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Editorial

Convention permits, and may indeed require, that Editori-
als at this time of the year make reference to past events
and future probabilities. AWhenceand Whither discussion
on the subject of Diving Medicine mggindeed be both salu-
tary and valuable, and even acceptable if presented in the
guise of an end-of-year review.

Many of those who have recently discovered Diving Medi-
cine, will be poorly informed of the geneal ogy of thisbranch
of the medical profession. Rather than being the desired
offspring of Medicine and Science, it was the result of the
unplanned dalliance of Commercial Diving with Physiol-
ogy, that poor relation of Real Medicine. Wth the passage
of time this de-facto relationship was accepted as enduring
and quasi legitimate, the obvious respectability of at least
two of its offspring (UMSand SPUMY) tending to frustrate
efforts to deny its right to a separate title and establish-
ment, though many still apparently consider it has no right
to mix with its social betters. This may explain in some
small part the current attempts of the BS-AC to purify itself
by eliminating its Medical Advisory Committee. One Eng-
lish king found, too late, that a living “ turbulent priest”
was less trouble than living with the problems elimination
brought. It may even be advanced as a subconscious mo-
tive for the US Government’s decision to cease funding of
the National Underwater Accident Data Centre at the Uni-
versity of Rhodeldand. Asmight have been said by a spokes-
erson: “ One tiny saving for Government but a giant set-
ack for Diving Safety” .

To effectively counter voices critical of medical interven-
tion in the Practical World of divers, if will be helpful first
to recognise the divers' expectations of Diving Medicine.
These come in three categories.

First, thereisarequirement for a cheap, efficient examina-
tion to identify and exclude everyone with any condition
even possi bly disadvantageous in the diving situation, cou-
pled with a compassi onate approach concer ning any minor
flaws in the applicant himself. As a corollary, there is a
growing expectation that those with obvious disabilities
should be excepted from such unfair and rigid standards
because it would be injurious to their self image if their
ambitions to scuba dive were thwarted.

Second isthe expectation that “ they” should be able by now

to provide a dive table which enables anyone of any build
and fitnessto dive aslong, deep and repeatedly ashe or she
wishes and without any need for troublesome decompres-
sion stops. Inreturn, the diver guaranteesthat he or sheis
totally immune to Nitrogen Narcosis, though possible other
frail folk may, just may, suffer fromthe condition. Itisgrati-
fying to observe the brisk recent production of new Tables,
all save one, (the Basset Tables discussed on pages 8-15 of
SPUMS Journal, 1985 (2) April-June and on page 22 of
this issue) aspiring to reduce significantly the unrealistic
restrictions on divers of the older Tables, while still provid-
ing safety from Decompression Sickness. Some, unfortu-
nately, do not include the phone number of DES (the Diver
Emergency Service).

Thethird and possibly the most important service expected
of Diving Medicine, isthe ability to cure rapidly any prob-
lemswhich have, all too unfairly, affected the diver. Unfor-
tunately, the experts have for far too long talked of Treat-
ment as if it were the synonym for Cure, rather than for
“ attempting to achieve the best possible clinical result”,
which may be rather a different end point to the patient.
Clinical Cure is a worthwhile thing, but retention of your
previous health is even better. It I1s a whole new bubble
game nowadays.

The papers in this issue bear witness to some of the very
real uncertaintieswhich may be encountered when treating
a diver with symptoms, as the clinical picture israrely as
clear astext books claim, where even that infallible instru-
ment for use on the cases of others, theretrospectoscope] ape,
gives equivocal answers. The question of returning to div-
Iing after DCSisa matter with both financial and long term
health connotations. The report by Khan and Jameel has
not only itsintrinsic value, also may serve as a timely re-
minder of how rarely information is available to us from
that large proportion of the world which isnot in the main-
stream of the English speaking diving world. Such sources
surely deserve greater attention.

While admitting that Diving Medicine presumes to intrude
and does not alwayswait to be asked before offering advice
to Real Divers, nevertheless, divers are fortunate indeed
that its practitioners are curious people with an interest in
trying to prevent Nature from playing the game of “ trick or
treat” on every dive.



SPUMSANNUAL SCIENTIFIC MEETING 1985
HYPERBARIC OXYGEN TREATMENT IN HOBART

PW McCartney

| will start by describing the facility that isin Hobart, and
then the work that has been undertaken in the last four and
ahalf years.

The chamber is a standard “ off the shelf” model asused on
ail rigs for on-platform deck recompression of air, mixed
gas, and saturation divers, and for short medical treatments
of decompression sickness.

The chamber is 3.8m (12 feet 8 inches) long, comprising a
2.7m (9 feet) treatment compartment and a smaller access
segment with an external door.

Thereisamedical transfer-under-pressure lock inthe main
compartment. This allows for drugs and equipment to be
sent in and out of the chamber when a treatment is in
progress. Large portholes allow for good interior lighting
from an exterior source.

Theair supply isfrom two compressors through a pressure
reserve tank; in addition there is an ancillary air bank as a
standby in case of compressor failure. On entering thecham-
ber the air is ducted three quarters of the way along the
entire complex and a silencer is installed in this system.
This silencer proved to be effective in cutting down noise
levels and is a valuable addition to the chamber as it ena-
bles easy conversion to take place in the chamber during
treatmentswithout raising voices. All effortsshould be made
g? ensure as tranquil an atmosphere in the facility as possi-
e

Oxygen is supplied through two Scott duo-seal masks in
the main chamber and an Airbox mask in the access cham-
ber. The Scott masks have a demand valve on the oxygen
inlet side and are sealed with a skirt to the contours of the
patient’s face; thus ensuring an atmosphere separate from
the chamber air.

An oxygen overboard dump system is installed and used
whenever hyperbaric oxygen therapy isbeing administered.
Thisisvery important both for chamber safety in respect of
fire and explosion and for protection from oxygen toxicity
in the medical attendant. The UPTD (units of pulmonary
oxygen tOXiCietP/ dosage) of attendantsis very low and cer-
tainly well below 500 even after our longest treatments.
Levels should be below 1,400 if pulmonary oxygen toxic-
ity isto be prevented.

Chamber ambient oxygen levels have been monitored dur-
ing treatments and the oxygen overboard dumping system
workswell. Thelevelsof ambient oxygen being withinthe
limits envisaged in the forthcoming standards requirements.

Two fire systems are installed, one entirely operated from
outside the chamber. Considerable thought and planning
went into the installation of this as it is necessary to pres-
sure isolate the entire system from the hospital water sup-

ply.

Fireproof blankets are used, and temperature control has
recently been made easier by using a ducted hot air system
to heat the room where the chamber isinstalled.
TREATMENT

Over the4 1/2 %ear period mentioned, atotal of 242 sepa-
rate treatments have been administered, approximately one

per week for the period.
Tablel

Diagnoses, and number of patients treated

Decompression Sickness 18
Necrotising Fasciitis 2
Gas Gangrene 5
Refractory Osteomyelitis 2
Problem Wound Healing 2
Multiple Sclerosis 16
Teaching and Demonstration 19
Accidental Air Embolism 1
Overall

Youngest patient ... 5yrs. Oldest patient ... 85yrs 9 pa-
tients were females.

| will comment on some of these categories.

Decompression Sickness

This group comprised 15 abalone divers and 3 “industrial”
divers. Therewere no sportsdiversin the group. Four had
spinal bends and two of these were severely injured and
were left with sequelae.

;I'I’Ille remaining 14 cases of limb bends recovered unevent-
ully.

Necrotising Fasciitis

| presented these two cases at the Madang Meeting and they
appeared in the SPUMS Journal (Oct-Dec 1982; 12(4): 8-
10).

Gas Gangrene

Of our 5 patients, the most toxic case was an
immunosupressed kidney recipient. Thegravity of hiscon-
dition made the clinicians consider the cessation of his
immunosuppressants, thereby sacrificing his kidney, in or-
der to save hislife. This option was put to the patient and
heindicated that hewould commit suicideif thiswere done.
This case waswritten up in the Australian Medical Journal,
12th June 1982. In all 5 casesthe clinical results were sat-
isfying, the tissue salvage was good and exceeded the ex-
pectations of the referring doctors. | feel that these results
have made a positive contribution to hyperbaric oxygen
therapy being used in Hobart.

Refractory Osteomyelitis

In both cases the wounds stopped discharging and antibiot-
ics were stopped at the end of the hyperbaric oxygen treat-
ment.

| have lost contact with one case but the second patient still
contacts me from time to time and he is well after 2 1/2
years. Heis an engineer and the success of his treatment
has meant a great improvement in hislife.

Problem Wound Healing

In both cases hyperbaric oxygen therapy effected healing
after all other methods had been used without success.

Multiple Sclerosis

Strict guidelines are observed before a patient is accepted
for treatment. Among the pre-treatment workup require-
ments are a detailed history of the disease profile, a neuro-



physician’scomprehensive examination, and investigations,
including audio evoked responses and visual evoked re-
sponses. These parameters are assessed by the physicians
totally independent from the hyperbaric oxygen facility.
After the course of treatment the same parametersare again
measured. A full and frank explanation is given to the pa-
tients so as not to exaggerate their expectations, and they
are asked to agree to the pre- and post-treatment measure-
ments with the acceptance that this datais for research pur-
poses.

Teaching and Demonstration

These have proven useful for a number of resident doctors
and medical students, police divers, senior scuba instruc-
tors and the Australian Antarctic Division personnel.

Burns

I had to “knock back” the only patient with severe burns
referred for treatment because he wastoo obesetofit through
the door of the chamber.

| hope a larger facility will be available in the future as |

feel that hyperbaric oxygen therapy has arole in modern
medicine.

ENVENOVATI ON

CJAcott

Over the past three years 30 suspected cases of enveno-
mation have been admitted to the Intensive Care Unit (ICU)
at the Rockhampton Base Hospital. Nine of these have re-
quired anti-venom. After studying these admissions | can
state that the best time for touring Central Queensland is
between July and September, if one wants to avoid the
nasties.

Anti-venom for snake bites is the main use of anti-
venom in Rockhampton. A third of all our snake bite vic-
tims have required treatment. Four sea snake victims have
been admitted over the past 5 years. One of these has re-
quired anti-venom. This was a two year old girl who was
bitten, savaged would probably be a better description of
the attack, on her left foot and ankle. Poor first aid meas-
ures were used, and the child required intubation 40 min-
utes after being bitten. The snake was identified as an
Astrotia Sokesii.

Since then three other people have been bitten by sea
snakes. One victim was snorkelling and thought the snake
was a large piece of wood. | think he was rather surprised
when the piece of wood turned around and bit him on the
forearm and on the wrist. Another victim was walking in
shallow water and felt something bite hisfoot. Helifted his
leg out of the water, and there was a snake curled around it.
Good first aid measures were applied immediately and he
was brought into hospital.

One is aways likely to see sea snakes off the central
Queensland coast when diving and because of this and the
four victims of sea snake bite | have developed an interest
in sea snakes.

SEA SNAKES
The Hydrophiliae 1true sea snakes) are recognised by

their flattened paddlie-like tails. They grow to variable
lengths, some can be more than 2 metres long. They are

mainly fish eaters, and are usually bottom feeders, how-
ever, the Perlarmis Platurus (Yellow Bellied Sea Snake) is
as(tjjr;éaglefeeder. They are preyed upon by seaeagles, sharks
an S.

Lacking the ability to regulate their own body tempera-
ture, they are often found sunning themselves on the sur-
face. Thiswill only elevatetheir temperature slightly. They
cannot breed or survive in water below 20°C, hence their
distribution in tropical and sub-tropical waters throughout
the Indian and Pacific Oceans.

The most widely distributed of all the species is the
Pel. Platurus. Local distribution around any reef is patchy
and is probably due to seasonal shifts which determine
winds, currents and food supplies. They live in sea water,
but captured ones have been kept alive in tap water. Some
species of the Enhydrina Schistosa have beenfoundin fresh
water lakes of Cambodia and the Philippines.

There are strong evolutionary links between the Tiger
snake and the Hydrophiliae. Baxter and Gallichio found
that there was cross neutralization in vitro between some
sea snake venoms and the Tiger Snake anti-venom. If no
sea snake anti-venom is available, Tiger snake anti-venom
can be used instead.

Sea snakes have one lung which extends into the ab-
dominal cavity. Thisisdivided into three sections, the two
front sections are rich in blood vessels, while the posterior
section acts as a gas storage organ, taking no part in gase-
ous exchange.

They are capable of diving to depths of 100 metres,
and their maximum voluntary submergence time is two
hours. Anaerobic metabolismisonly used in an emergency.
The sea snake's skin is unique. It has a respiratory func-
tion. Not only is a third of the snake's O2 requirements
taken up during a dive through the skin, but CO2 and Na
are eliminated.

Statistics of attacks and their subsegquent outcome are
difficult to obtain. There are probably thousands of attacks
each year, the usual victim being fishermen in South East
Asia

Generally the species from Australian reefs are rela-
tively inoffensiveand only rarely will they attack when pro-
voked. However catching, restraining or striking them may
convert curious behaviour into an aggressive attack. Stay
clear when they are feeding, or mating. If they are swim-
ming in pairs, this usually indicates that they may be mat-
ing. Treat them with respect and handle them gently if you
haveto. Application of commonsense often preventstrauma
both to you and to the snake.

The bite is usually painless, the vic-
tims hardly realizing that they have been
bitten. Defensive bites rarely rel ease
venom In the envenomating bite nost
venom seens to be released at the first
bite. The Astrotia Stokesii (Stoke’s
Sea Snake) can inject |arge amunts of
venomin each of seven successive bites.
After their venom stores have been de-
pleted it takes seven days for the sup-
ply to be replenished. The venons of
sea shakes are interesting. Fi sh and
mce are susceptible, as well as man,
but the reef eel is not. Broadly speak-
ing they have either neurotoxic or
gyolhyti Cc properties or a conbination of
ot h.



Sea snakes can open their jawswide enough toinflict a
good hite. Their fangsare small and fragile and often break
off and remain in the wound.

Reid pioneered the study of sea snake envenomation
while working in Malaya in the 1950s and 60s. Fifty per
cent of his patients died, while the remaining victims took
up to two months to recover. All deaths were due to respi-
ratory failure, renal failure (from myoglobinuria) and hy-
perkalaemia. Reid developed his “2 hour rule’. This dif-
ferentiated envenomated casesinto * serious’ and ‘ non-sefi-
ous'. Seriousenvenomation wasindicated by myalgic pain
(especially the neck muscles), ptosis, ophthalmoplegia,
myoglobinuria and a leucocytos's of greater than 20,000
developing within two hours. Serious cases usually needed
3,000 units of anti-venom statim and up to 10,000 unitsin
all. Non-serious cases usually required 1000 units statim
and up to 3,000 units. Each ampoule of sea snake anti-
venom contain 1,000 units.

LAND SNAKE ENVENOMATION
Casel

A 74 year old man was bitten on his
m ddl e finger. The bite site was ex-
trenely hard to see. The nedical regis-
trar, an Englishwoman who had only | ust
started work at the hospital, was sum
moned to Casualty. She took some bl ood,
put in an IV line and then went to ring
sonmeone for advice. No first aid neas-
ures were applied.

I heard on the grapevine that there was

a snake bite victimin Casualty, so |
wandered down there. By the tinme | ar-
rived the patient was drooling, dysp-

noei c and had ptosis. Hs IVline site
was bl eedi ng profusely. A crepe bandage
was quickly applied to his arm and the
contents of one anpoule of polyvalent
anti-venom was given.

The venom was identified as that of the
Tai pan. H s coagulation profile was
grossly abnormal and this was used as an
indicator for our anti-venom therapy.
He required two further anpoul es of Tai pan
anti-venom He returned to the ward
after two days in I CU and went homne t hree
days later. He still had a residual
ptosis at the tinme of discharge, which
subsequently recovered.

Case?2

A two and a half year old boy was bitten by a brown
snake on his left foot. There was a large area of swelling
and bruising around the site. The bruising and swelling
became worse over the next 24 hours. He was also com-
plaining of painin hiscalf muscles. Therewereno signsor
symptoms of systemic spread of the venom although local
reaction to the bite was severe.

The brown snake is a very venomous snake, and after
lengthy telephone conversationswith Dr Struan Sutherland
we decided not to givethe child any anti-venom despite the
severe local reaction. This was the correct decision as by
the third day the local reaction had subsided.

It is of interest that after the child

had been bitten his nother applied a
very firm crepe bandage. Per haps the
i medi at e application O the bandage and
splint |ocallsed the venomand prevent ed
its system c spread.

Case3

A four year old girl wason aventilator when | first saw
her. She had been found, one morning, unrousable in her
bed. Onadmission to hospital shewasdrooling, had ptosis,
and aflaccid paralysiswith rapid shallow respiration. There
weretwo small fang markson her left foot. Shewasafebrile.
She had had a viral-type illness two weeks prior to admis-
sion. She had been well the day before.

A battery of various tests was sent off, including a
venom assay on both blood and urine. However no swab
was taken of the bite site. All the results were normal (in-
cluding the venom detection), except for her liver function
tests. All the liver enzymes were elevated, but she was not
hypoglycaemic, nor did she have a raised blood ammonia
level. Her respiratory status deteriorated and so she was
intubated and put on a ventilator, when the epiglottis was
seento benormal. It wasnoted that she had apalpableliver
after ventilation was commenced, this had not been noted
before. A provisional diagnosis of Reye's Syndrome was
g1ade, and a liver biopsy contemplated, but thank God not

one.

| first saw her two days|later after admission. | was not
very happy with the diagnosis. The fang marks on her leg
worried me, as well as other aspects of the history and ex-
amination that had been overlooked. She had been noted to
be passing dark brown urine, this was thought to be trau-
matic haematuriabecauseit foll owed theinsertion of acath-
eter. Her rena function had dramatically deteriorated over
the 48 hours since admission (renal failure is not a feature
of Reye's syndrome). The lack of hypoglycaemia and
hyperammonianaemia did not support the diagnosis. | had
CPK levels done on the blood samples taken on admission
and | contacted Dr Struan Sutherland. He advised swab-
bing the bite site even at thislate hour, because there might
be some residual venom still present. The results were
amazing. The bite site was positive for Taipan venom, the
CPK levels were greater than 46,000 both on the day of
admission and the day | first saw her (the normal in our
laboratory is up to 200). | telephoned Dr Sutherland again
and he advised giving 2 ampoul es of Polyvalent anti-venom.
The child was awake and responding six hours after the anti-
venom had been given. She was off the ventilator within
the next 48 hours. She went home 96 hours after the anti-
venom had been given. A truly remarkable recovery from
Reye's syndromel!

Hypoxia and hypercarbia were the probable causes of
the raised liver enzymes. | cannot explain the negative re-
sult from the venom detection kit (V DK) on the blood and
urine samples, except that | regard al results coming from
our laboratory with a high degree of suspicion unless they
correlate with what is happening clinically to the patient.

Case4

A 28 year old fermal e was hangi ng out her
washi ng and felt somet hing bite her foot.
She saw a tail disappearing into the
scrub. No first aid neasures were ap-
plied. She was brought into hospital,
where no swab of the bite site was taken
but a VDK test was done on her urine!

On admi ssion she had severe abdom nal



pain wi th pal pabl e I ynph nodes. She had
al so vomted and was extrenmely sweaty.
I thought she had signs and synptons of
system c envenomati on so one anpoul e of
pol yval ent anti-venom was given. This
all occurred within 40 minutes of her
being bitten. During the next 30 mn-
utes all her signs and synptons disap-
peared. All the Investigations that were
done were normal. She left hospital 48
hours | ater.

THE NATIONAL SAFETY COUNCIL OF AUS-
TRALIA, VICTORIAN DIVISION AND THE UNDER-
WATER TRAINING CENTRE

Ken Heynatz

The National Safety Council of Australia, Victorian Divi-
sion, (NSCA) is the only organisation that | know of that
offers both aretrieva service and hyperbaric treatment for
patients. Thisisan overview of the operations of the NSCA,
so that you may understand how we can offer this unique
service. Those of you who have heard past presentations
and read any recent writings, count this as an update, and
please bear with us.

The National Safety Council of Australia, Victorian Divi-
sion, isan independent, non-government, non-profit organi-
sation, whose charge is to promote safety in all walks of
life. To fulfil this charter, the NSCA, Victorian Division,
provides vital services over awide range of specialised ar-
eas at the highest possible professional standard at the low-
est possible cost. The general membership of the Victorian
Division, consists of public bodies, companies and private
members. Some of these members are elected to the State
Council, whichisan honorary group of 31, who meet annu-
ally or asreguired. The State Council elects an executive
committee, who, through the executive director and deputy
director, pursue the goals of the Council with the various
facilitiesat their disposal. The NSCA isacompany limited
by guarantee, with a turnover now exceeding $16 million,
generated almost exclusively through the fees for the serv-
ices provided. The Victorian Government grant for safety
and the membership fees, account for lessthan 2 per cent of
the annual income.

The company employsover 180 peopleto cover thediverse
range of servicesto Industry, government and the commu-
nity. The consultancy services offered from our Melbourne
Head Office cover occupational health and safety in many
industries. The consultants are highly qualified in occupa-
tional medicine, business administration, mechanical and
civil engineering, ergonomicsand fire prevention, etc. The
staff are also trainers and educators. To assist in this area,
video technol o?y has been incorporated into the training
services as well as on-site cameras for training. We have
developed a sophisticated audio-visua production and post
production centre at Morwell.

On the more active side, the Council is engaged in provi-
sion of industrial emergency servicesin the power stations
of the LaTrobe Valley. We maintain a 24 hour a day, 365
day ayear presence, to help with first aid, fire protection,
fire prevention and emergency services. Tomaintainacall-
out ability for the many varied emergenciesthat we are con-

fronted with, requires a large variety of support vehicles.
These include rescue trucks, fire-fighting vehicles, person-
nel carriers for al sorts of terrains. We maintain and re-
plenish various caches of stores and equipment throughout
Victoria, which may be needed intimes of emergency. Most
of our ground support vehicles, support plants and equip-
gmt arefully maintained and serviced in our Morwell work-
0opS.

The resources available within the Underwater Training
(UTC) for use in training and emergencies, include a 52
foot Randal diving craft, currently being leased in conjunc-
tion with a sports diving organisation, for standby and res-
cueoperationsin Bass Strait, a47 foot diving craft equipped
with high pressure (HP) air banks, compressors, mixed gas
banks, lifting arms, cages, and whatever is necessary for
deep diving aswell as numerous small craft, from a 24 foot
aluminium jet boat down through semi-inflatable boats and
zodiacs, the small “rubber duckies’ that we use in diving
operations as safety craft.

Training and diving includes the whole gambit of equip-
ment. Air scuba used by the sports diver and the shallow
commercial effort. Oxygen rebreathers used by our para
rescue unit. Kirby Morgan band masks and helmets which
are used for surface supply diving. We have mixed gas hel-
mets and rebreathers for bell diving as well. We carry a
complete range of tools, both manual and hydraulic, which
are used operationally and in the training realm. Underwa-
ter cutting and welding equipment, non-destructive testing
inspection, underwater video, are just a few of the other
sidelines. All diving is carried out to Australian standards,
using Royal Navy tablesand USN tablesasappropriate and,
so far, without any incidents. We safely train for, and work
up to deep diving. We maintain an operational diving team,
capableof diving to most depths using Drager FGG3 mixed
gas equipment and Kirby Morgan with surface air supplies.
We havetwo deck decompression chambersand abell simu-
lator. Again, al our equipment, whether for working dives
or for training is maintained at our centre at Morwell.

We have a 10 metre diving tank for initial dives. Thisis
also used with our ditched helicopter simulator for under-
water helicopter escapetraining. This course, where train-
ees are strapped into the simulator and rolled over under-
water, is designed to give confidence and understanding to
those people who fly over water in a helicopter and who,
oneday may be unfortunate enough to beinvolvedin aditch-
ing and have to find their way to the surface. We also run
survival courses for those who find themselves under the
surface, regardless of how or why they got there.

To assure them that all these activities are medically sound,
we have a highly skilled and well organised medical sec-
tion, with three doctors, afully trained nurse, one part-time
psychiatrist and one full-time physiol ogist who cater for in-
house medical needs, all training requirementsand all forms
of emergenciesincluding hyperbaric treatments.

With all this equipment comes our mobile decompression
chamber. Thisunitistotally self-sufficient and hasatrans-
fer-under-pressure (TUP) capability with our Drager
DuoCom chambers. It consistsof aprime mover, compres-
sors, air banks, filtration banks, power generators, living
quarters, supervisor’s and operator’s position in addition to
the chamber itself. Currently thisunit islocated on asemi-
permanent basis at the Royal Adelaide Hospital, together
with one of our company operators and maintainers.

We have two Drager DuoComs in Morwell, one in
Woollongong and one in Townsville. They allow for the
transport of the patient and an attendant. For those who
have not seen or used one before, and intend to in the fu-



ture, the attendant slidesin first and sitsin an upright posi-
tion and the patient lies on a stretcher and ends up between
hisknees. They arealsoin use by commercial firmsworld-
wide. The West German Navy, the Canadian Navy, and |
believe, thelsraglishave some aswell asthe SwissAir Res-
cue. In Carl Edmonds ownwords, “If thereisnothing else
available, and the DuoCom is available, what would you
use?’ While these units are great for transport, they really
are not suitable for carrying out treatments. So they must
be capabl e of being mated with adeck decompression cham-
ber for atransfer under pressure into alarger chamber to be
used effectively. Tothisend, wehaveprovided aTUPflange
to the Royal Australian Navy at HMAS Penguin for use at
their hyperbaric facility and also oneto theAustralian Insti-
tute of Marine Science (AIMS) in Townsville, for use with
their chamber. We have now received another modified
DuoCom that allows greater access by the attendant to the
patient by increasing the width of the vertical component.

Naturally, our own decompression chambers are fitted with
TUPfacilitiesand can accept our DuoComs. Thetwo cham-
bersarerated as8 and 12 bar respectively, for 10 traineesor
one or two patients or one or two saturation divers. Trans-
fer under pressureis effected through the AKZ chamber in
the front. We are in the middle of an upgrading program
with our chambers, which has recently seen the installation
of new low pressure air supply systems, completewith cata

This picture of a pararescueman was Kkindly provided by the National
Australia, Victorian Division.

lytic conversion, air purifiers, air cooling and heating, oxy-
gen analysers, and carbon dioxide monitors. The chambers
are wired for video and sound monitoring and recording.
Soon they will be fitted with multi-parameter monitors, for
both treatment and research, and an improved suction sys-
temfor em%rgency treatment. Thereisanew high pressure
air and mixed gas supply system being constructed and up-
graded. An overnight patient-observation room has been
established. To back up our systemsand allow programmed
down time for maintenance, we are currently negotiating
with Drager for a six man chamber as well.

Having served in severa of the other hyperbaric units in
Ausgtralia, | think we can be justly proud of the facilitiesin
the NSCA

The UTC runs a humber of courses. On the diving side,
there is orientation to commercial diving down to 20 me-
tres, restricted air diving to 30 metres, basic air divingto 50
metres, bell diving to 100 metres. Miscellaneous courses
include non-destructive testing, helicopter underwater es-
capetraining and survival courses, assistant life support tech-
nicians. Of more interest to this gathering are the medical
courseswhich are, Emergency Medical TechnicianPart |, a
medical course aimed at the sports diver instructor, or dive
leader; and Emergency Medical Technician Part |1, aimed
at the commercial diver.

Safety Council of



THE NATIONAL SAFETY COUNCIL OF AUSTRALIA'S
AVIATION FACILITIES

lan Millar

The National Safety Council of Australia(NSCA) Aviation Facili-
tiesinclude the areas of most dramatic growth within NSCA over
thelast few years, and are important in the diving context, asthey
are a useful resource for diver evacuation, in co-ordination with
the treating facility. They also represent considerable manpower,
material and expertise to back up the Hyperbaric facilities.

TheAviation Emergency Services started with a Hughes 500 heli-
copter serving asthefirst Latrobe Valley District Ambulance Serv-
ice helicopter ambulance. This small but versatile aircraft was
soon requested by other agencies for both fire-fighting and rescue
applications.

The principle of cost-effective aviation emergency services sup-
ply on amulti-user, non-profit basis by NSCA became firmly es-
tablished. Since then the fleet has grown considerably to meet
requirements, particularly those of the Department of Aviation and
Transport (DoA) as part of the upgrading of Australia’s offshore
search and rescue capability, and those of the Victorian Depart-
ment of Conservation, Forests and Lands for airborne scanning
and firefighting.

At present, three main bases are established, in Townsville,
Wollongong and the Latrobe Valley. All have both fixed and ro-
tating wing aircraft, availablefor search and rescue, air ambulance,
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fire-fighting or other public safety roles at the request of the ap-
propriate official agency.

The Helicoptersin use at present are the size of the familiar mili-
tary “lroquois’, with as a guide only, a maximum passenger |oad
of 13, or al.5tonne cargo lift. Thisishowever, reduced in many
of the aircraft by long-range fuel tanks, etc. Bell 412 and 212
(four and two bladed rotors) helicopters are twin engined, instru-
ment flying helicopters, set up primarily for offshore work, al-
though suitable for ambulance work and capable of carrying the
Drager DuoCom portable decompression chamber. They are fit-
ted with radar, emergency radio beacon direction finders, forward
looking infra-red units and powerful searchlights for night work,
a 270 kg capacity winch and advanced navigation and radio com-
munications equipment. These serve as the primary search and
rescue (SAR) helicopters at all bases.

In addition, single engined Bell 205 helicoptersare used primarily
for mountain country bushfire fighting. Fitted with a 1400 litre
belly tank, these machines can self fill viaahydraulic snorkel pump
within 60 seconds whilst hovering over any water source greater
than 15cm deep. Thisload is then released over the fire. NSCA
has also been pioneering “heletak” operations, in which ateamis
abseiled into the forest from ahelicopter to cut afirebreak, control
aspot fireor lightning strike, or cut ahelipad in the bush, allowing
other helicopters to ferry larger numbers of firefightersin to oth-
erwise inaccessible areas. These techniques were well tested and
proveninlast summer’sBright bushfires, when up to seven NSCA
helicopters and eighty personnel were involved in the massive
firefighting effort there.

This picture of a Drager Duocom being loaded into a King-Air was kindly provided by the National Safety Council of Australia,

Victorian Division.



The NSCA fixed-wing fleet isled by, at present, four Beech Super
King-Airs. These versatile aircraft are large enough to carry the
DuoCom, afull search load, or acomfortable patient (diver!) evacu-
ation configuration, yet can land onrelatively small airfields. They
aretwin turbo-prop pressurised aircraft, cruising at about 250 knots,
with arange of up to 1800 miles. For the search and rescue role
these are specialy modified with in-flight opening door, bubble
search windows, smoke flare tubes and other equipment. When
offshore survivors are found beyond the range of helicopters, a
sea rescue kit can be dropped. Thisis a string of life rafts and
supply containers, connected by lines, dropped to form a horse-
shoe around those in the water. A NSCA team working on behal f
of the Department of Aviation, is currently training a number of
aircraft operators up and down the East Coast of Australiain the
use of this equipment, as well as search techniques, so that the
Genera Aviation aircraft often needed to assist in major searches
may be better fitted for their task.

These techniques are however, dependent upon survivors being
ableto use these bundles from the sky, which may not be possible
if injury, hypothermia and weakness have taken their toll.
Pararescue has been developed over the last eighteen monthsas a
result. Thisinvolves highly trained and extremely fit young men
parachuting into the water with equipment which includes wet-
suit, liferaft, lifejacket, harness, diving apparatus, radios, flares
and alarge equipment pack containing medical and survival equip-
ment. All of thisis suspended under an oversize “square” para
chute, which glides forward as it sinks, attaining controllable ,
horizontal speeds of 25 knots and more, alowing accurate land-
ings in the water in winds in excess of forty knots.

The diving apparatus is necessary as a surface swimming breath-
ing source in rough conditions, or if caught under a parachute. A
closed circuit oxygen rebreather is used at present, this being the
lightest chest mounted unit suitable for parachuting. A chest
mounted, long duration air set is being developed, but at present,
any diving operations planned would use air dropped, conventional
scuba gear if possible. A wide range of backgrounds is repre-
sented in the present team, including doctors, professional divers,
mechanics, shipwright and many others, all of whom can be de-
ployed anywhere within the range of Australia’s suitable civil and
military aircraft.

One of the King-Airsisfitted with multi-spectral scanning equip-
ment that isthe tool of the other rapidly growing section, Remote
Sensing. Both visible and infrared pictures of the landscape are
digitally recorded intheaircraft. A quick print of thiscan be made
and dropped to ground crewsfor analysis. Inthe case of fire map-
ping this enables an accurate picture to be obtained at night or
through dense smoke, giving fire controllers better information to
plan deployment of resources than previously available.

The digital recordings can also be manipulated by the Morwell
computer to provide accurate scale maps with very wide applica-
tions, as details are shown that are not apparent from aerial photo-
graphs. Vegetation types, crop diseases, resources surveys, pollu-
tion spread, water temperature and fire damage are some of these.
Recent upgrading of the remote sensing computer has also given
NSCA the capacity for fairly large scale datarecording and analy-
sis, and discussionsarewell underway with Dr D Walker, the Navy
and other groups concerning the potential use of this computer to
extend and enhance the functions of Project Stickybeak, allowing
for instance, direct data entry by diving accident treating facili-
ties, and easier statistical analysis, whilst of course retaining the
necessary confidentiality by appropriate security systems.

NSCA has a policy of maintaining and supporting all of its own
operations, and thus aircraft and electronic engineers are on staff
with all necessary equipment for most repairs, modification and
maintenance work. A twenty-four hour operations room has the
necessary staff on call via pagers, with telex, radio, facsimile and
multiple telephone links to provide co-ordination of all services.
The emergency direct telephone number of this Latrobe Valley
Operations Room is (051) 74 9922, which can be called direct by
Victorian diversrequesting assistance, but otherwisewill only lead
to aturn-out of equipment and personnel if called by the appropri-
ate authority for that problem (eg. Police, Ambulance, DoA, RAN
etc.).

These resources are being widely and increasingly used, and con-
tinue to be upgraded and to expand as invitations to augment al-
ready existing services arise. In association with the NSCA hy-
perbaric facilities, they offer an important part of Australians de-
veloping diver evacuation and treatment network.

GADGETSAND GOOFY IDEAS

Carl Edmonds
Washerwoman'’s Skin

One of thethingsthat | encountered in Sydney alittlewhile
ago, was a great idea from ayoung resident at the Sydney
Hospital. He got involved in an underwater endurance
record.

People who go into those futile gestures often have no con-
cept of the physiology they disrupt. The diver came out of
hisunderwater endurance after about 36 hoursand hismain
symptom, apart from the odd hallucination, was extreme
painin hishands and feet. They were waterlogged (Figure
1). Everyone recognises this “washerwoman syndrome”,
we haveall had it to agreater or lesser degree. But thiswas
to such adegreethat it was very painful. The pain wasthe
pain of arthritis as well asin the skin, and he could hardly
move his hands because of the pain associated with this
movement.

Theyoung resident rationalised that “ because you’ ve soaked
up alot of fresh water into your tissues, we will now bathe
your hands in hypertonic saline”. This he proceeded to do
and got excellent resultsafter 10 minutes. The handscleared
up nicely and the pain went away!

| had never heard of this treatment before. It makes sense
doesn't it?

Jackpot

The next smart idea | wish to present is referred to as
“the Jackpot” (Figure 2). Itisvery small it standsabout 10
cm, and is a mini wet compression chamber, made for me
by a couple of entrepreneurs in Kempsey so that we could
test decompression meters. Well, it was too small for the
meters but it is just the thing to test depth gauges.
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FIGURE 1

Diver’s hand after 36 hoursin fresh water.

It is now well accepted that depth gauges are fairly unreli-
able. They are unreliable because, as they are used more
frequently, they devel op faultswhich progress, and they can
err in either direction.

Looking at surveys of depth gauges you realise how incor-
rect they are, and often how incorrect they are when bought
brand new from the dive shop! The USNavy did acompre-
hensive survey on this. Anyone who dives with a depth
gauge and believesit, has got to be fairly gullible.

No pressure gauge is of any value (apart from the capillary
gauge) inthefirst 10-15 per cent of itsrange, and inthelast
10-15 per cent of itsrange, so thereisno point in trying to
use depth gauges for your decompression stops.

To use the “Jackpot”, one puts the depth gauge inside the
little water chamber, putsaplastic lid on the top and screws
it down to make it watertight. Because thereis only water
inside it, the little screw on the side acts as a screw plunger
to elevate the pressure. Thereis no great danger involved
such aswith an air compression chamber which could burst.
It uses hydraulic pressure and if it bursts, the water simply
squirts out.

In the “Jackpot”, the shallow depths are checked against
the capillary gauge inside the plastic top. Greater depths
are checked against the main gauge, which has to be cali-
brated regularly.

It takes 5-10 minutes at the most to check a depth gauge.
You will notice that when Cindy or | descend, we have on
our gauges awaterproof correction scale on which the true
depth can be ascertained from the depth on the gauge. We
use capillary gauges to know what the genuine depth is, in
the top 10 metres.

FIGURE 2

The Jackpot.
PANDCRA' S BOXES
Nature

Some interesting things happened in one of my recent sci-
entific expeditions. We dived the Pandora, and it isafasci-
nating wreck. The Pandora carried the mutineers of the
Bounty with intent to bring them back to England. It was
wrecked only 100 miles off Thursday Island, and that is a
very inhospitable area. Quite afew people died in the acci-
dent and after it was recently discovered, it has continued
to cause problems in the form of quite afew bends cases.

Some museums are now combining to explore the wreck
and they are doing it in the most methodical and brilliant
manner. | went therewith David Flatman, the documentary
film maker and Walt Deas, the underwater photographer.
Wewere rewarded with the spectacle of wildlife on Pandora
Cay where we saw the greatest number of turtles we had
ever seen. It made Raine Island look deserted! By about 4
pm one could see the turtles invading the beach. By 8.00
pm you could not move on the island without stepping on
turtles. Turtleswere digging and destroying other turtle eggs
with great abandon. After oneturtle had laid her eggs, she
would head off and another would come and take the va-
cated spot.

On another occasion, whilst travelling with two compan-
ionsin arubber duckie, we saw asmall whale shark, 4 me-
treslong! It came up alongside the rubber duckie, and liter-
aly pushed it aside. As| wasthe only one dressed for div-
ing, | rolled on to the top of the whale shark, and for the
next half hour had the most superb underwater encounter |
have ever experienced. Everyone and their dog ended up
getting onto the whale shark. It will be coming out in a
rather spectacular movie sequence later on, courtesy of
David Flatman Productions.



The shark obviously wanted to be with us, as he kept com-
ing back. Hedid not appreciate us hanging on to histail so
much, for after a few minutes he would shake the hitch-
hiker off. We could not go too deep because we only had
snorkels and eventually we had to return to the surface. He
would then turn around, have alook, and come back to col-
lect us again. He would come right up, face to face, then
glide over the top of the divers, and it is all captured on
film!

Seasickness

A look at some of the research we did. Because we were
going out on aboat, and into very rough seas, | thought this
would be an ideal time to test some of the new approaches
to seasickness. Oneistheuseof ginger. | would appreciate
it if anyone could give me some of the original literature on
this.

| finally found an old record of itsusein abook called “ Sod’s
Law of the Sea”. Itisan exciting book about an old seaman
writing to his nephew. In one of hisletters, he pointed out
that seasicknesswas a problem that was only averted by not
going to sea, or not going to land. His suggestion in this
book was that ginger biscuits were very good. He was not
sure whether they were good treatment for seasickness, but
he was sure that they made the boat go faster. That isthe
only reference | can find for ginger in theliterature. On our
controlled trial, it did not work. The ginger takers had to
move on very rapidly to the more genuine anti-seasickness
drug treatments, which worked very effectively.

Most people would accept that if you are going for an early
morning dive, something like Phenergan (promethazine) can
be taken the night before, with the sedative effects wearing
off in the morning, and with the anti-seasick and
electronystagmographic effects still very pronounced dur-
ing the dive. Basically, we still rely on the antihistamines,
which with a stimulant supplement is absolutely unbeat-
able for yachtsmen (but not for divers). That is the most
effective regime, and | thoroughly recommend it.

Thereis, however, amore fashionabletreatment called “ Sea
Bands’. Itisused by people as an acupuncture type mode,
wrapped around the wrists, and the little button must cover
the correct area. 1t must be very lucrative treatment for the
peoplewhoinitialy promotedit. The main problemiswash-
ing the vomit off the material.

If you dive in the afternoon, of course, you cannot rely on
Phenergan (promethazine) the night before, asit would be
wearing off by the next afternoon. If you are prepared to
take one of the short action antihistamines, like Marzine
(cyclizine) four hours before the dive, the sedative effect
will be wearing off, and the anti-seasi ckness effect will till
be present. You must limit your dive to 10-15 metres less
than you would normally dive. | think most people would
accept that as being reasonable. Stimulants are not accept-
ablefor divers.

Flares

Another very important devel opment happened while at the
Pandora. We were diving in areas which had very strong
currents. | think that whenever onedivesin an areathat has
strong currentsor anirresponsible boatman (and | think that
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covers the whole Indo-Pacific region), the chances are that
sooner or later you are going to get lost. Then the boatmen,
belatedly, go into apanic. The people who up till then ap-
peared strong, reasonable, secure type folk in whom you
had enormous confidence, suddenly throw a tantrum, and
zoom al over the Pacific in a frenzy looking for divers.
The divers may be lost because they went with the current
instead of against it, or it may well be that the boatmen up-
anchored and | eft to pick up someone else.

Because | think it is very important to be found while till
aive, | carry aday/night distressflare (Figure 3). Itisabout
12 cm long, and one end will give aremarkable amount of
orange smoke that will be obvious for miles. It is prefer-
able to discharge it when the boat is heading in your direc-
tion. | carry it in thelittle pouch where | also keep all the
Spanish Doubloons that | salvage. | have it tied into the
pouch with some fishing twine so it is easy to snap off.

FIGURE 3

ISTRESS DAY & NIGHT
Nel MKJ
STORE REF Mo 1370 99 965 J09] |

SHaMAL

Waterproof distress signal suitable for divs

There is a problem with the flares. If you open it whilst
peering at it, it can discharge in your face. Direct it else-
where. On the other end, it is especialy designed to draw
attention during night diving, and has a brilliant flare sys-
tem. | may add that it is pressurised and proven to 240 feet.

Bendeez

Another gadget that was used in the Pandora quite alot was
the Bendeez (Figure 4), which is just an adaptor to give
oxygen viaanormal scubademand valve. Itisavery sim-
ple system for divers. It allows the use of alarge oxygen
cylinder with a clean demand valve which should be used
for nothing other than oxygen. The reason we needed it on
the Pandorawas that people were doing quite worrying sort
of diving. They were going down to 110 feet twice a day.

They started off doing no-decompression dives twice aday,
but fairly rapidly had to move on to decompression dives
twiceaday. It wasaworry, because we were putting down
24-30diversaday. It wasavery bendsproducing profilein
an areain which there was no recompression chamber, and
in which the seas could be foul. The dive leader made the
decision, even though he had no categorical basisfor it, to
give the divers oxygen for a short time, to get rid of nitro-
gen, between dives.

Because of the logistics of that area, it would be difficult to
get from the dive site on to oxygen within ten minutes. As
soon as practicable, the diver would go on to oxygen breath-
ing even if only for a short time. That, at least probably
eliminated some nitrogen and avoided alot of the early in-
travascular bubbles. | cannot remember the statistics ex-
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actly, but there have been over 1,000 dives on that wreck.
There have been three or perhaps four cases of very minor
decompression sickness, joint bendsonly, and that isagood
result.

FIGURE 4

i

The BENDEEZ adaptor for administering oxygen through
adiving regulator. Itissuppliedinaplastic protective
case.

It isreally similar to the abalone divers who are now often
using oxygen between drops. They do their dive, come up,
go on oxygen for the 20 minutes it takes for them to get to
the next drop site. But it would be dangerousif someonelit
up acigarette or if the oxygen “exploded”. This happened
recently when someone turned on an oxygen cylinder con-
nected through a small home-made adaptor to a commer-
cial regulator, and it burnt out immediately. He had flames
coming out of hisdemand valve! That isnot healthy if you
are breathing from it. (This incident was described in the
SPUMS Journal, April to June 1985; 15 (2): 31-32). | do
recommend that you turn on the cylinder slowly, and that
you do not have the demand valve in your mouth at the
time, and that you extinguish your cigarette before doing
anything.

Decompression Sickness

They used quite afew fudge factors. Firstly, they increased
the duration of stoppages that they would do from the US
Navy tables. Secondly, they reduced the ascent rate to 35 ft
aminute but left the bottom earlier to achievethe same over-
al duration from surface to first stop. Thirdly, they ex-
tended their allowable surface interval, their surface time
was predetermined but they spent a little more time than
required on the surface. The fourth was the use of oxygen.
So they added those four fudge factors in, but remember
these people were diving very hard dives, twiceaday. The
length of time they stayed on oxygen varied, depending on
who was on deck at the time, but it was usually only amat-
ter of 5-15 minutes.

Diving in remote areas, as we were, required us to impro-
vise with our personal oxygen system. We could not take a
large bottle of oxygen with us, so we took an underwater
oxygen set, theAEUR. Itisquite different from most other
underwater oxygen setsin that it does not require agascyl-
inder, and thus, it can be taken on planes, without any prob-
lem. It also hasan advantage over most oxygen rebreathing
sets. These are recommended in the new US Navy diving
manual for underwater oxygen treatment, but | am not happy

with their use otherwise by most scuba divers. They have
caused death, especially amongst untrained diverswho have
no knowledge of rebreathing sets, mainly because of dilu-
tion hypoxia. If you do not exhaust rebreather sets of nitro-
gen and clear your lungs of nitrogen, the chances are you
could end up breathing just nitrogen.

The AEUR unit, has the advantage of supplying more oxy-
gen than the carbon dioxide absorbed. 1nthischemical pro-
duction of oxygen, superoxide combines with water, it also
combineswith carbon dioxide, and in both casesit produces
oxygen and the chemical lasts about five hours.

Mask Squeeze

One diving accident we noted while on the Pandora was a
new cause for mask squeeze, and we saw it in very experi-
enced divers. One diver had been diving for 40 years, and
he never previously had aface mask squeeze, but up there
he produced the most beautiful face mask squeeze. He could
not understand why, but | can. One look at his face mask
(Figure5) and the answer was obvious. It wasthe new type
of mask that is flooding the market. The mask has been
converted into arigid structure, and so continuous equali-
sation is needed to prevent a“ squeeze”.

The reason people did not get face mask squeeze more of-
ten in the past, was because masks were very flexible so
that when Boyle's Law had its effect, the mask would be
sucked in, and it would accommodate for Boyle'sLaw. With
thisnew mask, thereisonly asmall possibility of flexibility
in the silicon around the forehead where it makes the seal,
and the mask ismainly made of rigid material. A stupid bit
of equipment to sell on the open market, but they are com-
ing out in pretty colours and you have always got to bewary
of the dive equipment manufacturers. They will sell any-
thing without thinking about it, or testing it first.

AIR EMBOLISM
Taking A Definite Position

| guessthat | average about one lecture aweek to diverson
the management of diving accidents. Unfortunately, there
are some questions which are asked regularly, but which
continue to stump me. One is the importance of the posi-
tion of the patient during the first aid management of pul-
monary barotrauma (burst lung) with air embolus. Every-
one seems to have the answer, except me.

From Van Allen, in 1929 and onwards, it seems as if the
horizontal position isto be avoided because gasfollowsthe
buoyancy principle and rises to the top of the aortic arch,
thereby allowing alarge amount of the gasto travel into the
early branches from the aorta, the innominate and the left
common carotid arteries. With the passage of gas emboli
into these arteries they are then likely to reach the cerebral
circulation which is what we are all worried about.

This terrible chain of events can be made worse if the pa
tientisin the upright position. The headup positionis, how-
ever, theway of preventing the bubbles getting into the coro-
nary arteries. Oh well, you win afew and you lose afew.

If we are to lie the patient with the head down, gas will
collect to some degree in the left ventricle, and when it is
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Modern diving mask made almost entirely of hard plastic. Itisan older diver’'s mask asthereisasmall reading correction

glued to the left side of the glass.

gradually dissipated, it will presumably pass to the higher
part of the aorta and thus be disseminated to the body and
lower limbs, in preference to the brain and upper limbs.

Thus, there seemsto be agood theoretical argument for the
patient being, to adegree, inverted. Not acomfortable po-
sition to take, but preferable to having air bubbles in the
brain.

Anatomy confuses me, especiadly if discussed in three di-
mensions. All my learning comes from the flat pages of a
book. For simplicity’s sake, let us presume that the head
down, feet up position is the correct one. There are some
variations on which we could now ponder.

The correct treatment is recompression therapy, although
we may argue regarding the exact pressures and gas mix-
turesto be used. Between hauling aburst lung victim from
the water, and putting him in the recompression chamber, |
am sure that there are few who would object to the use of
100 per cent oxygen either as a supplement to his normal
respiratory efforts, or to actively ventilate him if thereisno
spontaneous respiration, while in the head-down position.

Which Head-Down Position to Use?

The question is, which head-down position? There aretwo
major contenders. | get the impression that, until the last
decade or s, the | eft lateral or decubitus position, whichis
moderately comfortable and easy to obtain even with the
body inclined downwards, was the one of choice. | have
alwaysfelt thisto be afairly logical position to take, but of
late there have been anumber of proposalsto place the pa-

tient on his back, supine, but with the head down and the
feet up.

The first time that | saw this demonstrated was at a diving
medical conference in 1975, and the demonstration was
carried out by one of our more eminent diving clinicians.
He demonstrated how the patient could be held in this posi-
tion by putting him on his back and lifting his knees up in
the air. This, we were assured, was the correct positional
treatment for the first aid management of an air embolus.
Most people would recognise this as a type of modified
Trendelenberg (the formal Trendelenberg position requires
the legs and feet to hang over the end of atable elevated to
45 degrees).

On seeing this| was amazed that anyone with any degree of
respiratory impairment, or indeed any reduction of con-
sciousness, would be put in such a position. It is almost
guaranteed to produce an obstruction to the airway, with
the tongue falling back into the oropharynx. It isaso a
position in which vomiting, if it does occur, will produce
severeand inevitable aspiration. Not agood position for an
unconscious patient, unless there is a cuffed endotracheal
tube inserted. The modified Trendelenberg position on a
patient without any respiratory depression, and with awell
maintained endotracheal airway, may work. Without this,
and if he has been recovered from the ocean and therefore
likely to have swallowed some sea water beforehand, it
would seem to be adisastrous position to use. Anyonewho
has treated cases of near-drowning would appreciate the
enormouslikelihood of vomiting and aspiration. Thiscould
be a danger with any neurological disorder, and air embo-
lus certainly fallsinto that category.
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Imagine my perplexity on seeing (Figure 6), in arecent edi-
tion of a respected diving manual, the suggestion that the
Trendelenberg position be used for “embolism, bends or
near-drowning”. Yet they also advised not to interfere with
respiration. | cannot think of a more effective way to ob-
struct respiration than the Trendel enberg, without an endotra
cheal tube.

allayed after seeing some fascinating work being performed
by Dr Des Gorman, a diving medico in the Royal Austral-
ian Navy. Des has spent a considerabletime in developing
an animal model in which the cardiopulmonary systemsare
not involved, but with the injection of air into the femoral
artery. With the animal positioned 45 degrees to the hori-
zontal, head upright, it is spectacul ar to observe the emboli-

FIGURE 6

This position, taken from an American Diving Manual, amost guarantees obstruction of the airway in an unconscious
patient, and death in the event of that patient vomiting. 1T ISNOT RECOMMENDED. USE THE HEAD DOWN LEFT

LATERAL POSITION

| am not suggesting that the | eft lateral position isany more
beneficial in preventing air emboli reaching the cerebral cir-
culation than the supine position. As long as the head is
down then the body is up, such advantages are probably
equal. The supine position is nowhere near as safe for the
maintenance of a clear airway and respiration asis the left
lateral. Thisisbasic clinical medicine.

If one were to project theoretically what could happen in
the different “inverted positions’, then presumably the gas
bubbles that get into the aorta while the patient is lying in
theleft lateral position would belikely to run along the con-
cavewall of the aorta. |f some were unfortunate enough to
get intotheinnominate (thefirst major artery that they reach),
the likelihood would then be that they would go into the
right subclavian more than the right common carotid.

Recurrent Embolization

Does the position matter once embolization has occurred?
The literature suggests that air embolus is not an instanta-
neous thing, but that air pockets do accumulate, depending
upon the position of the body, and that recurrent emboliza-
tion occurs.

Any doubts about the clinical significance of thiswere soon

zation inthe cerebral vessels, followed by movement of the
emboli minuteslater and then re-embolization, even though
only one amount of air was injected.

Interestingly, re-embolization can occur over aperiod of 5-
10 minutes. Another interesting aspect isthe effect of oxy-
gen. Theamount of air required, in this particular model, to
produce death is 10 ml injected over one minute. If the
animal is breathing oxygen, then the amount of air injected
needs to be increased to 25 ml. If oxygenisinjected in an
oxygen breathing animal, then 60 ml are required.

Because of delay in the effects of re-embolization (perhaps
we should call it subsequent embolization, asit isobviously
a different mass of gas), the immediate administration of
oxygen after an accident may be of considerable benefit.
Des is now evaluating the relative merits of oxygen and
carbogen on the reactivity of the vessel adjacent to the em-
bolus, and the redistribution of the bubble.

Itisunfortunately impossible to draw conclusions from the
small number of patientstreated in varioussurveys. Infact,
many patientswho have clearly suffered an air emboluswith
unconsciousness have apparently recovered fully beforethey
have received treatment. At thisstage, Des, like Van Allen
and others before him, has verified the enormous value of



any head-down position in reducing the damage from air
embolus.

In summary, | would recommend that the Trendelenberg
position be reserved for the gynaecological and obstetric
work for which it wasintroduced. The left lateral position
should be used for the purpose for which it was designed,
the maintenance of an airway in aniill patient.

SNORKELS
Darrel | Wall ner
Once | used to do a lot of swiming with
a snorkel. At times during a difficult swim

on the surface, and probably every snorkel |l er
has had this problem | would devel op dysp-
noea. The snorkel was obviously not supply-
ing ny ventil ator%/ needs with any degree of
confort. | was in fact generating |arge driv-
ing pressures in nmy airways to get anything
like the required gas flow One tends to
forget that there is considerabl e resi stance
to breathing through a snorkel during quiet
SWi nmi ng.

Recently | took a selection of the snor-
kel s on the market and assessed their resist-
ance. | assessed the resistance by using a
system that delivered a known gas flow and
seei ng how nuch t he fl ow dr opped when a snor -
kel was attached to the system | used flow
rates of 200, 300 and 400 litres per mnute
(I'pm which approximate to the peak flows
required during increasingly energetic exer-
ci se.

The systemconsi sted of a | arge rotaneter
capabl e of neasuring 400 | pm and a reverse-
cycl e vacuumcl eaner to provide the high flow
rates needed. As the vacuum cl eaner could
provide nore than the required flow !l fitted
athree-way tap at the inlet to the rotaneter
so that part of the gas flow coul d be vent ed.
This allowed us to set a steady flowrate on
the rotameter. Wth the chosen setting fl ow
i ng through the rotaneter we attached a snor-
kel to the outlet tube causing a decrease in
flow which gave a neasure of the resistance
of the snorkel. The apparatus is shown in
Fi gure 1.

Resi stance, as well as being related to
the length of a tube, isinversely relatedto
the fourth power of the radius, so we neas-
ured the cross-sectional areas of both the
nout hpi ece and the end. Measuring the cross-
sectional area of the end was easy, Measuring
them at the nout hpiece was nore difficult. |
made noulds of the mouth orifice and then
wor ked out the cross-sectional area. The res-
ults appear in Table 1 along with the snor-
kel s used and the results of the flow rate
test.

Sone of the snorkels appeared likely to
generate turbul ent fl ows due to their shapes.
Lami nar fl ow causes nuch | ess resi stance and
so is to be preferred. The results showed
that the snorkels which |ooked as if they
woul d provoke turbulence did have higher
resi stances.

| tested the Dacor Turbo-vent, three Tabata
snorkels, the 140, the 150 and the 160, two
Ni nr od snorkel s and a Perry and Ski nner snor -
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kel . The snorkels are shown in Figure 2.

The Dacor cane out best with a drop inthe
rotaneter bobbin of 4 Ipmat 200 | pm (-2%,
of 16 I pmat 300 | pm(-5.4% and of 20 | pmat
400 Ipm (-5%. It is a snorkel with a wide
cross-sectional area at the mouth (6.15 cn®)
and a below average one at the end (2.83
cnR}. The average end cross-section is high
due to the large size of the Ninmmod 1 (5.06
cnR). If that is excluded, the average drops
to 2.78 cnZ. The Dacor Turbo-vent besides
havi ng a noderately | arge di aneter has a par-
ticularly straight tube with the nouthpl ece
slightly offset. It does have a drai nage port,
a valve that lets water drain out so that one
does not have to bl ow agai nst the hydrostatic

ressure of its length, but it is alnmost in
ine with the tube and is placed in such a
way that it is unlikely to cause turbul ence.
It had an internal volume of 170 m.

The next best perfornmer was the Ninrod 1
whi ch has a nouth cross-section of 6.15 cn?.
The bobbin dropped 4 | pmat 200 | pm(-2%, 18
I pmat 300 I pm(-6% and 22 | pmat 400 | pm (-
5.5%, One woul d have expected the | arger end
dianeter of the Ninrod 1 to enable it to
out perform the Dacor. Perhaps the reason is

because it is not a snooth tube. One side of
the tube is flattened. It is just possible
that there is turbul ence where the flat side

meets the curves. Wth this extending the
full length of the tube perhaps the turbu-
Il ence is defeating the large bore. Like the

Dacor, it has an internal volunmne of 170 ml.

The Perry and Skinner snorkel was the
sinplest of the ot and cane third in per-
formance. The bobbin drop was 14 | pm at 200
I pm(-7%, 18 Ipmat 300 | pm(-6% and 26 | pm
at 400 Inmp (-6.5% . The nouthpiece cross-
section was above average at 5.06 cn? while
me hen_d cross-sectional area was 3.14 cn?

ichis

FI GURE 1
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TABLE ONE
CROSS-SECTIONAL AREA FLOW RATES
BRAND MOUTH END 200L 4 300L 4 400L 4
DACOR 6.15 2.83 196 -2 284 -5.4 380 -5.0
NIMROD (1) 6.15 5.06 196 -2 282 -6.0 378 -5.5
PERRY AND 5.06 3.14 186 -7 282 -6.0 374 ~6.5
SKINNER
TABATA 140 3.79 2.54 178 -n 278 ~-7.3 370 -1.5
TABATA 150 3.79 2.54 182 -9 270 -10.0 370 -7.5
TABATA 160 3.79 2.54 180 -10 268 -10.7 365 -8.7
NIMROD (2) 4.40 3.14 170 -15 260 -13.3 358 -10.5

al nost exactly the average of the seven snor-
kel s. However it is 0.36 cm2 | arger than the
average when the Ninrod 1 i s excluded. It has
a gentle, snooth curve to the tube, which one
woul d expect would favour | am nar flow This
snorkel had an internal volume of 140 m.

The three Tabata snorkels all had the
sane nouth cross-section (3.79 cn?) and the
same crosssectional area at the end (2.54
cnm). However, they had sone structural dif-
ferences which probably explain their dif-
ferent performances. The Tabata 140 produced
a bobbin drop of 22 I pmat 200 | pm{-11%, of
22 I pmat 300 I pm(-7.3% and of 30 | pmat 400
I pm (-7.5% . This snorkel has a right angle
init and a constriction. | could not neasure
the crosssection of the constriction, Then
there is a drainage port positioned to en-
courage turbul ence. The internal volune was
145 m .

The Tabata 150 produced a bobbin drop of
18 pmat 200 I pm(-g%, of 30 | pmat 300 | pm
{-10% and of 30 Ipmat 400 Ipm (-7.5%. It
has a drainage port and a nunber of sharp
bends in the tubing. The internal vol ume was
150 m. | presune that the numbers of these
snorkels i s supposed to be the internal vol -
ume. This was the only one which corresponded.

Wth the Tabata i60, the bobbin dropped
20 I pmat 200 | pm(-10%, 32 | pmat 300 | pm(-
10.7% and 35 | pmat 400 | pm (-8.7% . Again
there were sharp bends in the tubing. The
internal volume was 155 m .

The wor st performer was the Ninrod 2 which
had a nout hpi ece cross-section (4.4 cn®) |arger
than the Tabatas. It also had an end cross-
sectional area larger than the Tabatas at
3.14 cn®? and the same size as the Perry and
Ski nner. However, the bobbin drop was 30 | pm
at 200 I pm{-15%, 40 | pmat 300 | pm(-13. 3%
and 42 | pmat 400 I pm (-10.5%. The expl an-
ation of the poor perfornmance is probably its
| ength and a sharp angl e at t he nout hpi ece as
it had the smallest internal volunme of 133
m .

Theoretically, one could say that the
| arger the snorkel diameter the |less the re-
sistance and therefore a better flowis pos-
sible. So a wide short snorkel should be the
ideal. But there is a mnimmlength needed
to get the snorkel end out of the water and
to keep t he waves fromsl opping i n. Breathing
t hrough a snorkel increases ones dead space,

and i ncreased dead space can | ead to rebreat h-
ing expired air. The result is a |owered
oxygen partial pressure in the lungs and a
rai sed partial pressure of carbon dioxide.
To check the effect the snorkels have on
rebreathing, | carried out a sinple test.
Using an end-tidal COp sanpler, | breathed
quietly at rest, not exercising, for a while
until the result was steady. This gave a
figure of 4.8% | then breathed for six mn-
utes through each snorkel. Wen the figure
was steady for 8 or 9 consecutive breaths, |
took it as the end-tidal result for that
snorkel. The figures, with the vol unmes of the
snorkel s, appear in Table 2. At rest thereis
no si gni fi cant change, regardl ess of the vol une
or dianeter of the snorkels. |I have not tried
them under exercise conditions to see what
happens to the endtidal C02. However, it is
likely that when one is breathing at near
capacity, as swiming in bad conditions, the

end-tidal CO02 will rise.
TABLE TWO
BRAND VOLUME END-TIDAL CO, Z
(CONTROL 4.8)

DACOR 170 MLS 4.9
NIMROD I 170 MLS 4.9
PERRY AND SKINNER 140 MLS 5.0
TABATA 140 145 MLS 4.9
TABATA 150 150 MLS 5.0
TABATA 160 155 MLS 4.9
NIMROD I 133 MLS 5.1

Wien selecting a snorkel, one needs to
have a wide bore. > 2 cmin dianeter, with a
snoot h tube, no sharp bends or constrictions
and a | arge nout hpi ece. Keep the | ength rea-
sonably short.

Dr Wallner’'s address is 114 Vasey Cres-
cent, Canpbell, Australian Capital Territory
2601.
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A CASE FOR DIAGNOSIS
DECOMPRESSION SICKNESS OR MIGRAINE?

Chris Lourey

A 39 year old male, an ex-professiona diver with 20 years
experience, so-called, presented at Casual 32 after a dive
complaining of blurring of vision, pain and skin rash in the
epigastrium, lethargy and dizziness. He had focal but re-
solving right sided neurological symptomsand signs. These
were pain, paraesthesiae and weakness of right arm.

He confidently stated that he was in Casualty only because
of hiswifée's Insistence, and that he had suffered two epi-
sodes of skin rashes after diving in the past and that this
was al dueto amigraine. He has4 to 6 migraine attacks a
year.

At al times until discharge the patient maintained an ag-
gressive and at times paranoid mental state. There were
gross discrepancies in data and detail between his diving
buddy, the patient and his wife's testimony.

His diving profile, psycho-social-physical status and clini-
cal management make for interesting discussion.

THE DIVE

He dived approximately half a mile east of the Nobbiesin
Bass Strait, using compressed air from acompressor to dua
hookah hoses. He wore a 5/16th inch wet suit.

Thevisibility was approximately 8to 10 ft. The water tem-
perature was such that both divers felt colder than usual.
There was a 15 to 20 foot swell. The depth was said to be
10to 50 ft. However therelevant charts show bottom depths
up to 80 ft or morein this area.

On the evening before the dive and just before the dive he
had taken two “Orthoxicol” capsules for a head cold.

He entered the water at 1100 and did bottom sweeps till
1145 when he surfaced with a bag full of fish. From 1150
till 1230 he performed more bottom sweeps. He left the
water at 1230. From 1235till 1300 he had coffee and afew
cigarettes. Here-entered the water at 1300 and performed
more bottom sweeps until 1430 when he returned to the
boat, without decompression stops. He then had lunch of
beer, coffee and sandwiches and cigarettes.

At 1515 he noticed a headache, fatigue and blurring of vi-
sion. An hour later there had been no change in the symp-
toms. However he had now developed a rash which was
more extensive than when he appeared at Casualty. By 1645
he felt giddy and disorientated. The blurring of vision in-
creased. Helay down in the cabin and noticed weakness of
theright arm with paraesthesiae and pain in the right elbow.

After approximately 60 minutes the paraesthesiae abated
slowly, but the weakness and blurring of vision, although
resolving, remained until approximately 8 hours after ad-
mission.

CLINICAL MANAGEMENT

Condition on arrival at hospital

On admission he had a generalised rash, particularly on the
trunk and torso. His blood pressure was 150/90 lying, and
80/60 standing. His pulse rate was 96/min. There was no
cranial nerve deficit nor any nystagmus. Tests of vision
and visual fieldswere normal aswerethefundi. Cerebellar
function was normal. There was a very mild weakness of

the right arm, but no specific neural deficit. The plantar
reflexes were normal. Clonus could not be élicited. Oto-
logical examination was normal except for bilateral exos-
toses. Auscultation of the chest was normal except for oc-
casional mild basal wheezes. He had no difficulty in void-
ing. No other specific abnormality noted.

His concentration was poor.

[nvestigations
Chest X-ray was normal except for mild hyper-inflation.

Therewas evidence of mediastinal or subcutaneous emphy-
sema.

Blood gaseswere donewhile breathing air. Theresultswere
pH 7.39, PO2 77mmHg, PCO2 36mmHg, HCO3 22, Base
Excess-2.

A full blood examination was performed. The results were
Hb 17gm%, PCV 0.55, WCC 16,300, Platelets 80.3 x 10°.

The electrolytes etc. were Na 141, K4.3, Urea 4.9, Glucose
4.8.

Fibrin degradation products were not tested as there are no
facilitiesfor this at Frankston Hospital.

Cardiac enzymes were within normal limits and remained
0.

ECG showed first degree heart attack with ST elevation in
Leads!|l andV6. TheT waveinV1 wasgreater thanin V6,
ie. evidence of pericardial and/or epicardia injury pattern.

A aCJ:AT scan of the head and cranial region to C5 was nor-
mal.

An EEG was not performed.

Diagnosis

The diagnosis was obviously decompression sickness with
skin, pericardial and possibly epicardial involvement and
neurological manifestations.

Migraine asthe aetiological factor of the waning hemipare-
sisand visual disturbance was also considered.

Myocardial infarction was considered and investigated.

He was treated with

1. IV-fluidswere started with 3 litres of Balanced Salt So-
[ution over 3 hours then maintenance therapy. Thisre-
gime was empirically based as a CVP line was not in-
serted because of the low platelet count.

2. 100% oxygen wasgivenfor 6 hoursthen 35% wasgiven
for 48 hours with 6 hourly periods of 1 hour on 100%
oxygen.

3. Dexamethazone.

4. Salicylate therapy was started with 600 mg of aspirin
stat, then 300 mg daily for 4 days.

5. Routine oral antacid therapy.
6. Continuous ECG monitoring and serial enzyme assays.

The National Safety Council of Australia, Victorian Divi-
sion (NSCA. (Vic)) at Morwell were phoned after institut-



ing 1 and 2 above, for possible transfer for recompression
and hé/c;)erbaric oxygen (HBO) therapy. However they con-
sidered as there had been neurological improvement, mi-
grainewasthelikely aetiological basisfor histransient visual
disturbance and hemiparesis, and that the transfer of 130
kilometresat midnight not warranted. It wasrecommended
that if any deterioration occurred he should be transferred
to Morwell for recompression.

Treatments 3, 4, 5 and 6 were then instituted. He gradually
improved over the next 24 hours, but his lethargy and mi-
nor degree of mental dullness remained, and improved
slowly, over the next 3 days.

His ECG returned to normal within 48 hours. One's “gut”
feeling at the time was that recompression and HBO would
have been worthwhile, particularly in view of the slow reso-
[ution of his mental dullness.

He failed to appear for the scheduled follow up which was
to include EEG, neurological and psychological testing!

PSY CHO-SOCIAL-PHY SIOLOGICAL PROFILE

Heis an ex-professional diver of 20 years experience who
reluctantly admitted to previousincidents of decompression
sickness. He has had migraine for more than 10 years. He
is prone to extreme swings of mood. Heisaheavy smoker
and heavy drinker who is currently on wife number three.
He has had many motor vehicle accidents (MVA) and has
vp/]rittden off three cars. The last MVA was one week before
thisdive.

His diving behaviour and knowledge was at variance with
safe diving practice despite his professed experience.

:jt_ istempting to categorise thisindividual asa“punch drunk
iver”.

SUMMARY

A 39 year old malediver who presented with skin rash, epi-
gastric pain and resolving hemiparesis.

The conservative therapeutic approach taken invites com-
ment as does the problem of migraine and diving.

| would dispute the statement made earlier that aspirin has
NO place in the treatment of DCS. However is it not a
panacea. | believe that it has arole in association with the
appropriate adjuvant therapy in certain clinical situations,
eg. remote geographical situations.

DISCUSSION
Chairman: Dr David Brownbill

First | would like to emphasise that when central nervous
tissue is damaged and dies it is not replaced. There is no
repair. So when you are looking at something that may
involvedeath of neuronesyou are on adownhill slide, there
isno wgly back from that death. When observations of neu-
rological symptoms change then that indicates that thereis
apathological occurrence which may bereversible. 1t may
not be serious but there is a pathological occurrence. One
has to assess whether that occurrence isincidental and re-
versible such as migraine or whether it is a potentially de-
structive thing such as decompression sickness. Inthat situ-
ation one must be considering all the time the risks of miss-
ing something that is potentially dangerous as opposed to
the risks of instigating the appropriate treatment, here it
would have been recompression, for that condition. What
is the risk of recompressing a patient with migraine as op-
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posed to leaving someone on observation only, who may
have on-going damageto cerebral structures. | think that is
fundamental in the assessment of this casereport and | would
like to hear alot of discussion about the approach to not
what is definitely decompression sickness, but what rea-
sonably might be.

The prime treatment for decompression sickness is recom-
pression. The indications for treatment of central nervous
system decompression sicknessis not only the diagnosis of
established CNS decompression sickness, but rather the di-
agnosis of what might reasonably be CNS decompression
sickness. It is better to find that one has recompressed un-
necessarily than to have sat on neuronal damage, which at
first may have been reversible.

Dr Chris Lourey

I would liketo ask otherstheir thoughtson sali %ylametherapy.
My belief is that it is used in neurological disease. In a
situation such | was faced with | would still maintain that
you would use it until there was properly documented data
that suggests that you do otherwise.

Chairman: Dr David Brownbill

| also subscribe to the view that until something that is not
dangerous is proven to be totally ineffective, then consid-
eration should certainly be given to using it. There is no
doubt that one's clinical experience, eg. intransient ischae-
mic attacks, that low dose aspirin is of benefit in sometimes
turning off showers of transient ischaemic attacks. Thereis
benefit in preventing the extension of problems with estab-
lished embolism. Whether overall statistically aspirinis of
benefit, we do not know at the moment. We will not know
the answer to this until the international survey comes
through. But we do know that there are specific incidences
whereit seemsirrefutablethat it hashelped. Onthat, | would
subscribe to theideathat aspirinisworthy of consideration.
| know Carl Edmonds says that the person who was the
protagonist of aspirin for decompression sickness is how
unhappy. | do not think that the use of aspirin in neurologi-
cal conditions rests with that gentleman. It has extended
across the world in other neurological areas of investiga
tion and management, so it would seem to methat thereisa
case at the moment of considering its use.

Dr Carl Edmonds

The man had an obvious bend. He was badly treated and
you were fiddling around with aspirin and the poor man
needed oxygen and achamber. Thefact that he was aggres-
sive meansthat he had brain damage. It istragic to methat
he was not recompressed.

Dr John Hayman

| would like to make a pleathat when we do blood tests on
such patients we should also include a coagulation profile.
We should be doing things like the partial thromboplastin
time and fibrin degradation products both in urine and in
blood. Then | think we have got some background as to
what is going on and we can see the effects of aspirin and
any other anticoagulant on these parameters.

Chairman: Dr David Brownbill

Herewe have astory of the subtler changesof cerebral func-
tion, that is cerebration. That raises another question,
whether subtle changes in mental state should not be indi-
cations for recompression. lan Millar has a story to illus-
trate this point.
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Dr lan Millar

This case report concerns a patient who presented quite a
diagnostic dilemma. We believe the results of her test of
recompression indicate that shewas suffering from cerebral
decompression sickness and that this case reinforces the
value of treatment upon suspicion.

A thirty-five year old experienced female sports diver had
undertaken repetitive dives to 75 feet for 40 minutes fol-
lowed several hours later by 30 feet for 40 minutes. That
evening, along with three of her colleagues, she had suf-
fered nausea, stomach cramps, some diarrhoea and a gener-
alised skin rash which wasthought possibly related to some
seafood eaten on the dive trip. Upon her return home she
felt moretired than usual, somewhat “ off colour” and had a
persisting skin rash. She presented to her general practi-
tioner late the following morning with a quite obvious
blotchy skin rash and significant oedema. She felt unwell
and a little dizzy. She was dightly ataxic. Her GP aso
noticed her to be dull, quiet and not her usual self.

She had been treated with hydro-cortisone and promethaz-
ine by the time | was contacted, and her oedema and rash
had settled. She had also had some oxygen over about one
hour. Her cerebration was still not quite normal however,
and after some deliberation she was referred down to us.
When | saw her, she seemed quite areasonable person who
stated that she felt something of afraud presenting for treat-
ment. She was, however, rather “slow”. Not having met
her before, this could have been interpreted as her normal
mental state, however, | had been informed that this was
not so. She had very objective findings apart from poor
balance with inability to maintain balance with her eyes
closed. After 20 minutes at 18 metres on oxygen, her per-
sonality changed completely from being arather dull woman
with avery flat effect, to one of the brightest personalities
we have had in the chamber. 1t became amost entertaining
treatment from then, with the repartee passing in and out of
the chamber. She had changed personality completely and
maintained that change back to what all her friends and her
doctor said was her normal self.

Dr Carl Edmonds

There is available to people who are amateurs in diving
medicine avery professional service run by the Royal Aus-
tralian Navy. It s called the Diver Emergency Service. It
means that anyone who is an amateur medico in thefield of
diving medicine can phone up and speak to a really good
professional and get help and advice. The number through-
out Australiais 960-0321 and it is available 24 hours a day.
It has been there many years but at least now it has been
made widely known. | think, in the future, that will seem a
sensible number to anyone, even those who are profession-
als, to use.

On the subject of permanent damage from CNS decompres-
sion sickness, there is a fascinating case of the man who
had a very dlight weakness in the left Ie% He had alittle
pain around the back, very little, and | think that was all.
He was treated very effectively in one of the Royal Navy’s
chambers with oxygen and recovered completely. He
walked out of his house aday later and was shot dead. The
neuropathology showed lesions throughout both the brain
and spinal cord, even after such minimal signs.

| would like to mention something el se that people may not
know. About 5 years ago there was a whole series of US
Navy Tables, Tables5, 5A, 6 and 6A. Nowadaysalmost all
treatments are with Table 6.

Chairman: Dr David Brownbill

It would seem that people who have had a central nervous
tissue hit really should be considering seriously not diving
again because even though there appears to be complete
clinical resolution, it has now been established that patho-
logicaly thisis not so.

Question

When you say there is damage done, 24 hours later, what
areyou looking at? Areyou looking at things like conges-
tion and oedema or are you looking at something which
indicates that you should be treating these people longer?
Or are you looking at something that is a permanent dam-

age?
Dr Carl Edmonds

In that particular pathology, it was autogw pathology and
largely brain and spina cord. As to whether you should
treat people longer, nowadays, in Australia anyway, people
do not have just onetreatment. They have many treatments
for decompression sickness. In the old days one did not do
that, one sent them out after 24 hours on oxygen. Nowa-
dayswetend to do anumber of treatments. Whether thisis
of value or not, | do not know. Whether or not oneisgoing
to show an enormous amount of pathology eventually when
someone, likethat guy, coincidentally dies, we are going to
have to rely on people like John Hayman.

Dr Mary Novak

Was your patient’s labile blood pressure due to fluid deple-
tion?

Dr Chris Lourey

My estimateisthat it was acombination of the dehydration
of cold diuresiswith thediuresisof immersion with extrava-
saéilon of fluid dueto endothelial disruption that was respon-
sible.

Question
Did the ECG changes revert to normal ?
Dr Chris Lourey

The ECG eventually did return to normal over the next 3
days. The ST elevations gradually resumed their normal
profile. The only thing that did not return to normal was
that he had a first degree heart block. We were hoping to
look at that at alater stage. | would also liketo stressthat at
no stage were his enzymes elevated, which | think isacon-
sideration in a 39 year old individual who has an exhaust-
ing dive and who comes in with upper abdominal pain or
chest pain.

Dr lan Millar

Diving Emergency calls to NSCA are now referred to one
of our three full-time diving medical officers. We have de-
veloped a close relationship with the RAN School of Un-
derwater Medicine and quite often consult them concern-
ing difficult or unusual cases.
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DIVING FATALITIES IN NEW ZEALAND 1982 - 1985

RM Fraundorfer

Accident Recorder
New Zealand Underwater Association

SUMMARY

There have been 30 diving fatalities investigated by mein
the three year period November 1982 to November 1985, 9
snorkellers and 21 Scuba divers. Twenty nine were male,
onefemale. The average agewas 32. Pre-existing medical
conditions which should have precluded diving, either per-
manently or temporarily, were present in 56 per cent of the
snorkellers and 29 per cent of the Scuba divers. Lack of
training and/or inexperience was a significant factor of 33
per cent of snorkellersand 52 per cent of Scubadivers. In-
adequate equipment was also a significant feature, particu-
larly amongst Scuba divers. Failure of the buddy system,
either by separation or diving alone occurred in 78 per cent
of the snorkellersand 95 per cent of the Scubadivers, whilst
identical percentages of diversin the two groups died with
their weightbeltson (78 per cent and 95 per cent). The cause
of death was asfollows:

Snorkel Scuba
Drowning 7 10
Asthma 1 1
Cardiac 1 2
Air embolism 5(78)
Trauma 1
Unknown 2

Further statistics and analysis of these diving deathswill be
presented at the Scientific Meeting of the New Zealand
Chapter of the South Pacific Underwater M edicine Society
on 7th November, 1985.

S| GNI FI CANCE OF HAEMOSTATI C | NVOLVEMENT | N
THE PATHOGENESI S OF DECOVPRESSI ON S| CKNESS

Abstract of a paper given by JF Cleland to a Meeting of the
South Pacific Underwater Medicine Society, 8th November
1985.

Fol l owi ng investigative work in the 1960’ s
and 1970’ s revi ewed extensively by Philip in
1974, it was general ly accepted that the hae-
nostati c mechani smis activated with the for-

mati on of intravascular bubbles in decom
pression sickness (DCS). It was believed
that this might play a significant role in

t he pathogenesis of the protean nmanifesta-

tions of DCS, and might be responsible for
the individual and tenporal variability of
response to a single dive profile that is so
characteristic of the disorder. If therole
of the haenostatic mechanismis significant
it would have three nain inplications:-

1. For drug therapy of clinical DCS.
2. Drug prophylaxis.

3. Recognition of diverswith higher risk for DCS.

Wth a further ten years of diving experience
and rel at ed bi onedi cal research, shadowed by
si gni fi cant advances in the understandi ng of
haenostasis, particularly the role of the
platelet, theseclinical inplications are re-
exam ned.

It is concluded that there has been little
further advance in our understanding of the
rol e of the haenostatic nechanismin DCS and
know edge of this role has not been trans-
lated into practical benefit for divers.
However, in spite of the |lack of adequately
controlled trials of drug therapy, thereis a
significantly broadened theoretical base for

the recognition of divers likely to be at
hi gher ri sk. Reports on the use of newer
drugs, such as Prostacyclin with its potent

inhibitory action on platelet aggregation
coupl ed with vasodil ation, which nay be nore
encour agi ng, are awaited.

RESPI RATORY ASSESSMENT CF | NTENDI NG DI VERS

AG Vedle
SUMMARY
History

To identify those disorders likely tolead to
pul nonary barotrauma, or to limt exercise.

Examination
Chest wall deformties or scars, ausculta-

tion particularly on forced expiration and
foll ow ng hyperventilation.
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I nvestigations

Chest x-ray PA Inspiratory and expira-
tory. ldentifies “silent” areas of
ai rtrappi ng, such as cysts.

Peak expiratory flow meters - useless
unl ess the result is abnormal.

Spironetry FEV, FVC. Cood at assessing
structural disease. Useful in variable
di sease (asthma) only if abnornal.

Pul nonary physi ol ogy work-up. Adds lit-
tle to spironetry in ternms of normals.
I's much better at assessing severity.

Hi st ani ne challenge (cold air and exer-
ci se testing have been abandoned). |den-
tifies those with bronchial responsive-
ness whom | believe should be excl uded.
Should be performed in all intending
divers with history of asthma at an

time, inall those with history of coug

after exercise or at night, or prol onged
cough after respiratory infection. It
is not conplicated and can be an office
procedure (resuscitation facilities
shoul d be present).

THE FUDGE FACTOR TABLES

PERSONAL ACCOUNT OF DI VI NG DOCTORS | N

"NEW ZEALAND VH CH HAS CULM NATED TN

THE FORVATTON OF A SUB- GROOP OF SPUNVS
Allan Sutherland

Li ke many doctors practising nedi-
cine on Auckland’s North Shore, | was
i nfluenced by both the | ocati on and con-
tact with New Zeal and di vi ng el der st at es-
men, Tony Sl ark and Rob Stephens. | did
a dive course at a local Dive School,
and groups of us, Medicos, Dentists and
ot hers, organised our own dive trips
Chronol ogi cally, these were held at the
Poor Knights, Mercury | sl ands, Mokohi nau
I slands, the Bay of Islands, and nore
recently, the Poor Knights again. The
| ast two functions included sonme clini-
cal content relating to Di vinﬁ Medi ci ne.
The 22 doctors who attended the Tut ukaka
(Poor Kni ghts) weekend wer e unani npbus in
asking that a Steering Comm ttee be forned
to unify the standards of diving nmedica
exam nations and co-ordinate the treat-
ment of diving energencies. That Steer-
ing Conmttee was to include

Conti nued on page 24

MORE ON THE BASSET TABLES

John
The Bassett tables set out for repetitive
diving were presented at the Annual Scien-
tific Meeting at Bandos Island. They were

publ i shed i n the SPUMS Jour nal

(1985; 15(2):
8-15). The final

par agr aph nentioned that a
commerci al version woul d soon be on the mar-
ket. This version, reproduced on the page
OpPOSite, was presented, in the interests of
safer diving, at the neeting of the New Zea-
| and Chapter of SPUVS.

Wth three safety factors (a shorter bottom
time, a slower ascent rate, and a safety stop
on all dives below9 nmetres or 30 feet) built
intothe first dive and five (using the total
time underwater to calculate the repetitive
group at the end of the first dive, subtract-
ing the USN residual nitrogen time fromthe
Bassett bottomtine to give the tine avail -
able for the repetitive dive, a shorter bot-
tomtine, a slower ascent rate, and a safet
stop on all dives below 9 netres or 30 feet
into the second dive they can be dived as
they are witten with a very |ow chance of
deconpr essi on si ckness.

To use the table, find the degth of your dive
ineither colum 1 or 2 of Table 1. Col um 3
will give you the no-deconpression time for
that depth. The rest of Table 1 is for
finding the repetitive group at the end of a
dive. After the dive, run your finger across
until you reach your total time underwater
and then run your finger down that colum to

the letters below. Find the same letter on
the right of table 2 and run your finger
horizontally to the left until you come to

Then
columm into table

the tinme interval
run your finger

since your | ast dive.
down t hat

Knight

3, stopping when you get to the chosen depth
of your next dive. Your finger is on the
maxi mum bottom time available for the re-
petitive dive to take you to the Bassett
limt for that depth.

On the back of the card there are the in-
structions for using the tables. There is a
nodi fi ed deconpression table, which adds the
safety stop time of 5 minutes to the USN
deconpression tinmes, for those who acciden-
tally exceed the no-deconmpression limts, and
there are instructions, with an exanple, for
calculating the repetitive group at the end
of arepetitive dive. This allows a diver to
have a third dive if he wants one.

The Australian Underwater Federation wants
safer tables ( page 36 ) but will have to
wait for at least five years and probably
| onger for the RAN to produce new tabl es.

The sports diver needs a safer table than the
USN one now or, at the | atest, before his or
her next dive. Safer tables, the Bassett
tabl es, are now commercial ly avail abl e.

The tables are printed in waterproof ink on
flexible plastic, that will foldto gointo a
buoyancy conpensator pocket, and varni shed
for greater protection. The tables sell for
$2.00 (Australian) in diveshops. The dis-
tributors in Australia are GCceanic Diving
Products Pty Ltd, of Box 228, Cheltenham VIC
3192 and Cceans Enterprises, 40-42 Tayl or
Street, Ashburton VIC 3147. Overseas en-
quiries should be directed to RJ Knight Pty
Ltd, 80 Wellington Parade, East Ml bourne
VI C 3002.



DR BRUCE BASSETT'S REVISED BOTTOM TIMES
“NO DECOMPRESSION” DIVE TABLE
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READ THIS BEFORE USING THE TABLES

1. Bottom time starts on leaving the surface and stops on starting
the ascent.

2. Use the deepest depth of the dive as the depth of the dive for
calcuiation.

3. If the deepest depth of the dive is between two depthsin the table
use the greater depth for calculations.

4. If the time is between two times in the table use the longer time
for calculations.

5. After a dive calculate the repetitive group.

6. After the surface interval caicula‘e the new repetitive group.

7. Using the planned depth of the next dive enter the repetitive dive
table to find the no-decompression bottom time available for that
repetitive group and depth.

ASCENT RATE 10m A MINUTE.

ONALL DIVES DEEPERTHAN 9m (30ft) DO A 3-5 MINUTE SAFETY
STOP AT 3-5 M.

USE THE TOTAL TIME UNDERWATER (BOTTOM TIME + ASCENT
TIME + SAFETY STOP TIME) TO FIND THE REPETITIVE GROUP AT
THE END OF THE DIVE.

TABLE 4
MODIFIED AIR DECOMPRESSION TABLE*

Depth Depth Bottom Time Decompression Stops Repetitive

m feet minutes minutes at 10 feet group
i8 60 70 7 K
80 12 L
21 70 60 13 K
70 19 L
24 80 50 15 K
60 22 L
27 80 40 12 J
50 23 L
30 100 30 8 |
40 20 K
33 110 25 8 H
30 12 J
36 120 20 7 H
25 AR |
39 130 15 6 F
20 10 H
42 140 15 7 G
20 11 |
45 150 5 5 Cc
10 6 E

* FOR THOSE WHO ACCIDENTALLY EXCEED THE
NO-DECOMPRESSION LIMITS

the REPETITIVE DIVE TABLE

the appropriate interval is found then move

Enter the table from the top using the appropriate
repetitive group. Move across to the left until

ABBREVIATED U.S.N. SURFACE INTERVAL TABLE

C

:49 2:39 1:10 010 D down the column and out of the table into

:49 1:39
12:00 5:48 2:38 1:09
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12:00 8:58 5:48 4:19 3:21 2:38 2:03 1:35 1:11 049 0:28

L

3 4:36 3:37 2:54 2:20 1:50 1:26 1:05 0:46 0:27 0:10
112 6:02 4:35 3:36 2:53 2:19 1:49 1:25 1:04 0:45 0:26

6:0.
9:1

113
:00

9
12

|l J KL
171 159 147 133 119 104 82
83 71 59 47 33 19 4

183

CDEFGH

MAXIMUM BOTTOM TIME AVAILABLE FOR A REPETITIVE DIVE

213 203 195
103

A

foet

Depth Depth

<o JWw

4

49 41 32
a3 28

57
39
31
22

30
40 113

M

9
12
15
18

Each of these times
takes the diver to the

equivalent of the Bassett Bottom
Time limits for that depth. If these

times are accidentally exceeded, add the excess

14
6
3

23
14
9
2
1

64

45

36 25 20

26 17 12

22 18 14 ]
13

50
60
70
80
90

21
24
27

20

14

7

5

6 2
2

10

17

N
w

time to the Botiom Time Limit for that depth
in Table 1, then use Table 4 to decompress.

5
3
2

9
L]
4

12
9
7
3

© Copyright 1985. Published by R.J. KNIGHT Pty. Ltd. 80 Wellington Parade, East Melbourne,

Victoria 3002, Australia.
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TO CALCULATE THE REPETITIVE GROUP AFTER
A REPETITIVE DIVE.

3rd DIVES BELOW 9m(30 feet) ARE NOT RECOMMENDED.
A REPETITIVE DIVE IS ANY DIVE WITHIN 12 HOURS
OF THE LAST DIVE.

1. Subtract the actuai baiiom time of the repetitive dive from the
bottom time available in table 3 to get an answer in minutes.

2. Subtract this time difference from the Bassett Bottom Time limits
in table 1. The answer is the equivalent bottom time of the
repetitive dive.

3. Add the ascent time and the safety stop time to the answer in 2.
This is the equivalent total time underwater of the repetitive dive.

4. Use this time to enter table 1 to find the repetitive group at the
end of the dive.

A 2B PENCIL WRITES WELL ON THIS PLASTIC AND iS EASILY

RUBBED OUT.
EXAMPLE| 2nd dive | 3rd dive*

Repetitive Group 8
before the dive.
Proposed depth of dive 24 m
Bottom time available 22 min min min
- Actual bottom time 20 min min min
= Difference 2 min min min
Bassett Bottom Time limit 30 min min min
- Difference 2 min min min
= Equivalent Bottom Time 28 min min min
+ Ascent time 3 min min min
+ Safety stop time S5min | + 5min | + 5min
= Equivalent total time ; i ;
underwater 36 min min min
Repetitive group 1
at the end of the dive

The RESIDUAL NITROGEN TIME can be found by subtracting the MAXIMUM
TIME AVAILABLE FOR A REPETITIVE DIVE (Table 3) from the BASSETT
BOTTOM TIME LIMITS (column 3 of table 1). )
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Dr Peter Robinson (doctor in charge of Navy
reconpr essi on chanber}, A an Adair (NZUA Medi -
cal Advisor) Mke Davis (Medical Oficer in

charge of reconpression chanber, Canterbury
Hospital Board}, Peter Chapman-Smith
(Whangarei sub group}, and Allan Sutherland

and Warren Paykel, for administration and
co-ordination.
The Steering Committee nmet and formul ated

the proposed actions as listed bel ow

1. To redesign the SPUMS poster flag for
New Zeal and condi ti ons.
2. To Unify diving nedical standards.
~To provide an advi sory service for dif-
ficult medicals and energency treatnent.
4. To conpile a list of doctors interested

in divi n?.

The poster flag is the only itemwhich has as
yet been conpleted, and the first batch has
been printed with the assistance of ClBA-
GEIGY funding. It is a SPUMS flag which has
been reduced in size and made into a | asting
decal, with information pertaining specifi-
cally to diving acci dents after the usual CPR
has been admi ni stered.

At the same Novenber neeting in 1984, it was
recommended that noves be nade to affiliate
t he Auckl and and North Auckl and group of div-
ing doctors with SPUMS as many doctors were
al ready nmenbers of both. In April 1985, at
the SPUMS AGM in the Maldives, | was offi-
cially appointed as Liaison Oficer to the
New Zeal and Chapter of SPUMS. Arrangenents
wer e t hat nenbership be collected in New Zea-
| and dollars by the Liaison Oficer and that
Journal s woul d be distributed by sane Liai-
son Oficer, the subscription to be $42 Nz
for a Full Menbership and $28 NZ f or an Asso-
ci ate Menbershi p.

e hope to publish full reports of
all papers in a later issue.

M NUTES OF THE | NAUGURAL MEETI NG OF THE
DI VI NG MEDI CAL ADVI SORY COWM TTEE ( SPUMS
NZ) HELD AT 7.30 pm 11 DECEMBER 1984, AT

‘ QUTSPAN , BUSH ROAD, ALBANY
As a result of a recomendation of SPUVS
(North Shore) Diving Medical Meeting at
Ngunguru, 3rd and 4t h Novenber 1984, the fol -
| owi ng comittee was forned, consisting of:
Peter Robinson )
Alan Adair ) - Steering Committee
Allan Sutherland
Mike Davis - Christchurch Representa-
tive
Peter Chapman Smith )
David Clinton Baker ) - Northern Representatives
Al M5

1. To Co-ordinatetreatment of Diving Emergenciesin New
Zedland by Medical personnel and other interested
groups.

2. Tolnform and Unify the Medical Professions’ approach
to Diving Medica examinationsin New Zeaand.

PROPOSED ACTI ONS

1. Immediate. With the permission of SPUMSMelbourne
to redesign a poster flag in durable materials and circu-
lateto Dive Shops, Clubs, Charter boatsand other inter-
ested groups. On the poster:

(&) Emergency Regiona Contact phone numbers.
(b) Emergency Treatments.
(c) Diving Standards expected.

This flag to be designed by Peter Robinson. Funding
reguested from the Water Safety Council by Alan Adair
and permission to useidearequested from SPUMS (Mel-
bourne) by Allan Sutherland.

2. A durable plastic coated reminder card for Family Doc-
tors' roomsto assist with Diving Medicals.

(a) History

* Absolute contra-indications

* Relative contra-indications

(Peter Robinson to compile)

Special attention given to Asthmawith explanations
of dangers of Airway Trapping in Free ascent and
recent chest infections.

(b) Investigations eg.

* Mobile eardrums.

* Chest X-ray on full expiration (1/2000).

* Pulmonary Function Tests with Peak Flow the
minimum investigation.

* Cardiac Function with ECG. if over 40 Years.
(To be compiled by Alan Adair)

(c) Advice for Medicals or Emergencies is available
through the Duty Naval Officer in the Auckland
Area.

(d) Emergency Treatment
* on site
* during transport to Recompression facility
(To be prepared by Peter Robinson)

3. A Medica Advisory Panel to be available to adjudicate
on difficult problems as to fitness to dive and Dive
Course Education.

4. A Ligt of Doctors interested in diving, to be compiled
from:

Certified Divers
SPUMS Members
Labour Department List Health Department Circular

5. Funding
Enquiry - Water Safety Council (Alan Adair)

Health Department (Peter Robinson)

ACC (Peter Robinson)

Ciba-Geigy (Allan Sutherland)

A further nmeeting to be arranged.
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M NUTES OF THE BUSI NESS MEETI NG OF THE NEW NOM NATI ONS FOR THE COW TTEE OF THE NEW

ZEALAND CHAPTER OF SPUMS

Held on Saturday 9 November 1985 at L ost Resort,
Kaikouralsland, Great Barrier Island.

Pr esent
Dr Allan Sutherland, in the Chair with the
Organising Conmittee, Drs Peter Robinson,

Warren Paykel and 41 ot her nmenbers.

Dr Sutherland reported on the formation of
the NZ Chapter of SPUMS by the coal escing of
the Austral asian SPUMS Group and the Auck-
| and Group of Diving Doctors, which had | ast
met at Ngunguru, 3-4 Novenber 1984. Fol | ow
ing this Meeting a Steering Committee of Pe-
ter Robinson, Al an Adair, Allan Sutherl and,
M ke Davi s and Pet er Chapnan-Smth was for ned
for the purposes of co-ordinating and in-
form ng the Medi cal Profession and the Pub-
lic about the Diving Accidents and Diving
Medi ci ne in New Zeal and.

Dr Tony Sl arkdpr oposed and Dr Peter Chapman-
Smith seconded the follow ng notion, *“That
the Steering Committee be congratul ated for
its efforts on behalf of New Zeal and Di vi ng
Medi cal Practitioners and its work in form
ing a New Zeal and Chapter of SPUMS be en-
dorsed. The Steering Committee is asked to
oversee the el ection of officers, for the New
Zeal and Chapter, and to conti nue arrange-
ments for its First Annual General Meeti ng.”
This remt was passed unaninmously. It was
agreed to advertise in the next SPUMS Jour nal
for nominations for the positions of Chair-
man and Secretary for the NZ Chapter of SPUVS.

A second renit moved by M Fraundorfer and
seconded by B Baber. Concern was expressed
that the relatively |arge nunber of diving

accidents reported in New Zeal and and it was
resol ved to support the concept of a list of
Medi cal Practitioners with a know edge of
Di vi ng Medi ci ne to be mai ntai ned by the Heal th
Departnent, for the purposes of education
and Sport bi vi ng Medi cal examinations. This
remt was passed 20 for, 11 against.

A third remit was noved by Peter Robinson,
seconded by Peter Jansen, that the NZUA be
asked to reconsider, in the interests of un-
derwater diving safety, its plan to sink the
Rai nbow Warrior at a keel depth exceeding 70
feet. This remt was passed 20 to 9.

At the concl usi on of the Meeting, John Kni ght
was thanked for his valued contribution to
the Conference. He was presented a wetsuit
as a menento of his visit by Bruce Savage
from Cl BA- GEI GY who was al so thanked for the
generous financial support given to the Con-

ference.

Dr Knight described this first Meeting of
SPUMS (Nz) as, “a highly informative, suc-
cessful Meeting at a lovely venue”.

SPUMSANNUAL SCIENTIFIC MEETING 1986

CALL FOR PAPERS

Closing date 28 February 1986.
Contact:  Dr ChrisAcott
President SPUMS
Rockhampton Base Hospital

ROCKHAMPTON QLD 4700

ZEALAND CHAPTER OF SPUNMS

Nomi nations are required for
of Chairman and Secretary.

the positions

Nomi nations must be in witing, bearing the
si gnat ures of the proposer, seconder and noni -
nee. They shoul d be sent by 31 March 1986 to

Dr Warren Paykel,

Acting Returning Officer,

New Zealand Chapter of SPUMS,
120 Vauxhall Road,

MILFORD, AUCKLAND 9

DEBUT OF A NEW JOURNAL
THE JOURNAL OF HYPERBARI C MEDI Cl NE
Published by the Undersea Medicine Society

The raFi dly energing nedical/scientific sub-
speci ality, hyperbaric oxygen therapy, clains
its owmn with the debut of the JOURNAL OF
HYPERBARI C MEDI CI NE, schedul ed for distribu-
tion in January, 1986. Fornerly known as the
HYPERBARI C OXYGEN REVI EW t he JOURNAL OF HY-
PERBARIC MEDICINE Wi | | feature original clini-
cal articles, scientific communi cations, book
revi ews, neet i ng announcenents, case hi st o-
ries, and rel evant abstracts as wel| as re-
view naterial.

Once used only to treat cases of deconpres-
sion sickness, the adm nistration of oxygen
under condi tions of pressure is an accepted
treatment for a variety of clinical indica-
tions. Hi ghly successful results are ob-
tained in the treatnment of soft tissue infec-
tion, osteoradionecrosis, carbon nonoxide
EOi soni ng, gas enbolism gas gangrene, wound
ealing, conprom sed skin grafts or flaps,
crush injury, cyanide poisoning, burn treat-
ment and blood |oss anaemia as well as a
nunber of other clinical conditions.

the JOURNAL OF HYPER-
BARIC MEDICINE will enable nedical practi-
tioners, researchers, and other profession-
als in the field of hyperbaric nedicine to
keep abreast of current scientific research
inthis specific area and to revi ewtopics of
i nterest.

Timely and requisite,

Papers are bei ng accepted for review and can
be sent directly to the Managi ng Editor, Jour-
nal of Hyperbaric Medici ne, Undersea Medi cal
Soci ety, 9650 Rockville Pi ke, Bethesda, Mary-
| and 20814, USA.

Subscriptions are offered to menbers of the
Under sea Medi cal Society as a benefit of their
participation. As nenbers, the choice of the
JOURNAL OF HYPERBARI C MEDI CI NE or UNDERSEA
Bl OVEDI CAL RESEARCH i s of fered. The ot her
publication can be obtained for $25 per year.
Non- nembers of the Society are invited to
subscribe to either quarterly publication at
the rate of $50 per year. I inquiries can
be directed to the Undersea Medi cal Society,
9650 Rockvil | e Pi ke, Bethesda, Maryl and 20814,
USA. Tel ephone contact - Leah Bl ackburn (031)
539 9226.
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LETTERS TO THE EDI TOR
15th November 1985

Dear Sir

As retiring President of your society | wish
to convey ny sincere thanks to the outgoing
Executive Conmittee of the South Pacific Un-
derwat er Medi ci ne Soci ety. They made ny years
as President a both fulfilling and enjoyabl e
peri od.

During the previous years they have worked
tirelessly, often thanklessly, on the neces-
sary tasks of ensuring the society’s growth
and wel |l being. The society has been re-
war ded by these efforts and | am sure will
nove successfully into the nineties.

_ Yours sincerely
Christopher J Lourey.

15 November 1985.
Dear Sir

I would l'i ke to request of the SPUMS nenber -
ship to consider assisting in the provision
of surgical supplies to the Ml divian Hospi -
tals, particularly that at Mle.

Those nmenbers who attended the 1985 Scien-
tific Meeting have appreciated the unique
nature of the Mal di vian sub-aquatic environ-

ment and the need of their Hospital services
for equipment. In this regard, those of us
who are fortunate enough to live in nore

af fluent countries can assist them

As the Mal di ves are bei ng heavily pronoted by
the Tourist Industry as the “ldeal Diving
Hol i day” by assisting them you nmay be even
hel ping yourself, should you need nedical
assl stance when there!

I am not requesting nonies, but
such as sutures, instruments etc,
not being used by you or the Hospital
you practi ce.

resour ces
that are
wher e

If you are able to assist, could you contact

ny office, 25 Hastings Road, Frankston VIC
3199, Phone: 03 783 8140.
_ Yours sincerely
Christopher J Lourey.
Rockhampton Base Hospital
ROCKHAMPTON QLD 4700
14 October 1985
Dear Sir

The question of Pregnancy and Scuba Diving is
interesting. Not nuch work has been done on
it. | would like to begin a survey on the
effects on the foetus by scuba diving. |If
any person has scuba di ved during a pregnancy
and woul d be interested in participating in
such a survey, could they please contact ne.
Al replies will be treated confidentially.
Dr Chris Acott

. ~ President
South Pacific Underwater Medicine Society

CONFERENCES

SPUMS ANNUAL GENERAL MEETI NG 1986

The guest speakers at the 1986 Annual Sci en-
tific Meeting will be Dr Andy Pil mani s, Asso-
ciate Director of the Institute for Marine
and Coastal Studies at the University of South-
ern California, and Dr Des Gorman, who i s on
the staff of the Royal Australian Navy School
of Underwater Medicine at HVAS PENGUI N in
Sydney.

The venue for the 1986 AGM and Annual
tific neeting will be the Hotel
Village, Mrea, French Pol ynesia.

Sci en-
| bi s Kavi ka

Departure date fromAustraliais 4 June 1986,
and owing to the International Date Line ar-
rival in Tahiti is on June 3. Departure date
fromTahiti is 12 June arriving in Australia
on 13 June.

Travel arrangements are in the hands of A lways
Travel of 168 High Street, Ashburton, Victo-
ria 3147 (tel ephone (03) 25 8818), who will
be nmailing a brochure giving further details
to all menbers in the near future.

We have received the following from Dr Chris Lourey, Past
President of SPUMS, for publication.

NI NTH | NTERNATI ONAL SYMPOSI UM

ON UNDERWATER AND HYPERBARI C PHYSI OLOGY 16-
20 SEPTEMBER 1986, KOBE, JAPAN

Secretariat and Meeting Management
Undersea Medical Society Inc

9650 Rockville Pike

Bethesda, Maryland, 20814, USA
Telephone: 301-530-9225.

4 November 1985
Dear Chris
As you are aware, we are holding the 9th
Synmposi umon Underwat er and Hyper bari c Physi -
ol ogy i n Kobe, Japan, on 16-20 Sept enber 1986.

Qur programwill contain both Diving Physi-
ol ogy and Medi ci ne and Hyperbari ¢ Oxygen Physi -
ol ogy and Medicine thenes. It will be of
interest to diving and clinical hyperbaric
medi ci ne physicians and basic scientists.

I would like to encourage the menbers of
SPUMS to attend this neeting and subnmit pa-
pers for presentation. Dr Carl Ednonds is a
menber of the 9th Synposi umboard, and can be
addressed directly for further information.

I look forward to neeting with ny many col -
| eagues from Australia in 1986.

Sincerely yours
Alfred A Bove, MD PhD
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SPUMS NOTICES

OBJECTS OF THE SOCI ETY

To promote and facilitate the study of all aspects of
underwater and hyperbaric medicine.

To provide information on underwater and hyper-
baric medicine.

To publish ajournal.

To convene members of the Society annually at a
scientific conference.

VEMBERSHI P OF SPUMS

Membership is open to medical practitioners
and those engaged in research in underwater
nmedi cine and related subjects. Associ ate
nmenbership is open to all those, who are not
nmedi cal practitioners, who are interested in
the ainms of the society.

The subscription for Full Menbers is $30.00
and for Associate Menbers is $20. 00.

Menmber ship entitles attendance at the Annual
Scientific Conferences and receipt of the
Jour nal .
Anyone interested in
wite

to:

joining SPUMS should

Dr David Davies
Secretary of SPUMS
Suite 6, Killowen House
StANNe's Hospital
Ellesmere Road

Mount Lawley WA 6050
Tel (09) 3701711

CONSTI TUTI ONAL AMENDMENT

No obj ections have been received by the Sec-
retary of SPUMS to the proposal that the
out goi ng presi dent (Past President) be a nenber
of the Executive Committee in the future.
This was proposed on page 3 of the SPUMS
Journal, April to June 1985, Vol 15, No 2.

In view of the lack of objections this con-
stitutional amendnent is deened to have been

successful in a ballot of the nenbers of
SPUMS and wi | | be i ncorporated in the consti-
tution.

ELECTI ON OF COW TTEE MEMBERS

On the norning of 2 Decenber 1985, the 115
votes received by the Secretary were col-
| ated and counted. Six were informal. The

result of the formal votes was:
Knlg 87
artney 55
Millar 59
Sutherland 63
Williamson 63

| decl are that Drs John Kni ght, Allan Suther-
| and and John WIlianson elected as Commt-
tee Menbers of SPUMS for 1985-6.

David Davies
Secretary, SPUM S

| NSTRUCTI ONS TO AUTHORS

Contributions shoul d be typed i n doubl e spac-
ing, with wide margins, on one side of the
Baper. Fi gures, graphs and phot ographs shoul d
e on separ at e sheets of paper, clearly narked
with the appropriate figure nunbers and cap-
tions. Fi gures and graphs should be in a
formsuitable for direct photographic repro-
duction. Photographs should be glossy b ack
and white prints at [east 150 mm by 200
The author’s name and address shoul d accom
pany any contribution even if it is not for
publi cati on.

The preferred format for contributions is
t he Vancouver style (Br Med J 1982; 284: 1766-
70 ]112th June]). In this Uniform Require-
ments for Manuscripts Submitted to Bionedi-
cal Journal s references appear in the text as
superscript nunbers. +° The references are
nunbered I n order of ccj1uoti n%. The format of
references at the end of the paper is that
used by The Lancet, The British Medical Jour-
nal and The Medical Journal of Australia.
Page numbers shoul d be inclusive. Exanples
of the format for journals and books are
gi ven bel ow.

1. Anderson T, RAN medical officers' training SPUMSJ
1985; 15:(2)19-22.

2. L|p mann J, Bu

S. Thediving emergency handbook.
bourne: JL

blications, 1985.

Abbreviations do not nean the sane to all
readers. To avoid confusion they should only
be used after they have appeared in brackets
after the conplete expression, eg. decom
pression sickness (DCS) can thereafter be
referred to as DCS.

Non- SI
if de-

Measurenments should be in SI units.
nmeasurenents can follow in brackets
sired.

REPRI NTI NG OF ARTI CLES

Perm ssion to reprint original articles will
be granted by the Editor, whose address ap-
pears on page 2, provided ‘that an acknow edg-
ment gi vi ng the ori gi nal date of publication
in _thle SPUMS Journal is printed with the
article.

Papers that have been reprinted from anot her
ournal , which have been printed with an ac-
nowl edgment require permssion from the
Editor of the ori ginal publication before

they can be reprinted. This being the condi-

tion for publication in the SPUMS Journal .

PRQJECT STI CKYBEAK

Thi s project i s an ongoi ng i nvesti gati on seek-
ing to docunent all types and severities of
diving related incidents. [Information, all
of which is treated as bei ng CONFI DENTI AL in
regards to identifying details, is utilised
inreports and case reports on non-fatal cases.
Such reports can be freely used by any inter-
est ed person or organi zation to increase diving
safety through better awareness of critical
factors. Information may be sent (in confi-
dence) to:

Dr D Waker
PO Box 120
Narrabeen NSW 2101



28

SELECTED ABSTRACTS FROM THE UNDERSEA
MEDICAL SOCIETY MEETING 1985

DECOMPRESSION SICKNESS

Air Decompression Schedule Safety From Statistical
Models

PK Weathersby, SS Survanshi, LD Homer, JR Hays, BL
Hart, ET Flynn and ME Bradley

Hyperbaric Medicine Programme Center, Naval Medical Re-
search Institute, Naval Medical Command National Capital
Region, Bethesda, Maryland 20814-5055

All currently used decompression schedules were prepared
using deterministic model sthat predi ct decompression sick-
ness (DCS) iseither certain to occur or certain not to occur.
Real data, on the other hand, demonstrate that not every
diver will respond in the same way to a given schedule.
Onemeansto bridgethat gap isthe use of statistical models
that predict the probability of DCS for a given dive. The
models can then be compared (fitted) to actual databy maxi-
mum likelihood estimation. Several simple and essentially
empirical models of decompression risk were constructed.
These contain two to five adjustable parameters, including
treatments of gas uptake and elimination and proportional-
ity constantsto calculate a“dose” of DCSrisk. They were
fitted to data from several thousand American, British and
Canadian experimental dives. The dives ranged from < 1
min at 600 fsw to 6 hours at 140 fsw. The modelsachieved
a reasonable degree of predictive ability regarding these
documented dives, both within each reported study and for
the combined set of all dives. A surprisingly large number
of dives could be described well by two parameters, includ-
ing a tissue time constant of about 350 min. When these
models were then used to examine the present USN Stand-
ard Air Table, great differencesin estimated risk were seen.
They ranged from less than a 1 per cent chance of DCSin
short divesto over a 30 per cent chance in long and moder-
ately deep dives.

DCSRisk And No-Stop Air Diving
RD Vann

FG Hall Laboratory and Anaesthesia Department, Duke
Medical Center, Durham, NC 27710

Theresults of 2,020 air and N2-02 no-stop dives (158 DCS
cases) were found in the literature. An empirical decom-
pression “dose” and a DCS risk were calculated for each
dive with Hempleman’s “root-t” rule (Spencer, J App
Physiol 40(2): 229, 1976) and adose-response curve. The
best agreement between predicted and observed DCS risk
was determined by the maximum likelihood method
(Weathersby et al, JApp Physiol 57(3): 815, 1984).

DCSriskswere estimated for USN no-stop dive limits and
for Huggins' shorter limits. For any depth (see Table), DCS
risk decreased slowly as bottom time was reduced. For al
per cent risk, bottom timeswere about half Huggins' limits.
The appropriate question is not “What are the safe no-stop
limits?" but “What DCSrisk isacceptable?” A small DCS
incidence appears unavoidable. For example, in 4 years of
Navy diving (22 DCS cases in 242,778 no-stop dives), 17
DCS cases occurred well within the USN limits. An or-
ganization such as the Divers Alert Network can play an
important role in handling these unexpected events.

Navy Huggins
Depth Time Risk Time Risk
35 310 11.9% 165 4.0%
40 200 8.8 135 4.4
50 100 5.6 75 34
60 60 4.3 50 31
70 50 5.3 40 35
80 40 5.7 30 34
90 30 5.1 25 3.7
100 25 5.3 20 3.6
110 20 5.0 15 3.0
120 15 41 10 1.9
130 10 2.6 5 0.7
140 10 34
150 5 1.2
160 5 15
170 5 1.9
180 5 2.3 -
190 5 2.8 - -

Prediction Of DCSIncidence From No-Stop Decompres-
sion Air Dives.

CE Lehner, M Palta, GG Adler, EN Lightfoot and EH
Lanphier

Department of Preventative Medicine and Chemical Engi-
neering, and The Biotron, University of Wisconsin, Madi-
son, Wisconsin 53706

Suitability of a decompression schedul e depends on the in-
cidence of decompression sickness (DCS) associated with
its use, but a satisfactory method for predicting DCS inci-
dence from practical numbers of test dives has not been
available. Exposure of sheep and pygmy goats to com-
pressed air for 1/4, 4 and 24 hours with no-stop profiles to
surface followed by “ascent” to 570 torr (ca 8000 ft) pro-
voked DCS. These DCS responses formed the basis for
predicting surface and atitude DCS incidence in animals.
Datareported by Behnke and by Van der Aue were used to
predict human DCSincidence at surface after compressed-
air exposures lasting from 5 min to saturation. Regression
of the logistic transform of DCS occurrence with log pres-
sure and log duration, solved by maximum likelihood, gen-
erated DCS prediction functions for both animals and hu-
mans. Animal and human 1 per cent and 4 per cent DCS
isopleths of surface dives closely match the no-stop decom-
pression limits of the US and Royal Navy air tables. The
similarity of these predictions to accepted tables supports
the method and the agreement between human and animal
predictions indicates that sheep and pygmy goats offer ap-
propriate animal models of human DCS.

Air TablesRevisited: Development of a Decompression
Computer Algorithm

ED Thaimann.
Navy Experimental Diving Unit, Panama City, FL 32407

In 1984 835 man-dives were done to test areal time com-
puter algorithm for computing air and nitrogen-oxygen de-
compression profiles. Diveswerewet with diversworking
(VO2: 1.4 1b/min) for half the bottom time and resting dur-
ing decompression. Water temperature (55°-65°F) was set
to thoroughly chill divers who wore full wet suits. Divers
had a minimum of 36 hours off between dives. Open cir-
cuit SCUBA was used for air breathing, a MK-15 closed
circuit UBA for breathing 0.7 ATA constant PO2 in N2. A
total of 81 man dives were done breathing the MK-15



throughout, 95 were done breathing air at depth and the MK -
15 during decompression. Of the 659 schedulesdone bregth-
ing only air, 474 were single dives and 185 were repetitive
dives. No decompression sickness (DCS) resulted from any
of the 107 no-decompression (No-D) single air dives for
the following depth (FSW)/time (min) combinations (60/
66; 100/30; 120/ 24; 150/15; 190/10). A total of 153 No-D
repetitive dives were done at 80, 100, 120 and 150 FSW
with 60 to 95 min surface intervals. Results indicate that
doubling of No-D times on some repetitive dives, and
thereby elimination of up to 35 min of decompression, is
possible compared to current US Navy Standard Air proce-
dures. Air decompression divesdone over the 50-190 FSW
range showed that tripling a total decompression time for
long, shallow dives (eg. 60/180; 80/120) and near doubling
for medium deep dives (eg. 150/40; 190/30) is necessary
for safe decompression. Some air schedules could not be
safely dove even when total decompression time was more
than tripled (eg. 150/60; 190/40). Doing repetitive 100/60
and 150/40 air decompression dives (60 min surface inter-
vals) showed that DCS-free dives could not be obtained even
when decompression time is doubled. When the MK-15
was breathed during decompression stops from air dives,
DCS-free dives were obtained with total decompression
times closeto those found in the current US Navy Standard
Air Tables.

Dysbaric GasBubble Disease In Dogs. I11. A Study Of
Hawaiian Diving Practices

Edward L Beckman, Akinori Morita, Birch A Porter and
Thomas D Kunkle

University of Hawaii Hyperbaric Treatment Center, 42 Ahui
Street, Honolulu, Hawaii 96813

In the years since the introduction of scuba, Hawaii's div-
ing fishermen have empirically developed diving practices
remarkably different from those promulgated by the US
Navy. A typical daily dive series begins with one or more
deep “crushing” dives, followed by several “working”
dives, and finishes with one or two “ decompressing” dives
to adepth of 60 fsw or less. Although thefishermen end the
day with many hours of “omitted” decompression, the ob-
served incidence of decompression sickness (DCS) isaround
0.3 per cent, much less than that resulting from use of the
US Navy Standard Air Decompression Tables. In Paper Il
in this seriesit was argued that the success of the Hawaiian
diving practices (HDP) isduein part to the protection against
bubble formation afforded by the initial crushing dives.
Further consideration has led us to believe that the fina
decompressing divesaid the procedure by effecting therapid
dissolution of any bubble resulting from the working dives.
The efficacy of the three-part HDP should, then, depend on
completing thefull seriesof crushing, working, and decom-
pressing divesin the proper sequence. In order to test this
hypothesisand to investigate further the efficacy of theHDP
in preventing DCS, experiments were done with subjects
from our dog colony. The dogs were first subjected to the
entire three-part series, and their response determined by
clinical observation and ultrasonic doppler monitoring. The
animalswere subsequently exposed to modified dive series
inwhich the crushing or decompressing diveswere omitted
or in which the sequence of dives was reversed. Compari-
son of these results with the control outcomes has estab-
lished theimportance of the dive sequencing and the rol e of
the crushing and decompressing dives.

Tiny Bubble Helium Decompression Tables
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DC Hoffman and DE Yount

Department of Physics and Astronomy and Department of
Physiology, University of Hawaii, Honolulu, Hawaii 96822

In the past, decompression tables for humans have been
based upon unsupported assumptions because the underly-
ing processes by which dissolved gasisliberated from blood
and tissue were poorly understood. Some of those assump-
tions are now known to be wrong, and the recent formula-
tion of a detailed mathematical model describing bubble
nucleation has made it possible to calculate diving tables
from established physical principles. To evauate this ap-
proach, acomprehensive set of air diving tableswas devel -
oped and compared with those of the US and British Na-
vies. Conventiona decompressions, altitude bends, no-stop
thresholds, and saturation dives were all successfully de-
scribed by one setting of four global nucleation parameters,
which replaced the US Navy’s matrices of M-values. The
latest application of the nucleation model extends these ta-
bles to include simple helium dives. Comparing the total
decompression times required for various bottom timesin
conventional air and helium tables shows great irregularity,
not only from one set to another, but even within sets pro-
duced by the same authors. In contrast, this new approach
is remarkably self-consistent, permitting accurate interpo-
lation and extrapolation, and it has awide range of applica-
bility, extending from no-decompression to saturation dives.

Spinal Cord Bends, Scuba Diving And Basic I ssues
EH Lanphier and CE Lehner

Department of Preventive Medicine and The Biotron, Uni-
versity of Wisconsin, Madison, Wisconsin 53706

Brian Hill’s expression, “relevant tissue,” has gained spe-
cial meaning in air-decompression studies in sheep and
pygmy goats. The type of exposure greatly influences the
incidence of specifictypesof decompression sickness(DCYS)
when the decompression is not greatly beyond safe limits.
The most urgent implication of this finding concerns the
risk of spinal cord DCSin short, relatively deep diveslikely
to be common with compressed air scuba. Therisk to scuba
diversisconfirmed by the current proportion of “cord bends’
among DCS incidents. The cord itself appears to become
the dominant (most relevant) tissue under these circum-
stances. Our findings indicate that other tissues become
relevant in other dive profiles. For example, “the chokes”
isassociated with extraordinary numbers of venous gas bub-
bles and is rare except following long exposure to com-
pressed air or when shorter exposuresinvolve unusual pres-
sure. Therelevant tissuesin chokes appear to saturate slowly
with nitrogen under ordinary conditions and must have an
unusual capacity for that gas. Adipose tissue meets these
qualifications. Other relevant tissues can probably be char-
acterized for limb bends (with or without increased intramed-
ullary bone pressure) and dysbaric osteonecrosis. Such
analysis should lead to increased understanding of the
mechanisms of DCS, better methods of evaluating risks,
and improved decompression tables. The significance of
gas-elimination studies must depend upon the type of expo-
sure and symptomatology at issue as well as upon the site
of measurement.

Treatment Of Severe CNS Decompression Sickness By
Deep Excursion From Shallow Satur ation

Dale Adams and Edward L Beckman

University of Hawaii Hyperbaric Treatment Center, 42 Ahui
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Street, Honolulu, Hawaii 96813

A 33 year old white female experienced scuba diver pre-
sented to the HTC 42 hours after making three uneventful
dives. Her decompression sickness had an abrupt onset
approximately one-half hour after surfacing, and while still
on Maui sheinitially underwent monoplace treatmentsthree
times to 60 feet as emergency treatment of unconscious-
ness and quadriplegia. This treatment was helpful but not
totally adequate and when she arrived at HTC she was con-
scious but still had almost total lack of nervous function
below TIO - both sensory and motor. She also had vestibu-
lar, cerebellar and auditory symptoms. Our treatments - to
280 feet - were beneficial but not curative and thisled usto
attempt amuch moreintensive/innovative regimen, ie. satu-
ration at 50 feet with deep excursions using air to 210 feet
twice aday. In this manner we could utilise our existing
equipment, which was not configured for saturation diving.
Our results after eight daysin the chamber were essentially
acomplete cure.

Treatment Of DCSIn A Monoplace System
George B Hart and Michael B Strauss

Baromedical Department, Memorial Medical Center, PO
Box 1428, Long Beach, California 90801-1428

Seventy-four patients, 6 females, 68 males, were received
with a diagnosis of decompression illness from 1971 to 1
January 1985 at the Naval Regiona Medical Center, Long
Beach, California, and Memorial Medical Center, Long
Beach, California. The patients arose from diving utilizing
open circuit air breathing equipment. Maximum depth of
dive 250 feet of sea water (FSW) while minimum depth
was 20 FSW. Six patients had improvement during trans-
port to treatment facility. Ten patients had deterioration of
symptoms during transport. Three patients were found to
be suffering from Munchausen’s Syndrome, one patient had
aherniated disc and one patient had bilateral perforated tym-
panic membranes. Twenty-eight patients had DCS | (pain
only) - 25 (89 per cent) were asymptomatic with a single
treatment of HBO 3 ATA 30 minutes and 2.5 ATA for one
hour. Three were asymptomatic with extended treatments.
Thirty patientswith DCSII (neurological environment) were
treated at 3ATA 30 minutesand 2.5 ATA 60 minutesfor the
first treatment, then 2.5 ATA 90 minutes Q8H x 24H, then 2
ATA 90 minutesb.i.d. until neurologically stable. Twenty-
seven patientswere asymptomatic following treatment. One
patient’s symptoms (paraesthesias) resolved six weeks af -
ter cessation of treatment, while two patients had residual.
Eleven patientswith DCS 11 received Navy Tables4, 5A, 6
or 6A with significant residual, five were asymptomatic af-
ter extending the tables in the monoplace chamber, while
five were improved symptomatically and one had no re-
sponse.

Review And Analysis Of Dan Accident Cases 1981-84

C Wachholz, K Bloch, Y Mebane, R Goad, R Moon, C
Piantadosi, E Camporesi, PLinaweaver, E Kindwall, K Van
Meter, R Myers and P Bennett

DiversAlert Network (DAN), Box 3823, Duke University
Medical Center, Durham, NC 27710

The Divers Alert Network (DAN) provides access to the
nation’s hyperbaric centres through a single 24 hour phone
number, (919) 684-8111. DAN provides medical consulta-
tion and treatment assistance and has collected information

from diving accidents since 1981, some of which is pre-
sented inthefollowing table. Diagnosis, delay to treatment,
treat effectiveness, symptoms and dive related factors are
presented as well as discussion of the problemsin compil-
ing dive accident information. As reporting and follow-up
become more consistent, these statistics can be expected to
improve in accuracy.

1981-82 1983 1984
Total number of calls 757 1600 2000
Emergency calls 369 414 290
Case reports collected 117 117 196
DCStypel 20 19 32
DCStypell 70 50 57
AGE 39 19 16
AGE and/or DCS 8 5 2
AGE with Pul. Barotrauma - 4 4
Pul. Barotrauma, no AGE - 17 16
ENT Barotrauma - 15 18
DCS symptoms (untreated) - 19 22
AGE symptoms (untreated) - 7 10
TREATMENT OUTCOME
Complete relief - (40)57% (42)42%
Residual symptoms - (20)28% (35)34%
Fatalities - (10)14% (6) 6%

The Role Of Field-Administered Oxygen In Dive Acci-
dent Management

James A Corry

Divers Alert Network (DAN), Duke University Medical
Center, Durham, North Carolina

Diving medicine and diving instruction authorities agree that
administration of 100 per cent oxygen is the primary first
aid measure for diving emergencies (decompression sick-
ness or arterial gas embolism). The oxygen servicesto sta-
bilize the victim while reducing the partial pressure of the
offending nitrogen. The diving community has established
astandard of carethat dictatesfield delivery of 100 per cent
oxygen to diving accident victims pending recompression
therapy with hyperbaric oxygen. On-siteoxygenisnolonger
an option for diving instructors, charter boats, or resorts.
The DiversAlert Network hasworked with amajor oxygen
equipment manufacturer to devel op an oxygen demand de-
livery system at reasonable cost for lay delivery to diving
victims with the F102 approaching 1.00. Oxygen in this
concentration establishes an optimal surface delivered dif-
fusion gradient. A model oxygen therapy training program
which exceeds emergency medical technician standardshas
also been developed by the Divers Alert Network and dis-
tributed at no cost to all United Statesdiving education agen-
cies and the British Sub-Aqua Club. The potential benefit
of field-administered, high concentration oxygen during a
golden period of treatment time that can never be recap-
tured far outweighs the perceived liability of the local div-
ing instructor, dive boat captain, or resort operator.

MULTI-LEVEL TABLES

Survey Of Multi-L evel Diving TechniquesUsed By Sport
Divers

Karl E Huggins
University of Michigan Underwater Technology Laboratory,



1214 Space Research Building, Ann Arbor, Michigan

Multi-Level Diving (MLD) Techniques have become preva-
lent in the Sport Diving Community due to their ability to
extend “No-Decompression” dive time past the US Navy
No-Decompression Limits. There have been very few stud-
iesand reportson MLD. The varioustechniques have been
developed by sport divers and passed on by word of mouth
and in a few publications. This survey attempts to deter-
minethe various ML D techniques used by sport divers and
their experiences with these techniques. The questionnaire
made available to sport divers through various diving pub-
lications, is used to determinethe ML D technique performed
by the diver, where it was learned, frequently performed
profiles, and any problems encountered using thetechnique.
Initia returnsof the questionnaire (26 asof 14 January 1985)
show fivedifferent ML D techniquesand at least three cases
of decompression sickness resulting from MLD. Further
analysiswill comparethe ML D profilesobtained in the sur-
vey to various decompression models to determine their
“safety” levels.

Doppler Evaluation Of Multi-L evel Dive Profiles
Karl E Huggins

University of Michigan Underwater Technology L aboratory,
1214 Space Research Building, Ann Arbor, Michigan

Twelve sport divers were exposed, in a hyperbaric cham-
ber, to nine Multi-Level No-Decompression dives and one
Decompression dive profile computed with an algorithm to
be used in a diver carried Decompression Computer. To
evaluate the safety of these dives the subjects were moni-
tored for venous gas emboli (VGE) formation using a
doppler ultrasonic bubble detector and for symptoms of
decompression sickness (DS) following the dives. Results
show no symptoms of DS in any of the 119 person dives
and one case of Grade | VGE following the decompression
dive. More studies are encouraged to further explore the
limits and possibilities of Multi-Level Diving.

DIVE SEQUELAE
Neuropsychology AsA Diagnostic Tool In Diving
MD Curley and HJC Schwartz

Navy Experimental Diving Unit, Panama City, Florida
32407

The value of a simple neuropsychological test battery in
identifying subtleresidual symptomsof decompression sick-
nessis presented. A US Navy diver completed a cold, ex-
perimental 80 FSW dive for 50 minutes. Ninety minutes
after surfacing the diver experienced rapid onset of severe
DCS symptoms which led to collapse. He was immedi-
ately recompressed and treated on amodified USN. Treat-
ment Table. Five days later the diver reported fatigue and
memory lapses. Neurological examination revealed only
minimally slow tracking and alternating movements,
whereas neuropsychol o?ical testing documented depressed
Word Fluency and Trail Making performance. The diver
was retreated on a USN Treatment Table 6 (TT-6). Upon
surfacing his performance on the neuropsychological tests
wasnormal and remained so 11 monthslater. Another diver
completed a cold, experimental dive to 120 FSW for 80
minutes. Upon surfacing he wastired but reported no other
problems. Two dayslater the diver reported memory lapses
and an inability to concentrate. Neurological examination
showed decreased pin prick around the right eye and in the
right T 9-11. Menta function was poorer than previously

31

documented pre-dive levels on Trail Making, SDMT and
Wechsler Memory Scale. Thediver wastreated onaTT-6.
Upon surfacing, neurological examination showed complete
resolution of sensory symptoms. Four daysfollowing treat-
ment the diver reported poor concentration and muddled
thinking. While neurological exam showed slow alternat-
ing movementsand heel to toe gait, neurops?/chol ogical test-
ing revealed severely depr intellectual functioning. The
diver wasre-treated on TT-6. Follow up neuropsychologi-
cal testing revealed norma mental functioning restored.
Several neuropsychological tests proven useful in identify-
ing subtle DCS symptoms are described.

After-Effects Of Heliox Dives To 350 M SW
RJ Vaernes, S Tonjum, and H Klove

The Norwegian Underwater Technol ci?y_ Center and the In-
iltltUte of Clinical Neuropsychology, University of Bergen,
orway

Intwo trial dives, six diverswere compressed to 350 MSW
on heliox $N=12)(1). Five of these divers and four new
divers performed an open-sea dive to 300 MSW three
months after their trial dive. Neuropsychological examina-
tions were performed before, one week and one year after
their latest deep dive. After both trial dives no divers re-
ported specific or general post-dive problems. However,
reduced motor tempo, autonomic reactivity, and strength
were found for the magjority of divers. When examined af-
ter the open seadive, marked changes werefound. In addi-
tion to tremor increase, reduction in hand grip strength,
motor tempo, and memory performance, seven divers re-
ported subjective symptoms such as memory problems, diz-
Ziness, short temperedness, headaches and nausea.

Oneyear later, the divers had had 69.6 daysin saturation at
an average depth of 97.5 MSW since the first post-dive ex-
amination. Six divers had performed dives between 170
and 210 MSW. Seven divers reported still having some
sul?J ectiveproblems. Thesewere mainly short temperedness
and memory problems. However, these symptoms were
reported from five of the divers who had performed dives
in the 170-210 MSW range since last examination. The
same tendency was found in the neuropsychological tests:
whilst the divers who performed relatively shallow dives
since last examination (70-150 MSW) had returned to pre
trial dive levels, some increased tremor and reduced hand
ori stren%th were found among the divers who had dived
to 170-210 MSW.

Conclusion

There were subjective symptoms and signs of CNS after-
effects when diving to 350 MSW. Whilst a normalization
in neuropsychol ogl]cal functionsand wrwtomswas recorded
after subsequent shallow diving (<150 M SW) after the degp
dive, repeated dives deeper than 170 MSW led to adelay in
recovery, and in some cases (the 300 MSW dive) aworsen-
ing in symptomatol ogy.

Reference
Vaernes RJ, Tonjum S, Lindrup AG, Myrseth E. Central
nervous system reactionsduring two heliox divesto 36 ATA.
UBR. 1984; 11 (Suppl): 39.

HYPERBARIC OXYGEN

Hyperbaric Facilities For HBO Therapy: Design Con-
siderationsAnd Their Impact

DJ Fullerton

Fullerton, Sherwood Engineering Ltd., 1801 BritanniaRoad
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E., Unit 7, Mississauga, Ontario, Canada

In recent yearsthere hasbeen arapid increaseintheclinica
use of hyperbaric oxygen therapy as its benefits have be-
come more clearly defined and documented. The general
acceptance of HBO as a treatment modality has resulted in
many new hyperbaric installations and an ever increasing
number of serious enquiriesfor new acquisitions. Over the
years, hyperbaric systems have evolved from simple sup-
port apparatus for the working diver to awide range of spe-
cial purpose systemsto suit avariety of operational and clini-
cal roles. Concurrently, the many regulatory and standards
agencies have developed codes of practice for the design,
manufacture and operation of such apparatus within their
respective areas of interest. Theresult isaplethoraof often
conflicting regulations and what may appear to be a con-
fusing array of hardware available at abroad range of costs.
This paper outlines the applicable standards for the con-
struction of hyperbaric systems, their performance require-
mentsfor changing roles, the functions of the necessary sub-
systems, desirable features, and the attendant cost impact
of making arbitrary decisions related to specifications and
the assumed role of the proposed hyperbaric centre. It is
essential for the physician or administrator, who is seeking
a new or modernized clinical facility, to understand these
relationships so that informed and cost effective decisions
can be made.

Acquisition Of A Hyperbaric System
M Greska

Analytic Disciplines, Inc., 2070 Chain Bridge Road, #400
Vienna, Virginia 22081

Acquisition of hyperbaric systems by hospitals and private
concerns has no uniform guidelines to assist with the pro-
curement process. This paper attempts to guide the pro-
spective buyer(s) by identifying the required stepsto obtain
certification for use and outlines the necessary critica in-
formation needed to document a hyperbaric system. Dis-
cussed are the benefits to be gained and pitfalls that can be
avoided by documenting system information. Specific in-
formation requirements are then outlined to enable the user
to select the type and level of information that best fits his
specific needs. Exampleformsare presented which may be
used by the user to devel op his own documentation system.

This paper, emphasizes the fact that much of the “acquisi-
tion” documentation isequally valuableto the user in achiev-
ing a safe, efficient, operational and well maintained sys-
tem long after is has been delivered.

Consideration Of Equipment Used For Patient Careln
A Multiplace Hyperbaric Chamber

AM Roy, MD Myers and Charles E Gross

University of Maryland, Maryland Institute for Emergency
Medical Services System, Department of Hyperbaric Medi-
cine, 22 South Greene Street, Baltimore, Maryland

Safety guide lines are published by the American Society
of Mechanical Engineers, National Fire Protection Asso-
ciation, JCAH and various safe practice government publi-
cations. These published guidelines are very vague and not
directed toward the different manufactured pieces of equip-
ment including ventilators, infusion pumps, transcutaneous
monitors, Swan-Ganz catheters and cardiac output moni-
tors, physiologic monitoring systemsand defibrillators. Very
few pieces of equipment can be utilized within the pressure
environment without closereview of their electrical or pneu-

matic drawings, design function and operational manuals.

The authors have found that most equipment must undergo
minor modifications to conform to published guide lines.
New standard operational procedures must be generated to
compensate for these modifications.

Problems will be identified and solution given for some of
the above listed equipment.

The Spectrum Of Monitoring In TheMultiplace Hyper-
baric Chamber

KR Dauphinee, CE Gross and RAM Myers

Department of Hyperbaric Medicine, Maryland Institute for
Emergency Medical Services Systems (MIEMSS), Balti-
more, Maryland 21201

Monitoring of the hyperbaric chamber environment; selec-
tion and monitoring of personnel, and patientsis presented
to show the experience at MIEMSS, abusy clinical hyper-
baric multiplace unit. Beyond traditional diving medicine
technology, comparatively littleis established regarding the
physiologic changes or the equipment required to monitor
critically ill patients in the chamber. Insufficient monitor-
ing should not preclude diving even the most critically ill
patientswho would clearly benefit from HBO. Onthe other
hand, each parameter monitored introduces a new
technologic challenge for the hyperbaric staff, new equip-
ment or modification of existing equipment, with associ-
ated potential new risks to safety. Modifications at
MIEMM Sto monitor cardiovascular function: arterial pres-
sure, Swan-Ganz catheters, pacemakers; respiratory func-
tion: ventilators, blood gases, transcutaneous oxygen, x-
rays, ultrafiltration: CNS function and psychometric test-
ing, are described. Such modificationsrequire ongoing scru-
tiny to evaluate reliability of measurements, endurance and
safety of equipment in an alien environment. We are em-
barking on an exciting biomedical engineering frontier where
much remains to be done to provide an optimally safe and
efficacious therapeutic environment for those who would
benefit from HBO.

Treatment Of Severe Head Injury With Hyperbaric
Oxygen (HBO)

GL Rockswold and SE Ford

Division of Neurosurgery, HCMC, Department of Neuro-
surgery, University of Minnesota, Hennepin County Medi-
cal Center 701 Park Ave., Mpls., Minn. 55415

The Division of Neurosurgery at HCMC has arandomized
prospective clinical trial in progress to evaluate HBO for
the treatment of severe head injury. Patients with head
trauma who are unable to obey commands or pronounce
recognizable words are potential candidates for the study.
If a consent is obtained, the patient is randomized into an
HBO treatment or control group. All patientsreceiveinten-
sive neurosurgery care, the only variable being HBO which
is administered to the treatment group. Parameters moni-
tored during the hospital and post-hospital course to assess
the efficacy of HBO are: intracranial pressure; neurologi-
cal exams; CT scans of the brain; multi-modal evoked re-
sponses; neuropsychological tests; and neurological follow-
up evaluations. Thefirst 30 patients admitted into the study
have been analysed in terms of survival. The mortality rate
of those patients with Glasgow Coma Scores (GCS) of 7-9
show no significant difference between the two groups.



Virtually al these patients survive with or without HBO.
The patients with GCS of 3 had a 100 per cent mortality
rate. Our past experience reveals a 90 to 95 per cent mor-
tality ratein this group, so it is doubtful that any treatment
will be effective. Analysis of the small number of patients
with GCS of 4-6 suggest an increased survival among the
HBO-treated group which has a P value=100. Based on
these results and our past clinical experience, we would
anticipate an effective treatment to impact the survival of
this group of patients. Obviously, the numbers are small
and the results very preliminary, but we are encouraged by
our initial experience, and hopeto demonstratethat thetreat-
ment of severely brain-injured patients with HBO will re-
sult in decreased mortality rates and ultimately enhance the
long-term functional recovery of the survivors. A carefully
completed clinical trial will demonstrate whether or not the
treatment should be pursued.

ExperienceWith Hyperbaric Therapy InAnAcuteHead
Rehabilitation Centre

KL Manders

University Heights Hyperbaric Department, Indianapalis,
Indiana

Over the past year, University Heights Hospital has estab-
lished an acute head rehabilitation centre for those patients
suffering from acute head traumawho after immediate medi-
cal and/or surgical care have reached apoint intheir conva-
lescence where they are no longer candidates for continued
acute care but they are still in asemi-comatose or comatose
state. Utilizing hyperbaric therapy oxygen along with in-
tensive neuropsychological cognitiveintervention and physi-
cal therapy, a study has been done to objectively measure
the improvement possible with this regime. It is our con-
clusionthat thistyﬁe of program has shown statistically sig-
nificant findings that this type of patient can be more rap-
idly rehabilitated and reach a higher functional level than
those who are allowed to be sent home or to less aggressive
hospitalization. It isfelt that that a combination of intense
nursing care associated with early cognitive strategies and
hyperbaric oxygenation to viable but non functional cer-
ebral tissue is the most IE)lroductlve step in returning these
individuals to a point where more advanced rehabilitation
efforts can take place.

Pneumatosis Cystoides Intestinalis. An Absolute Indi-
cation For HBO?

L Lampl, G Frey, E Muller-Heiden

Deptartment of Intensive Care Medicine, Deptartment of
Internal Medicine, Federal Armed Forces Hospital, POB
1220, D-7900 Ulm / Donau, Federal Republic of Germany

Pneumatosiscystoidesintestinalisisabenign, relatively rare
condition affecting the large and small intestine and char-
acterized pathologically by multiple gas-filled cystsin the
subserosal or submucosal tissue. In most instances, itisan
uneXJ)mted finding on plain abdominal film, during a sig-
moidoscopy, or abarium study. Itsappearanceis occasion-
ally associated with other diseases of the gastrointestinal
tract. The exact cause of the gas-filled cysts remains un-
known, although there are several theories. Analysisof the
gasintheintestinal cysts neither supportsany specific theory
of cyst formation nor suggests its source. We report a 64-
year-old female, suffering for more than one year from fre-
guent rectal bleeding and diarrhoea. Sigmoidoscopy could
not be performed because of numerous submucosal gascysts
almost totally obstructing the bowel lumen. The abdomi-
nal x-ray examination demonstrated these cysts throughout
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the whole left colon. We performed a series of ten hyper-
baric treatments, BID, at 2.8 ATA, for 90 minuteseach. After
5 days of HBO, a colo-sigmoidoscopy could be performed
without any problems and showed only some plain residues
of the former cysts, polypi or amalignant tumour could be
excluded. We discussthe pneumatosis cystoidesintestinalis
asan absoluteindicationfor HBO in order to enableacausal
diagnosis, to exclude neoplasm and possibly to avoid ex-
tensive operations like hemicol ectomy.

The Hemofiltration Device In The Hyperbaric Cham-
ber

KR Dauphinee, and RAM Myers

Department of H ed>/|oerbar|cMed|cme Maryland Institutefor
Emergency Medical Services Systems (MIEMSS), Balti-
more, Maryland 21201

The hemofilter is a relatively new device to appear in the
armamentarium for the care of critically ill patients. Itsmain
application is in the management of volume overload in
patients with acute renal failure requiring relatively large
volumes of fluid for total parenteral nutrition (TPN), ino-
tropic or other vasoactive support and administration of
parentera antibiotics. It allowsadministration of theselarge
transport volumes while removing the excess fluid as an
ultrafiltrate of plasma. The deviceisrelatively simplewith
an arterial access feeding into a parallel microtublar filter
chamber continuous with a venous return. The ultrafilter
chamber has an exhaust port which drains by gravity to an
ordinary urometer bag. Theoretically, there should be no
difficulty in taking the device into the 1}/perbanc chamber
sinceit Is, when properly assembled, afluid filled system.

At MIEMSS, a 35 year old diabetic patient suffered necro-
tizing fasciitis of his right leg arising from a foot lesion.
Histoxic state imposed an overwhelming load on his base-
line diabetic nephropathy and he went into compl ete acute
renal failure. To manage hisfluid problems, hemofiltration
wasinstituted aswas HBO as an adjunct for hisnecrotizing
fasciitis. The devicewasdived five timeswithout apparent
adverse effects to either the patient or the device. The ef-
fluent ultrafiltrate volume increased by approximately 20
per cent on each dive. The probable mechanism of this
change is the increased cardiac output associated with the
period of HBO.

GENERAL INTEREST
Negative Pressures
DE Yount

Department of Physics and Astronomy and Department of
Physiology, University of Hawaii, Hololulu, Hawaii 96822

Everyday experience reminds usthat liquids are capabl e of
sustaining modest tensions. The drinking straw is afamil-
iar example. Ordinary suction pumps are able to lift water
up to 10 metres, and even alarge-diameter garden hose can
siphon gasoline over obstacles several metres high. The
useful conversion, 10 msw:1 atm, suggests that tensionsin
tall trees must be on the order or 10 atm or larger. In this
paper we review more than adozen methods that have been
used to subject biological tissues to negative pressures or
tensions and compare the limiting values that have been
achieved with each. Many of these methods, such as gas
super-saturation, acoustic radiation, hydrostatic and hydro-
dynamic pressure excursions, and the rubbing of solid sur-
faces are directly relevant to Man and especially to diving

physiology.
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Respiratory Function In TheUpright Working Diver At
6.8 ATA (190 FSW)

DD Hickey, CEG Lundgren, WT Norfleet and AJ Pasche

Hyperbaric Res. Lab., Department of Physiology, SUNY,
Buffalo, NY 14214

An earlier study from this laboratory investigated the ef-
fects of static lung loads (SLL; +20to -20 cm H20) on res-
piration in immersed exercising subjects in the prone posi-
tion at pressures up to 6.8 ATA (190 FSW). Because the
upright position imposes different hydrostatic pressure pro-
files on the chest, the present study was performed. Dysp-
noea was an infrequent occurrence in the upright posture
during exerciseupto 175w. In 270 man-divesin 7 subjects
only 12 dives (4.4 per cent) generated dyspnoea of mild to
moderate intensity scores. In contrast, 22.9 per cent of the
divesin the prone position caused dyspnoeawhich was gen-
erally more severe. In both studies, dyspnoea was more
prevalent with negative SLLs. The occurrence of dyspnoea
did not correlate with changes in end-tidal CO2 pressure.
There were no significant changesinduced by SLL or pos-
turein CO2 elimination, 02 uptake, ventilatory volume, heart
rate or end-tidal CO2 pressure. A possible explanation for
the reduced tendency for dyspnoea in the upright position
may be that the extrathoracic airways are exposed to less
external pressure than in the prone position. Positive static
lung loads may prevent dyspnoea by such mechanisms as
preclusion of inspiratory muscle fatigue, and, consequent
toalarger expiratory reserve volume, reduction in dynamic
airway closure during expiration. Itisconcluded that breath-
ing gear for divers should provide a static lung load of ap-
proximately 0to 10 cm H20 relative to the pressure centroid
of the chest regardless of the diver’s orientation in the wa
ter. The diver should assume an upright posture when en-
gaged in strenuous work under water.

Face Mask VS Mouthpiece Breathing - Respiratory
Function At 6.8 ATA (190 FSW)

DD Hickey, CEG Lundgren and WT Norfleet

Hyperbaric Research Lab., Department of Physiology,
SUNY, Buffalo, NY 14214

Thephysiological effectsof mouthpiecevsface mask breath-
ing were compared in 4 subjects exposed to varying static
lung loads (SLL; +10 to -20 cm H20) while immersed at
6.8 ATA chamber pressure (190 FSW) and exercising at work
loads up to 175 watts. Breathing with amouthpiece at 190
FSW resulted in sub§antial reductions (by 21 per cent) in
ventilatory volume (VE). In some, but not eﬁ subjects el-
evationsin end-tidal carbon digxidetension (FetCO2) were
also observed. Reductionsin v E weretheresult of alower
breathing frequency while using amouthpiece, whereastidal
volume was maintained. Oxygen consumption, carbon di-
oxide elimination, and, presumably, carbon dioxide produc-
tion remained unchanged by mouthpiece or face mask
breathing. Since carbon dioxide production and elimi{}ar
tion were not affected by the use of a mouthpiece, yet VE
\gas substantially reduced, the absence of elevations in

etCO2 in some subjects requires consideration. It isnote-
worthy that dyspnoea was most common while using the
mouthpiece. Dyspnoeaa so occurred predominantly at nega-
tive static loads. These results are significant in that the
occurrence of both hypercapnoeaand dyspnoeathreaten the
safety of thediver. Thereisapossibility that hypercapnoea
whilebreathing frorB amouthpiece may be more severethan
isindicated by the FetCO2 data. The tendency for mouth-

piece breathing to cause hypoventilation may possibly call
for re-engineering of breathing gear to employ a full face
mask design rather than a mouthpiece in certain applica-
tions.

Medical DisordersIn Sport Diving: Public Health As-
pects Of Diving M edicine

AA Bove
Mayo Clinic, Rochester, Minnesota

Although sport diving has continued to grow as a recrea-
tional activity, the sport continues to have a problem with
the general health of these divers. Because medical criteria
for sport diving areless critical than professional standards,
and because of the large population of sport divers, dissemi-
nation of information for diving medicine to the sport div-
ing community is essential. We have participated in a na-
tionally distributed sport diving communication to provide
medical information to the diving public. Correspondence
from 103 divers over 3 years included a broad variety of
questions. The table below lists the topic areas and per-
centage incidence (rounded to the nearest whole number).

Topic area % Topic area %
General medical 22 Contact lenses 5
Ear related 18 Marinetoxicology 4
General surgical 17 Air consumption 4
Drugs and diving 8 Long-term effects 2
Women in diving 5 Hypothermia 1
Dizziness 5 Blast injury 1

1

Physiciantraining 5 Carbon monoxide

The broad list of disorders requires the diving-trained phy-
sician to maintain a knowledge of diving physiology and
medicine as well as general medicine and surgery. Unlike
commercia and military diving, where divers are screened
to excludeindividual swith medical disorders, medical sup-
port for sport diving requires a broader application of gen-
eral medical and surgical principles.

CAVE AND SI NKHOLE DI VING I N SOUTH AUSTRALI A

Peter Horne

The Adel ai de and Mel bourne newspapers once
again had a ‘field day’ in April 1984. Two
scuba di vers, one with considerabl e cave diving
experience, had dived to a depth i n excess of
60 nmetres in the world-fanpus Piccaninnie
Ponds freshwater cave near Ganbl er,
and had failed to surface.

Mount

It seenms that there are three particul ar types
of headline-grabbing accident which elicit
sonetimes hysterical public reactions, falls
from great heights (eg. buildings, skydiv-
ing, aircraft), shark attacks and entrapmnent
in confined areas (specifically caves, espe-
cially those which are under water).

Such response is general Ie/ under st andabl e,
people can readily identify with the feel-
1ngs of terror and hopel essness of the vic-
tinms of such tragedies. However, it is all
too easy to | ose perspective of the situation
as a whole. In the case of cave diving (at
|l east in Australia), around ten thousand safe
di ves are undertaken each year by hundreds of



qualified cave divers. As in the case with
all other activities and hobbi es of a “physi-
cal” nature, cave diving is a safe and en-
joyable “sport” once the participants have
gal ned the necessary know edge and experi -
ence.

Since the mid 1960's, cave and sinkhol e div-
ing has grown into a rel atively popul ar spe-
cialised formof recreational advanced div-
ing. Probably over 90 per cent of all Aus-
tralian cave divi n% takes place in the | oner
South East of South Australia, with the re-
mai nder bei ng done by rel atively smal |l groups
in the Nullarbor Plain, Tasmania and other
i sol ated ar eas,

The countrysi de around Mount Ganbier is dot-
ted with literally hundreds of caves, sev-
eral dozen of which are | arge open “si nkhol es”
whi ch sonetines intersect the regional wa-
ter-table. About 15 of these are vol um nous
waterfilled caverns which contain crystal-
clear fresh water - a very rare sight 1 ndeed
in South Australia! In fact, it isonly this
calm clear water which initially attracts
the attention of budding cave divers.

Swi nming into a pitch-black, waterfill ed pas-
sage in acave is naturally very different to
undertaking a run-of-the-m || ocean dive. Cave
divers need to be fully conversant with the
skills required to undertake safely, the re-
| at ed disciplines of deep diving, night div-
i ng, weck diving, underwater orientation and
even “dry” caving. Experienceinsilt-avoid-
ance and |ine-handling techniques, and the
ability to work safely through energency situ-
ations (such as equi pnment failure) underwa-
ter, are also essential if the inherent haz-
ards of cave diving are to be m nim sed.

In view of the very specialised nature of
this activity, it is obvious that cave divers
are very isolated from any form of surface
assi stance, relying totally on their indi-
vi dual training, experience and equi pnent to
keep, or get, themout of trouble. Were you
have peopl e, however, you have the potenti al
for “human error”. Waterfilled caves, even
nore than their dry counterparts or the sea,
are extrenmely unforgiving of those who err
... as 13 unfortunate divers have learnt in
the caves of Mount Ganbler to date. |In every
case, the victinms of these tragedies made
seem ngly sinple mstakes through error of
judgerment or inexperience and ignorance of
the special hazards of cave diving, sinple,
that 1s, if those nistakes had been nade in
an open body of water, where the easiest
solution would have been to nerely inflate
their buoyancy vests.

Nitrogen narcosis played a significant (if
not the MAIN role in 9 cases, where the
divers at considerable depths either |[ost
track of their airtimes or becane entangl ed
in their safety lines. Inflation of vests
woul d nerely have lifted themto the roof of
the cave or worsened their entangl enent,
waterfill ed passages have no air surface con-
veni ently overhead. The other 4 divers drowned
after entering |low, shallow passages, acci-
dentally stirring up the deep layers of fine
silt which covers the floors of nobst caves.

Wthout a guideline to |l ead the way back to
the entrance, the victins had little hope of
survival after all visibility disappeared in

severe “silt-outs”. (In one instance which
resultedinatriple-fatality, a fourth diver
stunbl ed across the entrance gl owjust as his
air began to run out, a VERY close call.)
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Over the last 12 years, cave diving in the M
Ganbi er area has had a good safety record,
with only a single accident (the double-fa-
tality of 1984, see the previous issue of the
SPUMS J) occurring since 1974. This is in-
teresting when one considers that 7 scuba
divers, 2 snorkellers and a hookah di ver have
perished in South Australians seas during
the sane period. The unconpron sing, care-
ful assessnent and education of prospective
cave di vers by the Cave Divers Associ ati on of
Australia Incorporated (CDAA), which was
formed in 1973 after two maj or accidents in-
volving 7 divers had occurred only nonths
apart, has undoubtedly played the major role
in saving cave divers |ives.

The neans by whi ch the CDAA assesses divers’
abilities and the level of skill required to
safely dive in various caves is known as the
“Cat egory Systeni. Al of the popularly-
di ved sinkhol es and caves of the M Ganbier
area were categori sed according to their known
hazards and potential hazards, and tests were

designed to cater for each of these three
| evels, beginning with the “safest”, Cat-
egory 1 standard.

Category 1 sinkholes are basically |arge,

open waterfilled caverns with few overhangs
and lowsilting potential. Divers need only
to have mastered the skill of good buoyancy
control (as well as general scuba conpetence,
of course) to be able to enter the shallow
regions of Category 1 holes. However, be-
cause relatively deep water can be found in
several sinkholes, divers are required to
have a good understandi ng of the various de-
conpression tables and their inherent risks.
Mor e advanced cave diving requires different
equi prent and hi gher in-water skill includ-
i ng the safe handl i ng of gui delines, and divers
need to denonstrate the ability to handle
di vi ng energenci es. Prospective cave divers
must have Io%ged at | east 20 dives during the
past 12 nonths, including 5 to 18 netres and
2 night dives, before they can apply for CDAA
testing to Category 1 standard.

After gaining 5 hours of Category 1 sinkhole
experience, and after passing the requisite
Category 2 test, divers can expl ore Category
2 sinkholes. These are simlar to Category 1
features but in several instances, have | ong
underwat er passages or deep sections which
requi re nore detail ed planni ng and expertise
to enter safely. Divers are di scouraged from
undert aki ng excessively deep dives (those in
excess of 36m and deep-diving hazards are
t horoughly di scussed. The Category 2 quali -
fication opens up the major popular sinkhol es
to recreational divers, including such places
as Pi ccani nni e Ponds, Ten-Ei ghty and One Tree.

Category 3 caves require special training
and assessnent before cave divers can safely
explore them  Although they are generally
very picturesque near the surface, contain-
ing some of the clearest water in the South
East, they may contain nunmerous hidden traps
such as unstabl e rockpiles in confined areas
and in particular, thick |ayers of silt which
are VERY easily disturbed. The cave divers’
guideline is often the only neans of finding
the way back to the surface in | ow or zero-
visibility water, clear water nade pitch bl ack
b%/] t he Imare novenent of a diver’s body through
the silt.

is thus the npst

The CDAA's Category 3 test
them all. Only

difficult and detailed of
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cave di vers who have undertaken many si nkhol e
dives in fresh water and have practiced the
various energency drills (such as being able
to recogni se an underwat er emer gency i n zer o-
visibility conditions and share air supplies
wi t hout face-nmasks whilst follow ng a guide-
line by feel alone) can expect to have any
chance of passing. Unlike npbst exam nations,
divers rarely attenBt to cheat, as the tests
are wel |l -organi sed by a group of experienced
exam ners and, at any rate, candi dates real -
ise that the only people they are g?oi ng to
cheﬁlt are thenselves, as it is THEIRIives at
risk!

The CDAA has certified over 1,300 cave divers
to date and has a nenbership of around 700
financial menbers at present. Overall safety
inthe activity of cave diving has been good
as well, there have only been a couple of
reported deconpressi on sickness cases in the
| ast decade (perhaps ammzi ng when one con-
siders the fact that npst cave diving is
undertaken in water depths in excess of 30
netres). Before cave diving in Australia was
in any way regulated, 11 divers died in the
space of 5 years, between 1969 and 1974.
Today, despite a continuing increase in the
nunmber of sinkhol e di ves and t he thousands of
di ves undertaken each year, serious inci-
dents are few and far between. Mdern cave
and sinkhole diving is probably as safe as
any specialised sporting activity.

Way DO peopl e junp i nto deep, dark, waterfilled
hol es in the ground anyway, you may ask? Wy
do people enjoy the activities of skydiving,
abseil i ng, or even normal sea-diving? It is,
li ke these activities, a world all of its
own. You have to give it a go to really
understand why YOU enjoy it! It is truly a
uni que and often educational pastine.

the CDAA or
pl ease wite

For further information about
about cave diving in general,
to:

The Cave Divers Association of Australia (Inc.)
at either

PO Box 290

NORTH ADELAI DE SA 5006

or
GPO Box 2161T
MELBOURNE VIC 3001

DECOVPRESSI ON TABLES FOR SPORTS DI VERS
Wal Williams

In an effort to find a safer deconpression
table for sports divers, over the past two
years the AUF has contacted authorities on
underwat er medi ci ne throughout the world.
Actual ly, this has confirned what we al ready
know, but it had to be done in case new
tabl es were on the way somewhere - there is
no “safe” table for sports divers. Al ta-
bl es shoul d be used maki ng al | owances.

Neither is there nuch research being con-
ducted anywhere on air tables; navies, uni-
versities and oil companies are pouri n% re-
search noney into saturation diving. hal -

| ow water diving using conpressed air is a
very poor cousin.

However, the Royal Australian Navy is work-
ing on a &[IOJect using air tables at the
School of derwat er Medicine (SUM at HVAS
Penguin. This protJ_ect is scheduled to pro-
ceed for the next five years. The AUF found

that if we could gain the support of the

Department of Defence and provide noney to
cover our share of the costs, the project
coul d easily be extended to produce a set of
tabl es specifically designed around t he needs
of the sports diver.

Accordingly, earlier this year, all instruc-
tor bodies and diving agencies (AUF, FAU,
PADI, NAU, BS-AC, SDFA, PDAA AA,

etc.
wereinvitedto attend a neeting at the Schoo?
of Underwater Medicine to discuss the pecu-
liarities of sports diving as conmpared wth
mllta_rty diving. |f you think there is not
nuch difference, think again, it takes a mni-
mumteamof five to get one navy diver in the
wat er the diver and his attendant, a standby
di ver and his attendant, plus the dive super-
vi sor.

A nmeeting was held later in March this year
bet ween the AUF, Departnent of Defence (Navy),
Department of Sport, Recreation and Tourism
and the Australian Sports Conm ssion. The
proposal was that the Departnent of Defence
may be abl e to assist with the devel opment of
recreational diving tables, but that sepa-
rate finance and the possible assistance of
sports divers woul d be needed. It was agreed
that the next step was for the AUF to aP-
proach the Mnister for Defence and formally
ask for the assistance of the Navy in the
devel opment of these tables. The project is
expected to take five years, but first prior-
ity will be given to a better definition of
‘fudge factors’.

If we get the green light, it will be a
uni que opportunity to design the first set of
safe diving tabl es for sports use. The School
of Underwater Medicine has indicated that
there may be a need for assistance to test
the new tables after they are initially de-
signed. What a great opportunity to get some
diving in with the Royal Australian Navy -
the queue starts behind ne!

Just a final word of caution, ny last five
years in the Arnmy was spent as a Project
Oficer, and | know the difficulties of get-

ting any defence project through the various
comm ttees, advi sorg fpanel s, consultative
e

1lgroups, etc., even ore the project gets

undi ng. Even if approved and runni n%(, a
PI’OJ ect can still be stopped through | ack of
unds. So, “five years” should be taken as
a conservative estimate - it could be eight
years.

More on the project as it Esti -

mat ed cost is $200, 000.

Reprinted from DIVING DOWNUNDER, the official news-
|etter of the Australian Underwater Federation, June 1985.

pr oceeds.

ALTERNOBARI C PALSY OF THE FACI AL NERVE
MV Khan and KM Jameel

Abst ract

A case of transient peripheral right sided
facial palsy in adiver after a no-deconpres-
sion stop dive is reported. | schaem c
neuropraxia resulting from the conpression
of the vasa nervorumof the facial nerve, due
to over pressure in the nmiddle ear where it
|sI dehi scent, may be the cause of facial
al sy.

n thS book “Met hods i n Madness,” the author
colourfully describes the way investigators
are busy minting new termnologies to fit
their scientific discoveries. In 1965
Lundgren, seenming to fulfil this pattern coined
the term“alternobaric vertigo” when he de-
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TABLE |

DIVING-RELATED ALTERNOBARIC FACIAL PALSY LITERATURE

Authors Diver Pressure Depth Side Onset Recovery
McCleave SCUBA <760 mm Hg <10 m left sudden active
1978 male
Mclver Male 988 mm Hg 13m left afew slow
1979 minutes
Molvaer SCUBA 912 mm Hg 12m right 10 mins slow
1982
Present pro 684 mm Hg 9m right afew slow
case diver minutes

(Avi ation cases have been omitted fromthis review)

scribed the case of a diver who devel oped
nausea and staggering follow ng a dive. The
term was enthusiastically accepted and in-
cluded with other nedical menonics. Mn is
subj ected to many new stresses when he enters
the new environnent of hyperbaric conditions
known to be capabl e of "having many unusual

pat hol o?i cal effects. Facial Tpal sy i s known
to result froma nunber of different mecha-
ni sms. When the condition occurs in an

al ternobaric environnent its pathogenesis may
be di scussed in the |ight of the fluctuations
occurring in that invisible eneny, PRESSURE,
to which the diver subjects hinself. On the
basis of the case history, observations and
i nvestigations the condition has been diag-
nosed in this Indian diver.

Case Report

On 10 January 1980 M M a thirty year old
prof essional “diver, performed a conpressed
air dive of 40 minutes at 9 nmetres to clean
the hull of a ship. In all he nade three
dives at depths ranging from3 to 9 netres
and after surfacing from the 9 netre dive
reported a feeling of nausea and experienced
a dizzy feeling which caused him to walk
unsteadily along the deck. He noticed a
change “as i f sonet hi ng was bei ng stolen from
the right side of his face,” this soon _chanﬂ-
ing to a sensation of “lifel essness” in the
area. He soon noticed that he coul d neither
bl'i nk_nor close his right eye and was unabl e
to whistle. Hs face was distorted due to a
ri ght sided facial pal sy.
was 100/90 nm Hg, blood sugar 88 my % and
both urine and x-ray were within normal |im
its. Except for the right sided facial palsy
his clinical and neurol ogical exam nations
were wWithin normal limits.

Hi s bl ood pressure

Wi | e he was under observation he reported a
return of awareness of the w nd blow ng on
the right side of his face and of a feeling
of some ill-defined activity going on there.
Activity was seen toreturnto the face after
20 minutes and after 40 nminutes he was com
pletely returned to nornmal.

Di scussi on

On the dive profile chosen by M M there was
no risk of incurring deconpression sickness.
Estimates of the frequency of dehiscence of
the facial nerve range fromb5 to 57 per cent
and it is suggested that in this case, the
facial nerve, during its course within the
m ddl e ear was without a bony covering. |f
the right ear had fail ed to adequately equal -
ise pressure during the dive disequilibrium
woul d have been produced with right mddle

ear overpressure on ascent. This increased
pressure could have produced alternobaric
vertigo and would have been sufficient to
conpress the vasa nervorumof the 7th crani al
nerve (facial) resulting in neuropraxis and
transient facial palsy. The condition re-
sol ved wi thout treatment as the pressure equal -
ised. It is thought that a pressure of 684
mmHg produced t he condi tion described, though
the actual m ddl e ear pressures were not re-
cor ded. Faci al pal sy anobng pilots, flight
crew, and air |ine passengers has been re-
corded as occurring at pressures |less than
reported in the present case.

In a case like this, reconmendations con-
cerning continuation of diving are difficult
to discover inthe literature, but it can be
said with certainty that such persons should
avoi d diving during the acute infectious phase
of an upper respiratory tract infection or

when they findit difficult to “clear” their
ears.

Table 1 reviews the relevant literature.
Sunmmary

A case of transient right sided facial palsy

in an Indian diver.
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RETURN TO ACTI VE DI VI NG AFTER DECOVPRESSI ON

SI CKNESS
During May 1980, the Association of Diving
Contractors expressed concern for the w de

diversity of opinion anong physicians re-
garding the restriction fromdiving activity
follow ng the treatnment of deconpression sick-
ness. This concern has been further height-
ened by the nost recent revision of the United
St at es Navy Di vi ng Manual , whi ch reconmended
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a mnimum of one week’s restriction foll ow
ing the treatnent of Type | DCS. Applied to
the diving industry this restriction was con-
sidered to be overly conservative, and | ikely
to result in a nunber of undesirable side
effects. Sone of these might include the
nmedi co- |l egal inplications as physicians rec-

omend sonmething other than that which is
publ i shed i n the diving “bible”, and t he pos-
sibility that sone divers may fail to report

their condition whenever possible if they
percei ve such delays as financially detri-
nment al .

A wor kshop was arranged, under the auspices
of the Undersea Medical Society, and held in
New Ol eans during that sane year. Chaired
by Dr Jeff Davis (a recent contributor to
Triage), the workshop provided a forum for
clinicians, researchers and operational per-
sonnel with the ai mof producing appropriate
i ndustry standards.

Thr oughout the one day neeting it becane cl ear
t hat many unanswered questi ons woul d remai n.
Knowl edge of the pathophysiol ogy of Type |
DCS is noticeably inconplete, and w thout
this vitally inmportant ingredient absolutes
are inpossible. So nuch so that at the end
of the day, the seven day Navy restriction
didn’'t appear quite so conservative!

Consensus Recommendati ons

Quidelines to be considered for return to
work by divers who have suffered deconpres-
si on acci dents:

1. When canadiver returnto diving after atreatment table
for limb bends resultsin total resolution of symptoms?

Recommendation: About twenty-four hours as a mini-
mum.

2. When can adiver returnto diving after atreatment table
for limb bends with resolution except for residual sore-
ness in the affected area(s)?

Recommendation: Thisdiver should be sent to a physi-
cian for evaluation. Return to diving should be only
after all sorenessis gone.

3. When can adiver return to work after:

a. Pain under pressure and complete remission after
treatment?

Recommendation: The consensus was to use the
same recommendation as in 1 above. There was
some difference of opinion with some membersrec-
ommending evaluation by aphysician beforereturn-
ing to diving.

b. Neurological decompression sicknesswith complete
remission on single treatment?

Recommendation: Thisdiver should be given ade-
tailed neurological examination to include studies
indicated in the specific case, eg. EEG and ENG.
Circumstances of the dive must be considered to
determine whether or not the diver appears to be
uniquely susceptible to decompression sickness. If
all examination and studies are normal, diving may

resume after aminimum of oneweek after the treat-
ment.

c. Neurological decompression sicknesswith complete
remission only after serial or saturation treatment?

Recommendation: This diver is considered to be
more susceptible to future decompression sickness
which may be more severe if it OCCURS.

d. Neurological decompression sickness with incom-
plete remission after serial or saturation treatment
and which residual remainingisfunctionally accept-
ablefor return to diving?

Recommendation: The consensuswasthat thisdiver
should not return to diving at any time. One partici-
pant would alow return after the deficit had been
fully stable for six months.

e. Successful treatment for chokes (pulmonary decom-
pression sickness)?

Recommendation: Thisdiver canbereturned to div-
ing after full recovery and evaluation by a physi-
cian reveals anormal examination.

f.  Cerebral air embolism and complete remission after
single, serial or saturation treatment?

Recommendation: If the uImonarK overpressure
accident appears “justified” by the history (that is,
the history does not suggest local air trapping which
would be unpredictablein futurediving) and if com-
plete neurological and pulmonary evaluations are
normal, he may be returned to diving.

g. When can adiver bereturned to work not involving
diving after a decompression accident?

Recommendation: The diver can be assigned to non-
diving duties as soon as functionally possible and
safe within the constraints of the work site.

Reprinted by kind permission of the Editor for “ TRIAGE”
No. 7, July 1984, the Newsletter of the National Associa-
tion of Diver Medical Technicians.

‘| RUKANDJI ' SYNDROVE OR DECOVPRESSI ON
S| CKNESS OR CEREBRAL ARTERI AL GAS EMBOLI SM?
A DI FFERENTI AL DI AGNOSTI C TRAP FOR PRACTI -
TIONERS OF DI VI NG MEDI CI NE | N NORTH QUEENS-
LAND.

John Williamson
Introduction

Al t hough the nunber of
that comprise the jellyfish fam|ly
“Carybdei dae” is at present not clear, a&
| east one genus of this famly is Car uki a.

The nost celebrated and to date one of the
adequately identified speciess of this fam
ily is Carukia barnesi, naned after its dis-
coverer, Dr Jack Barnes of Cairns. The un-
pl easant system c syndrone produced by a sting
fromthis animal was first described, albeit
in part and non-specifically, by Southcott
and Powys in 1943 and 1944 (unpubl i shed dat a) .
Fl ecker> and Barnes® conpleted the clinical
description. Subsequently, Carukia barnesi

speci es and genera




was identified by Barnes® as at |east one of
the offending animals in the production of
this syndrone, and this hitherto undescribed
jellyfish was éii ssected, classified and naned
by Sout hcott.

TheClassical “Irukandji Syndrome”

The name for this syndrone “Irgkandji syn-
drome” was coined by Flecker,® (after the
tribal name for aborigines who inhabited a

Nort h Queensl and coastline) and consi sts cl as-
sically of inmediate burning pain at the site
of skin contact with the thread |ike tenta-
cles, followed by an area of diffuse erythema
wi t hout wheal fornation, and fairly rapid
subsiding of pain. At a variable tine after
that (30-50 m nutes) severe nuscl e pai ns de-
velop at the site of the envenomation, and
these quickly extend proxinmally, to produce
general i sed severe muscul ar type pai ns, pain-
ful breathing, and cul minating in severe head-
ache, nausea, voniting and prostration, even
in previously fit athletic people. The skin
area of the original sting may show a “goose
pi mpl e” effect, with mninmal persisting ery-
thema, and the patient is usually greatly
al armed and di stressed by the pain, headache
and nausea. Regi onal | ynphadenopat hy does
not appear consistently, in the experience
of the witer.

There is no antivenom the nature of the
toxin is totally unknown, and treatnent is
non specific, but of necessity vigorous, viz.
i ntravenous narcotics via an |V |ine under
full nmedical care facilities.

The syndronme usually persists for 6-12 hours
and subsi des by 24 hours, |eaving the patient
weak, with muscul ar soreness and very occa-
sionally, in prematurely rel eased patients,
a recrudescence of some of the generalised
symptons. No fatalities are known.

In the words of Jack Barnes, “lI shoul d sooner
have smal | Box-jellyfish (Chironex fleckeri)
sting, than an Irukandji sting”!

Carukia Barnesi

Caruki a barnesi is thus comonly referred to
colloquially as “lrukandji”, and is a small
jellyfish (1-2cm across the bell or body),
with a translucent bell and only four (4)
thread like retractable and extendable ten-
tacles, which vary in length from 2.5 to
4.5cm at rest and are cap%ble of about a 3
ti mes extension in |ength.

Nemat ocysts (stinging cells) are | ocated al ong
each tentacle on circunferential rings, and
al so on warty manmi || ations on the outside of
the bell.

However, the ani nal
victimin the water,
size and its col our,

is never seen by the
because of its mnute
and t he tentacl es do not
adhere to the skin. Only a tiny patch of
bare skin is necessary for sting, so warm
water wet suit rigs do not offer protection.

“lrukandji” has so far only been located in
the northern parts of Australia, in tropical
waters, and it appears to frequent both in-
shore and open waters (unlike Chironex

fleckeri).
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The Problem

To nmy know edge, there have now been two
cases of Scuba divers receiving an I rukandji
sting during a dive, and on their return to
the boat, they and conpani ons, not surpris-
ingly diagnosed the ensuing lrukandji syn-
drone as either devel opi ng deconpr essi on si ck-
ness or cerebral arterial gas enbolism(CAGE)!
A third possible case (which was treated as
CAGE) is at present being diagnostically re-
exam ned in retrospect!

Thus, for the diving nedical practitioner
who is unacquainted wth the “lrukandji syn-
drome”, and who i s urgently consulted in such
cases, a serious differential diagnostic trap
exists for the difference in the managenent
of these two di agnoses (one of which may al so
involve in addition an aeronedical evacua-
tion to the reconpressi on chanber) is strik-
ing to say the |east!

It is now beconming clear that there is nore
than one species of the fanmily Carybdei dae,
and perhaps also of the genus Carukia that
are capabl e of producing the “lrukandji syn-
drone” + (Barnes JH, unpublished observati ons)
and this difficult differential diagnostic
probl emis not going to become | ess common in
Northern Australi a.

To date, all observed Irukandji syndrones
have denmonstrated only subjective systemc
synpt ons, and none have shown obj ecti ve signs
of neurol ogical sensory or notor dysfunc-
tion. However this may reflect the relative
paucity of neurologically closely observed
and careful ly docunented cases to date. One
can only wonder what effect this toxin m ght
have on the central, or peripheral nervous
systemw th pre-existing pathol ogy.
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FROM THE MEDICS LOG...
PULMONARY OVERPRESSURE SYNDROVE
Dick Clark

On 1 Cctober 1984, RP, a 30 year old, fit
young rmal e who was in the final phases of a
10 nmont h commerci al di ving course, was using
a Superlite 17 helmet and dry suit while
diving froma barge in a | ake about 75 niles
north of Toronto, Canada. On the barge is a
reconpr essi on chanber (RCC) capabl e of sinu-
|lated depths to at l|east 165 feet. M P
surfaced froma 90 foot dive for 30 minutes
after doing 7 mnutes of deconpression at the
10 foot stop. It is noteworthy that just
prior to the incident dive, the patient aspi-
rated a small piece of hanfcheese/lettuce
sandwi ch that he coughed up before entering

the water. During ascent he coughed on sev-
eral occasions due to sone residual “throat
irritation”. Further, he was not as atten-

tive to ascent rate as usual since he was
pre-occupied with thoughts of approaching
exans and inpending break-up with his cur-
rent girlfriend. (Divorce fromhis w fe was
to be final 20 Cctober 1984). His tenders
were not aware he had reached the 10 foot
stop since they told himto conti nue ascend-

ing, ie. ascent may have been faster than 60
fpm At the 10 foot stop he felt vaguely
unwel | and |ightheaded. He did not ascend

beyond the 10 foot stop until after 7 m nutes

of deconpression.

The dive, including ascent was ot herw se un-
remar kabl e. Wthin 3-4 mnutes after sur-
facing he felt very weak, dizzy, then very

nauseated and started to | ose consci ousness.
He was caught by his tenders and placed in
t he deconpressi on chanber whi ch was taken to
165 feet: the time was about 1400 hours. By
the time treatnent depth (165 fsw) was reached,
all synmptons were relieved and he felt well
and was conpletely orientated.

After 30 mnutes at 165 fsw, ascent was at-
tempted, but the patient experienced
retrosternal chest pain and the chanber was
returned to 165 fswuntil the Diving Medical
Oficer arrived at the wharf where the barge
had cone to shore after the accident (1600
hours). Total tinme at 165 feet was 135 min-
utes. It is significant that the steel RCC
was exposed to the weather on the barge deck
and air tenperature was about 40°F.

The inside diving nedic was directed to aus-
cultate both lung api ces using a Cardi osonic
R acoustic anplifier to verify that breath
sounds were present - they were. Pulse was
72 and systolic BP 110. Respi rati ons were
about 14/ mn. The chanber was then travell ed
at 25 fpmto 80 fsw (which woul d be the first
stop on an air dive to 170 feet for 2 hours
usi ng USN extrene exposure tables). A brief
stop was necessitated at 150 fsw by recurrent

chest pain, but due to pulse rate of 74 and
breath sounds bilaterally, tension pneunot-
horax was ruled out and ascent continued.

Pai n decreased during ascent from 150 feet
and was absent at 60 feet. USNtable 170/120
(air) was followed to 60 fswat which tinme a
USAF modified USN Table 6 Treatnent was
started. One extension of 20/5 was given at
60 fsw and two extensions of 20/5 at 30 fsw

to ensure that the total Iength of the treat-
ment was at | east as | ong as deconpressi on on
air from170 ft/120 min. Tenders alternated
Oy periods at 60 and 30 feet (patient did
all) and both tenders and pati ent breathed Op
from30 fswto the surface. It is theorized
that the retrosternal chest pain was due to
medi asti nal enphysema which dissipated on
ascent .

During the third Oy period at 60 fsw the DMO
locked in to re-start the IV and give 50 ng
Sol u- Cortef (1750 hours) and 40 ng Decadron
(1805 hours) by slow IV push. Ringers Lac-
tate (R/'L) was continued at 50 cc/hr to KVO
since patient had voided 1500cc after re-
ceiving 500 cc R'L earlier in the dive. Ex-
am nation in very cranped quarters was unre-
mar kabl e as to vital signs, subcutaneous em
physema, strength, orientation, breath sounds,
heart sounds and | evel of consciousness.

At the surface he was synptomfree except for
m | d headache and he was sent to the |ocal
hospital for overnight observation. Bot h
tenders were al so synptomfree and renai n so.

A chanber crew stayed on call in the area
overnight in case of relapse. Patient was
di scharged after an uneventful night at 0800
hours, 2 Cctober.

Fol | ow up exam i ncl udi ng conpl ete CNS eval u-
ation at 1130 hours, 2 Cctober was conpletely
unremarkable. Inspiration expiration chest
x-rays 2 Cctober were reported as show ng no
abnormality.

It was reconmended that patient was unfit for
diving for three weeks, but since this Pul np-
nary Overpressure Syndrone is “expl ai ned” by
coughing during a fairly rapid ascent, and
since there were no focal neurol ogical signs
or synptons, resunption of diving is perm s-
sible with the proviso that the diver is
aware he at “increased risk” of a recurrence
of Pul monary Overpressure Syndrome and mnust
be very attentive during ascents in future.

Reprinted by kind permission of the Editor from TRIAGE,
the Newsletter of the National Association of Diver Medi-
cal Technicians, No 9, January 1985.
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