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EDITORIAL

There is an important practical difference to be
noted between a person who has some disability anbd
someonewho is“disabled” and the critical element isthe
personality of the subject. However one cannot afford to
believethat meredetermination to overcomesomedisabil-
ity will thereby elimate its effects. These thoughts arise
from consideration of not only thereport onthe Townsville
Experiment (which has been previously reported by Wel-
liamson et a !) but also of the paper “Theright to dive”.
There has been a remarkabl e absence of comment on the
Townsville and similar projects whose primary objective
oftenappearsto beto enableunderwater activitiesby those
seemingly completely unfitted to undertake them except
when accompani ed by anumber of very highly trained and
motivated instructors. Such people could be shown the
wondersof theunderwater worldfar moresimply by being
given a short period of instruction and then taken on an
escorted tour.

Disabilitiesareof many typesand degreesandtheir
relevanceto safe scubadiving can be deduced logically by
applying a knowledge of basic diving medicine. Itisnot
correct to state that no guidelines exist, although their
application to a particular person may call for a one off
clinical assessment. It issomewhat ironic that, in asport
where apparently fit applicants are “failed” on medical
grounds. doctors with a training in diving medicine can
proceed to totally ignore these standards of fitnessto dive
when confronted by obviously disabled persons. A basic
weakness in the enterprise appears to have been afailure
to define the objective of thetraining before commencing.
Whileit is stated that there was no preconception that full,
unrestricted diving certification would be granted to “ suc-
cessful” candidates at the end of the course, and at the
present time certification can only be granted Yes or No
and not “ Condityinal on” specified limitations, neitheritis
it spelled out what the trainees expected if they were
successful.

The Townsville report indicates clearly the diver-
sity of problems classed under the heading of “ disabled”
and there is a significant and important difference in the
suitablity for diving of those in the different groups. Itis
obvious that an amputation has a practical rather than a
medical assessment factor while a person with a severe
personality or memory disability woudebeunsafein many
moresituationsthanmerely indiving. Theinclusion of the
four head injury cases appears unjustifiable. Blindnessin
diversis a matter where debate can continue. There has
beenastory of blind commercial diversworkingin Scandi-
navianwaterswherethenil visibility conditionsgavethem
apsychological advantage, but the truth of thisreport has
not been confirmed. The spinal cord dsysfunction group

illustrate the correctness of the ruling that traumatic le-
sions do not necessarily prohibit diving but alesion fol-
lowing spinal decompression sicknessisan absol ute bar to
any futhrer exposureto diving. Thisadviceisbasedin part
on an awareness that severe cord damage remains after
even an apparent “cure” of spinal decompresssin
sicikness. Diver GP had suffered non-traumatic spina
cord damage weich undoubtedly involved a considerable
portion of the cord. This could logically have been
regarded asfalling more toward the the risk assessment of
a post-decompresssion sickness status than that of simple
trauma. Eventsappear to support thislogic. Naturally NO
sports divers should dive near the no-decompression lim-
its. There is no mention of diver BH having a test of
bronchial response to nebulised saline despite his history
of childhood asthma. Indeed the whole subject of asthma
indiversisoverduefor an honest investigation, but that is
another problem and will no be discussed further now.

Thisshould not be construed as meaning that those
who have some disabilty should not be permitted to dive
but rather that there should be amore logical approach to
definingfitnesstodive. It may bethat gradesof fitnessand
of scuba training certification should be devised so asto
permit atraineeto diveif he or sheisaccompanied by one
(ortwo) specially certificated companions. Theinteresing
paper on the Larkel illustrates the possibilities of such a
flexible approach to fitness to dive. However there re-
mainsin the background awell founded awareness of the
legal dangers of certifying a person as :"medicaly fit to
dive’ when all the accepted medical standards continueto
state the reverse.

The diverting and highly unusual report from New
Zealand of acase of ear painin adiver isawelcomeitem
withwhichto relax after the stern necessity of considering
thereportson diving incidentsfrom the UK and the USA.
The No Panic Syndrome litany of waysto kill oneself is
enough to convince most non-diversthat ALL diversmust
haveadeath-wish aspart of their persona. Inrefutationwe
present the information which will assist avoidance of
such tragic incidents, and any crayfish who read thisissue
of the Journal will now be alerted to the dangers of taking
refuge in ahuman external auditory passage !

REFERENCE

1  WilliamsonJ.A,McDonaldF.W, GaliganE.A, Baker
P.G, and Hammond C.T. Selection and training of
disabled persons for scuba-diving. Med J Aust
1984; 141: 414-418.
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SPUM S ANNUAL SCIENTIFIC CONFERENCE 1987

DIVING FOR THOSE WITH DISABILITIES
A GUIDE FOR SCUBA DIVING INSTRUCTORS

W. A. Williams

In 1981, the International Year of the Disabled
Person, the Australian Underwater Federation (AUF)
sought to encourage its member clubs to introduce some
people with disabilities (mainly amputees) to our sport of
skin and scuba diving.

Little was known at that time on the dangers (if
there were any) and difficulties of teaching the disabled
this sport. Some overseas organisations, such as the
BSAC, had indeed conducted some courses, but little was
known of the results and even less had been published.

Around Australia, this encouragement from the
AUF met with little enthusiasm if not downright refusal.
Nobody wanted to be first to attempt this in Australia.
Nobody, that is, except the Townsville Recreation for the
Handicapped Committee, which acts as a sub-committee
of the Area Committee of the Queensand Recreation
Council. Thiscommittee has always maintained aninter-
estinrecreational activitiesinvolving thewater, and who
would't with thewarm waters of the Great Barrier Reef at
your doorstop.

In 1981 thecommittee decided to taketheir interest
in water sports one step further. With the help of local
members of the Federation of Australian Underwater
Instructors, who donated both timeand equipment, ascuba
course was conducted for six disabled people. The dis-
abilities included paraplegia, amputation, spina bifida,
polio, cerebral palsy and brachia plesus injury. The
course was only aimed at getting the candidatestrained to
asufficient standardtoallow themtodivesafely onthereef
without supervision. Eventually, 5 of the 6 candidates
dived with instructors in the open sea.

Inthe ACT | wasinvolvedinasimilar, though less
ambitious programme, with three amputees. Unfortu-
nately, our programme folded half-way when two retired
because of persona reasons and the third, who was a
Vietnamveteran, was so determined to passheruptured an
eardrum rather than let usknow hewas suffering pain. He
wasthen posted to the USA so the coursedid not finish on
a high note. | mention this only to show the problems
which can occur in such courses.

Back in Townsvillehowever, the course had stimu-
lated interest in alarge number of areas. Y oung disabled
people began to ask when the next course was to be
conducted. The instructors concerned had received tre-
mendous personal satisfaction from the origina course

and had devel oped aninterest on the problemsand thetrue
grit of disabled people.

All concerned were impressed by the fact that,
despite the advantages of the sport for various types of
disahility, the little published works on teaching the dis-
abled to dive, related only to those with amputations or
spinal cord injuries.

The Townsville Recreation for the Handicapped
Committee therefore decided to organise another course.
It was decided to seek financial assistance from the Aus-
tralian Government to conduct the course with the basic
aim of finding out more about the disabled and scuba
diving.

In August 1982, a joint submission from the
Townsville Recreation for the Handicapped Committee
and the North Queensland Region of the Federation of
Australian Underwater Instructors was forwarded to the
Department of Home Affairs and the Environment re-
questing assistance. As the body representing the sport,
this submission was then forwarded to the Australian
Underwater Federation by the Department for comment.

The AUF gaveits enthusiastic support to the proj-
ect provided areport was produced which could be turned
into ahandbook to guide scubainstructors on the teaching
of thedisabled. The Department of Home Affairsand the
Environment granted the sum of $10,000 for the project to
be conducted in 1983.

The project had four aims and objectives:

1 To conduct a suba diving course for a sizeable
group of disabled people which would include a
wide spectrum of common types of disability, and
in so doing, to assessthe need for providing further
specialised opportunities for disabled divers.

2. To examine the problems involved in selection of
divers, teaching techniques, safety and equipment.

3. To provide areport outlining possible solutions to
the problems encountered, suggestions regarding
selection, safety, teaching and equipment, and rec-
ommendations regarding standards and possible
alternative qualifications for disabled divers. It
was anticiated that sections of the report may be
later adopted into a manual for diving instructors,
and/or an Australian Standard.

4, To foster ongoing opportunities for disabled peo-
pleto participatesafely inthe sport of scubadiving.
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Atthevery onset of theproject, it becameclear that
there was little literature on the subject of the disabled
scubadiver. Theonly articlewhich gave any guidanceon
selection of the disabled was areport from Flemming and
Melamed?! which gave information on their experiences
with teaching six persons with paraplegiaand lower limb
dysfunction.

The course was widely advertised in Northern
Queensland and twenty-two disabled persons applied for
selection. However, only eighteen presented for adiving
medical assessment. Of thefour who did not present, three
did not follow up their initial application and the fourth
person, ayoung man who had ahead injury, was advised
not to dive by anon-diving medical officer before he had
the opportunity to present for assessment by the commit-
tee’ smedical examiners.

Theprimary medical assessment wasconductedto
the standard set by the National Qualification System of
the AUF which was designed with the strong support and
assistance of Dr John Knight some years ago.

Thereport by Flemming and Melamed * suggested
eight factors additional to anormal diving medical, which
should be considered when examining the disabled who
wish to scubadive;

1 The respiratory system should be completely nor-
mal. All the respiratory muscles should be under
control, and the spinal lesion not below T5 and
preferably not above T8.

2. Itisof extreme importance that the skin condition
of aparaplegicis proper without any injury or that
pressure sores for amputees and scars should be
completely healed or perfect, ie at least three
months after amputation.

3. The paraplegic should not have any urinary tract
infections, and should havefull control of urineand
bowel movements, with or without artificial aids.

4, Fullest consideration should begiventotheperson-
ality of thedisabled person; he or she should show
self discipline with a full knowledge of his/her
abilities and disabilities. He/she should be of
steady character with the capability of withstand-
ing anxiety and panic and should aso be of a co-
operative nature, acccepting orders and directions
from instructors without resentment.

5. The disabled person should be an excellent swim-
mer who participates regularly in intensive swim-
ming including swimming in the sea.

6. He/she should pass physical tests and exercises
concerned in preparation for the course and if
necessary undergo special physio-therapy training.

7. If the disabled personisaparaplegic, the disability
should not have been caused by a spinal bend, by
arterio-vascular malformation or by transvers my-
dlitis.

8. It should be made plian to the applicant with partial
lesions, from whatever cause, that thereis apossi-
bility that diving could make the lesion complete.
There is no record of this ever happening, other
than with bends cases, but it is a possibility.

Sturges and Clatworthy 2, and Bethune and
Menary?, also conducted courses for people with lower
limbdysfunction (fiveinal), and their courseswerebased
on the work of Flemming and Melamed.® The literature
detailed course content and method.

Upon review of thisliterature, the committee con-
sidered Flemming and Melamed’ s* points 4 (ie personal -
ity), 5 (the need to be an excellent swimmer), 6 (the need
topassphysical tests), and 7 (thelimitsonwhat caused the
original paraplegia), and decided that therisksimplied for
some of the potential students were not prohibitive but
would not be discounted. | might stress here that the
committee was breaking new ground as the available
literature mentioned above gave guidance on the medical
examination and scuba training of eleven cases of ampu-
tees or people with lower limb disfunction only.

Thus, the medical assessment of the eighteen
hopeful candidates differed from those previously de-
scribed in published disabled diver courses 22 in severd
significant aspects.

Firstly, absolutely no selection of applicants oc-
curred on the basis of previous athletic achievement or
independence of mobility. The sole criteria for an appli-
cant to be considered was interest and motivation.

Second, no preconceptions existed that full, unre-
stricted diving certification of the* successful” candidates
was a necessary end point of their training.

Third, people with neurogenic bladder and bowel
were included.

Fourth, the group included a range of medical
disabilities hitherto regarded as absolute contro-indica-
tions to diving, ie brain stem damage, blindness and
myelitis.

Conseguently, medical decisionsconerning diving
safety had to be taken in the absence of any known pre-
existing guidelines. In the light of the experiences re-
corded by Flemming and Melamed! and recent trainingin
the McMillan-Halliwick methods* of teaching the dis-
abled to swim, intra-thoracic trauma did not constitute a



reason for automatic rejection on medical grounds. Simi-
larly, neither chest radiography nor air condutction audi-
ometery were regarded as mandatory for this group of
recreational divers. Eachindividual case was dealth with
on its merits.

Of the eighteen hopefuls, only onewasrejected on
medical grounds because of an incompletely healed neck
fracture. Seventeen candidates passed their medicals and
were regarded as fit to dive subject to assessment by the
coursepsychologist. Oneof the seventeen wasrejected by
the committee on the groundsthat shewas not sufficiently
disabled - her sole disability being a congenitally absent
hand.

Thesixteen disabled candidatesthat were accepted
had medical profiles as detailed on the handout available
on request.

In summary, the course started with four persons
with head injries, three with some form of special sensory
deprivation, four with spina cord dysfunction and five
amputees.

I will not go into details of timings, lessons, etc, as
these will come out in our handbook, but sufficient to say
that five months later nine of the sixteen candidates com-
pleted the open water training programme. Four students
withdrew and three were not available for the dive trips.

Onthebasisof theexperiencegainedinthecourse,
and taking into account the information contained in the
previously published courses for the disabled, the
Townsville medical team reached the following conclu-
sions:

1 General guidelinespresently adoptedfor themedi-
cal assessment of recreational divers appear to
serve equally well for the disabled.

2. The medical assessment of the significance of a
specific disability in a prospective disabled diver
requires knowledge both of diving medicine and
diving practice.

3. It would seem advisable not to ask a disabled
person to embark onadiving coursetooearly inhis
or her rehabilitation programme following the in-
jury. Apart from surgical and tissue healing con-
siderations, itisimportant for thecandidate’ sexpe-
rience to be overall a postive one, both physically
and psychologicaly.

4, Theinterpretation of any medical testsrequiring a
degree of muscular co-ordination needsto be care-
ful and patient with disabled persons with neuro-
logical deficiencies. The main risk appears to be
underestimation by the doctor.
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5. The concept that disabled divers should never be
permitted to dive beyond safe no-decompression
limitsis supported.

6. Because of the complex nature of the problems
confronted by some disabled people, especially a
head injured person, further investigation is war-
ranted in a person with a history of this type of
injury. Follow up of the acute and rehabilitation
treatment recordsis advisable and contact with the
appropriate persons involved is recommended.

In the Townsville project, such persons were actu-
aly involved in the project team and their knowl-
edge of three of the head injured students proved
invaluable.

One of the notably enthusiastic students (G.P.)
whose medical details are set out in the Table, devel oped
symptomsof spinal decompression sicknessabout 8 hours
after hislast dive. Hehad eight divesover aperiod of three
daysand hisdiveprofileisset out. By present sport diving
standards this is a relatively conservative profile and is
within the limits set by repetitive dive tables presently in
common use by sport diversworld wide (USNavy Diving
Tables). However, the dive profile isless than ideal.

He presented for medical attention 32 hours after
the last dive, and 24 hours after the onset of his first
symptoms. He had symptoms and signs of spinal decom-
pression sicknessinvolving all four limbs, with those in
hislower limbs superimposed on his pre-existing paraple-
gia He also had an acute viral upper respitory tract
infection, when he presented. In telephone consultation
with diving medical officersof the Royal Australian Navy
School of Underwater M edicinehewastreated vigorously
over the next 8 days. This included 5 recompression
sessionsin Townsville' s recompression chamber.

The treatment was successful. He had an area of
enlarged numbnesson theinner aspect of hisleft thighand
residual paraesthesiae in the left leg. Other signs and
symptomsdisappeared during treatment. Six months|ater
no deterioration had occurred.

The committee produced a complete report on the
project in 1984.5 At this stage, the AUF had applied for a
further grant to produce a text book guide, based on the
results of this course and on the other minimal existing
material. The book is designed as a guide to qualified
scubainstructorson the problemsand techniques of teach-
ing the disabled to scuba dive.

Let mestateat thispoint that the AUF isnot setting
itself upasanexpertinthisfield. Rather, weareattempting
to disseminate the experience and lessons learned during
the Townsville coursesto aswideaninstructor population
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as possible. We are not trying to make judgements, set
standardsor justify actions, but are hoping that by publish-
ing such aguidewe can further the knowledgeinthisfield
and, perhaps, stop scuba instructors from turning away a
disabled individua who can, with sympathetic help, be
taught to dive safely.

We were successful in obtaining a grant for this
project from the Department of Sport, Recreation and
Tourism, and immediately were obliged to call tendersfor
the writing and production of the handbook. Unfortu-
nately, for those members of the Townsville Recreation
for the Handicapped Special Committee, they were not
successful with their tender being beaten by an organisa-
tionwith aproven record of editorial work and production
of diving related publications.

This has in the long run, caused delays in the
production of the handbook asthe team of writersfelt the
needtofirstrunacoursefor somedisabled personsinorder
toget afeel for thesubject. Thus, theln Depth Diving Club
in Melbourneran atraining programmefor somedisabled
people before the text was started.

We now have the last draft of the textbook which
requires only a fina polish before publication. When
complete, it will be available to all certified national
coaching accredited sucbhainstructors.

Let me finish with two quotes which deal with the
vexed question of should we get involved at all with the
teaching of the disabled in what is, after all, arisk orien-
tated sport.

First the inevitable question of why teach a blind
personto scubadiveinwhat isbasically avisual sport. The
report states “ The reasons for this person participating in
the course were therefore closely examined. At first, it
seemed that the main reason for her participation was to
provethat it could be done when it was being said that it
was impossible or unreasonable’.

“As this (the Everest Syndrome) has been an ac-
ceptable motive in many sporting endeavours, it was
accepted. Asthecourseprogressed, it becameobviousthat
there were more reasons involved. The desire to master
enjoyable and complex skills was very much in evidence
and the element of enjoyment became the dominating
motive. Thecommitteeisnow aware of the many sensory
experiences of diving, eg tactile experiences, weightless-
ness and freedom.”

And finally a quote from our own Dr Douglas
Walker in a discussion on his 1983/84 New Zealand
Diving-related Fatalities Report. One of the cases in-
volved a young man with the Wolf Parkinson White
Syndrome, who had been advised by his specialist to lead
afull active normal life and as a conseguence had been a
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keen scuba diver for over two years. Unfortunately, he
suffered acute chest pain during snorkelling and subse-
quently died of cardiacfailure. Inhissummary Dr Walker
states:

“Inthe case of theunfortunateyouth with the Wolf
Parkinson White Syndromethereismuchtobesaid for the
advicehereceived that heshould choosetoliverather than
to follow a cautious, fearful existance. Whether scuba
diving assuchwasacritical factor or merely thetrigger of
thefatal episodeisdebatableand opinionswill reflect each
person’s philosophy on life.”

| hopethat, should adisabled person approach you
with arequest for adiving examination you will approach
the task with a sympathetic and open minded attitude, and
not summarily reject the request and thereby stop an
individual from the chance of experiencing our sport.
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In the table of M edical Profiles opposite the following
apply

* Did not complete course.

VC= vital capacity. FEV = forced expiratory volumein
1sec. RFT =respiratory function tests.

All respiratory volumes are recorded in litres. Predicted
values are shown in brackets.
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Medical Profiles
Diver Date Respiratory
Age and function
Sex disability assessment Comment
Head Injury
IM 1980 Brain stem VC4.0I (5.6) Apparent air conduction deafness. Ataxic.
24 injury FEV /VC=83%  Overconfident. Ear equilisation proved difficult.
M Close supervision advised.
DM 1978 Brain stem VCA4.7L (5.9) Severe ataxia. Poor water ability. Highly motivated.
33 injury FEV /VC=87% A supreme challenge!
M
*GO 1981 Brain damage VC5.3L (4.8) Features of frontal lobe dysfunction. Aggressive.
32 FEV, /VC=83%  Accepted for course (with misgivings) because of
M extensive diving experience prior to to accident.

Subsequently withdrew volunarily from course.

SW 1981 Brain damage VC4.6L (5.0) Principal disability relates to learning, memory and
23 FEV,/VC=83%  judgement. Reputured right lung in accident1981.
M Chest radiography normal.

Special Sensory Deprivation

TA  Congenital deafness VC 3.9L (4.0) Very high intelligence and motivation.
15 (rubella). FEV,/VC=80%  Speech closeto normal. Ear equalisation OK.
1982 Blindness one eye (trauma)

RF  Congenital deafness VC 3.0L (3.7) Speech defect. Requires sign language. Confidence
18 FEV,/VC=80%  and basic understanding seems lacking.

F Ear equalisation OK.

LT  Congenital blindness VC 3.3L (3.6) A real achiever! Full of interest and enthusiasm.

39 (buphthalmus) FEV /VC=83%  Tertiary education level.

F

Spinal Cord Dysfunction

BH 1977 Incomplete VC4.6L (4.7) Strong personality. Well adjusted. Childhood

25 paraplegia T12-L1 FEV,/VC=82%  asthma Bronchodilators produced no change

M in RFT. Athletic, very fit. Neurogenic bladder
Impaired bowel control.

PM  Congenital spina VC5.0L 4.2) Completed previous disabled dive course but was

30 hifidaLl FEV,/VC=80%  apprehensivein open water. Lacks self-confidence.

M Below knee amputation Requires vision correction. Neurogenic bladder.

Partia paralysis of lower limbs

GP 1960 Poliomyelitis VC5.0L (4.2) Long sighted. Wears glasses. Physically strong.
24 L2 FEV /VC=84%  Full bladder and bowel control. Partial paralysis of
M left lower limb.
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SS 1980 Complete

19  traumatic paraplegia

M below T9

Amputees

RB 1976 Bilateral amputee

24 Left arm above elbow
M  Right leg below knee

*PN 1980 Amputee

25  Aboveknee

M

SP 1981 Amputee

32 Aboveknee

M

*ER 1982 Amputee

19  Above elbow

*KS 1982 Amputee

34  Through knee
M  Severeleginjuries

VC6.0L (5.4)
FEV /VC = 86%

VC 45L (4.9)
FEV /VC =78%

VC4.6L (5.2)
FEV /VC =80%

VC4.1(5.0)
FEV /VC = 90%

VC55L (5.4)
FEV /VC=T75%

VC45L (5.2)
FEV /VC =80%
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Upper limbs powerful . Recurrent urinary infections.
Urine collection system and partial incontinence
of bowels.

Left leg with fracture deformities but good function.
An unstoppable character! Fixed left shoulder joint.
Left brachia plexusinjury

Numbness right elbow area. Requires equalisation
practice and reassessment. Smoker. Dental attention
required.

Very strong, fit. Regular swimmer and snorkeller.
Temporary withdrawal from course to permit
reconstructive surgery to amputation stump.

Recent amputee. Rehabilitation in early stages.
Withdrew from course early.

Fit and well adjusted person. Weak scars on legs.
Withdrew for socia and personal reasons.

SAFETY SAUSAGE MARINE RESCUE TUBE

From Diving Security

The Safety Sausage will soon be available in Australian dive shops. The recommended retail priceis $ 10.00.
Y ou can help make them available by showing this advertisment to your favourite dive shop and asking them to stock
the Safety Sausage.
All enquiries to Diving Security, P.O.Box 6298, Melbourne 3004, Victoria. Diving Security, is a branch of
R.J.Knight Pty.Ltd.
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ORIGINAL PAPERS

MID WATER AIR EMOLISATION
CASE REPORT

Douglas Walker
SUMMARY

The victim was a 13 year old girl making her first
open water scuba dive after certification. It was her fifth
openwater dive. Asthedivemaster ontheboat wasaware
that she was a novice great care was taken in choice of a
suitable buddy. While swimming, with the buddy alittle
in advance, in the mid water zone shewasfor ashort time
out of her buddy’ sview and lost consciousnessduring this
period. Thisseemsto indicate the timewhen she suffered
her arterial air embolism. The condition was clearly
demonstrated at the autopsy.

THE INCIDENT

This boat dive was organised by a dive shop to a
reef that ran between two off-shoreislands. Therewasa
dive master aboard and he was aware that the victim had
only just completed her dive course so he selected for her
buddy adiver with over threeyears of experiencewho had
achieved adive master qualification eleven months previ-
ously. The buddy checked their tank contents gauges.
When he saw that her tank had 2600 p.s.i. while his had
3100 p.si. he told her that when either diver's gauge
reading fell to 300 p.s.i. they were to ascend together. He
also reminded her of the teaching that if separation oc-
curredtherewasto beaoneminutesearch beforethedivers
surfaced to rejoin each other. The skipper anchored at the
reef and told the diversthat the depth below the boat was
15 m, which pleased the buddy as he knew novices should
not dive deeper than 18 m.

Therewas areaonably strong current so the buddy
planned to make a compass dive into the current, which
would result in an untiring drift back. When they de-
scended to 15 m. they discovered the sea bed was still far
below. The buddy signalled that they should level off,
which she managed without requiring any help. Hethen
started the compass course swim. Thevisibility wasgood
and they could see the sea floor 6-9 m below. The buddy
led with the victim close by and he made frequent checks
of her condition, exchanging “OK?" signals. He checked
his bottom time and saw that 10 minutes had el apsed, then
looked round and saw the victim above him, onearm held
up in the manner adopted when about to reach the surface.
He swam to her and saw that her regulator was out of her
mouth and there was a green liquid pulsing from her
mouth: He thought this was vomit but later realised was
blood. He placed his own regulator in her mouth, and
commenced using hisreserveregulator, tryingto keepit at
thesideof her mouthto all ow escapeof theapparent vomit.

While hewas doing thisthey sank down to the seafloor, at
a depth of 27 m. He was uncertain whether she was
consciousor not at thistime. He brought her to the surface
with her head back, the standard procedure he had been
taught. Heobservedthat therewasno sign of breathingand
that it was blood, not vomit, emerging.

As soon as he surfaced he gave a distress signal,
which was quickly acknowledged from the boat, which
was about 50 m away, theninflated her buoyancy vest and
startedtotow her. Thedivemaster had ditched hisgear and
dived in from the boat as soon as he saw the need for
assistance. When he reached them he noticed the pink
froth at the victim’'s mouth, then ditched her weight belt
and took over thetowing while the buddy gave EAR ashe
swam alongside. On examination in the boat no pulse or
breathing was noted. CPR was started and this was
continued during the return trip, death being formally
declaredwhenthey reached thewharf. Shehad been scuba
diving for 14 minutes before being brought to the surface,
dead.

The autopsy was correctly managed. X-ray films
of both head and chest were taken before commencing the
internal examination. Air was shown in the heart cham-
bers, especialy the left ventricle, and in the aorta, and
possibly in the pulmonary arteries. There was no pneu-
mothorax. Thelungs appeared dense. Air waspresentin
the arteries of the Circle of Willis at the base of the brain.
These findings support adiagnosis of cerebral arterial gas
embolism (CAGE), so her loss of consciousnessisreadily
explained. The blood vessels on the surface of the brain
contained many small bubbles. Both of the lungs showed
marked oedema and the posterior visceral pleura showed
petechial haemorrhages consistent with anoxia. Thetra-
chea and bronchi contained slightly blood-stained foam
consistent with drowning. There was no obvious area of
lung rupture indicative of major barotrauma. Histology
reveal ed the presence of awidespreadintra-alveolar extra-
vasation of blood. Such would not be expected in simple
drowning.

DISCUSSION

The critical path of this tragedy included severa
adversefactorsand thesebecamegreater intheir influence
on the course of events than the positive factor of having
a well trained buddy who attempted to maintain good
contact with the victim. There may be doubt about the
wisdom of certificating such young persons but no details
are available concerning the emotional maturity of the
victim, afactor of importancein adiscussion of thismatter.
Of most immediate effect on this dive was the factor of
being in mid water far above the security of anearby sea
bed. It was only her fifth open water scuba dive so it is
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probable the situation would be stressful, particularly as
she was swimming against the current and trying to keep
closetoher far moreexperiencedbuddy. Therewasindeed
frequent “OK?" check contact but, as the buddy told the
coroner, no buddy keeps constant sight of his companion
as he will on occasion look at the underwater scene and
check his own gauges. The fact that he was swimming a
little ahead of the victim was an adverse factor. Thereis
uncertainty concerning the time for which the victim was
out of hissight, but the fact that she was not far from him
and above him implies that it cannot have been long as
otherwise his swimming would have put him far ahead of
her. Soitisunlikely that she had timeto ascend far before
she lost consciousness and started to sink.

It is obvious that even the presence of a careful
buddy is not a complete safeguard for a novice diver
swimming in the never never depth of mid water in the
open sea. Once again air embolism has been shown to
occur without the victim (apparently) ascending asignifi-
cant distance and without coming to the surface.

THE RIGHT TO DIVE, A CASE STUDY
Douglas Walker
SUMMARY

For sheer determination, albeit misdirected, the
victim of thisincident must be awarded full credit. Hewas
not only overweight with extremely poor sight but had
suffered from an accident which so scarred hisforehead it
made obtaining mask sealing difficult. In addition he had
amedical history which hepartially suppressed. A consid-
eration of hiscontactswith aseriesof medical practitioners
and conscientious, reputable diving instructors forms the
coreof thisreport. Noneof thelatter regarded him asfit for
certification, al informed him of thisfact, and on the fatal
dive he was being “specialed”, a degree of supervision
given only to disabled persons having avisit to the under-
water world but not regarded as being scuba divers. That
hediedwasprobably not aconsegquenceof diving but rather
anevent which couldhaveoccurred at any time. But hewas
diving at the critical time and the efficient response of the
instructorsillustrated the value of thetraining they receive
and the responsibiient response of the instructors illus-
trated theval ue of thetrainingtncommonfact of anautopsy
report which disregarded relevance to the circumstances.
This was made almost unavoidable by the practice of
including only minimal information to the pathologist
performing an autopsy. An additional element was the
presence as an “expert witness’ of a representative of a
government department. His evidence, as has been the
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pattern in previous instances where there has been a
similar assistance offered to a Coroner, was based very
firmly on an interpretation of the Diving Law and had
minimal relevanceto theactual circumstancesof thecase.
Thereport isdivided into sections dealing with thediving
instructors, the actual incident, the medical examiners,
and the pathologist reporting the autopsy. Throughout
there is The Pupil, a victim of his medical problems but
strugglingto achievehisaim, thefreedom of scubadiving.

THE PUPIL/INSTRUCTOR INTERACTION

Joe first attempted to obtain entry to a scuba
course in 1983, presenting a medical certificate which
mentioned this was a “conditional approval”. It is not
known what conditions were stated. This particular dive
shop had apolicy that each pupil must be unconditionally
fit and he was told to obtain afurther medical check. He
returned in November 1984 but again the medical ap-
proval was “conditional”. When he was examining bro-
chures about the course he was noted to hold them close
to hiseyesin order to read them. Theinstructor therefore
feltthat if theapplicant ever returned carrying acertificate
to state he was medically fit he, the instructor, would
demand his further assessment, by a “diving” medical
practitioner.

In April 1985 he attended the first lecture of a
dive course run by another dive shop. Hewasinstructed
tobringamedical fitnesscertificateand the staff noted his
extremely poor sight, excessive weight, and a deformed
forehead which had the effect of making it difficult to fit
amask. Hewas noted to hold a paper 4 inches from his
eyestoreadit. Thedivinginstructor spoketo himafter the
second lecture, pointing out to him that diving wasnot in
his best interests and would be a safety risk not only to
himself but to others. He got quite upset and stated it was
unfair, that he had aright to choose whatever hewanted to
do. Hebrushed asidethe suggestionsof alternative sports
hemight undertake. 1t wasagreed he could attend thefirst
pool training. It waswithdifficulty that asuitablewet suit
was found, and the size of his abdomen was aproblemin
finding aweight belt. The pool wasonly 4 ft deep and the
day sunny but he was unable to read the gauges or his
divingwatch. Heseemed slow tolearnandit wasdifficult
to obtain awater tight seal for his mask. He appeared to
accept the verdict that he discontinue the course but
arrived at thenext lecture. Hewasagaintoldhewastotally
unsuitable for scuba diving and a danger to himself and
others, was spoken to at some length of the problems of
scubadiving, even told that he was acandidate for aheart
attack, and offered arefundif heattended adiving medical
centre and brought a certificate stating he was “unfit to
dive’. The instructors were entirely confident such a
certificate was appropriate. Then he claimed theright to
attend theremaining lecturesashehad paid for the course.
He was not allowed to sit the written examination at the
end of thelectures, aprecaution designedto prevent alater
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attendance at another dive shop claiming to he required
only the practical portion of a course. He produced a
medical certificate of fitness for scuba diving at the first
lecture, thisso surprising theinstructorsthat they checked
that the doctor existed as they could not believe a doctor
could reach such a conclusion!

This did not quench his determination to learn
how to scuba dive and in May 1985 he got a friend to
enquirewhether adiving instructor he knew would accept
ashispupil someonewho had poor eyesight and was keen
to dive: he received back a message that such a person
might be allowed to dive if he was accompanied by a
person with good sight. A week later he made contact by
phone with this instructor and said he had aready com-
pleted the theory and pool work of acourse but the diving
school then seemed not interested in completing histrain-
ing. Hewastold he should bringamedical certificateand
said he would get one, that his original certificate and
documentation of hiscoursehad beenlost by thedive shop
concerned. There was an impression conveyed that his
poor sight wasthereason for his problemswith theformer
instructor.

In June 1985 he attended for instruction bringing
thenecessary medical certificate. Hewasseentobealarge
man with deformed eyes and “was possibly somewhat
overweight”. Theinstructor who supervised hisfirst pool
dive noted there was no sight in one eye, poor sight in the
other. This made use of hand signals almost impossible.
He was aso clumsy. Despite a full awareness of these
adverse factors one instructor allowed him to attend two
shore dives but attended on him personally, a one-to-one
care. He was found to have no problems with mask
clearing but to be clumsy in the water. Throughout these
dive lessons the instructor maintained hand to hand con-
tact. After thishefailedtoattend until April 1986 because
he had been injured in amotor cycle accident. No details
of hisinjuries arerecorded, neither isit explained how he
managed to obtain amotorcyclelicence. Hewasallowed
toresume hisattendance at thetraining dives, making two
shore based dives and a boat dive before the index dive.
Maximum depth of the dives was 10 metres and he was
closely supervised because he tended not to stay with the
diving group but to wander off by himself.

THE INCIDENT

Onthemorning of thefatal divethechief instruc-
tor discussed with the instructor and assistant instructor
duetotakethegroup of pupilsfor thisdivetheneedtotake
extracareinwatching Joe. Heintimated that, although he
might not be granted certification, because hewas so keen
to scubadive hewould be permitted to continue attending
divesat which aninstructor wasin charge. Atnotimedid
the instructors have any significant reservations concern-
ing Joe' shealth although well aware of hisobviousvisual
problem.

13

Therewere eight studentson thisboat dive under
the supervision of aninstructor and an assistant instructor.
The skiper and the boat hand remained on board through
thedive. Theinstructor entered the water first, collecting
everyone in a group as they entered the water after an
equipment check by hisassistant. Joewasthelast pupil to
enter thewater, then the assi stant joined the group and was
detailed to buddy Joe. Before commencing their descent
they allowed the seven divers with the instructor to de-
scend, then they followed after their first descent was
aborted at 4 ft depth because Joe needed to resurface to
clear his mask. After reaching the bottom of the anchor
line they swam to join the others, and Joe managed mask
clearing calmly after knocking his own mask off. His
contentsgauge was checked by hisbuddy and thepair then
swam over to arock ledge to cllect sea urchinsto feed to
the fish, about 15 to 20 feet distance. Here Joe gave a
thumbs-up signal that showed hewishedto surfaceand his
buddy, who maintained hand contact with Joe from the
time of his sea bottom mask problem and was now facing
him, tried to find the reason for this wish to ascend.
Although the buddy did not discern signs of panic, one of
the other divers reported that he was breathing rather
rapidly at thistime, asign of agitation. Hisweight belt now
slipped downto hishipsand despitehiseffortsandthehelp
of bothinstructorsit could not bereplaced round hiswaist.
The instructor had noted on previous dives Joe's shape
caused hisweight belt to fall down over his hips but only
before he entered thewater. Thiswasthefirst timethat it
had caused any problems during adive.

The instructor decided that to get Joe to the
surface safely his weight belt had to be retained, so he
allowed it to descend as far as Joe' s knees, which he had
flexed and thereby prevented it from falling off. Both he
and the buddy now took hold of Joe and, their buoyancy
vestsinflated, by finning hard slowly brought him to the
surface. Joewas ableto calmly deflate hisbuoyancy vest
asneeded during the ascent although, for obviousreasons,
he was unable himself to fin. Once at the surface the
instructor let go of Joe' slegsto permit them to straighten
and so alow the weight belt tofall free. Instead it caught
on his fins, but this created no problems as both of the
instructors were with him and his buoyancy vest was
inflated. Theinstructor checked that the buddy could now
manage before he descended to rejoin the other pupils. He
checked al their contentsgauges, brought up onewho was
getting low on air, and then made afinal descent to bring
up theremaining six pupil divers. They wereinstructed to
inflatetheir buoyancy vests, then he escorted them back to
the dive boat.

The buddy noted that Joe appeared to betired but
did not foresee any problemsin him back to the dive boat
100feet away. Hiscontentsgauge showedthat he still had
1000 psi of remaining air. As a precaution the boat hand
was summoned and he hel ped support Joewhilethe buddy
duck-dived and released the weight belt, then he towed
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him back to the dive boat where the buddy instructed Joe
to hold onto the side of the boat as the boat hand boarded
the boat and the buddy removed his back pack. He was
helped into the boat and orders given for him to be placed
in the recovery position and his breathing checked: the
buddy wastold hewasall right but found ashort timelater,
after coming aboard, that he was not answering questions
whichweredirectedtohim, only groansbeingelicited, and
therewasan apparent deterioration occurringin hisbreath-

ing.

A radio call for emergency medical assistance
was now made, then his condition rapidly worsened and
breathing ceased but resumed after he was placed on his
back in preparation to commence mouth-to-mouth resus-
citation so they rolled him back into therecovery position.
There was fluid escaping from his mouth. His breathing
again ceased and expired air resuscitation was com-
menced, which was applied in turn by several of those
present. The dive boat took the victim to shore as soon as
the Coast Guard boat came and picked up the pupil divers.
Cardiopulmonary resuscitation resuscitation was kept up
during the return to land where paramedics waited to
continueresuscitation attempts, but thesewereunavailing.
A doctor in the dive group diagnosed the cause of the
fatality as being a myocardial infarction with cardiac
arrest, not an air embolism or diving-related iliness. The
maximum depth was 15 m and the duration was 20 min-
utes. Visibility was at least 15 m.

THE APPLICANT AND THE DOCTORS

The several medical certificates he had obtained
were produced at theinquest. They showed commentson
the presence of poor sight, an old middle ear infection (no
other details), poor vision, and mild hypertension (Nov.
1983, 140/90 and in Nov. 1984 150/95). His statement
concerning of his previous health added nothing to this.
When he was examined in December 1984, his first
attendance on this doctor, he had BP 150/90 but this had
fallen to 140/90 when seen two weeks later after taking a
Betaloc 50 mg tablet once daily. It was then that he
reguested aFit to Dive certificate. When hispoor visition
was mentioned he assured the doctor that he would be
diving with agroup of partially sighted people and would
beunder closesupervisionat al times. Thisstatement was
accepted. He had no problemswith his ears or chest and
denied having suffered from asthma or other respiratory
complaints. A chest X-ray taken 15th May 1985 was
reported as being completely normal. However it cameto
light during the investigation that his regular doctor had
refused to provide afitness certificate in December 1984,
but could not recall why although he reported that the
victim wasin receipt of ablind pension, had been injured
when acar hit hismotor cycle, and attended frequently for
Mogadon and Valium scripts, being addicted to these
preparations. He attended the Allergy Clinic of amajor
hospital and suffered from migraines, eczema, allergies,
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and obesity. Hedeveloped an allergic wheeze particularly
to redwood in January 1983 and suffered a severe asth-
matic episode in March 1985, and again in November
1985, on the second requiring hospitalisation. Hisasthma
in December 1985, was considered by this doctor to be
mild and not to beacontraindicationtorecreational diving.
Hehad suffered fromfurther asthmasinceNovember 1985
for which herequired oral steroids. Not surprisingly Joe
was far from frank when he was asked about his health
record.

PATHOLOGICAL OPINIONS

The pathologist who conducted the autopsy
noted there was evidence of myocardia infarction, coro-
nary artery atherosclerosis and hypertensive heart disease
but decided that the death resulted from drowning. The
coroner called a RAN diving medicine specialist to give
evidenceand he, tactfully, madeit clear that the history and
the findings both indicated little basis for the drowning
diagnosis. On reflection, therefore, one of the colleagues
of the pathologist admitted that it was the practice to
provide the pathologist with only minimal details of the
cases. This is the probable reason for autopsy reports
which blandly assume asphixiaresultswhen ascubadiver
runsout of air underwater. The coronary vesselswereall
involved by atherosclerosisbut narrowing never appeared
to exceed 40-50% at worst. Microscopy showed a slight
increase in fibrosis within the ventricular wall. Areas of
increased eosinophilic staining of myocytes were found,
cardiac stains confirming the presence of widespread
ischaemic changes with some areas that showed focal
changes with lymphocytic infiltrate. The changes were
taken to indicate he had suffered an undiagnosed cardiac
infarct a couple of days before this dive with ischaemia
such that cardiac decompensation occurred when there
washeed to support theincreased physical demandswhich
result fromtherestrictionsof awet suit and buoyancy vest,
weight belt and back pack. Both thelungswere described
as heavy and congested, with fluid flowing quite readily
from the cut surfaces: there was no focal abnormalitiesto
be seen and mi croscopy showed acongested, oedematous
lung. No mention was made of any changes suggestive of
asthma.

THE VOICE OF AUTHORITY

A representative of a government department
which had responsiblity for commercia diving was also
called to offer expert advice to the coroner. He had in
previoustimesbeenaRAN divinginstructor and admitted
that the department wished to apply Australian standards
to sport diving and implied the dive charter boats were
irresponsi bly managed, failingtohaveoxygenaboard or to
check thetraining of the diverswho they carried. Neither
point was relevant in this case. He appeared to have a
strong belief that regulations necessarily increase safety,
but presented a valid argument that diving instructors
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wouldfindit far easier to refuse an unsuitable applicant if
it was possible to say “The law does not alow me to
instruct you to dive as you have failed the medical fitness
standard”. Asinthiscasetheapplicant showed no signsof
respiratory, or cardiac, inadequacy when examined, and
concealed his medical history, it was not necessarily
unreasonable for these doctorsto consider him fit to dive,
subject to careful supervision in view of his poor vision.
Thesignificance of the obesity when deciding onfitnessto
dive is far from defined, although easy to assume the
reverse. Alexander Lambert was famous for feats of
daring diving in the days of Fleuss and Siebe Gorman
diving suits but was also known for his beer belly. Al-
though al subscribe to generalities concerning medical
fitnessfor diving, when it comesto particular casesthere
are likely to be many where a serious division of opnions
will befound. Indeed the victim madeit plain that he did
not wish to accept any advice which said hewas unfit, and
his death could have occurred regardless of his chosen
activity.

INQUEST FINDINGS

There was some criticism directed at the dive
shop as there had been no attempt made to contact the
persons who the victim stated had provided him with the
theory training. This was valid criticism but irrelevant
because of the decision to provide one-to-one in-water
attention and to refuse him scuba certification. It was
noted that while both instructorswere assisting the victim
to ascend their other pupils, unattended, remained on the
seabed. But these pupils were far into their training, the
visibility was good, the emergency real. Possibly all
should haveascended together but thiswould havebeenan
unsupervisableascent. Thevictim had successfully taken
part in previousdiveswith the sameinstructor support and
diving companions and nobody regarded him as a candi-
date for a heart attack. The cause of desth was acute
cardiac failure two days after a (presumed) “silent” myo-
cardial infarction and occurred despite excellent supervi-
sion and care by the instructors who were present.

DISCUSSION TOPICS

1 How great afreedom should aperson be permitted
tofollow someactivity for which they arenot fully
physicaly fitted. This question must be faced by
medical examiners, those having theresponsibility
of training, those who accompany them later and
insurers of any of these. A person cannot be
permitted to put others at risk (or undue expense?)
through his activities and there must be a protocol
to prevent risk of legal actions being taken subse-
quently by relatives should death occur.

2. Isthelevel of medical expertise expected the same
from a doctor without a special knowledge of
diving medicine as from one so trained.
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3. Should it be mandatory to have a diving medical
from those doctors only who have obtained special
training in connection with diving medicine.

4, What evidenceistherethat such medical examina-
tions play a significant part in increasing diving
safety.

5. Many instances will arise where the decision on

fitnessto dive will be debatable (such asin diving
for thedisabled). Whoisto giveadeciding opinion
in such cases. How certain are the criteria of
fitness, how high a*“medical guarantee” is beling
claimed. In this case neither his obesity nor a
history of asthma was relevant to his death, and
careful management by his instructors saved him
for drowning.

6. Should pathologists be better informed of the case
history before performing and reporting on an
autopsy or would this too influence their conclu-
sions. Do they require reminding of the need for
considering the implications of their findings.

7. Should expert witnesses be expected to directly
relate the opinionsthey offer to the actual incident
under examination.

8. Can fitness standards be defined with absolute
certainty or can conditional grades be permitted.

9. As the analysis of cases had demonstrable value
will youinfuturereport diving-relatedinformation
to the DIVEDATA PROJECT (Project
Stickybeak).

PROJECT STICKYBEAK

This project isan ongoing investigation seeking to
document all types and severities of diving- related
accidents. Information, all of which is treated as being
CONFIDENTIAL inregardsto identifying details, is util-
ised in reports and case reports on non-fatal cases. Such
reports can be freely used by any interested person or
organisation to increase diving safety through better
awarenessof critical factors. Information may be sent (in
confidence) to:

Dr D. Walker
P.O. Box 120,
Narrabeen,

N.SW. 2101.
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THE NO-PANIC SYNDROMES
IN UNDERWATER DIVING
Michael B. Strauss and Stephen L. Shane
SUMMARY

The no-panic syndromes probably account for
moredeathsinbreath-hold divesthanany other cause. The
primary characteristic of the no-panic syndromes is the
rapid loss of consciousness under water without warning,
panic, or a struggle for air. This article reviews the
pathophysiology of blackout and lists more than a dozen
aetiologies. Itisimportant to determinethe cause of every
underwater blackout so that the diver can betreated prop-
erly.

The no-panic syndromes are a diverse group of
medical disordersin diversthat receive little attention in
standard diving medicine references.*** Their primary
characteristic is rapid loss of consciousness under water
without warning, panic or strugglefor air. Thesyndromes
tend to occur in experienced divers who use special tech-
niguesto extend their diving timesand depth limits(Table
1), but there are more than adozen syndromes, depending
on the cause and the type of diving equipment used. This
paper reviews the no-panic syndromes and di scusses pre-
dispositions, pathophysiology, and prevention.

TABLE 1
Diver predispositions for No-Panic Syndromes
Experience

Hyperventilation
Breath-holding

Poor conditioning
Challenging dives
Special equipment

Loss of consciousness in the water is always seri-
ous, becauseclinical death may occur in seconds. Without
rescue and resuscitative measures, biological death will
follow shortly. If panic precedesthelossof consciousness,
there is usually evidence of struggle or righting proce-
dures, such asareleased weight belt, aninflated buoyancy
compensator, or abared knife.* Inthe no-panic syndromes
thereare no such signs, and the most deaths of thissort are
unfortunately attributed to drowning. Consequently, sta-
tistics on the syndromes are imprecise.

PATHOPHYSIOLOGY OF BLACKOUT
Cerebral hypoxiafrom hyperventilationisthemost

frequent cause of loss of consciousnessin the syndromes.
Normally, hypercapniadeterminesthe breath-hold break-
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CO, accumulation without
hyperventilation
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CO, accumulation after
hyperventilation

CO, breath-hold breakpoint
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Partial pressure of gas (mm Hg)

Blackout from hypoxia
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Figure 2. In breath-hold without hyperventilation, the breakpoint occurs before blackout. After hyperventiliation
blackout occurs before the breakpoint.

point, i.e. the carbon dioxide (CO,) level that stimulates a
diver to bresthe. If the diver hyperventilates, CO, levels
decreaseand alkal osisdevelopesasCO, isblown off. This
causes vasoconstriction and aleftward shift of the oxyhe-
moglobindissociationcurve. Blood oxygen(O,) storesare
not improved. The tertiary effects of hyperventilation
make O, delivery less efficient (Figure 1). Asthe hyper-
ventilated diver breath- holds, the brain and other body
tissues use the O, stored in the blood, and CO, accumu-
lates; however, because of hyperventilation the starting
point of the CO, accumulation curveissolow that thediver
loses consciousness from cerebral hypoxia before CO,
levels reach the breath-hold breakpoint (Figure 2).

The second most frequent cause of blackout in
diversiscerebral hypoperfusion of either cardiac or vascu-
lar origin. Even brief interruptionsin cerebral blood flow
can cause loss of consciousness: Adams- Stokes syn-
drome, vasovagal syncope, and Valsalvic- hyperventila-
tion blackout are examples. Poor conditioning, age and
underlying cardiovascular disease predispose divers to
cerebral hypoperfusion blackout. The tertiary effects of
hyperventilation also contribute to cerebral hypoperfu-
sion. Because of the rapid onset, loss of consciousness
occurs without warning.

Hypothermia, drugs, nitrogen narcosis, and carbon
monoxide exposure are other causes of loss of conscious-
nessin divers. They depress cerebral function and may
cause the diver to become oblivious to impending danger
or blackout.

AETIOLOGIES OF NO-PANIC SYNDROMES

The no-panic syndromes and their aetiologies are
summarized in the Memory Jogger.

Breath-Holding Blackout

This exemplifies the no-panic syndromes.¢ In the
past this problem was called shallow-water blackout;” but
since that term originally referred to blackout caused by
CO, accumulation with rebreathing equipment, breath-
holding blackout is preferred.

A typical scenario in breath-hold blackout is the
same as the cerebral hypoxia mechanism with hyperven-
tilation: The diver intentionally hyperventilates to extend
breath-hold time. Thestarting point of the CO, accumula-
tion curveislowered. The diver begins to dive preoccu-
pied with agoal or distracted by the underwater environ-
ment. Asthebreath-hold continues, O, storedintheblood
is used while CO, accumulates. However, because of
hyperventilation and the lowered starting point of the CO,
accumulation curve, unconsciousness from hypoxia oc-
curs before CO, reaches the breath-holding breakpoint
(Figure 2). The loss of consciousness occurs without
warning or air hunger. Once the person is unconscious,
spontaneousrespiratory movementsresumeand drowning
may result.

Distractional Blackout

Distractional blackout is a variation of breath-
holding blackout. It representsanintermediatesituationin
which the diver is near the breath- holding breakpoint but
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MEMORY JOGGER

Actiologies of the No-Panic Syndromes
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Breathing Method
Breathhold Open-  Mixed Inexperienced
Circuit Gas
Hypoxic
Breathhold X
Distractional X X
Diffusional X
Dilutiona X
Vasalvic X X X
Tank X X X
Cardiovascular
Cardiogenic X X X X
Carotogenic X X X X
Nar cotic
Carbon monoxide X X
Narcotic ? X X
Drug X X X X
Hypothermic X X X X
Miscellaneous
Vasovaga X X X X
Concussive X X X X

voluntarily delays surfacing because of preoccupation
with the underwater environment. The diver continues
breath-holding tothebreakpoint, then boltsfor thesurface.
Hypoxiamay causeloss of consciousness during thetime
required to swim to the surface.

Diffusional Blackout

Diffusional blackout isanother variation of breath-
holding blackout and occurs in deep breath- hold dives
because of the effects of increased ambient pressureonthe
gases retained in the lungs. During descent the lung
volume decreases in accordance with Boyle'slaw. This
concomitantly increases the partial pressures of the gases
inthelungs. For example, at adepth of 66ft (3 atmospheres
absolute), the partial pressure of O, in the lungs is three
times that on the surface. Since aveolar capillary O,
diffusion is a function of O, partial pressure, there is
increased alveolar O, diffusion at this depth compared to
the surface. However, during ascent the reverse process
occurs, and alveolar partial pressureof O, may drop solow
that O, diffused from the blood to the alveoli. Blackout
then occurs from cerebral hypoxia

Dilutional Blackout
Dilutional blackout refers to situations in which

Experience Level

Experienced Comments
X The prototype
X A variant of breath-hold blackout
X Deep breathhold dives
X CO, absorbers
Skip breathing
Rusted tanks
Tight hood
X X
X Nitrogen narcosis
X
Fright
X Head trauma

divers lose consciousness from hypoxia because of me-
chanical failure or technical errorsin setting up closed or
semiclosed-circuit diving systemsthat use CO, absorbers.
The inert gas is rebreathed while O, is added at the
approximated rateof use. Hypoxiamay developif oxygen
is added too slowly because of miscalculation or equip-
ment failure. This will lead to unconsciousness without
warning or air hunger sincethe CO, inthe systemisbeing
removed by the scrubber.

Valsalvic Blackout

Va salvicblackoutisal soassociated with the use of
scuba gear. In this type of blackout the diver “skip
breathes’ in order to conservetheair supply. Skip breath-
ing refersto the technique of delaying breathing until the
breakpoint is nearly reached, exhaling explosively, and
then inhaling deeply. Exhalation increases intrathoracic
pressure, which reducesvenousreturnand cerebral perfu-
sion. If the diver is near the blackout point, the reduced
return and perfusion can lead to blackout. Scuba regula
tors with abnormally high exhaation resistance com-
pound the Vasalvic effect, further delay inspiration, and
increase the likelihood of the diver blacking out.

At one time skip breathing was advocated as a
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method of conserving air supply. Diversin training were
graded on the basis of how much air they “conserved”
during the dive. Fortunately, this potentially harmful
practice has been curtailed in scuba training.

Tank Blackout

Tank blackout isathirdtype of blackout associated
withscubagear. If water getsinto asteel tank, and thetank
is stored with air in it, the inside of the tank rusts. The
oxidation process depletes the O, content of the air in the
tank. When thetank is used the diver breathes a hypoxic
mixture. CO, does not accumulate since it is exhaled via
the open-circuit regulator. Blackout occursasthebrain’s
0O, supply progressively decreases because of the hypoxic
gasmixtureinthetank. Deathsfrom this mechanism have
been reported.®® Divers should follow all tank safety
procedures regarding storage, filling, and inspection in
order to prevent thistype of blackout.

Cardiogenic Blackout

Cardiogenic blackout refers to loss of conscious-
nessfrom cardiac dysfunction, suchasarrythmiaor infarc-
tion. Stressfactorsassociated with diving, such as hyper-
ventilation, breath- holding, cold-water immersion, vaso-
constriction, and vasovagal reflexes may also cause
arrhythmias in the sensitive myocardium.’® The most
stressful part of adiveisusually donning the gear and the
initial immersion in water. Cardiogenic blackout is most
likely to occur in poorly conditioned divers and is a
diagnosis of exclusion.

Carotogenic Blackout

Carotogenic blackout or carotid sinussyndrome, is
included as a no-panic syndrome even though a diver is
likely to experience symptoms before blackout occurs.
This problem results from wearing a hood that fits too
tightly. Symptoms of nauses, dizziness and light-headed-
ness develop shortly after putting it on. These symptoms
can progressto unconsciousnessif thehoodisnot | oosened
or removed. Once the hood is removed, the symptoms
spontaneously disappear.

The mechanism is presumed to be that the tight-
fitting hood causes excessive pressure on the carotid
sinuses. Thisin turn causes excessive stimulation of the
sinuses and their associated autonomic responses. An-
other theory isthat thetightness of the hood causesvenous
congestion of the brain.

Carbon Monoxide Blackout

Carbon monoxide (CO) poisoning is another pos-
sible aetiology for blackout in divers. Although this
problemisrare, it must be considered whenever adiver is
found unconscious after breathing compressed gases. In
such cases, gas supplies must be checked for CO. Mal-
functioning compressors and surface-supplied diving rigs
that draw their air supply to near the engine exhaust are
possiblewaysthat CO can enter acompressed gas supply.
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Nar cotic Blackout

Narcotic blackout refersto blackout from nitrogen
narcosis, which results from descending too deeply while
breathing compressed air. Nitrogen breathed under pres-
sure acts like a narcotic agent. Euphoria frequently pre-
cedes the blackout, and the diver may make foolhardy
moves or may become sleepy. Thedepth at which adiver
experiences narcosis, varies with experience, physical
condition, type of diving equipment used and the diving
conditions.

Drug Blackout

The effects of increased hydrostatic pressure on
medications are largely unknown, and thismay beamore
important cause of blackout in diving than previously
realised. For example, stimulants under pressure show
reversal effectsin animals.* Diving in warm water imme-
diately after smoking marijuana has caused sleepiness.®?
Anecdotal reportsindicate that in some divers the use of
vasoconstri ctor-anti- histamine combinationsand antiem-
etics made them so sleepy that they could not continue to
dive. Alcohol lowers the threshold for narcotic blackout
and has been implicatedin 50 per cent of drowning deaths
in the United States® Diabetics using insulin may experi-
ence hypoglycemiaif they fail to anticipate the exertional
requirements of the dive. Tricyclic antidepressants occa-
sionally causearrhythmias. Individualswho requirethese
medications should be discouraged from diving. If diving
accidents occur, the diver's medication use should be
checked as a possible contributing cause.**

Hypother mic Blackout

Exposure to cold water rapidly lowers core tem-
perature, especialy in the absence of thermal protection.
The discomfort of the cold water is soon replaced by
dullness as core temperature declines or hypoglycemia
depletes energy stores. Progressive obtundation of the
sensoriumleadstolossof consciousness. Cardiac arrhyth-
mias may develop as the core temperature approaches
33.3°C (92°F). At 17.8°C (88°F), respiratory function
ceasesbecausetherespiratory control centreof thebrainis
depressed.

Vasovagal Blackout

Although not documented in diving, this aetiology
for blackout islisted becauseitscounterpart existson land.
Diversmay encounter many frightening situations, includ-
ing sighting a shark, becoming lost in acave, surfacingin
the pathway of an oncoming vessel, or being bumped by a
marine animal in murky water. Individuals subject to
vasovagel syncope could blackout from such experiences
and be found unconscious in the water. The tentative
diagnosis would be drowning or near drowning, and the
underlying cause of theblackout could be established only
if the victim recalls events preceding the blackout.

Concussive Blackout
Concussive blackout refers to loss of conscious-
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ness in water because of concussion. Head trauma to
divers can occur from falling equipment or ascending
under aboat or fixed object. Inthese situations, physical
examination should indicate the cause of blackout. The
immediate loss of consciousness qualifies concussive
blackout as a no- panic syndrome.

Arterial gas embolism and oxygen toxicity can
cause rapid loss of consciousness in divers and therefore
could be considered no-panic syndromes. However, loss
of consciousness is usually preceded by panic and strug-
gling in arterial gas embolism and tremors, anxiety, and
visual field narrowing in oxygen toxicity, so these disor-
ders will not be discussed further.

TREATMENT OF NO-PANIC SYNDROMES

Therearesimilar aspectsin the management of the
no-panic syndromes, since almost all cases present as
drowningsor near drownings. Thefirst stepisrescue. The
second stepisbasiclifesupport at thedivescene. Thethird
stepistransportationtoamedical centrewhilelife-support
measures are continued, the fourth is advanced life sup-
port, and thefifthisinstituting specifictherapies. Remark-
able recoveries have occurred after near drowning.*> The
absence of struggling present in the no-panic syndromes
may conserve oxygen and improve the chances of recov-
ery. Syndromes requiring specific therapies are as fol-
lows: stopping the dive and breathing surface air corrects
dilutional, Valsalvic, and tank blackout; removing the
tight-fitting hood corrects carotogenic blackout; and re-
warming corrects hypothermia. Hyperbaric oxygen is
useful for treating CO poisoning, and surgery may be
necessary for subdural or epidural bleeding. Finally,
recompression must not be overlooked if the victim used
compressed gas during the dive and decompression was
omitted.

CASE REPORTS

Casel

A well-conditioned 16-year-old swimmer at-
tempted a new underwater swim record. He hyperventi-
lated until his hands and toes were numb. He easily
exceeded his old record but lost consciousness a few
momentslater whilestill swimming. A swimbuddy imme-
diately rescued him and he regained consciousness with-
out sequel ae after afew moments of coughing and retch-
ing. In this case, the numbness indicated that hyperventi-
lation made the diver alkalotic. The CO, level wasso low
after hyperventilation that blackout from hypoxia oc-
curred before CO, accumulated sufficiently to signal the
diver to surface and breathe.
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Case?2

A certified scubadiver in his 30s was diving with
two buddies. He had practiced skip breathing on previous
divesandtold hisbuddieshewanted to save hisair supply.
The diver became separated from them and was found
dead on the bottom approximately two hourslater. There
wasno evidenceof struggling or self-correcting measures:
hestill clenched apry bar and shell-collecting bag, had his
weight belt in place, and had not inflated his vest.

A post-mortem investigation revealed no apparent
causeof death, including coronary occlusion. Hehad used
lessthan onethird of theair inhistank. Thegassupply was
pure. The death certificate was signed out as a drowning.
However, acheck of the victim’sregulator revealed high
exhalation resistance. Thisfinding, coupled with the vic-
tim's comment about skip breathing, suggests that
Valsalvic blackout was the cause of hisloss of conscious-
ness and death.

Case3

A 24-year-old man was swimming at adepth of 10
ft with aclosed-circuit pure oxygen (Emerson) diving rig.
A few minutesinto thedivehelost consciousness. Hewas
brought to the surface by his dive buddy, and conscious-
ness returned immediately. The diver recovered without
sequelae. Inspection after the dive revealed that the gas
cylinder had been filled with air rather than pure oxygen
and the blackout was caused by hypoxia. This case is a
classic example of dilutional blackout. The scrubber re-
moved CO, from the breathing circuit. The gas flow rate
calculated for pure oxygen was insufficient to maintain
consciousnesswhen air had accidentally been substituted.
In the absence of CO, accumulation the diver had no
warning of an impending problem.

Case4

An inexperienced, poorly conditioned scuba diver
in his early 50s was swimming through the surf zonein a
training dive when he suddenly lost consciousness. Al-
though the victim was rescued and life-support measures
were instituted on the beach, he subsequently died. The
death was signed out as drowning, although coronary
artery disease had been noted on post-mortem examina-
tion. This diver's loss of consciousness was likely the
result of cardiogenic blackout. The stresses of suiting up,
passing through the surf zone, and becoming acclimatised
totherelatively cold water, probably precipitated arrhyth-
mias or coronary vasospasm.

Caseb
A 25-year-old man wore a borrowed neoprene

wetsuit jacket and hood while scuba diving. He surfaced
and complained of feeling uncomfortable and seasick.
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When his symptoms quickly progressed to headache and
light-headedness, he terminated the dive. His symptoms
disappeared immediately after removing the hood. This
diver exhibited al the signs of a carotid sinus syndrome
that did not progress to blackout.

DISCUSSION

When a diver loses consciousness in the water,
drowning isinevitable unlessthe diver is quickly rescued
and resuscitated. The underlying cause for the loss of
consciousness must be established to ensure the most
effectivetreatment and to improvethereliability of statis-
ticsregarding loss of consciousness in water. Systematic
investigations and deductive reasoning are often required
to establish the aetiology. Drowning or near drowning
should be secondary diagnoses.

The no-panic syndromes can interact to make the
victim more susceptible to underwater blackout than
would otherwise be expected. For example, if a breath-
hold diver hyperventilates to extend diving time and be-
comes distracted by the underwater environment, then
ascends (adding the diffusion variable), all three factors
interact in the blackout. Alcohol and sedatives lower the
tolerance to nitrogen narcosis and make divers more sus-
ceptible to hypothermia. Tank, carotogenic and cardio-
genic blackout are prone to occur in divers who dive
infrequently, arein poor condition, and do not maintain or
inspect their equipment properly.

The most effective way to deal with no-panic
syndromes is to prevent them. Divers must be aware of
them and of their predispositions. Breath-hold dives
should be timed so that ascent is completed before the
breath-holding breakpoint or hypoxic blackout isreached.
Fitness must be maintained. Diving should never be done
whenthediver isunder theinfluenceof drugs. A diveplan,
brief and equipment inspection should precede each dive.
Finally, the buddy system must be used throughout the
dive. Inmost instancesthe diving buddy isthe only person
who can prevent the disastrous consequences that may
result from loss of consciousness while diving.

CONCLUSION

Any situation in which adiver |oses consciousness
inthewater without warning, panic, or astrugglefor air is
ano-panic syndrome. No- panic syndromes tend to occur
in experienced divers. Hyperventilation, poor condition-
ing and drugs predisposethediver tolossof consciousness
inthewater. These syndromes probably account for more
deaths in breath-hold divers than al other causes. How-
ever, they areal so associated withtheuse of scubagear and
special types of diving equipment. The unifying factor in
all of the no-panic syndromes is a change in the diver’s
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responses to the usual stimuli to breathe or to signals that
indicate trouble.

When divers lose consciousness under water it is
important to establish the specific cause instead of classi-
fying it simply as a near drowning, so that the most
appropriatetreatment can beinstituted. Themost effective
way to deal withtheno-panic syndromesisto prevent them
by educating divers.
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WHY AMERICAN DIVERSDIE

AN ANALYSISOF 1983-1984 FATALITIES

Thetask of theNational Underwater DataAccident
Center (NUADC) at the University of Rhode Island isthe
acquisition, investigation and statistical analysis of all
United States underwater diving fatalities. This includes
all U.S. citizenswherever they may be diving worldwide.

The NUADC has been supported since 1969 by
several federal agencies. TheNational Oceanographicand
Atmospheric Administration (NOAA) has administered
the grant since 1972 with additional funding by the U.S.
Coast Guard and, for atime, fromthe National Institutefor
Occupational Safety and Health (NIOSH). Due to exten-
sive federal budget cuts, the U.S. Coast Guard discontin-
ueditsfunding of theNUADCinearly 1985. NOAA could
not fund the entire program, so it became necessary to
search out new funding. After extensiveefforts, acommit-
ment was obtained from both DEMA (the Diving Equip-
ment Manufacturers Association) and PADI, who with
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NOAA matching 50/50, are now the source of funds for
NUADC, the smaller donations from others.

Since the inception of Undercurrent eleven years
ago, we have published edited data from the NUADC
report. I’ sour belief that by informing thediving commu-
nity about the causes of deaths of fellow divers, we'll be
providing critical information about how to dive more
safely. Undercurrent takesall responsibility for editorial
changes.

Hereisthe report:
Sour ces of Data

The figures and tables in this report are derived
from the study of more than 2400 fatalities since 1970.
Thisreport will concentrate on 1983 and 1984 underwater
divingfatalities, andwill includeapreliminary assessment
of 1985 deaths. Wereceiveinformation from professional
pressclipping services, unsolicited pressclippings, theUS
Coast Guard, the Consumer Product Safety Commission,
health departments, training agencies and search and res-
cue teams.

Totals of Underwater Diving Fatalities

Since the beginning of this statistical analysis in
1970, thefewest sport diver deathswererecorded in 1982:
74. However, the number of fatalities jumped to 110 in
1983 but dropped even lower in 1984 to only 70.

NUADC investigated 148 underwater diving fa-
talitiesin 1983: 110 sport diver or nonoccupational fatali-
ties, 12 were occupational fatalities and 26 were skin
diving fatalities.

In 1984, underwater divingfatalitiesdroppedto 83.
Of these, 70 were nonoccupational diving deaths, 11 were
occupational, and only 2 were skin divers. (We find it
impossible to get a good report on skin diving deaths
simply because many do not get into the press or are
recorded as simple drownings or swimming deaths. We
don’'t consider our data here to be statistically valid.)

Based on information obtained from all of the
national training agencies, approximately 5.48 million
divershave been certified since 1960. Allowingfor drop-
outs, cross certifications, etc. the NUADC estimates the
active diver population (someone who dives more than
threetimesper year) inthe United Statesat theend of 1983
at 2.6t0 2.8 million activedivers, and at the end of 1984 at
2.7 to 3 million divers.

We find that 1983 had a fatality rate per 100,000
between 3.78 and 4.07. In 1984, thefatality rate would be
the best ever recorded by the NUADC at 2.33 to 2.59
fatalities per 100,000 active divers. These figures support
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Tablel
Summary of All Underwater Diving Fatalities, 1970-84

1970 1971 1972 1973 1974 1975 1976
M F M F M F M F M F M F M F
Category
Nonoccupation underwater
fatalities 9 11 104 8 107 12 118 7 129 15 123 8 137 1
Occupational, scubadiving 3 0 2 0 2 0 0 0O 6 O 4 0 6 0
Occupational, surface-supplied
air or mixed gas 6 O 2 0 2 0 4 0 8 0 8 0 7 0
On-duty military 0 O 0 0 00 0O O 20 11 1 0
Skindiving 18 1 17 O 15 1 22 0 25 2 16 1 11 0
Total 138 133 139 151 187 161 175
1977 1978 1979 1980 1981 1982 1983 1984
M F M F M F M F M F M F M F M F
Category
Nonoccupation underwater
fatalities 98 4 9521 11218 9811 8815 6311 104 6 5911

Occupational, scubadiving 4 0 50 1
Occupational, surface-supplied

0O 14 0 6 0 9 0 8 0 31

air or mixed gas 70 6 0 70 6 0 8 0 4 0 4 0 20
On-duty military 20 10 00 00 00 50 00 10
Skindiving 81 133 12 0 191 191 91 251 20
Totd 144 144 150 149 137 102 148 79
Table2
Depth of Fatal Accident Dive or Depth at Which Body was Recovered, Sport Diving Fatalities
Depth (in feet) at or Above Which Percentage Occurred

%of 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
All Cases

25 7 18 15 15 18 23 17 17 16 17 5 16 10 30 28
50 30 40 48 40 43 40 30 26 29 30 30 50 60 8 55
75 60 75 9 70 78 78 65 58 54 8 63 99 77 100 86
90 130 140 250 120 125 120 100 110 101 125 120 126 240 121 110

thepositionthat diving isbecoming safer, especially when
compared to the peak year of fatalitiesin 1976, in which
year the NUADC reported arate of 8.62 per 100,000. (See
Table 1).

We have made an exceptional effort to verify this
fluctuation, contacting all of the agencies who have been
involvedwithfatalitiesto ascertainif thefigurespresented
here are accurate. In Florida, afluctuation from 14 deaths
in1982t033in 1983 and downagainto 11in 1984 can be
partialy accounted for by the number of cave diving
deaths. In 1982, only 3 cavedeathswerereported. In 1983,

this number jumped to 16 and dropped again in 1984 to
only 4 cave diving deaths. Hawaii, which recorded 5
deathsin 1982, had 12 fatalitiesin 1983 and 8 fatalitiesin
1984.

Cdlifornia had its worse year in 1973 with 36
fatalities. In recent years, California diving has proven
much safer with only 14 deathsin 1982, 10 deathsin 1983
and 15 deathsin 1984. The state of Washington, which had
asmany as 17 deaths in 1979, recorded 9 deathsin 1982,
3 deaths each in 1983 and 1984.
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During 1983 and 1984, deaths of Americans were
recorded in four new areas of the world: The Fiji Islands,
Grand Cayman, New Caledonia and Western Saudi Ara-
bia.

Environmental Aspects of Sport Diving Fatalities

During 1983, 74 scuba fatalities occurred in an
ocean, bay or sea. That represents67% of the 110fatalities.
In 1984, 55 fatalitiesoccurred in oceans, baysor seas, 78%
of thetotal.

Six fatalities occurred in rivers during 1983. In
1984 two fatalities occurred in swimming pools - thefirst
inten years.

A total of 16 cavediving fatalities occurred during
1983, up fromtheall-timelow of threein 1982. Twelveof
the 16 cave fatalities in 1983 occurred in Florida, with
three incidents alone accounting for 7 fatalities.

Thefluctuationin cavediving deathsin Floridaand
elsewhere may be due to the varied intensity of spring
rains. Heavy spring rainfall may causeriversto overflow,
resulting in a reverse flow of the springs and muddy
conditions, makingit practically impossibletodive. Since
there is no diving during these periods of poor visibility,
there are likely to be fewer fatalities.

Between 1970 and 1986, the NUADC recorded a
total of 219 cave diving fatalities. Virtualy all of these
involved personswho lacked any cavediving training and
did not have the proper equipment and lights for such
ventures. The National Speleological Society hastold us
that they haven't a single fatality involving a properly
trained and equipped cave diver.

Most diving fatalitiesoccur in watersthat are quite
shallow (see Table 2). However, if adiver dives deeper
than 50 feet, many insurance companiesinsist on increas-
ing the cost of insurance by two or threetimes. However,
our statisticshaverepeatedly shownthat suchincreasesfor
scuba divers are unfair. In fact, we find no basis for the
fifty-foot limit set by some companies. Such alimitation
seems to imply that most diving deaths are occurring in
deeper than 50 feet of water, but our records indicate just
the opposite. In most previous years, well over half the
caseshaveoccurredinlessthan 50feet of water. However,
in 1983 and 1984, roughly 30% of the deaths occurred in
less than 25 feet of water. 1n 1983, 50% occurred in less
than 80 feet of water and in 1984 50% occurred inlessthan
55 feet of water.

TheNUADC adviceto scuba diversseeking life
insuranceisthat they shop around to find the compa-
nies that are not using depth to determine the policy
price.
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[Undercurrent comments: The NUADC report is
correct, but there seems to be a trend toward fatalities in
deeper water. Intheeleven yearsbetween 1970 and 1980,
at no time did more than half the deaths occur in water
deeper than 48 feet; inthefour yearssince 1981, 50% of the
caseswereindepthsgreater than 50feet, whichreflectsthe
trend toward deeper diving.]

Weather or tough environmental conditions were
cited in severa deaths. Six 1983 cases involved strong
currents, while onefatality occurred under icein 193 and
twoin1984. 1n 1983 and 1984, werecorded ten caseswith
awave height of more than two feet or where heavier or
more dangerous surf may have played a part.

During 1983, the NUADC recorded 53 fatalities
occuring whilediving from ashore. Fourteen personsdied
while diving from a chartered diving vessel during 1983,
while 18 deaths were recorded from private vessels. In
1984, atotal of 35fatalitieswere noted ashaving occurred
whilediving from shore, 7 wererecorded from achartered
diving boat, and 11 fatalities occurred whilediving from a
private vessel.

Training Deaths

Inthesixteenyearsof thisstudy, therehavebeenan
averageof 10.5deathsper year informal training. 1n1983,
six fatalities occurred during formal training and four
occurredthefollowing year. Formal scubadivingtraining
appears to be getting safer with each successive year. In
1984, morethan 300,000individual swerereportedtohave
been formally trained.

Following are afew of examples of training fatali-
ties.

A formal training dive in a New Mexico cavern
resulted in the death of a 42-year-old male who, upon
ascent, struck his head on aledge about 20 feet from the
surface and then fell back to the bottom of the cavern in
about 70 feet of water.

A 26-year-old died while undergoing ascent train-
ing in an Arkansas' lake. The victim came up, bobbed at
the surface and submerged again. Although the coroner’s
officeruled thisasadrowning, the NUADC, on the basis
of other reports, believes that this was a probable air
embolism.

There were two deaths during formal ascent train-
ing. Inaprivatelakein Arkansas, a24-year-old malewas
practicing emergency swimming ascents from a depth of
27 feet. Upon reaching the surface, thisvictim collapsed
and despite extensiveresuscitative efforts, he could not be
revived. Theprobablecauseof deathwasanair embolism.
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Table3
Experience of Sport Diving Fatality Victims
Per centage of Cases
Experience
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

First dive ever with scuba

11 16 8 4 11 8 10 10 9 6 11 4 12 6 1
First dive in open water

6 7 4 5 6 6 5 1 1 10 4 3 5 3 1
Early open water

31 24 21 34 3¥ 25 330 26 34 21 37 23 20 12 5

Someexperience

33 19 37 16 24 20 34 40 45 339 33 32 23 14 10
Considerable experience

3 23 14 21 16 28 16 19 7 18 122 26 17 17 6
Very experienced

6 1 16 10 6 13 5 4 4 6 3 12 23 10 5

Table4
Sport Diving Activity at Time of Fatality
Number of Fatalities

Activity
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
Spearfishing
14 6 8 11 7 3 4 7 3 1 6 8 2 4 1
Photography

2 2 0 1 2 0 1
Icediving O 1 3 3 1 4 3 2 3 3 2 5 0 1 2

o
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o

Cavediving

10 9 19 17 25 20 21 7 13 122 10 17 3 16 7
Wreck diving

2 3 2 1 6 5 9 0 4 6 2 7 1 8 2
Night diving

0 0 2 4 3 2 2 2 2 2 4 5 0 1 0
Research 3 0 0 0 1 0 2 0 0 0 0 0 0 0 0
Underwater search

2 3 2 2 3 4 6 2 1 1 2 3 0 1 0
Abalone diving

6 7 7 2 7 3 1 0 3 1 0 1 2 0 1
Lobster fishing

5 3 2 0 5 4 6 4 5 1 2 4 4 3 5
Attempting to

savediver 2 2 0 0 1 0 0 1 0 0 0 0 0 1 0

Testing equipment

t 3 1 1 0 2 0 0 0 0 0 0 0 0 0 0
Underwater
maintenance0 0 0 0 0 0 1 1 0 1 0 2 0 0 0
Unspecified
recreation 46 61 58 67 59 59 73 57 67 88 69 43 51 68 46
Instructing 4 0 0 2 2 3 0 1 0 0 0 0 0 0 0

Under instruction
11 14 15 15 20 24 18 18 14 14 10 9 11 7 6

Total 110 112 119 125 144 131 147 102 116 130 109 104 74 110 70
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A 29-year-old femal e practicing emergency swim-
ming ascent in alake in Travis County, Texas, suffered
ruptured lungs and a cerebral air embolism. The exercise
had been conducted from a depth of 40 feet.

A lakenear Pompano Beach, Floridawasthesite of
a drowning of a 21-year-old female who apparently be-
cametangled in vegetation twenty feet below the surface.
Her body was recovered two days later. A suit brought
against several parties was apparently settled out of court
ayear later for $1.8 million.

A 33-year-old maletourist from Californialost his
lifeduring ascubatraining program off theisland of Maui
in Hawaii. This victim apparently became caught in the
current, which took him away from hisboat. He became
exhausted and drowned in twenty feet of water.

A 29-year-old male suffered a probable air embo-
lism during hisfirst open water dive for certificationin a
lake in the state of Washington. This victim practised
buddy breathing in ten to twelve feet of water and then
swamwith theinstructor and two other studentsto adepth
of 42 feet. Fifteen minutes were spent at this depth and
then all involved gave an OK sign to start for the surface.
Upon surfacing, the victim yelled for help, replaced his
mouthpiece and sank. He was then reported to have
surfaced asecond time and yelled for help before sinking.
Thevictim was recovered from adepth of twelvefeet and
taken approximately 50 feet to the beach where resuscita-
tion efforts were started, but the victim could not be
revived.

Three people in training died of heart attacks. In
one case, a West German tourist died while undergoing
scuba instruction in the Florida ocean. The victim had
completed adive and was on the surface snorkelling back
to shore when be became panicky and had to be helped.
Upon reaching the shore he was unconscious and never
recovered despite extreme CPR efforts. Thisvictim was
reported to have died from asphyxiation due to drowning
and no autopsy was performed.

A popular radio personality collapsed and died on
theside of the swimming pool inwhich he had been taking
scuba lessons in St. Louis. He died of a heart attack,
probably brought on by strenuous exercise. A 52-year-old
male died of a heart attack during his final certification
divein aUtah lake.

The NUADC must once again emphasize the
need for very careful screening of the physical condi-
tion of any individual enteringinto scubadivingtrain-
ing who isolder than 35.

Onefatality occurred in an Alaskan lake while the
victimwasbeinginstructed by aclosefriend. The22-year-
old male victim was said to bein five or six feet of water
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when he suddenly began to scream for help and then
submerged. The would-be instructor attempted to help,
but a struggle ensued and the friend was pulled underwa-
ter. Hegaveup hiseffortstorecover thevictimand several
other people made attempts to locate the body. He was
eventually pulled from the bottom of the lake, which had
a depth of 15 to 20 feet, and rushed to a hospital, but
pronounced dead on arrival.

THEY DIE IN TWOSAND THREES, WITH AND
WITHOUT THEIR BUDDIES

Activity Of Victims During The Fatal Dive

Table 4 presents the activity in which the victim
was engagaed at the time of the accident.

During 1873, 68 of the 110 diving fatalities re-
ported were engaged in unspecified recreation. There
were 16 cave diving fatalities, a high increase over the
previoussafest year of thisstudy, 1982, inwhichonly three
cave diving deaths were recorded. Eight 1983 victims
were wreck diving, while six were receiving instruction.
Four of the fatalities in 1983 occurred while the victims
were spear fishing, and three while gathering shellfish or
lobster.

Unspecified recreation accounted for 46 of the 70
fatalitiesoccuringin 1984. Sevenvictimswereengagedin
cavediving, downfromthe 16in 1983, but still higher than
the safest cave diving year of 1982. Six individualswere
receiving instruction, while five others were reported to
have been shellfish or |obster gathering. Two of the 1984
fatalitiesoccurred whilethevictimswerediving on under-
sea wrecks and two while diving beneath a cover of ice
without proper safety lines and tenders.

Eachyear theNUADC recordsseveral instancesin
which more than one person dies at the same time while
engaged in nonoccupational underwater diving. During
1983 we discovered four doublefatality incidentsand one
triplefatality. Inaddition, werecorded onedoublefatality
while the participants were skin diving.

Two of the double deaths and the one triple event
occurred while the divers were cave diving in Florida.
Another double diving death occurred in the ocean off
Kauai, Hawaii and another off the Indian River Inlet in
Delaware.

In the Hawaiian case it seems that the two victims
became stranded offshore by strong currentsand tidesand
were unableto makeit back to the beach after running out
of air.

The double fatality off the coast of Delaware oc-
curred while the two partners were conducting a 140-foot
deep decompression diveon anoldwreck. It wasreported
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that the divershad been buddy breathing prior tothe actual
event. Autopsy reports indicate that one suffered an air
embolism and the other drowned. The two bodies were
recovered from a depth of 80 feet on the deck of the old
wreck.

All of the multiple deaths while cave diving in
Florida followed a classic scenario. None of the victims
had received cave diving training or certification. All of
them entered the caves without the proper cave diving
equipment, such as back-up lights and proper guide reels.
It issuspected that in each of the three separate instances,
silt waskicked up and thediverslost their way and ran out
of air.

Diving Partners And Their Activities

Table 5 presents the number of diversin the water
at the time of a fatal accident. Once again, we must
emphasize the need to practice the “buddy system”. The
buddy system doesnot mean having several buddiesinthe
water with you, but rather, a one-on-one buddy pair each
looking after himself and being available to assist his
buddy if the need arises.
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Medical Aspects Of Scuba Fatalities

Theresultsof autopsieson nonoccupational under-
water diving fatalities for the years 1970- 1984 are pre-
sentedinTable7. In 1983, theNUADC managedtoobtain
autopsy information on 74 of the 110 fatalities, but we are
concerned about the accuracy of some of these cases
despite the publication and distribution of the special
autopsy protocol. A medical examiner/prosecutor who
may lack any knowledge of diving physiology or hyper-
baric medicineisvery likely to miss cases of air embolism
or barotrauma. We believe that of the 48 cases in 1983
whichlisted the cause of death asdrowning, at |east 8 were
probable air embolism cases.

Nevertheless, autopsy protocols in 18 cases re-
vealed the cause of death as being barotrauma or air
embolism.

Of thefivecaseslistedin Table 7, under cardiovas-
cular syndrome, threewerereportedto havebeentheresult
of aheart attack. Thethreevictimswere41, 52 and 54. Of
thefour cardiovascular casesin 1984, three werelisted as
heart attacks and the fourth victim suffered from severe
arterial sclerosis. The victimswere 43, 52, 55 and 60.

Table5
Number of Sport Diving Partnersduring a Fatal Accident
Number of Fatalities

Number with victim

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

None (diving alone)

2 11 10 21 13 18
One other (Buddy)

54 41 60 51 67 63
Two others 20 20 25 2 20 27
Three others 10 4 2 14 11 9
Several others 16 33 14 11 27 15
Unknown 0O 10 14 11 9 11
Totd 112 119 125 144

131 147

In Table 6 we indicate what type of activity the
buddy took intheroleof thediving accident fatality. Upon
examining these tables the reader should not assume that
because of the differencein numbersbetween thosefatali-
ties that occurred while diving alone and those which
occurred while diving with abuddy, diving aloneis safer.
Infact, what thesenumbersmeanisthat therearesituations
in which it isimpossible for the buddy to affect a rescue
simply because of lack of training or lack of experience.

46 64 52 64 24 24 38 18

12 17 9 17 12 5 12 5
6 12 12 17 1 7 6 1

6 22 12 7 2 4 6 12

7 13 4 8 10 19 34 22
102 116 130 109 103 74 110 70

In 1983, one 25-year-old malevictim suffered from
a burst blood vessel in the brain. Attending physicians
indicated that this could have happened at any time and
was not necessarily associated with the activity of scuba
diving.

Two autopsy reportsin 1983 indicated decompres-
sionsicknessasthecauseof death. However,theNUADC
believesthat both were due to embolisms because in each
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Table6

Buddy activity during a Fatal Accident
Number of Fatalities

Buddy’ s activity
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

Stayed with victim

25 27 22 40 20 39 24 32 25 26 21 9 20 9
Lost victim underwater

24 25 38 36 52 34 12 18 25 23 20 15 21 11
Tried to buddy breathe

15 14 7 11 14 15 14 10
Had left water 9 4 4 3 6 11 4 2 6 2 8 1 9 4
Lost victim on surface

12 15 14 11 12 7 6 9 11 8 5 8 9 2

o
»
0o
w
»
=

No buddy 12 11 10 21 13 18 24 22 23 25 14 16 14 12

Unknown 15 23 30 22 14 23 18 24 34 15 27 22 40 31

Total 112 119 125 144 131 147 102 116 130 109 103 74 110 70
Table7

Results of Autopsies
Number of Autopsies

Primary Complaint
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

Asphyxiation or Drowning
25 26 22 32 29 29 39 45 49 61 60 45 44 48 26

Barotrauma, Embolism etc
. 9 12 9 8 14 12 10 16 12 17 12 13 11 18 11
Head injury (often with drowning)

5 2 2 0 2 0 2 0 2 3 2 0 0 0 0
Cardiovascular Syndrome

5 1 3 6 5 4 8 2 5 4 6 3 4 5 4
Asgpiration of stomach contents

3 1 2 1 1 1 0 2 1 2 0 0 1 0 0
Acute decompression sickness

0 0 1 1 1 0 0 0 0 1 0 0 0 2 1
Intestinal disorder

0 0 0 0 1 0 0 0 1 0 0 0 0 0 0
Bilateral eardrum rupture

0 0 0 0 1 0 0 0 1 0 0 0 0 0 0
Gas contamination

0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
Major bleeding or trauma

0 0 0 0 0 0 0 0 0 0 0 0 2 1 1
Cerebra siezure

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Total 47 42 40 48 53 57 65 65 70 89 8 61 62 74 44
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instance the victim had not been diving deep enough or
long enough to have suffered from decompression sick-
ness.

Oneunusual event during 1983involved a25-year-
old female who, upon exiting at a beach, was struck from
behind by alargewave. Shefell forward andlanded on her
equipment, dying within minutes. At the autopsy it was
determined that she had suffered a severe bruising of the
heart.

The results of 1984 autopsies showed 26 cases
attributed to asphyxiation due to drowning, 11 cases of
barotrauma or embolism, four involving cardiovascular
syndrome and one case each involving decompression
sickness, body trauma and a case that was reported as
cerebral seizure.

The NUADC believes that 5 of the 26 reported
asphyxia due to drowning cases should have been classi-
fied as embolism cases. Two of the eleven reported air
embolism cases occurred during emergency swimming
ascent training.

The one case reported of decompression sickness
involved a 37-year-old male, with extensive deep diving
experience, who had madeadiveto 240feet for 20 minutes
on the wreck of the Andrea Doria off the coast of Massa-
chusetts. Thisvictim apparently used up all the air in his
double tanks, but was unable to reach the regulator on his
pony bottle which was mounted in an awkward position,
well behind his shoulder blades. He apparently made a
rapid ascent from a depth of about 50 feet and was
unconsciouswhen he reached the surface, having skipped
all of hisrequired decompression time.

A 37-year-old female died off the coast of
Cozumel, Mexico from multipleinjuriesafter being hit by
the propeller of a speeding boat.

A 37-year-old femalewasfoundin 35 feet of water
in Narragansett Bay, Rhode Island, where she had been
scubadiving for shellfish, Her Boyfriend wasdiving with
surface-supplied air which enabled him to stay down for
almost an hour and ahalf. Shewasreported to have been
undergoing aneurological evaluation for “spells’ and had
been advised by her neurologist not to engagein diving or
swimming. The autopsy revealed an intrinsic central
nervous system abnormality which made her prone to
Seizure activity.

THE MYSTERY OF THE SUDDEN DROWNING
SYNDROME

Causes of Underwater Diving Fatalities

Table8liststhe probable starting causes of nonoc-
cupational underwater diving fatalities for 1970 through
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1984. Whenthe starting causeisimpossibleto determine,
no witnesswaspresent or thebody had not beenrecovered.
In many instances the local law enforcement department
jhad little or no knowledge of diving accidents, and there-
fore failed to do athorough investigation.

The percentage of cases on which autopsies are
performed continuesto increase asmedical examinersand
coroners become more familiar with this effort. Some
areas have nothing more than a politically appointed
coroner who looksat thebody and, if itisblue, pronounces
the victim dead and signs the death certificate. 1n some
other jurisdictions we have had difficulty in obtaining
police reports since they cite privacy of information. In a
few states, thelaw preventsthe accessof autopsiesby third
parties. In an effort to overcome this stumbling block the
Chief Medical Examiner of the State of Rhode Island has
appointed the Director of theNUADC asaspecial consult-
ant with “authority to secure records from other jurisdic-
tions.”

The category of possible exhaustion, embolism, or
panic, may include cases which have exhibited panicky
behaviour, confusion, disorientation, etc. Alsoincludedin
thiscategory isthe condition described as* sudden drown-
ing syndrome” (SDS).

SDS wasfirst noted by the NUADC several years
ago and a number of cases appear each year. Typically,
they involve adiver who has been to a depth of 50 feet or
more in considerably cold water. Upon returning to the
surface, he is apparently all right, though he might be
shivering. Hegiveshisbuddy the okay sign and they start
returning either to their boat or to shore. After a few
strokes, the buddy turns and looks, only to find that the
victimislying face down, dead, onthe surface. Therehas
been no outcry, no splashing, no panic.

Toget tothe bottom of thissyndrome, theNUADC
hasconsulted several medical experts. Atbest, wecan till
only guess at the cause of SDS. One hypothesisisthat it
may begin with aslight hypothermic condition and, when
coupledwith theslowing of the heart rate uponimmersion
of thefacein coldwater (thewell-knownmammaliandiver
reflex), the result is cardiac arythmia and sudden uncon-
sciousneses, followed by drowning.

For 1983theNUADC has20 caseswhichfall under
the category of possible exhaustion, embolism or panic,
while 19 cases were recorded as diagnosed air embolism.

One death can be attributed to acute alcoholic
intoxication and in another an asthmatic attack was the
starting cause.

Possible exhaustion, embolism or panic were the
contributing starting causes of at least 11 cases in 1984.
Seven of the 1984 underwater diving fatalities were the
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Estimated Cause

A. Medical and Injury Causes
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Possible exhaustion, embolism,or panic

Diagnosed air embolism
Cardiovascular event
Nitrogen narcosis

Hit by boat, extensiveinjuries
Aspiration of vomitus, etc.
Intoxication

Possible choking, wad of gum
Decompression sickness
Cramps at depth/cold
Ruptured eardrum

Ruptured stomach blood vessel
Gunshot

Epileptic seizure
Asphyxialregurgitated food
Possible suicide

Asthmatic attack

Struck head on ledge

Brain seizure

Total Medical Causes

B. Environmental Causes

~NOoO O WNBRE

oo

9
10
11
12

Lost or out of air in cave
High waves or surf

Strong current

Entangled in kelp or weeds
Lost under ice

Suspected shark attack
Entangled in external lines/
ropes, etc.

Night dive, lost sight of shore
lights or lost buddy

Foot wedged in rocks
Sucked into dam gate

Lost in wreck (silt)

Lost at sea, boat drifted away

Tota Environmental Causes
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Table8
Probable Starting Causes of Sport Diving Fatalities

Number of Cases

1976 1977 1978 1979 1980 1981 1982 1983 1984
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result of adiagnosed air embolism and an additional four

deaths were attributed to a cardiovascular event.

Medical andinjury causesin 1983 represented 43%
of the caseload, and in 1984 such cases were identified in
36% of the cases reviewed.
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1 0 0 0 0 0 0 0
0 1 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0
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0 0 0 0 0 0 1 0
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One underwater diving fatality in 1983 was the
result of the victim being left at seawhen his boat drifted
milesaway from aninexperienced individual sittinginthe
boat. After several hours, authorities were notified and
madean extensiveair and seasearch over severa days, but
were not able to find the victim.
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Under equipment-related causes, the NUADC re-
corded three deathsthat could be attributed to out of air at
depthin1983. Onefatality wascaused by thevictimbeing
very much overweight and another the result of a poorly
maintained regulator. Inthelatter case, theregulator hose
burst at the point at which it leaves the first stage. This
occurred while the diver was at a depth of about 60 feet.

One additional cause of an equipment-related
death was added in 1983 when it was discovered that one
victim died because the inflator to his dry suit became
detached and hewasunableto |ocate the hose and reattach
it.

During 1984 the NUADC located only one case
attributable to being out of air at depth. Another victim
died asaresult of an attempt to drop hisweight belt, which
became entangled in his tank strap.

One additional underwater diving fatality in 1984
wastheresult of an extremely badly-maintained regulator.
A second stagediaphragmwasseverely dried up and broke
its seat, causing a free flow.

The NUADC did not discover a malfunction of a
personal flotation device or buoyancy compensator during
either 1983 or 1984, although several occurred in prior
years.

WHERE'STHE BC?

Occupational Fatality Statistics

During 1983, the NUADC recorded a total of 12
occupational diving fatalities. For 194, 11 occupational
fatalitieswererecorded. Eight of the 1983 fatalities were
using scuba gear and the remaining four deaths occurred
while using surface-supplied air. Seven of the 1984
occupational underwater fatalities were using scuba div-
ing gear.

At theentranceto Cape Cod Canal, the 39-year-old
victim was making a20 foot dive alongside atanker in an
effort to determine the source of a diesel oil spill. He
apparently experienced stomach cramps, swallowed oil
and got ail in his eyes before making too fast an escape to
the surface and suffering a probable air embolism.

After completing his day’s work, a diver at a
Mississippi River power plant in Louisianadropped some
of hiseguipment and went back into theriver toretrieveit
without asafety line. Hewasapparently sucked up against
the screen of an intake pump and held for several minutes
beforethe pump could be shut of f. By that time, thevictim
had drowned.
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A 33-year-old professional diver lost hislifewhile
working on a Californiadam. The victim was reportedly
sucked into an intake pipe and carried through the dam.
His body was found a mile and a half below the dam
structure.

A 26-year-old male succumbed to an air embolism
inaVirginiariver whilediving on surface- supplied air. It
wasreported that hisair hosebecamepinchedwhilehewas
at adepth of 80feet, and heattempted to make afreeascent
without his air.

InCalifornia, thebody of a22-year-oldmalevictim
was found nine days after he disappeared from the end of
his surface-supplied air system while commercially har-
vesting sea urchins. His lines had become severely en-
tangled in akelp bed.

Anair embolism caused the desth of a 24-year-old
scubadiver attempting to retrieve scall ops of f the coast of
Maineduring 1983. Thisfatality occurred onthevictim’'s
third dive of the day, when he failed to surface. His
equipment was lost over the side as the body was being
brought aboard his vessal.

A 30-year-old policeofficer died during thetesting
of an underwater communications system in 60 feet of
water. Upon completion of thetest, the victim proceeded
to dive deeper and deeper. Between 125 and 135 feet, the
victim’s buddy attempted to get him to the surface. The
victim ceased swimming at about 15 feet from the bottom.
His buddy attempted to bring him to the surface but was
unabletodo so, thendropped hisownweight belt and made
it back to the surface alone. Other members of the dive
teamimmediately respondedtotheemergency, findingthe
victim at adepth of 125to 135 feet and returned himto the
surface. Total elapsed time from when the buddy was
forced to leave the victim until the time the body was
recovered was approximately 9 minutes.

During 1983, a 45 year-old professor of zoology
was conducting research on shrimp among black cora off
Hawaii. He was reported to have been at a depth of 130
feet, diving without a buoyancy compensator, when he
failed to surface. The body has never been recovered.

InLosAngelesharbor, the42-year-oldmalevictim
was standing on aladder on abarge with all of hisdiving
equipment on except thehelmet. Theladder brokeand the
victim fell into 30 foot deep water. The victim apparently
dropped his 40-pound waist belt and tried to walk some
distance while carrying the remaining 140 to 150 pounds
of metal diving gear. Hisbody was not recovered until 35
minutes after the accident.

A 29-year-oldvictimwascleaning aretention pond
drain when he was sucked up against the grate. He was
pulled in by a safety line only after excessive force was
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used to bring him to the surface.

A 27-year-old male victim died in Tampa Bay,
Florida, whileusing scubagear to cleanaship’ sbottom. It
was reported that thiswasthevictim’ sfirst day on thejob.

In Rhode Island, a 22-year-old malewas diving in
35-40 feet of water using surface-supplied air while fish-
ing for shellfish. Thecompressor, itshoseand all connec-
tionswerein bad repair and very loose. It isalso possible
that the gasoline engine ran out of fuel. The victim
drowned.

A 40-year-old male died of a heart attack after
overexerting himself while scuba diving for sea urchins.
The autopsy report indicated that this victim had also
suffered another heart attack in the past six to twelve
months.

A 28-year-old man was employed to feed fish
beneath a glass-bottom tour boat. He had been observed
for more than half an hour before he disappeared. The
body has not been recovered.

A 29-year-old police scubateam diver was search-
ing for the body of a boat crash victim in adepth of 70to
75feet. Thevictimsignaled hispartner that hewashaving
difficulty breathing, so he was assisted to the surface,
where he was unconscious and pronounced dead a short
time later.

The death of a 27-year-old marine biologist which
occurred off New Caledonia in French Polynesia was
suspected to have been caused by bad air. Thisindividual
had been diving to 125 feet for about 10 minutes when he
was observed unconscious on the bottom with hisregula-
tor out of his mouth. He was brought to the surface
immediately but effortsto resuscitate him with CPR were
unsuccessful.

A 30-year-old femal e college student and a partner
weregathering specimensin “bluewater”, off the Califor-
niacoast. Sincethebottomisnowherein sight, bluewater
diversuseafloat at the surfacewith alinegoing vertically
down with a heavy anchor at the end. The divers are
clippedtothisanchoring lineat whatever depth they select
(inthiscase, 50 feet). Somehow thisanchoring line came
loose from the surface float and the heavy weight then
started falling toward the bottom, 3,000 feet below. The
victim’s partner was able to unclip himself from thisline
at 200 feet and ascend rapidly to the surface. Thevictim,
however, was unable to disencumber herself and was
never seen again.

Conclusion

Undercurrent offers the NUADC report in the
hope that divers who read and understand the causes of
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fatal accidents will become safer divers, not making the
same mistakes made by others.

We wish you safe diving.

This article, which appeared in the February,
March, April and May 1987 issues of UNDERCURRENT,
isreprinted by kind permission of the Editor.

The address of UNDERCURRENT is P.O.Box
1658, Sausalito, California 9465, USA.

DIVER'SEAR PAIN
OR CLAWSTWO

Noel Roydhouse

Thepatient wasamal e aged 34 yearswho had been
scubadiving for 10 years.

HIS STORY

“On 9th of January 1987 | went down for my
second dive descending to 6 m and had no difficulty in
clearing my ears. | then gradually descended to 13 m
where | caught a crayfish and noted that there were more
availableincluding onebig red oneand many small under-
sized crayfish. | surfaced at a normal speed and put my
crayfishintothedinghy. | thenbegan descending again but
had some difficulty in clearing my left ear, thefirsttimein
my 10 years of diving. Infact it began to get paintful, so
| ascended 1 or 2m, tried to equalize but although the pain
persisted | thought | had cleared my ear and went down to
10 mwhen theleft ear became more painful so | ascended
and climbed aboard my dinghy and returned to shore. The
left ear till felt blocked or asif therewaswater init. A sort
of feeling of pressure. That night | had earacheall thetime.
On the 10th of January the earache persisted but by night
timeitwasless, but still there, so | decidedtogohomefrom
the Great Barrier Island.”

Complaints at consultation on 11th of January

Pressure in left ear. A ringing noise in the ear,
worsethan it was prior to the dive. Earache till there but
getting less.
Past history

While snorkling to 5 m on 27th October 1986,
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duringwhichhemay not haveequalizedat all, onreturning
to the surface he noticed his left ear to feel blocked. A
ringing tinnitus came on the same day after the dive. He
was seen by an ENT surgeon who diagnosed an external
otitisand possible middle ear effusion. He was given ear
drops and nose drops and advised that a myringotomy
would be performed if he did not improve. At his second
visit he was correctly diagnosed as a sensori-neural deaf-
ness, given no treatment and told to give up diving. He
sought a second opinion two months later which showed
that in comparison to an audiogram performed on 5th
February 1986 that he had a high tone senori-neural
deafness. In fact for the 6 & 8 kHz notes his hearing
threshold was 90 db and no response to 120 db. He was
counselled on the cause of inner ear membrane tear and
told he could continue diving but if anything untoward
happened to hisearshewasto ringimmediately. Accord-
ingly he had been diving on 7 occasions since the 27th
October.

THE DOCTOR’SVIEW

Examination

Right ear, aminor 2 mm exostoses and an injected
handleof malleus. Left ear, after removal of acrayfish, 35
mm. fromtip of feeler to bottom of tail witha20 mm body,
aminor external otitis was seen. Nose, a deviated nasal
septum to the right, minor nasal congestion. Temporo-
Maudibular joints, minor clicking on the left with wide
opening of hisjaw. Audiometry, right ear the sameas3rd
of December 1986 and the left ear 5 db greater loss since
3.12.86, in each frequency of the speech range whilst the
6 & 8 kHz were 85 db and no response (masked audiome-

try).
Treatment

Colymycin Otic (Warner) drops for 4 days fol-
lowed by Vosol (Smith Biolab) for 4 days.

DISCUSSION

Thisdiver devel oped asudden sensori-neural deaf-
ness following a snorkling dive to 5 m. in October 1986.
Although hewasseen promptly, amisdiagnosisresultedin
no treatment being given. About half of those divers
treated with prednisone (60 mg per day), oxypentifylline
either intravenously or orally (800 mg per day), oxygen
therapy and bed rest, within the first week, recover from
thedeafness. Of about 100 diversseenwiththiscondition,
afew have given up diving, 3 had recurrences, and therest
havecontinued divingwithnoill effect. Of therecurrences
2 had treatment again and recovered fully to go back
diving. Thethird turned down thetreatment as he wanted
to go hometo atown 400 km away and he, at that time had
been diving in excess of 20 years.

Asfor thisdiver’ srecent problem, anyonewho (28
ever seen a crayfish looking out of a hole would have
immediately recognized the sight through the eyepiece of
the microscope. The normally translucent baby crayfish
had been coated with wax to a small extent although the
yellow colouration may have been the very earliest of
pigmentation. His feelers were up and his legs, thinner
than an eyelash, wereonthebody until it wasremoved. A
small piece of the carapace was left adherent to the ear-
drum to be removed at the second attempt to “clear the
ear”. Thisdiver never woreahood, soingrapplingintothe
crevicefor his prize he would have disturbed the nursery
at the entrance. What better place than a dark earhole to
settlein? The pain on hissecond descent would have been
dueto the crayfish with the drum moving in with pressure
and out with clearing the ear. The live crayfish no doubt
dug hislegs in to prevent being pushed about. This ear
could have been more sensitive than usua due to the
Mandibular Dysfunction Syndrome and hence the con-
tinuation of the earache. Diversdo develop diversedisor-
ders. Perhaps crayfish should be included amongst dan-
gerous marine animals.
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Crayfish after removal. The scaleisin centimetres

Reprinted, by kind permission of the Editor, from
The New Zealand Journal of Sports Medicine, December
1987, p. 67.

Dr Noel Roydhouse's address is 118 Remuera
Road, Auckland 5, New Zealand.



OH, WHAT A ‘LARKEL’

Marilyn Bitomsky

Peoplewho have had alaryngectomy can now look
forward to swimming again, thanks to a relatively new
device consisting of a snorkel with attachments to fit it
snugly both onto thewind pipeand onto thehead. Aswell,
Australia’s first swimming course for laryngectomees,
(people who have had alaryngectomy), was being run by
Brisbane's Princess Alexandra Hospital.

This swimming course does not teach the usual
swimming techniques, but rather techniques of how to fit
and usethedevice. Thecoursewasbeing run by oneof the
speech therapists at Princess Alexandra Hospital, Lynell
McFeeter, and Kerrie-Ann Thornber, aspeech therapist at
Greenslopes Hospital.

Both therapists havejust returned from acourse at
the Mayo Clinic, where they observed the techniques
involved in using the device. Ms McFeeter aso attended
asimilar course at the Voice Institutein the United States.

Since swimming was fraught with risks for laryn-
gectomees, by virtue of the fact that their wind pipe had
been brought to the surface of their neck, precisetraining
in how to fit the device and how to use it was vital.

The device used in this Brisbane training program
was called a Larkel, and it has two main sections, a
mouthpiece ending in an inflatable tube with a safety
valve, and a snorkel (which can be stuck into the mouth-
piece) withaheadband. Alsonecessary for thefittingwere
a 10 cc syringe, a neckband, and aclip.

The Larkel comes in eight sizes, with the outside
diameter of thetrachael tubevaryingfrom8 mmto 16 mm,
and costs about $280.

Ms McFeeter described the Larkel and other simi-
lar devices as an exciting development in laryngectomy
rehabilitation, sinceit allows patients to exercise through
swimming. She said that for several decades it was
considered unthinkable for a laryngectomee to attempt
water sports because of the risk of drowning. However,
since 1974, when a prototype device was first demon-
strated, swimming clubs have been set up throughout the
United Kingdom, the United States, Europeand now it was
avallablein Australia

Quality of life for such patients could be greatly
improved, she said, because these people can now safely
participate in activities they enjoyed before their opera-
tions. There were other advantages, too, she said. Im-
proved lung capacity, with deeper breathing, and physical
exercise, particularly for those who had undergone a
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Figure 1. Thelarkel fits over the tracheostomy.

Figure2. Laryngectomee, Roy Coulter, can enjoy swim-
ming again thanksto the Larkel device.
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radi cal neck dissectionresultingin reduced range of shoul-
der movement, was a giant step forward.

The course was being run over four days, with
instruction every day. According to Ms McFeeter, by the
end of thefour days, patients should be able to go out and
swim safely in uncontrolled aress.

At first, swimming strokes were slow and careful,
and were often accompanied by awkwardness. Thelonger
air passage via the mouthpiece and rubber hose, together
with unaccustomed use of certain muscles, could cause
difficulty if training is not precise.

The Queensand Cancer Fund has been so im-
pressed with the resultsthat it funded Ms McFeeter’ sand
Ms Thornber’s trip to the first National Laryngectomee
Rehabilitation seminar in Melbourne at theend of August.
Peoplefrom all over Australia attended the seminar and a
swimming course where these two speech therapists
trained othersin use of the device as arehabilitation aid.

Ms McFeeter was obviously delighted with her
results, but thelast word belongsto her patients. They are
thrilled, she said. “They didn’t think they would ever be
able to swim again, and now they can”.

Reproduced by kind permission of the Editor from
MEDICAL OBSERVER, September 25th 1987.

The address of MEDICAL OBSERVER is Unit
13,98 Old Pittwater Road, Brookvale, New South Wales
2100, Australia.

BS-AC INCIDENTS REPORTED IN 1987
Dave Shaw

Lost diversup 50 per cent, decompression cases up,
coastguard and helicopter call-outs up, deaths down.

In 1987, we had a very strong message about
novice divers diving in conditions and to depths beyond
their capability. Last year's trends have shown a big
improvement in this area, but there have been worrying
increasesin several other areas. Theseincludethenumber
of lost-diver incidents, and, with evidence that deeper
diving has not decreased, the number of divers being
treated for decompression sickness.

Astheyearly analysis graph shows, decompres-
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sion sickness and boating/surface incidents till lead the
table. Therehasbeen anincreaseinthenumber of reported
bends in 1987, but this is probably explained by the full
detailsof al treatmentsat recompression chambersfor the
year, an increase in data capture.

Diving deaths went down from atotal of 15 in
1986; but of the 8 reported last year 6 were BS-AC
members. All but 2 of thesedeathsoccurredinlessthan 10
m of water. Three of those who died were at the surface,
two of these drowning in rough surface conditions.

One of the other deaths was the result of diving
while embarking on an illegal commercial operation.
Another occurred when an experienced diver abandoned
his novice buddy and, against al advice, entered a“ dan-
gerous’ shallow wreck without a guideline.

A successful rescue of afemalediver from53m
averted adoubletragedy in adeep lake. The surfaceteam
successfully restarted her heart threetimes. Her husband,
however, failed to surface.

As mentioned above, greater Coastguard in-
volvement and asharp increasein the use of helicoptersin
diver rescueleadsto avery strong messageregarding dive
planning.

Forty-two helicopter call-outswere reported last
year, and although many of these were precautionary
moves by the Coastguard the BS-AC isvery concerned at
thislevel of rescue services activity. Thereisaconsider-
able lobby by those who would make us pay for such
services, and the figures do nothing to help us defend
ourselves in these arguments.

The number of ‘lost’ divers hasrisen 50 per cent
on the previousyear’ stotal, and if you also remember the
abovelevel of rescue helicopter involvement during 1987
you will understand our concern. | don’t haveto spell out
the adverse publicity such incidents cause, soon wiping
out any favourable press we receive for good deeds.
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DIVING INCIDENTS
BREAKDOWN

Miscellaneous 5

liness 3

Fatalities 8

Equipment 14

Decompression
Technique 9 P

A s 11 sickness 69
scents

Boating / surface
incidents 43

DECOMPRESSION
SICKNESS ANALYSIS

Other tables / meters 3
Computers used 11

........ 1987

Within tables 29

Abuse / inaccurate
use of tables 11

Deep diving 20 Rapid ascents 6

Repeat diving 12

Some divers go missing through bad luck, asin
the case of the divers who, unbeknown to them, had a
surfacemarker buoy (SMB) buoy deflateand sink, causing
thesurfaceboat cover tolosethem. Inanotherincident, the
boat broke down and drifted away in poor surface visibil-
ity. As one analyses this section, however, one soon
becomes aware that in many cases the incident would not
have happened had the dive been planned better, or if the
divers had followed simple rules.

Consider the divers without SMBs who were
swept away by thetideafter they had surfaced closetotheir
boat. Theglare of the evening sun prevented thosein the
boat seeing them. It later transpired that thosein the boad
had no ideawhich way the tide was expected to run, their
radio did not work, and only one out of four flares at-
tempted actually fired. In another case, divers without
SMBs ignored advice and swam out to sea, where they
were caught inastrong tidal stream. They surfaced 200m
from the boat, but were not seen and were only picked up
after they had been carried through a tide-race and were
spotted by a helicopter. On another dive, a boat cox
dropped two divers off for a dive, then left for the beach
with another pair. When he returned, the divers were
nowhere to be seen, and were later found hanging on to
somelobster-pot buoysafter the Coastguard and alifeboat
had been aerted.

Another incident widely publicised in the press
involved two divers who went on a drift dive without
SMBs, leaving one of their wives and a 10-year old
daughter in the boat. Neither knew how to start the
outboard. The anchor failed to hold and the boat drifted
from the site. After an extensive search the divers were
found 7 hours later, 2 miles apart.
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An equally unbelievableincident occurred when
a charter skipper raised the alarm when two of the divers
on aplanned decompression dive failed to surface. Life-
boats and a helicopter were involved in the search. They
werefound safeandwell, but theskipper later reported that
the divers had been decompressing at 5 m, became bored,
and decided to go off for aswim. They werecarried off by
thetideand wereafraid of surfacingfor fear of decompres-
sion sickness. | wish commonsense was more common!

Several of last year's incident reports contain
critical commentsby the Coastguard, andit isobviousthat
simple rules are not being obeyed. Thek use of SMBsin
any sort of moving water or wheretheboat cover may have
difficulty covering the site is essential. Those left in the
boat must know the *‘marks’, and be able to get back on
station if the boat drifts off-site. Accurate predictions of
tidal streams must be acquired in advance, and the Coast-
guard must be informed of diving intentions. A report to
him of your successful returns is also obligatory if you
haveinformed him you arediving. Diversalso needto be
aware that surfacing close to the boat will not guarantee
you will be seen as several diversthisyear will testify! It
isimportant that boat coxwainskeep acareful watch at all
times.

Technique remains a short category in its own
right, with 9 separate incidents classified under this head-
ing. There till seems to be some evidence of divers
becoming separated and deciding to carry on regardless,
rather than surfacing. Presumably, they assume their
buddy thinks the same! In an incident of this nature, the
Coastguard was alerted when one of apair of diversfailed
to surface shortly after the pair became separated during a
7 m dive. He eventually surfaced after 42 minutes, and
later claimed that his buddy had told him that if they
became separated not to bother surfacing asit wasonly 7

m deep!

The pure equipment incidents in 1987 have pro-
duced somerather bizarre events. There were two explo-
sions when cylinders were being filled, one where the
compressor high pressure union blew and the operator
narrowly escaped injury. In the other, in an overseas
location, the operator was badly injured when the cylinder
itself exploded. Another unusual incident occurred when
a diver suffered bruising when his buddy’s adjustable
buoyancy life jacket (ABLJ) cylinder exploded when
being charged. It fractured near the junction of the valve
and cylinder collar. 1t wasonly 3monthsold. In Australia
an ALBJ is known as a buoyancy compensator)

There have been two cases of structural failure
withregulators. Inone, afirst stage of ayear-old regulator
sheared completely in half at 25 m. Thediverscompleted
a successful assisted ascent. A manufacturing flaw was
diagnosed, although the manufacturer refused to accept
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thisaccordingtothereport. Intheother case, adiver rolled
off theboat and found hisair suply had failed. Muchto his
annoyance and discomfort, he found that he couldn’t
regain his posture in the water with air gushing from a
fractured hose near the junction with thefirst stage. This
had the effect of ‘jet propelling’ him under the water. He
had to use an ABLJ to reach the surface in the correct
position. A faulty regulator was found to be the cause.

The miscellaneous section of last year's chart
remainsquitesmall, with one or two unusual incidents. In
one, adiver surfaced with severestomach painsafter adive
to 36 mfor 14 minutes. A helicopter wascalled, but at the
chamber hewasdiagnosedto havehada“lemonadebend”,
having drunk copious amounts of the liquid on the way to
thedive site.

Asmentioned above, 1987 has seen asignificant
rise in the number of reported decompression sickness
cases, numbers having risen from 52 in 1986 to 69 last
year.

Worrying trends include continued evidence of
diving deeper than the recommended 50 m maximum, in
somecasesidiotically so. Therehasbeenanincreaseinthe
number of bends involving decompression computers,
testimony to the numbers of divers now using them.

Continuing further on the deep diving trend, of
the 20 incidents in the deep category (40 m plus), 14
occurred on divesbelow 50 m, and 6 took place after dives
deeper than 60 m. Thedeepest depthrecordedinlastyear’s
statistics for DCS was 70 m! The lure of deep wrecks,
especially inthe South West, accountsfor 8 of these cases.

Perhaps the greatest concentration of lunacy oc-
curred during an inter-branch charter during the summer,
when agroup of divers set out to attack awreck in 54 m.
They werediving with large twin-sets and decompressing
at 15m, 10 mand 5m. Four of thediverswereall treated
at the same chamber for bendsover afour-day period. One
ran out of air during decompression, another made an
emergency ascent when he got tangled in his SMB and
thenflooded hismask. Another devel oped symptomsafter
15 minutes on the bottom at 54 m followed by 28 minutes
of decompression. Thiswasthe second day with the same
profile and only amonth after treatment for aType 1 bend
after a 50 m dive, after which he was advised to lay off
diving for awhile!

And we wonder why divers get bad publicity!

The continued high number of bends cases after
dives‘within thetables' highlightsthefact that our use of
asingle-dive table for multiple dives has been somewhat
optimistic.

Those who attended the 1986 Diving Officers
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Conference and heard Dr Tom Hennessey’ s presentation
will remember his model of what happens to excess
nitrogen over a series of dives within a relatively short
time-dot. There is the so-called “gas phase” affecting
surplus nitrogen, out of solution, which is not effectively
redissolved once under the pressure of a second or subse-
guent dive. On thefourth divein aseries, itislikely that
thegasphaselaststhewholedive. Theadvicewhichleads
from thisrealisation isto avoid multiple ascents, however
short, and whether or not thetables*allow’ such activities.
Thishasimplicationsfor branch and/or instructor training
when it may be necessary for a supervising instructor to
make several ascents. Thiswas borne out by oneincident
in 1987 when aninstructor onaBS-AC Advanced I nstruc-
tor event had a severe Type 2 bend after anormal diveto
36 mfor 13 minutes. The previousday he had done about
10 ascents from 8 m supervising drills.

Finally, on decompression sickness, | must men-
tion decompression computersandthelively debatewhich
their increased use hasaroused. The 11 reported incidents
have shown one or two interesting trends. There seemsto
beatendency toignorebasic physiol ogy and depth recom-
mendations, with 5 of the 11 cases occurring on dives
below 50 m.

Some people obvioudly think that to strap a
computer to their wrists is the passport to repeat diving
pleasure, and that to do so gives them immunity from
bends. Y ou cannot ignorethebasi c physiology mentioned
earlier, and you neeed toremember that thecal cul ationand
algorithmsthey are based on are not gauged to theindivid-
ual diver.

| must also stress that a computer is not a shared
pieceof equipment! Thediver who devel oped decompres-
sion sickness following a dive to 70 m was using a
computer which had been used by other diverson divesto
12 m some 2 hours earlier. Thiswas because, they said,
“We wanted to dive on their penalties’.

Reprinted by kind permission of the Editor from
DIVER. January 1988, p. 17 and 18 .

The address of DIVER is 40 Grays Inn Road,
London WC1X 8LR, United Kingdom.

The address of the British Sub-Aqua Club is 16
Upper Woburn Place, London WC1H 0QW, England.
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ABSTRACTSOF INTEREST FROM THE 1987
JOINT CONFERENCE UNDERSEA AND HYPER-
BARIC MEDICAL SOCIETY ANNUAL SCIEN-
TIFIC MEETING AND THE TWELFTH ANNUAL
CONFERENCE ON CLINICAL APPLICATON OF
HYPERBARIC OXYGEN

THERMOELECTRIC HEATING FOR
MANNED UNDERSEA SYSTEMS. T.C. Schmidt and
M. Vandervoort*. Lockheed Advanced Marine Systems.
3929 Calle Fortunada, San Diego, CA 92123.

The only USN field operational means of heating
diversisviaahot water umbilical from the surface. The
combat swimmer and diversoperating from Seal Delivery
Delivery Vehicles (SDVs) have inadequate heating. The
situationiscritical for SDVs-wherethediversareinactive
during transits of long duration. While there have been
recent advances in diver suit insulation, dependence on
passiveinsulation alonemay be complicated by variations
in water temperature and diver activity subsequent to
transit. Also, closed circuit UBA show premature deple-
tion of the CO, absorbent due to the effect of cold on
hydroxide performance. Heat pumps are very energy
efficient in the heating mode as the heat produced is equal
to the heat pumped plus the heat equivalent of the power
consumed. Asthermoelectric (TE) heat pumps are solid
state, they eliminate the refrigerant, compressor, con-
denser and evaporator common to conventional (vapor
compression) heat pumps. Design conceptsusing TE heat
pumping to provide UBA and respiratory gas heating for
both the free swimmer and SDV user, and suit heating for
the SDV user during transit have been developed. For
open circuit UBA heat is pumped from the expired gasto
theinspired gas. For closed circuit UBA heat is pumped
fromambient seawater. For suit heating heat ispumpedto
aclosed circuit hot water suit from another closed circuit
water |oop which passively extracts heat from amiscella-
neous source such asthe SDV motor housing. Empirical
performancedatafor thevariousheat pumping modesover
the forseen range of dependent variables has been com-
pleted. The development and test of more optimized
prototypesiscurrently in progress. While present efforts
are directed to special warfare applications this approach
may be readily adapted to more conventional diving
modes. Also, by reversing the current a heater becomesa
cooler, for use in hot water diving applications.

LOSS OF CONSCIOUSNESS IN A DIVER AT
190 FEET OF SEAWATER (FSW). W.T. Norfleet, D.E.
Warkander*, and C.E.G. Lundgren. Center for Research
of Special Environments, Dept. Physiology, SUNY, Buf-
falo, NY 14214.

An ongoing series of experimentsis investigating
the physiologic responses of diversto avariety of inspira-
tory and expiratory breathing resistances. The subjects
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perform leg exercise at 60% VO, _ while submersed
during divesto 15 fsw and 190 fsw. After 25 minutes of
exercise and exposureto aparticular breathing resistance,
additional “challenge” resistances are inserted into the
breathing apparatus as exercise continues. Parameters
including ventilatory muscle electromyogram, end-tidal
PCO, (etPCO,), transcutaneous PCO,,, and expired minute
ventilation (V) are monitored.

Onesubject | ost consciousnessdueto carbon diox-
ideintoxication/narcosisduring an experiment at 190 fsw.
The experiment proceeded as expected until shortly after
application of the “challenge” resistance (disks with an
aperature 0.35 inches in diameter) at 25 minutes elapsed
time since initiation of exercise. During this particular
dive the subject was exposed to minimal breathing resis-
tances during this 25 minute period. Hls etPCO, had
stabilized at 52 torr (avaluetypical of subjectsperformnig
moderate exercise at 190 fsw without added external
breathing resistance) with V_ = 46 1/min, and he reported
milddyspnea. At27' 00" elapsedtimeheagaingaveahand
signal denoting mild dyspnea, (etPCO, = 76 torr), but 20
seconds later he refused to stop exercise on verbal com-
mand and fought off efforts of tendersto extract him from
the water. Immediately after removal from the water he
lost consciousnessfor 70 seconds. Preliminary analysisof
electromyogram data indicates no ventilatory muscle fa-
tigue during thisdive. This episode of respiratory failure
appears to have arisen from a central, rather than periph-
eral, mechanism. Supported by the Naval Medical Re-
search and Development Command, ONR
#N0001486CO106.

HYPERBARIC RESEARCH IN HOBART
Preliminary Report 29 January 1988

Dr Peter McCartney writes

Dr P.McCartney, Director of Diving and Hyper-
baric Medicine, Royal Hobart Hospital, and Dr J.Vial,
Department of Medicine, University of Tasmania, are
undertaking ajoint study of freeradicals.

Free radicals are molecules with an unpaired
electron in their outer orbit and as a result of the strong
tendency of unpaired electronsto interact with other elec-
trons to form an electron pair they are usualy highly
reactive species.

Oneof thedifficultiesin studying theimportance
of freeradicalsin man hasbeenthedifficulty in measuring
them. We have developed an electron spin resonance
(ESR) method of measuring organicfreeradicals, inblood
snap frozen in liquid nitrogen, which promises to over-
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come many of the previous difficulties. Electron spin
resonance is aform of absorption spectroscopy in which
radiation of microwave frequency induces changes in
magnetic energy level of electrons with unpaired spins.

Hyperbaric oxygen therapy has been used to
deliver high concentrations of oxygen to thetissuesin the
management of various conditions including gas gan-
grene, decompression sickness, carbon monoxide poison-
ing, gas embolism, refractory osteomyelitis, burns and
poorly healing wounds.

Measurement of freeradical |evelsgenerated and
of the speed of breakdown of these highly ractive species
is essential if therapy profiles for routine use are to be
worked out on amore scientific basis.

Using Police Search and Rescue diving volun-
teers stressed with oxygen at varying tensions for arange
of time spans, we have snap frozen blood samplesin the
chamber and subjected them to analysis. The dataso far,
combined with baseline levels, is indicating that break-
down of free radicals in the body is not as rapid as was
thought.

These early results aready point the way to the
advantages of using lower pressuresin certain conditions,
to achieve the maximum therapeutic value.

SPUMSNOTICES
INCORPORATION OF SPUMS

The committee hasbeen considering incorporation
and has decided to go ahead, which involves every mem-
ber voting ontheissue. The Secretary will bewritingtoal
members in the near future outlining the reasons for
incorporation and the steps necessary.

DOCTORSWITH TRAINING IN DIVING
MEDICINE

The current list is unsatisfactory as some of those
on the list do not do diving medicals and some of the
addresses are not that where the doctor concerned isto be
found for adiving medical.

The Secretary will bemaking anew list which will
include only those who arewilling to do diving medicals
and the addresses at which their practice is conducted.|f
you wish to be included on this list please write to the
Secretary of SPUMS (Address on page 2).
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INSTRUCTIONSTO AUTHORS

Contributions should be typed in double spacing,
with wide margins,on one side of the paper. Figures,
graphs and photographs should be on separate sheets of
paper, clearly marked with the appropriatefigure numbers
and captions. Figures and graphs should be in a form
suitable for direct photographic reproduction. Photo-
graphs should be glossy black and white prints at least
150mm by 200 mm. The author’s name and address
should accompany any contribution even if it is not for
publication.

The preferred format for contributionsisthe Van-
couver style (Br Med J 1982; 284: 1766-70 [12th June]) .
In this Uniform Requirementsfor Manuscripts Submitted
to Biomedical Journals references appear in the text as
superscript numbers. 2 The references are numbered in
order of quoting. Theformat of referencesat theend of the
paper is that used by The Lancet, the British Medical
Journal and The Medical Journal of Australia. Examples
of the format for journals and books are given below.

1 Anderson T, RAN medical officers trainingin under-
water medicine. SPUMSJ 1985; 15: (2) 19-22

2 LippmannJBuggS. Thediving emergency handbook.
Melbourne: J.L.Publications, 1985

Abbreviations do not mean the sameto all readers.
To avoid confusion they should only be used after they
have appeared in brackets after the complete expression,
e.g. decompression sickness (DCYS) can thereafter be re-
ferred to as DCS.

M easurements should bein Sl units. Non-
SI measurements can follow in brackets if desired.

REPRINTING OF ARTICLES

Permission to reprint original articles will be
granted by the Editor, whose address appears on page 2,
subject to the author’s agreement, provided that an ac-
knowledgement, giving the original date of publicationin
the SPUMS Journal , is printed with the article.

Papersthat have been reprinted from another jour-
nal, which have been printed with an acknowledgement,
require permission from the Editor of theorigina publica-
tion beforethey can bereprinted. Thisbeingthe condition
for publication in the SPUMS Journal.
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COURSESAND MEETINGS

ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

Coursesin Diving and Hyperbaric Medicine 1988

Basic Coursein Diving Medicine
Content  Concentrates on the assessment of fitness for
candidates for diving. Health and Safety
Executive (UK) approved course.
Venues a Royal Adelaide Hospital, Adelaide
12-16 September 1988
b New Zealand Underwater Association
(NZUA) sponsored course, Auckland,
New Zealand.
26-29 April 1988
Cost a $A 250.00 b $NZ 275.00
Advanced Coursein Diving and Hyperbaric
Medicine.
Content Discusses the diving-related and other
emergency indications for hyperbaric therapy

Venue Roya Adelaide Hospital, Adelaide.
19-23 September 1988
Cost $A 250.00

Further information and enrollment
For Further information or to enroll contact
For Royal Adelaide Hospital courses
Dr D.F.Gorman, Director Hyperbaric Medical Unit,
Royal Adelaide Hospital,
North Terrace, Adelaide,South Australia 5000.
Telephone (08) 224 5116.
NZUA spoonsored course
Dr A.F.N.Sutherland,
4 Dodson Avenue,
Milford,
Auckland 9,
New Zealand.

SPUMS ANNUAL SCIENTIFIC MEETING 1988
Mana Island, Fiji. 5thto 12th June 1988.

Guest Speakers (in alphabetical order will beDr William
Runciman, Dr Robert Thomas, Dr John Williamson.

Memberswho wish to present a paper whould contact the
conference organiser, Dr C.J.Acott, and inform him of the
title of the paper, how long the presentation will take and
what sort of projector will be needed, at

39 Oswald Street,

Rockhampton,

Queensland 4700,

Australia.
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ANNUAL MEETING

For further details of this meeting, which will be
held on 1st to 4th of April 1988 at Furneaux Lodge in the
Marlborough Sounds, write to the convenor, Dr Mike
Davis at

P.O.Box 35,
Ta Tapu,
New Zea and.

SPUM SJOURNAL BACK NUMBERS

Some copies of afew past issues are available at
$2.00 each including postage.

The relevant issues are

1984 Val. 14, No. 1. (2 copies)

This contains Professor Brian Hill’s paper on
“ Decompression Physiology” presented at the 1983 An-
nual Scientific Meeting.

1984 Val. 14, No. 2. (7 copies)

This contains papers presented at the SPUMS
RAN Meetingin August 1983 and at the ANZICS -SPUMS
Meeting in Rockhampton in October 1983.

1984 Val. 14, No. 3. (3 copies)

This contains further papers presented at the
ANZICSSPUMS Meeting in  Rockhampton in October
1983.

1985 Val. 15, No. 4. (10 copies)

This contains papers fromthe 1985 Annual Scien-
tific Meeting in Bandos and from the New Zealand Chap-
ter of SPUMS Meeting in November 1985, including an
account of the formation of the New Zealand Chapter.

1986 Voal. 17, No. 2. (17 copies)
This contains papers fromthe 1986 Annual Scien-
tific Meeting in Tahiti.

Orders, with payment, should be sent to
SPUMS,
80 Wellington Parade,
East Melbourne,
Victoria, 3002,
Australia.



