further extended without limit.

D.Guldner

Thisideaisnot necessarily utopian. It could perhaps
be feasible on the scale of a continent. There is the anti-
poison centre in Zurich which works very well. The same
could bedonefor diving, whichwould permit centralisation
of information on casualties and establish statistics.

M.Bibas

Everything is always possible in principle, but one
must berealistic. If wesucceedingettingtheinformationwe
need to compl ete our study of the means of evacuation and
recompression of diving casuaties from every CMAS
member country, it would already beasuccess, for wecould
then publish a booklet which would be invaluable for all
divers around the world.

M.Almgren

In Sweden we have one single telephone number to
dial in the event of any accident. An ambulance or a
helicopter issentimmediately to the spot; and the systemis
very effective.
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M. Bibas

Thanks to everyone for all this information which
showsustowhat extent the problem of diving casuatiesand
of the evacuation of the injured is important and to what
extent JacquesWolkiewiez' sinvestigationisnecessary. We
will therefore try to bring it to a successful conclusion.

CMASmedical video library

M .Bibas

| regret that Doctor Deloncaisabsent for hehad been
entrusted with the creation of the CMAS medical video
library and | know that he has already done a great deal of
work on this project. He has written a number of letters
seeking volunteerstoformworking groupson special topics
so that each cassette will be the result of team work. These
cassettes will be very important to assist the training of
doctorsandto makeawidedistribution of the CMPinforma
tion by audio visual means.

| know that Georges Delonca has received many
answersto hisvarious letters and that several cassettes are
aready being prepared. | hope that we will have produced
afew by the end of next year.

Diving Medicine Congress

M .Bibas

I would now like to take up the subject of interna-
tional instruction coursesor congresses on diving medicine
which we organise.

Welook upon these international encounterswith a
great deal of interest for they constitute opportunities to
challenge our ideas, to get informed on new discoveries, to
appreciate the different practices from one country to an-
other.

Thelast instruction coursewas held in Santa Teresa
in Sardinialast June. 1t wasareal success. All papershave
been written and the proceedings are being prepared.

Thenext Congressisplanned totakeplacein Martin-
ique and | personally wish a greater participation of physi-
cians from al CMAS member countries. We are aready
preparing this Congress and | will visit the sitein order to
obtain the assistance and support from the local authorities
necessary for the organisation of such an event. We are
going to make agreat deal of publicity for this Congress; |
hope that you will participate.

Medical publications

M.Almgren
Itisindispensablethat theinformationwhichwill be
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published in the medical News Letter be of high scientific
level; wearetoday confronted with seriouscompetition and
we cannot afford information of limited interest.

M.Bibas

Of course it is necessary to avoid publishing just
anything but do not let usforget that we are sportsmen, that
wehaveamissiontofulfill andthat wewill also havetogive
practical advice to divers around the world.

M.Almgren

That is obvious, but the scientific standard of the
medical articleswepublishmust bebeyondall question. We
have to publish specialised information.

D.Guldner

There are a great many specialists among us; we
should create study groupsfor each speciality which would
allow us then to produce that sort of information.

A.Nefzi

Inmy country the Federationisvery new andweneed
all sorts of information. Could the CMP not for example
publish a yearbook with all diving medicine companies
which exist in countries where diving is practiced for ex-
ample?

M .Bibas

That is not the role of the CMP but rather that of
CMAS. We areincidentally going to publish an interna-
tional yearbook by the end of next year in which we will
present that sort of information.

M.Almgren

Itwould beinterestingto survey all CMASmembers
to discover how they are treating decompression accidents;
there are agreat many differences from one country to the
other. It would perhaps be of advantage for some to know
what is done elsewhere. 1t would be worthwhile for us to
share our experience.

M .Bibas

Listening to you | think that you have clearly under-
stood the role of the CMP/CMAS. Y our proposal could
indeed bethe subject of our next investigation, oncewewill
have compl eted the one undertaken by Jacques Wolkiewiez
on the means of evacuation and recompression of diving
casualties. Weneedtoknow what isdoneel sswhereinorder
to improve our techniques, our treatments, in aword - to
perform better.

M.Almgren

CMAShastodistributeagreat deal of informationto
all its member countries. One should be able to share our
experiencesin an easy and not burdensome way.
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M .Bibas

That isentirely my opinion aswell. Through infor-
mationwecreatereal linksbetween Federationsand CMAS
and that iswhat we strive to do.

K.Kuszewski

| have sent aletter to CMAS regarding diving meth-
odsin lakes. We could write a paper dealing furthermore
with the prophylaxis of pulmonary overpressure.
M .Bibas

All these suggestions are welcome and we wish to
thank you.

Creation of Working Groups

M .Bibas

Amongst our projectsweintend to create aworking
groupwithinthe CM Pfor theupdating of our diving aptitude
form. Pleasewriteto CMASIf youwishto participateinthis
study.

M.Almgren

Six months ago the Medical Commission of the
Swedish Federation established a very detailed, computer-
ised form; we have even included information concerning
teeth. We could send you a copy.

M .Bibas

With great pleasure. The CMP/CMAS form is a
practical formwhichhasbeenworked out by specialists. We
are, asamatter of fact, often called upon by physicianswho
need practical information: thisform is greatly appreciated
but now has to be updated.

Weareoften asked about themain contra-indications
by specialists, soweshall haveto establishformsonthat too.

M.Almgren

| think that this sort of information would be very
interesting in the News Letter. Wewill never be ableto set
up perfect standardsbut if we gather all information that we
can receive, we will then have useful documentation. Re-
garding the contra-indications, | think that most countries
are in agreement on the main contra-indications.

R.Cali Corleo

In Malta we have a serious problem because our
Commissionisnotyet ayear old. Theonly divingphysician
we have works outside the Federation. We have no docu-
ment, we have therefore used the Australian form to start
with. Anything we could obtain from CMAS would be of
great help to us.

D.Guldner
To come back to the aptitude form, to the contra-
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indications. Therole of the physician isto know when he
can trust his diagnosis and when he should seek the advice
of aspecialist. Inophthalmology for example, whichismy
specialisation, it would be necessary to explain to the non-
specialist doctor at what stagehehasto send hispatient tothe
specialist. 1t would perhaps be necessary to describe some
symptoms. But | think themost important thing for ustoday
is to analyse the situation, to know why divers have acci-
dents, tounderstand theorigin of problems. Itistherewhere
theprevention will redly start; those answerswill facilitate
our ability to begin to reduce the number of accidents and
their seriousness.

M.Bibas

| entirely share Dr. Guldner’ s opinion for one of the
mostimportant rolesthat wehavetoplay isintheprevention
of diving accidents. A great deal remainsto bedonein this
field and we havein particular to increase and improve the
information, for theseaccidentsareoften duetoignoranceof
diving techniques and of course to the inadequate physical
fitness of the diver.

Wetherefore have along term task for our Commis-
sion. | hope that we will be able to count on your collabo-
ration.

By Ed. SPUMS J.

CMAS:is a largely non-English-speaking organisa-
tion of National Underwater Federations. The Australian
Underwater Federation (AUF) isamember of CMAS but it
does not send a delegate to the CMP. We would urge the
AUF to send a delegateto the CMP so that thework that has
been donein Australia to set standards for medical exami-
nationsfor diversandto provideanintegratedretrieval and
treatment system can be brought to the notice of the non-
English-speaking world.

We would recommend to our readers the Diving
Medicine Congressto be held in Martininquein 1989 (see
Back Cover).

The address of the World Underwater Federation
(CMAYS) is 47 Rue du Commerce, 75015 Paris, France.
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HOW MANY DIVERS, HOW SAFE THE SPORT?
The Debate Continues

Thetwo-part article by Robert Monaghan (SPUMSJ
1988; 18: (2) 53-60) in which he concludesthat “diving is
not getting safer” has raised high the hackles of the dive
industry. To summarise Monaghan’s points:

At the end of 1986 there were fewer than 700,000
activedivers, not the 3,000,000 or so claimed by the
National Underwater Accident Data Center
(NUADC).

Diverstoday are making half as many dives as did
their counterparts 10 years ago.

Deaths are under-reported by 10% or more.

Thefatality rateismany timesgreater than normally
assumed, ranking behind only hang gliding and
skydiving.

The controversy began prior to publicationwhenwe
sent draftstoNUADC andtheDiversAlert Network (DAN)
asking for comments. NUADC responded, challenging
several of Monaghan's points, but requested that the letter
not bepublished. Wedid, however, usemany of thosepoints
ineditingtheMonaghanarticle. Weal soreceivedaresponse
from DAN, and used commentsin that letter to further edit
the Monaghan report.

The Monaghan draft found its way to the Diving
Equipment Manufacturers’ Association (DEMA) and oth-
ersin the industry, and may very well be the reason why
DEMA hired a research firm to conduct a study of diver
“erosion” and hurriedly distribute those results at the Janu-
ary 1988 DEMA show. AsMonaghan pointed out, sinceno
legitimate industry-wide studies exist, he used a drop out
rate of 80%, generally talked about in the industry as the
presumed dropout rate. Furthermore, he was handicapped
by not having accuratefiguresfor certification, asreporting
since 1970 has been sporadic and there is no consistent nor
centralised reporting by individual agencies, so he used
general industry assumptions.

So that everyone gets afair hearing, we are publish-
ing the three formal responses we received from the indus-
try, one from John McAniff at NUADC, one from Millard
Freeman of the Y MCA, and onefrom PADI’ sAl Hornsby.
M onaghan respondsto criticisms, acknowledging oneomis-
sion in his figures, and therefore revises downward his
fatality rate. Finally, weconcludewith athoughtful analysis
from reader Laurence Durio in Luring, Louisiana.

The NUADC Response

The NUADC active diver population estimates are
purely my guesstimatesand havebeen arrived at without any
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insider information. | have had neither full nor partial

cooperation from the training agencies or the industry in
arriving at these numbers. With the threat of lawsuits
hanging over their heads we cannot expect the agencies to
supply extensive datato us. Therefore the NUADC esti-
mates may well be inaccurate but are honestly arrived at
based on my personal insight.

Monaghan usesa463,000diver populationfor 1970,
but our datashowsthat 500,000 wastherough number at the
beginning of 1967, and by the end of 1970 there were
693,000 divers, which would boost the total number of
active diversin 1986 considerably.

Rumours abound as to a drop-out rate, ranging be-
tween 22% and 90%. Monaghan assumes that 80% of the
divers stop diving within ayear after their certification. In
addition, he assumes that 10% of those remaining drop out
each year. NUADC, &fter extensive investigations, has
decided that amore accurate rate was 45% per year, which
includesnot only first-year diversbut experienced diversas
well. Usingour initia figure of 693,000 at the end of 1970,
we estimate that by the end of 1986 there were 2,786,000
active divers.

The NUADC further maintains that “active diver”
includesall diversintrainingfor that year sinceeach of them
will dive at least three times that year.

Monaghan concludes that fatalities are under-re-
ported by 10%, but we believethat we misslessthan 5%in
agivenyear and probably pick up any missed casesthrough
successive years collecting.

If wearetoaccept Monaghan’ snumbersof a700,000
divepopulationin1986, thenthecurrently successful diving
industry would be nonexistent.

| am the first to admit that our method is crude and
may conclude a higher population than some other ap-
proach, but, given the lack of data and lack of accessto
accurate numbers, thisis the most honest and sincere esti-
mate we can make.

But Monaghan’ s presentation is a classic misuse of
the statistical approach. One cannot take assumptions,
guesses, theoriesand extrapol ationinoneparagraphand call
them truths and facts in the next paragraph.

We stand by our figures.

John M cAniff,
Director, NUADC

The YMCA Responds

Determiningthenumber of activediversiscomplex.
Accurate statistics are difficult to obtain.
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As to economic growth as an indicator of active
divers, perhapswe underestimatethe number of peoplewho
purchase used equipment from retiring divers. Thisisa
common practice among diving clubs. In fact, club mem-
bers lend equipment to new divers (or family members), if
they are not making aparticular dive. Peoplein somecases
have purchased equipment jointly and share it by going on
different dive dates.

| also wonder how long the major pieces of dive
equipment are used before they are replaced. Thiswould
affect sales as, theoretically, a whole new cadre of divers
wouldberequired eachyear tomaintainthelevel of previous
sales.

Perhaps we misjudge the impact of equipment sales
asrelated to theeconomy of the country. Thefluctuation of
discretionary money or purchasing power and the cost of
equipment may influence the decision to rent rather than
purchase.

The issue of divers returning to active diving is
difficulttoaddress, if notimpossible. Diversinitialy active
may “retire” for afew yearsandthenreturntodivingwith or
without any refresher training or equipment purchase.

| have sensed an increase in speciality ratings and
advanced diver training, at least in their promotion. Dive
travel seems to be more popular and may increase diver
retention.

Theinterpretation of statisticsis as difficult as gath-
ering the data. In fact, the same set of statistics may be
interpreted several waysdepending upon the circumstances
or conditions of the moment.

Millard D. Freeman, Jr.,
National Aquatic Director,
YMCA of the USA

PADI Responds

While we won't take the opportunity to debate a
number of the article’s very debatable statements and con-
clusions, thereisat least one purely fal se claim that must be
brought to your attention.

Thearticleclaimsthat aPADI survey, asreportedin
an article entitled “ Latest Trends” in the PADI IDC Candi-
date Workbook 1984, supports a 79% dropout rate. Thisis
false. Thereisno article with that title. Furthermore, the
IDC Candidate Workbook statesclearly that “ PADI student
surveys indicate a very different picture” than the widely
accepted dropout rate of 80%.

The claim that survey results published by PADI at
any time support the 80% dropout rate is absolutely afalse
claim. Therewas a study published in 1983 that included
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dropout statistics. If thisiswhat the author references, then
he misquotesit. What the survey article actually said was:

“the standard dropout rate figure of 80% per year is not
reflectiveof PADI Divers. Infact, evenif wecreateaworst
case situation by counting every ‘no response’ (atotal of
3,604 divers out of 5,700 surveys mailed) as adropout, we
still findthat, overall, only 72%would beconsidered* dropped
out’ of thesport.

Thearticle stated further that overall, 94% had been
diving inthepast 12 months. Thearticlealso madeit clear
that thissurvey and the resultant datawas based on diversin
equal numbersover a3-year period and does not represent
one-year resultsinany case. Thiswouldleadtoa“best case”
inference that over 3 years the dropout rate was only 6%.
Whilewedo not suggest thisrateislow, for it to bereported
that this article supports an 80% dropout rate per year isa
mi srepresentation.

Further, from alogic point of view, evenif onewere
to attempt to claim that each “nonresponse’ to the survey
indicated atruedropout, then it would mean al so that 100%
of the active divers who received asurvey actualy filled it
outand mailedit back to PADI. Consideringthat 5,072 were
delivered by mail, such a concept is ludicrous. Neither
statistical science nor common sense would alow the as-
sumption that 100% of the existing diverswould respond to
asurvey through themail within the specified responsetime
(aone-time survey mailing with no prewarning, follow-up
or remuneration).

Therefore, based on accurate interpretation of the
data, thedropout rateis at best 6% over 3 years; at worst, it
cannot approach 72% over 3years(for thereasonsgivenin
theparagraph above), muchless80%over 1year. PADI has
taken the position since this study that the actua rate lies
somewhereinthemid-rangebetweenthetwofigures(around
40% after 3 years).

The recent Diver Erosion Study commissioned by
DEMA and supported by NASDS, NAUI, and PADI is
establishingamoreaccuratefigure. Thepreliminary figures
released at the 1988 DEMA Show (by Diagnostic Research
Inc.) show adropout rate of only 15% after 12 months, with
47% of divers still active after 48 months (4 years). The
author’s model, by comparison, claims only 14.58% of
divers are active after 48 months.

Additionally, the statement “One must remember
that the agencies do not cooperate with NUADC” is very
misleading. PADI, for example, each year provides Mr
McAniff at NUADC withacompleteaccounting of all diver
fatalities reported to PADI Headquarters. This includes
victim’'s name, location, and date of incident. Also, we
provide Mr McAniff with PADI’s certification numbers
each year. Wehavedoneall of thisfor anumber of years.
Additionally, someof the other agenciesprovide Mr McAn-
iff with similar reports. To characterise the situation by
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stating the “agencies do not cooperate with NUADC” is
simply not reflective of redlity.

Al Hornsby,
PADI VicePresident,
Education and Marketing

M onaghan Responds

My Undercurrent article hasbecomethe center of a
surprisingstormof controversy. But, it hasaccomplishedits
goal. It' smadetheindustry faceuptoitsinaccuratestatistics
and to seek real numbers.

Actualy, my modelsinfact dovetail withthegeneral
industry estimates. NUADC's estimates do not. It is
NUADC which has had to revise its population estimates
dramatically downward. That means fewer divers and
higher risks, just as | suggested in my article.

The debate is muddied because people use three
different categories of divers, experienced divers, student
divers, and resort course divers, and the categories overlap
in any given year: some student divers are experienced
divers seeking higher levels of certification; many resort
course divers soon become student divers.

Even more difficult, we are trying to estimate certi-
ficationnumbers. Training agenciessuggest at |east 10% of
the certifications go to divers above the entry level, with
PADI claiming nearly 20%. Moreover, some of those
certificationsgo to the same diver getting multiplecertifica-
tions from different agencies from one course. In other
cases, the same diver gets multiple levels of certifications.
The Harvard Report suggests that some 400,000 certifica
tionsin 1985 only represented 240,000 new divers. Those
sort of figurestend to makemy experienced diver popul ation
figures even higher than is probably the case. Finaly,
raising the initial starting population in 1970 as McAniff
suggestedwould haveavery small effect ontheresultsof the
model, well within the rounding up factor | used to reach
700,000.

We have NUADC's estimate that there are some
400,000 + resort course divers annually. We have DEMA
figures, which claim 400,000 to 600,000 certifications
annually (but not all new certifications). We have my
calculation of 700,000 people who are experienced active
divers. And perhapsthere are another 100,000 who start a
coursebut fail tofinish. Thesefiguresaddupto 1.7 million,
inagreement with variousindustry figures(although not the
figures of NUADC). Updating my model to 1987 and
adding the people not included would yield an overall
estimateingood agreement withthelatest DEM A sponsored
Diagnostic ResearchInc. figureof twomilliondivers, thatis
people who get wet.
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Thisestimateislessthan half that of NUADC, but it
is not far off the DEMA Crane report (1.77 million), the
Mediamark Inc. 1986 survey (1.75 million), and the 1986
NSGA survey estimate of 1.8-2.2 million reported recently
in Underwater USA. Of course, we must say then that the
term“diver” here means anyonewho has made oneor more
divesinthelast twelve months. Thelatest industry survey
sponsored by DEMA through Diagnostic Research Inc.
yieldsacurrent estimate of about 2milliondivers. Y et, with
these other studies around, it has been the NUADC figure
that gets widespread publicity and appears as gospel.

Undercurrent quoted McAniff’ s estimate that there
were “over 3.5 million active divers’ in 1987. The latest
NUADC figures have revised those estimates downward
radically to 2.5 to 2.7 million “active” divers. McAniff
claims his figures are simply his best “guesstimates’. |
suggest that M cAniff needsto reduce his personal “ guessti-
mates’ by another 700,000. Doing so would bring his
“guesstimates” into line with theindustry consensusfigure
of 2 million experienced divers and divers in training or
resort Courses.

Hornsby’s 1983 Undersea Journal article on the
PADI Diver Survey (reprinted in the IDC Candidate Work-
book) reported resultson four types of certifications (basic,
open water, and two categories of advanced). Hisfigures
combine these responses, confusing theresult. Thearticle
claims PADI’s dropout rate is lower than the “industry
standard dropout rate of 80%" PADI claimed to represent
roughly 50% of the 1983 certification. If the industry
standard dropout rate was 80% as Hornsby’s article indi-
cated, thiswould mean that PADI’ sdropout rate must have
been at |east 60%, while 100% of the diverstrained by other
agencies would have had to drop out to achieve the 80%
figureHornsby reports. Giventheinbreedingevidentindive
course material, the same instructors teaching both NAUI
and PADI, and so on, it ishard to see why PADI’ sdropout
rate would be substantially lower than the rest of the indus-

try.

Thenew Diver Erosion Study suggeststhat we have
cured thedropout problem. We supposedly went fromwhat
wasoncea“widely accepted” industry dropout rate of 80%
to the 1988 Diver Erosion Study estimate of 15%. Wow!

If wedid curethediver dropout problem, | must have
missedit. Thediving industry had amid-1980sgrowthrate
of 5%-6% (DEMA-sponsored Harvard Report). If the
dropout rate declined from 80% to 15%, shouldn’t we have
had really explosive growth? Why did the dropout rate
declinesomarkedly? Aren’twestill usingthesamemodular
scubacourse (from 1978)? Did equipment pricesgo down?
Weas it color-coordinated diving equipment that cured the
diving dropout problem? If not, what was it?

Obvioudly, | do not believe that 85% of last year's
diving studentsarestill activediversand customerstoday. |
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doubtif many divingretailersorinstructorsbelieveit either.
Too bad, we'd al berich if it weretrue. My models help
explain why we have had such limited growth in the diving
industry.

Thereal risksof diving vary with such factorsasthe
number of dives, diving conditions, and your experience as
adiver. The low number of reported deaths among a
NUADC-estimated 400,000 + resort course diverssuggests
that such closely supervised diving isrelatively safe. Like-
wise, experienced divers making a large number of dives
under familiar conditions are relatively safe. It isthe new
diver making hisor her first few dives who faces the most
risk. McAniff’sfiguresthrough 1984 suggest that 41% of
the deaths occur during the first few dives.

My analysisof experienced diver risk erred in merg-
ing these first dive deaths with the experienced divers
deaths, whilenot mergingintheentirepopulationat risk. A
better estimate of the overall risk of diving can be obtained
by using the industry consensus for the number of people
who dive (1.7 to 2 million), which would yield an overall
diving risk estimate of 5.8 to 6.5 deaths per 100,000 partici-
pants. While thisis 2 to 3 times the figure arrived at by
NUADC using their inflated estimates, it islower than my
estimate for experienced divers alone.

This averages both high and low risk diversin the
larger population. Individual risks depend on the circum-
stances of your dive and your experience. Thereal fatality
rate, however, needs to consider the number of individual
exposures. | did make atrial estimate for therisks per dive
in my article, fully recognising the need to have arisk per
divefigure. I'd also liketo suggest arate for the difficulty
of thedive, whichwouldincludecavedives, heavy currents,
depth, no advanced certification divers present, and other
factors which increase risk.

My articlein Undercurrent isstill the best guideto
the real risks faced by divers. And my advice remainsthe
same. Becareful out there. It's more dangerousthan even
the revised official statistics would have you believe.

Robert Monaghan

Summing It All Up: A Reader Responds

Collectively, thetwo partsof Mr. Monaghan’ sarticle
constitute probably the best evaluation of diving safety |
have ever read. It was arefreshing change from the pious
pontification found elsewhere.

While adefinite analysis of the apparent increasein
diving fatalities appears to be belong the scope of Mr.
Monaghan' sanalysis, hedid identify somelikely causes. |
would like to add my views, which basically expand upon
those touched on by Mr. Monaghan. As a scientist, |



152

understand the limitations of anecdotal evidence, but | also
understand the likely statistical validity of the number of
observations made in the course of twenty years of active
diving.

Over thecourseof my diving career, but particularly
inthe last ten years, | have noticed a steady degradation of
diver quality. Whenl| first begandiving, virtually all divers
were dedicated and highly motivated, with very strong
aquaticskills. Building uponthat base, thetrai ning wasboth
physically and academically more rigorous. Out of neces-
sity, diving was a skill-dependent, rather than equipment
dependent, sport.

After certification, diversof that eradived whenever
andwherever they could, under sometruly awful conditions.
Thediversthat | haveseenwho havebeen certifiedinthelast
tenyearshavebeenlackinginmotivation, dedication, aguatic
skills, academic training, and, consequently, meaningful
experience.

A classthat | wasrecently involved with (taught by
one of the better instructors of my acquaintance) illustrates
my point. Approximately half the students were women
takingtheclassunder pressurefrom husbandsor boyfriends.
Theremainder wereapproximately equally divided between
children who possessed neither the discipline nor theintel-
lectual skillsto make competent diversand young menwho
seemed to have something to prove. There was one out-
standing student in the class, awoman in her early thirties
who was a Red Cross Water Safety Instructor who was
fulfilling along-term ambition. With the exception of the
af orementionedwoman, all of thesestudentswereextremely
weak in aguatic skills, with many of them being openly
afraid of thewater. Substantially lessthan half of the class
had any real grasp of the academic aspects of diving. Gas
laws were mystical abstractions, regulators were “black
boxes’ full of unfathomablemagicand decompressiontables
werewritteninas-yet undeci pheredlanguageandworked by
rote memorisation. Not to worry, spend enough on equip-
ment and gadgets, and skills and knowledge become super-
fluous.

Sofarasl cantell, only threeof thestudentsfromthat
class are still diving. Two are pressured spouses, (one of
whom is merely incompetent and the other who divesin a
state of abject terror), whilethethirdisthe highly motivated
womanmentioned earlier. Shehasturnedinto an extremely
capable diver.

| encounter productsof thecurrent training systemin
widely scattered locations. My experience described inthe
previous paragraph seemsto apply to virtually all of them.
It appears that, in an attempt to mass market the sport, the
training system starts with poor raw material and teaches
equipment dependency in lieu of adequate skill. As a
consequence, | usually feel safer diving alonethan buddied
up with adiver of that type.
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A possible explanation for the poor state of diver
trainingistheacknowledged fact that instructionisthe*loss
leader” that enables dive shops to make money selling
equipment. Itisareasonablehypothesisthat dive shopsfind
it far more profitable to teach equipment dependency rather
than skills. Heaven forbid that the training should be
rigorous. Physical and/or academicrigor might weed out too
many of thestudentsbeforethey couldbuy all that expensive
color-coordinated equipment.

Until we go back to more rigorous training, we will
continueto certify large numbers of diverswho drop out of
thesport very quickly. Whilethismay benefit thediveshops
in the short run through the sale of large quantities of
equipment, the resulting accident rate is already beginning
to attract regulatory interest.

From the standpoint of acareer inaregulatory field,
on both sides of the fence, including involvement in the
development andinitial enforcement of the OSHA commer-
cia diving standard, it ismy opinion that getting the govern-
ment involved would probably be far worse than the lost
sales of color-coordinated BCs and wet suits which could
result from adequate training. If diving isto remain inde-
pendent and self-regulating, it had better get on with the
fundamental task of producing competent divers.

Laurence R. Durio
Luring, Lousiana, U.S.A.

Reprinted from UNDERCURRENT June 1988 by
kind permission of the Editor. Theaddressof UNDERCUR-
RENT isP.O. Box 1658, Sausalito, California94965, U.SA.

By Editor, SPUMSJ.

Wereproduce yet another episode of statistics swap-
ping on the subject of the safety of diving in order to
encouragereader sto keep Project Stickybeak (PO Box 120,
Narrabeen, New South Wales 2101) informed of non-fatal
diving incidents and to pave the way for the gathering of
better Australian statistics about the number of diversand
dives done. Without this information all estimates of the
safety of diving are at best educated guesses.

UNDERCURRENT TRIESOTHER WAYSOF
COUNTING DIVERS

Skin Diver magazine reportsin April that 60.6% of
thediversrespondingto asurvey of itsreadersindicated that
they had travelled outside the continental U.S. in the previ-
ous year to dive. Of these, 21.8% said they had gone to
Hawalii.
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Does the survey reflect the typical diver? Is a
travelling diver morelikely to beaSkin Diver reader than a
non-travelling diver? Our hunch would be yes, because
travelling divers find useful the kind of information Skin
Diver provides. If anything, the percentages they report
would tend to give a higher figure for the percentage of
diverswho travel than stay at home.

Now consider this. OnMay 151988theLosAngeles
Timesreportedthat 50-70,000diversvisit Hawaii eachyear.
Usingtheformula(.218)(.606) X =70,000, wefindthat if we
accept that 70,000 divers visit Hawaii annually, then Skin
Diver figureshelp usdiscover that there are 530,303 divers
residing in the 49 states. To get to the 1.6 million figures
some sources claim, then every man, woman and child
resident of Hawaii would have to carry a C-card.

Tow and Associates, hired by Grand Cayman to
handle their press relations, reported to Undercurrent that
209,044 tourists flew into the Cayman Islands last year;
40%, or 83,618, they told us, were divers. Using the same
formula, we would find that the total number of diversis
439,438.

Monaghan says there are 700,000 active certified
divers. He seems pretty close to the truth.

Reprinted from UNDERCURRENT June 1988 by
kind per mission of the Editor. Theaddressof UNDERCUR-
RENTisP.O. Box 1658, Sausalito, California 94965, U.SA.

MEDICAL STANDARDSFOR DIVING
WITH THE BRITISH SUB-AQUA CLUB FOR
THOSE SUFFERING FROM VARIOUS DI SOR-
DERS

Thefollowing standards, dated January 1988, copies
of which were provided by Dr Peter Wilmshurst, Chairman
of the BS-AC Medical Committee, are published for the
information of members about what is happening on the
otheresideof theworld. Thetopicarearrangedinalphabeti-
cal order, not in order of importance. Most Australian
divingmedical specialistswould haver eser vationsabout
some of these standar ds, especially that on asthma.

Anticoagulant Treatment

Anticoagulants are used to reduce therisk of pulmo-
nary or systemic thrombosisor embolisation. Clearly some
of the conditions requiring use of anticoagulants are in
themsel ves an absol ute contraindi cation to diving whatever
treatmentisgiven. Thismay bebecauseof theseriousnature
of the disease itself or because even with the use of antico-
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agulants further episodes are not entirely prevented.

However, some peoplereceiving anticoagul antswill
be entirely asymptomatic on treatment without any symp-
toms referrable to the cardiovascular system. Obvious
examples are individuals given anticoagulants for deep
venous thrombosis, pulmonary embolism or because of the
presence of prosthetic cardiac valves.

Asfar asscubadivingisconcerned, insuchindividu-
as the only real risk to them is from haemorrhage, if we
ignoretherisk of an asymptomaticindividual having further
episodesof their presenting conditionwhil st anticoagul ated.
Thishowever, assumesthat adequate anti coagul ation of that
individual is maintained. It also assumes that there is no
interaction between anticoagul ation and the diving environ-
ment (e.g. atered partial pressures of gases). No such
interactionisknown, but it isknown that decompression per
se reduces platelet count and may even cause thrombocy-
topenia, which would aggravate any bleeding diathesis.
(This is believed to result from platelet consumption by
adherence to bubbles.)

There are a number of situations which could cause
haemorrhagewhen diving. Clearly traumaislikely to result
in significantly more haemorrhage in an anticoagulated
individual than in another individual. Whether auditory
barotrauma will result in greater haemorrhage and hence
produce greater residual problems, whether bleeds into
sinuses and mask squeeze present greater problemsin those
anticoagul ated and whether pulmonary barotraumais more
likely to result in major haemoptysis than in those not
anticoagulated is unclear.

In addition, the postmortem findings of decompres-
sion sickness include haemorrhage in the spinal cord, be-
lieved to result from venous infarction. It is possible that
anticoagulation will increasetherisk of major haemorrhage
and resulting serious neurological problems.

Furthermore, in anticoagulated individuals sponta-
neoushaemorrhage or haemorrhage after trivial traumamay
occur. Heavy nose bleedsare common. Thiscouldresultin
impairment of vision because the mask isfilled with blood
and confusion in diagnosis of pulmonary barotrauma by
producing spurious haemoptysis. Cerebral haemorrhageis
much less common but can cause neurological deficits
which could be mistaken for diving related illness.

Overall the annual mortality and morbidity for sud-
den haemorrhage in those anticoagul ated are 0.2% and 2%
respectively.

The present policy of the BS-AC is that use of
anticoagulants are not permissable in new recruits but may
beacceptableinestablished divers, provided no other contra-
indication exists and they appreciate and accept the risks
involved. In such cases, decisions will be made on an
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individual basisand alimit on depth and number of ascents
may be imposed to reduce the risk of spinal haemorrhage
from decompression sickness.

Itisrecommended that any person on anticoagul ants
seen by arefereeisreferred to the Medical Committee.

Asthma

Asthma may predispose to air trapping and hence
pulmonary barotrauma which may be fatal when diving.

Diving ispermitted by asthmaticsif they have aler-
gic asthma, but not if they have exercise, cold or emotion
induced asthma. Asthmaticsmay diveif their symptomsare
controlled with Intal Plain (but not compound) and/or
inhaled steriods. |deally adequacy of control of asthma
should be assessed using lung function tests as well as
clinical parameters. Asthmatics may aso diveif they only
occasionally need to take bronchodilators, say the equiva-
lent of 1 Ventolin puffer ayear. Asthmaticswho regularly
require drugs containing bronchodilators (e.g. Ventolin,
aminophylline, Intal Compound) or oral steroids may not
dive.

An asthmatic who infrequently needs bronchodila-
torsand whoispermittedto diveshouldnot dosoif heor she
hasneededtotakeabronchodilator inthe48 hourspreceding
the dive or if he or she has any wheeze or other chest
symptoms at the time of the dive.

Head Injury

Epilepsy occurringunderwater isalmost alwaysfatal
to an amateur diver whowill lose hismouthpieceandinhale
water during the clonic phase of the attack. 1tisknown that
hyperbaric oxygen induces epileptiform fits in susceptible
individualsand it is possible that the rai sed partial pressure
of oxygen in compressed air breathed at depth may induce
fitsin someone susceptible to epilepsy.

Anticonvulsants cannot be used to overcome this
problem underwater asthey are all sedating and potentiate
the effect of nitrogen narcosis, leading to disorientation at
unexpectedly shallow depths.

Because head injury may be followed by epilepsy,
the fitness of divers who have sustained thistype of injury
needsto be carefully considered. Thefollowing guidelines
are suggested.

Thelength of post traumatic amnesia (PTA) includ-
ing any period of unconsciousness may be used asan index
tothe severity of injury. Where PTA hasbeen lessthan one
hour, there should beathreeweek lay off fromdiving. With
PTA of an hour to 24 hours, there should beatwo month lay
off. Where the period of PTA exceeds 24 hours, there
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inevitably hasbeen severebrain damage and thereisconsid-
erablelikelihood of subsequent epilepsy andimpaired mental
functioning. A minimum period off diving of three months
is suggested and cerebral function should have returned to
normal.

Whereenquiriesarebeing madeabout anincidentin
thepast, theindividual sometimeshasdifficulty inrecalling
the period of PTA and in such cases the period of uncon-
sciousness may be doubled as arough guide.

If epilepsy should havedevel oped asaresult of injury
then further diving is banned unless it was an isolated fit
occurring at thetime of injury. Likewiseif anticonvulsant
medicationisbeing taken asaprophylactic measure, diving
should be banned, but may be resumed three months after
thisiswithdrawn if the individual never had afit.

Operative intervention to raise depressed bone or
evacuate haematomasshoul d disquality for threemonthsbut
otherwise may be disregarded except insofar as it may be
associated with subsequent fits, anti convul sant treatment or
other factors above.

Hypertension

Hypertension may predisposeto pulmonary oedema
when diving and is a risk factor for other cardiovascular
events, (e.g. stroke and myocardial infarction) which could
prove fatal if they occurred in the water.

Diving is permitted by mild hypertensives if their
diastolic blood pressure does not exceed 90 mmHg in new
entrants or 100 mmHg in established divers and their sys-
tolic blood pressure does not exceed 160mmHg. These
pressures are acceptable if they are attained without treat-
ment or by means of approved treatment.

Approved treatments consist of dietary measures
including salt restriction, diuretic therapy (when being used
totreat hypertensionbut notif al sobeingusedtotrest cardiac
failure) and low doses of mild vasodilators (e.g. prazosin,
nifedipine). Occasionally a medical referee may approve
the use of alow dose of abeta-blocker (preferably cardiose-
lective) or other antihypertensive agent to control hyperten-
sion provided the heart rate response to exercise stress is
unimpaired. The diver should be ableto attain a heart rate
whichisat least 90% of (220 minushisagein years) beats/
minute. If beta-blockersare used there must beno evidence
of bronchospasm, preferably assessed by lung functiontests
performed on and off treatment.

Divingisnot permitted evenif blood pressurecontrol
isadequateif thereis evidence of end organ damage result-
ing from hypertension (i.e. renal, eye or cardiovascular
complications, including cardiac enlargement).
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I schaemic Heart Disease and Exercise Testing

I schaemic heart diseaseisthe major cause of mortal-
ity inmiddle aged men. A major ischaemic event underwa-
ter could prove fatal and endanger adiver’'s buddy.

However, the value of “screening” exercisetestsin
apparently normal populations have now been largely dis-
credited because of the appreciable false positive and false
negative resultsin such groups. Furthermore, we have no
control over the quality of equipment or typeof standardisa-
tiononwhichthe ExercissECG’ son our memberswould be
performed. This only compounds the possibility of false
reporting of the test.

Questionsbeinginsertedin Section A of themedical
form will enquire about chest pain and other cardiac symp-
toms. Those with symptoms suggestive of ischaemic heart
disease should undergo exercisetesting or referral toalocal
cardiologist as appropriate.

Inthe case of individualswith apoor family history
or hyperlipidaemia but no cardiac symptoms, exercise test-
ingisappropriate, particularly if they smoke, but needstobe
interpreted with caution.

Multiple Sclerosis

The symptoms and signs of multiple sclerosis and
optic neuritis are very similar to neurological decompres-
sion sickness and arterial gas embolism. Any neurological
symptom arising within 24 hours of surfacing from adive
must be considered dysbaric in origin and the only method
of establishing the diagnosisisby assessing the responseto
therapeutic recompression. |nstances have occurred where
new neurological symptoms have arisen following divesin
indivudals who have had suspected or confirmed multiple
sclerosis. These have proved very difficult management
problems for the attending diving physicians. The BS-AC
medical committee therefore must debar the above group
from taking up sport diving.

The position with isolated optic neuritis remains
unclear, but arecent episodeof isolated optic neuritiswould
also disqualify.

Thevariabledepthsenounteredinsport divingwhere
theindividual breathesair, rather than 100% oxygen, cannot
beconsidered asatisfactory menasof prescribing hyperbaric
oxygen treatment.

Neurological Decompression Sickness
Individuals who have had neurological decompres-

sionsicknessarethought to begenerally moresusceptibleto
subsequent episodes. In addition, subsequent neurological
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insults are more difficult to treat and leave greater residual
disability.

Therefore, it is felt that as a general policy any
person, who in the opinion of the doctors treating the
individual at the time of the diving incident, has suffered
from neurological decompression sickness, should be con-
sidered unfit for future sport diving. Normally these cases
would be referred to the BS-AC medical committee for a
final decision.

Obesity

Obesity may exclude a candidate from diving as it
indicatesalack of general physical fithess. Increased body
fat mass predisposes to an increased nitrogen uptake under
pressure, hence it predisposes to decompression sickness.

A weight 20% in excess of desirable body weight as
laid down in actuaria tables, is taken to preclude diving.
Dueregard should betaken to wei ght distribution and frame
size. Excessive obesity may aso be calculated by using
Harpenden skin fold thickness calipers at Ieft biceps, left
triceps, left subscapular region and left iliac crest which
should total less than 60 mm.

A weight of |essthan 20%in excessof desirablebody
weight does not necessarily mean a candidate isfit to dive.

Pacemakers

Patients with antitachycardia pacemakers and auto-
matic implantable defibrillators may not dive with BSAC.

Patientswith pacemakersimplanted for treatment of
bradyarrhythmias may dive under certain circumstances:

@ Since implantation of the pacemaker the patient
should have been free of cardiac symptoms, notably
syncope, dizziness, chest pain and inappropriate
dyspnoea.

()] The patient should be free of significant cardiac
disease other than sinus or atrioventricular node dis-
ease. There should be no suggestion of significant
coronary artery disease, valvular disease or cardio-
myopathy.

© The patient should be able to mount an appropriate
heart response to exercise, i.e. should be able to
achieve a heart rate of 80% of (210 minus age in
years).

(@) Pacemaker implantation should not have caused any
other contraindication to diving, e.g. serious lung
damage during subclavian vein puncture.
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© The pacemaker should beamodern resinfilled pace-
maker rather than a gas filled model which could
result in pacemaker compression at depth.

® | deally the pacemaker should havebeentested under
hyperbaric conditions to ensure reliability.

@ Becausesomepacemakersareknowntomalfunction
at depths greater than 30 metres, no pacemaker
patient should be allowed to dive beyond this depth.

Pulmonary Barotrauma

I ndividual swho have had pulmonary barotraumaare
thought to be generally more susceptible to subsegquent
episodes.

Therefore, it is felt that as a general policy any
person, who in the opinion of the doctors treating the
individual at the time of the diving incident, has suffered
from pulmonary barotraumashould be considered unfit for
futuresport diving. Normally these caseswould bereferred
to the BS-AC medical committee for afinal decision.

Prosthetic Cardiac Valves

Itisassumed at theoutset that no other cardiac or non-
cardiac contraindication to scubadiving exists. Itisimpor-
tant to rule out conditions which may be related to cardiac
disease (e.g. arrhythmias or cardiac muscle dysfunction) or
cardiac surgery (e.g. post bypass lung or neurological
damage).

Itisalsofelt advisablethat theindividual should also
have had the prosthetic valve in place and functioning
satisfactorily for aperiod of time prior to any consideration
of fitnessto dive. A oneyear period of satisfactory valve
function isthought advisable, particularly since those with
significant | eft ventricular hypertrophy from conditionssuch
as aortic stenosis are known to have a significant one year
mortality from sudden (presumed arrhythmic) deaths.

The problem then arises, which prosthetic valves, if
any, areacceptable. In consideringthis, weneedto consider
the different problems that may be experienced with pros-
thetic valves.

Potential Risks:
1 Embolisation
@ Right Heart VValves. Embolisationfromright

heart prosthetic valves are unlikely to cause
incapacity inthewater, but could cause chest
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discomfort similar to chokes, but this seems
of very low risk.

(o) Left Heart Valves. Embolisation from left
heart valves could cause neurological symp-
tomsand unconsciousnesswhich might cause
incapacity underwater or mimic diving re-
lated illness after surfacing. Therisk of sys-
temicembolisationfor thevariousvalvetypes
are approximately 4%/year for mitral pros-
theses (either mechanical prosthesisin a pa
tient on anticoagulants or bioprosthesisin a
patient not on anticoagulants) and approxi-
mately 2%/year for aortic prostheses (me-
chanical prosthesis with anticoagulants or
bioprosthesis without anticoagulants). Pa-
tientswithatrial fibrillation, largeleft atrium,
knownleft heart thrombusor previoushistory
of systemic embolisation are at higher risk
whilstthosewithout thesefactorsareat dightly
lower risk.

2 Anticoagulation.

Mortality 0.2%/year, Morbidity 2%/year from sud-
den bleeds. (See separate discussion on anticoagu-
lants).

3 Mechanical Failure of Prosthetic Vaves

@ Right heart valves. Failure does not usually
produce catastrophic problems.

()] Left heart valves. Failure usually produces
catastrophic pulmonary oedema/cardiogenic
shock with a30-50% mortality onland. Such
an event underwater would be almost cer-
tainly fatal and could endanger the buddy.
Thefailurerate varieswith different prosthe-
sisbut is approximately 1-2 per 1000/year.

4 Degeneration of Bioprostheses.

Thisresultsin restenosis or regurgitation but can be
assessed at annual review of fitnessto dive.

5 Mechanical Haemolysis.

Causes chronic anaemia. Can be excluded by blood
test.

Decisionsabout theadvisibility of individual sdiving
with prosthetic valveswill bemadeonanindividua basisby
medical referees or the medical committee.



