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EDITORIAL

When Samuel Butler said that Life is the art of drawing
sufficient conclusions from insufficient premises he was
mor e accurately summarising the development of Science
(and Medicine) than most of his contemporaries would
have recognised. The truth of this aphorism will be
apparent when onecontempl atesthecycl e of devel opment,
refinement, and final reassessment with modifications, of
the dogmas of any period. It will be noticed that this
process is more rapid nowadays than formerly and that
Diving Medicine is subject to the same need to change.

It must be difficult for newly trained diversto appreciate
that conditions which are so clearly described and
differentiated, in detail, in every reputable instruction
book written for them, may present a diagnostic puzzeto
a doctor asked to give an opinion. Smilarly it is an
increasing problem to get acceptance of the fact that,
despite the enormous amount of work done to calculate
safer diving tables, there will never be any tables which
guarantee 100 per cent security totheuser. Thisisdueto
the variability of response of each person on different
occasions to a similar load of dissolved gas. Some day
divers may wear computers which calculate an ascent
profilefor each dive after ascertaining the Doppler count
of the bubbles in some chosen blood vessel. Then it will
become obviousthat the safe dose of bubbl esisnot known.
As ever, advances will produce new problems in their
wake. The wise diver treats the tables as indicating the
outer limits of reasonable security, and dives well within
these limits. Computers may calculate dive profiles but
such machines are entirely dependant on the information
fed them, and our under standing of the processesinvol ved
in causing decompression sicknessistoo imperfect for the
necessary information to be correct.

Itisindeed unfortunatethat Naturedoesnot obeythelogic
of our understanding of diving. How much simpler it
would be if cerebral air embolism or decompression
sickness always presented as the medical texts describe
rather than as the muddled and misleading mess of
information so often offered by those with the less severe
examples of these conditions. Cases in this issue relate
some of the clinical problems which bedevil those torn
between the “ pot everything” approach and a more
conservative “ make a diagnisis first” one. It is now
becoming easier, with the increasing availability in
Australia and New Zealand of recompression chambers,
tochoosethe Test of Pressureoption, whichisadiagnostic

aid with a therapeutic function. Itiswiseto keepinmind
the near certainty that some residual damage remains
after the clinical symptoms and signs are long forgotten
lest a generation of divers arises which regards
decompression sickness as a matter of little importance.

The clinical papers in this issue illustrate some of the
diagnostic and management problems which may be
encounter ed, beginning naturallywiththeinitial assessment
of fitness to dive of the applicant with an adverse
neurological medical history. While most decisions
concerning fitness to dive are beyond dispute there are
inevitablyanumber wherefactorspeculiar totheapplicant,
or the examiner’s special expertise concerning risks of
some condition, lead to a divergence from the accepted
guidelines. Such instances include those where diabetes
or a history of asthma is discovered and the applicant
denies the condition has had any effect on his everyday
activities. Itishopedto discusstheseconditionsingreater
detail in a later issue and comments are invited from
readers. Such conditions are illustrative of what Samuel
Butler noted, that our premisesrather than adequate data
govern our beliefs.

It is such cases which justify the suggested listing of
doctorswith enough understanding of diving problemsto
beabletooccasionally depart fromwhatever “ guidelines”

are thought necessary to increase diving safety. Readers
are reminded that in only a tiny minority of fatalities has
amedical condition been the solefatal factor, andin some
it was the victim's personality which was the critical
factor. It would be administratively convenient to decide
on a simple shibboleth, the words “ | went to the SUM” ,
but, asDr Gibbssaysin hisletter, thereareother fountsof
knowledge. Thisisobviously a matter for discussion and
action.

After therich supply of clinical reportsall dealingwiththe
unpleasant aspectsof venturing underwater, ranging from
decompression sickness and cerebral air embolism to
marine venoms, from deafnessto death, it isgood to read
Martin Marks on how a dive marshal, or any dive leader,
can assessthelikely safety of a proposed dive. Remember
at such times Ken Kizer’s valuable concept of “ the sand
beside the road”. Without adequate equipment and
appropriate training you stand a good chance of
experiencing thisfactor. So dive by therulesand you will
be alive to read the next issue!
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AIREMBOLISM -
A DISCUSSION BASED ON TWO DIVING
ACCIDENTS

John Knight

Arteria gasembolism (AGE) occursin divers, submarine
escape trainees and in patients having open-heart surgery
or even arteriography. It can occur in people who have
suffered venous air embolism if there is a patent foramen
ovale or avascular anomaly in the lungs which by-passes
the lung capillaries. Margery Allingham had one of the
characters in “The Mind Readers’ die from arterial gas
embolismwhena“ sparklet” operated cork remover pierced
his chest and heart.

CASE HISTORIES
Casel

An experienced sports diver in his late 20's finished a
decompression dive and ascended normally. Heis sure
that he was breathing in and out all the way up and came
up not faster than 60 feet aminute. Onthesurfacehefound
swimming difficult as his legs were suddenly weak and
difficult to control. He reached the boat and had to be
helpedin ashisarmshad becomeweak. Onceonboard he
collapsed. He could hear peopletalking but could not see.
To the onlookers he was unconscious. He was
hyperventilating and having occasional extensor-spasms.
Hewaslikethisfor morethan half an hour. Then hewoke
up and appeared normal except for hisleftleg. Theothers
inthe party, occupied with packing up, let him wander off
and drive himself home. A couple of days later he
contacted me because he kept on missing his mouth with
his teacup and missing the saucer when he put the cup
down. Recompression cured him. This case has been
reported in more detail in the SPUMS Journal of April-
June 1983

Perhaps the diagnosis of the doctor (another diver) on
board the dive boat, that his troubles were due to
hyperventilation wasright but as hyperventilation follows
iatrogenic arterial gas embolism | prefer to explain his
problems with an air embolism.

Case?2

A young woman was finishing her diving training course
by doing open water dives. Thefirst divewasuneventful.
Back intheboat after the second dive she said that shewas
not well, then collapsed, stopped breathing and went blue.
Mouth to mouth resuscitation was started and after about
five minutes she started breathing and regained
consciousness. About 10 minutes later she went
unconscious and stopped breathing. Once again expired
air resuscitation was successful. Soon after the boat
arrived in port and she was transferred to hospital. There
she had no demonstrable neurological abnormalities.

SETT experience has shown that the symptoms of air
embolism may comeon minutes, sometimesmany minutes,
after leaving the water. Those on board thought that she
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had had an air embolism and | agree with them. | believe
that her second collapse was a second embolism brought
on by sitting up.

People have died ascending from as little as two metres
without breathing out and the standard explanation is that
pulmonary barotrauma occurs when the lung is over
stretched. As a consequence of the lung bursting air can
finditsway intotheinterstitial tissuesof thelungand of the
medi astinum, down below thediaphragmretroperitoneally
or intra peritoneally, up into the neck, into the pleura
cavity and also into the pulmonary venous system. These
latter bubblesthen pass through the heart and are pumped
outintotheaortaand soreachthebrain causing arterial gas
embolism. It is areasonable explanation.

We know that human corpses burst their lungs when
intrapulmonary pressure, measured in thetracheais about
90 mmHg, which isroughly 1.2 msw.2 Binding the chest
and abdomen allowed the pressures to be approximately
doubled before the lung burst. Admittedly Malhotra and
Wright only reported 5 experiments, oneunbound and four
bound cadavers. The unbound body developed a
pneumothorax while the others developed pulmonary
interstitial emphysema. Asthey had no circulation none
developed air emboli.

The majority of studies of air embolism come from
SubmarineEscapeTraining Tanks(SETT). Largenumbers
of men perform thesebuoyant ascentsevery year and afew
suffer pulmonary barotraumaand air embolism. Very few
have evidence of interstitial emphysema or of
pneumothorax. The ascent rate is very rapid. At HMS
DOLPHIN thetraineeisclipped onto awire rope running
up the centre of the 100" tank to make sure that he does not
hit thewall and damagethe paintwork, or himself. Inspite
of the friction of the clip on the rope the survival suited
figureistravelling fast enough for those at the top of the
tank to seeclear between hislegsbeforehedropsback into
the water. Sports divers do not achieve this speed of
ascent. They also wear wetsuits which, in many cases,
splint their chestsand abdomens. Soit might bethat SETT
traineesand sportsdiversacquiretheir air emboli differently.

There are a number of inconsistencies about pulmonary
barotrauma and arterial gas embolism. The pagesin the
1973 Bennett and Elliot that deal with air embolism
suggest that haemoptysis, signifying lung damage, is
common.

Macklin reported pneumothorax with massive collapse
from experimental over inflation of the lung in cats in
1937.2 He jammed a catheter into a bronchus and was
rewarded with massiveair leaksinto thelung perivascul ar
spaces, the mediastinum, the retroperitoneal tissues, the
neck and the pleural space. What he did NOT report was
air in the pulmonary vessels.

Macklinand Macklin published along paper (77 pages) in
1944 on “malignant interstitial emphysema of the lungs
and mediastinum”.* It was malignant because it led to an
anoxic death after steadily increasing dyspnoea and great
inspiratory efforts. Their conclusionwastheoverdistention
of alveoli adjacent to blood vesselsallowed air to enter the
potential space around the blood vessels with each
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inspiration and each expiration pushed thisair towardsthe
hilum, so stiffening the lungs and making the dyspnoea
worse. The process was self perpetuating. Certainly
increasing dyspnoea, cyanosis and death was a common
ending in the influenza pandemic of 1919 and with
pneumonias before antibiatics.

When an anaesthetist forgets to release the expiratory
valve during controlled ventilation the usual result is
surgical emphysema of the neck or apneumothorax. Y et
both these manifestations of pulmonary barotrauma are
much less common in divers and SETT trainees than is
AGE, which in some parts of the world is the major
pressure-related problem of diving.

Inthe SPUM S Journal of July to September 1983, Takashi
Hattori discussed ten years of diving accidents on the
Monterey Peninsulain California.5 Only 20% of hiscases
of AGE had haemoptysis. Hattori treated more cases of
AGE than of decompression sickness between 1971 and
1981. In 1982 Harry Oxer presented 6 pressure related
accidentsfrom Western Australiato aSPUM S meetingin
Melbourne. Five were AGE and one was a case of high
altitude decompression sickness.® In Victoria there are
approximately equal numbers of cases of AGE and
decompression sickness.

Itiseasy to understand how part of the lung, either partly
or totaly blocked off from the airways, can be over
expanded and rupture, tearing capillaries and so allowing
air to enter them if they remain open. It isless easy to
imaginethewholelung behaving thisway. Infact afriend
of mine was making an out of air ascent many years ago.
Suddenly his regulator was blown out of his mouth. He
does not remember anything more of the ascent till he
“woke up” on the surface. He had a bit of a cough for a
while but felt well enough to have another dive that
afternoon. Certainly he had an over pressure accident.
Was his unconsciousness due to a faint caused by
intrapulmonary pressureinterfering with cardiacfilling or
wasit dueto an air embolus? No one knows.

Thelack of X-ray changesand of pathological changesin
thelungsof clinical air embolism casestreated at theRoyal
Australian Navy School of Underwater Medicineled Carl
Edmondsto refer these people to Professor Colebatch for
exotic respiratory function tests. Professor Colebatch
foundthat therewasevidenceof differencesincompliance
in different parts of the lung in these people.” This is
unusua. Thetesting istime consuming and complicated
and quite unsuited as a screening test for divers. His
explanation for AGE in some of these peopleisthat at the
boundary between thenormal and abnormally stiff partsof
the lung expansion of the normal lung, being more than
that of thestiffer lung, tearssomeof thealveoli betweenthe
two areas. Thisof itself is of no great significance asthe
intrapulmonary pressures, though rai sed, areinthenormal
ratio.

However when the diver, who was out of air, reaches the
surface and gasps in his first breath, the normal lung
expands maximally and pulls away from the stiffer lung,
which holds open the holes in damaged venules and
capillaries. Air entersthe damaged area, asit doestherest
of thelung, on inspiration. On expiration it cannot leave

and either goes up the perivascular spaces towards the
hilum or entersthe damaged blood vessels. Hiscontention
is that it requires a deep inspiration to either damage or
overfill the damaged area between the normal and
abnormally stiff partsof thelung. Thisisaninterestingand
appealing hypothesis and explains the following case.

One of my patients developed apain in his chest doing a
series of forced vital capacity testson aVitalograph. Sol
had hischest X -rayed and hismediastinumwasvery neatly
outlined with air. | assumed that he had burst his lung
while blowing, but could not understand how or why.
Whenl discussed theoccurrencewith Professor Col ebatch
he thought that the maximal inspirations had done the
damage and that the forced expiration had pushed the air
towards the hilum, which is at |east believable.

It seems more likely to methat arecurrence of symptoms
following an air embolus is a new embolus rather than
anything else. After all thelesion inthe lung cannot have
healed in minutes or even hours. A clot has probably
formed within minutesbut the bleeding woul d presumably
distortthelungarchitectureand compliancesotransferring
the original problem to some other part of thelung. Itis
quitelikely that thereisinterstitial air in or adjacent to the
damaged lung.

To me the interesting things about AGE are:

(2) that itisoften diagnosed ashyperventil ation by doctors
inspite of very obvious neurological signs;

(2) that it occurs much more often than the other
manifestations of pulmonary barotrauma;

(3) if Professor Colebatch isright about the mechanism of
air embolusinpeoplewith“norma” lungswhy doonly
some have relapses?
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STONEFISH ENVENOMATION

Chris Acott
CASE REPORT

JR trod on something while getting out of a boat in an
estuary. He experienced sudden pain which became
excruciating over the next ten minutes. He arrived at the
Rockhampton Base Hospital about an hour later, in
considerable pain. No first aid measures had been tried.

I madethediagnosisof astonefish sting over thetelephone
when | asked the Registrar to takethe ear piece away from
hisear and | could hear the unfortunate patient screaming
in the background. His foot was immersed in some hot
water, which gave him considerable relief, and he was
transferred to the |CU.

The wounds were on the medial aspect of hisright foot in
the distribution of the media plantar and sural nerves.
These were blocked using Bupivicaine 0.5%. Therewere
6 superficial puncture wounds, bluish in colour with a
reddened periphery. Hisfoot was also oedematous. His
right inguinal lymph nodes were pal pable but not painful ,
but he was complaining of considerable discomfort in his
calf andthigh. Therewasnojoint pain. Every timehisfoot
was removed from the hot water, he complained of pain.

An intravenous line was inserted. Blood was taken for
analysis. 6 ml of antivenom (3 ampoules) were given
intravenously as | considered that a 6 ml intramuscular
injection would be cruel.

Thepainsubsidedwithinhalf anhour. Whenhearrivedthe
pain seemed so severe that | considered a unilateral sub-
arachnoid (spinal) block, but decided to block thesural and
medial plantar nerves instead.

After theantivenom heonly complained of somemoderate
discomfort in hisfoot and acramping sensationin hiscalf
and thigh muscles which were controlled by incremental
dosesof intravenousOmnopon. Thisdiscomfort continued
for afew days. Thefoot remained swollen for acouple of
days. However there was no sign of local infection.

Investigations revealed a CPK three times normal. The
blood was taken about 1 hour after the sting. Discussion
with Dr S Sutherland reveal ed thisto be thefirst recorded
case of an elevated CPK following a stonefish sting. He
assumedthat it wasdueto thelocal effectsof thevenomon
the muscles of the foot.

JR was discharged three days after admission.

DISCUSSION

This case illustrates several points about stonefish
envenomation:

1. The sting is excruciatingly painful. Although the
patient wasin considerable distress he did not become
irrational, which has been reported in other cases.
However theseverity of signsand symptomsaredirectly
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proportional to the depth of penetration of the spines.
His wounds were superficial.

2. First aid measures. Considerablerelief isobtained by
immersing the affected areain hot water (about 50°C),
so the venom is probably heat 1abile.

3. The wound appearance was classical from the
description given in “Dangerous Marine Animals of
thelndo-Pacific Region”, by Carl Edmonds. “Thearea
has a bluish tinge, and becomes swollen and
oedematous. The pain will spread to the regional
lymph nodes and involve adjacent muscles.”

4. Thebest methodsof painrelief areby local anaesthesia
blocks, antivenom and hot water immersion.

The Venom

Itisaheat labile protein with amolecul ar weight 150,000.
It also contains some potent hyaluronidase and capillary
permesability factors. Thereisno proteaseor phospholipase
A2 activity. It has no effect on the blood clotting
mechanisms nor does it cause haemolysis.

The venom will remain toxic in the venom glands for
several days after the death of the animal. There are 13
dorsal spinesto each stonefish and each spinehas2 venom
glands which can discharge along the ducts of the spine.
The spines are capable of penetrating a sandshoe. The
average yield of venom per spine is 6 mg, and the total
yield is 49-88 mg.

Tests on various animals showed transient hypo- and
hyper-tension. Electrocardiographicchangesshowedeither
AV block or VF. Other workers showed it to have strong
myotoxic propertieswhicheffectsall muscletypes, causing
paralysis probably by blocking depolarization.

Deaths have been recorded in the Indo-Pacific region, but
no deaths have been recorded in Australia.

Antivenom

The antivenom is prepared by immunizing horses and is
available as a pure equine preparation. Each ampoule
contains 2 ml which will neutralize, in vitro, 20 mg of
venom. Antivenom isindicated in all cases of stonefish
stings. The recommended doses are, for 1 or 2 puncture
sites 1 ampoule, for 3 or 4 puncture sites 2 ampoules, and
for 5 or 6 puncture sites 3 ampoules. The antivenom is
usualy given as an intramuscular injection except in
severe cases when it is given as an intravenous injection.

First Aid and Hospital Management

1. No attempt should be made to retard movement of
venom. To delay the escape of the venom will only
enhance local pain and tissue necrosis.

2. Immerse the limb in hot water at about 50°C.
3. Emetine hydrochloride has been tried in the past.

I njection around the wound will give some pain relief,
probably due to the acidity of the solution.
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4. Potassium permanganate should not be used, asit will
only cause local tissue damage and aggravate the
wound.

Hospital management is directed towards pain relief,
antivenom, bed rest, and treatment of any cardiovascular
or respiratory problem. Attention shouldbepaidtotetanus
prophylaxis and local wound treatment.

THE UNDERWATER TRAINING CENTRE IN
MORWELL

John Knight

Why have an underwater training centre 60 km from the
coast? Largely because basic training and training in the
use of equipment and tools does not need the sea, only
water. Infact the sea can be anuisance becauseit can get
too rough to be safe. The Commercia Diving Center,
which isnow the College of Oceaneering, in Wilmington,
California, has accessto very protected water and yet has
large on-shore tanks for training. The other reason isthat
Morwell isthe basefor the major activities of the National
Safety Council of Australia (NSCA) Victorian Division
which purchased the Underwater Training Centre (UTC)
from its Sydney owners about 2 years ago.

The UTC trains divers to the standards set by Part 1,
ScubaDiving (* personsnot normally wor king underwater
butwhoarerequiredtodiveinconnectionwitharchaeol ogy,
non-commer cial resear ch, scientificworkand observation
tasks”), Part 2, Restricted Commercial Air Diving
(‘personnel who will be engaged in professional and/or
commercial underwater operation, at limited depths ....
using surface supplied compressed air or self contained
breathing apparatus and not having access to a surface
compression chamber. Such qualificationisthe minimum
required by regulatory authoritieswho areresponsiblefor
the control of on shore diving, eg construction of jetties,
dams.”) and Part 3, Professional Air Diving with surface
compressionfacilities(* Such qualificationistheminimum
requiredbyregulatory authoritieswho areresponsiblefor
thecontrol of off-shorediving, eg oil andgasexploration” )
of the draft Australian Standard for the Training and
Certification of Divers. Part4, Bell Diving (‘relatedtothe
further training of experienced air diversand underwater
wor kersto permit themto operate safely and competently
as bellmen and lock-out divers’) has not as yet been
started. There are anumber of reasons for thisincluding
the present depressed state of the diving industry and its
high unemployment and the lack of a safe 100m deep site
at seaoff theVictorian coast. Thisdepthisnecessary if the
UTCtrainingisgoing to beaccepted by the UK authorities
asequivalent to their standardsfor bell diversinthe North
Sea oilfields.

In addition to training divers the UTC is engaged in
helicopter-crash survival training. They havethe cabin of
ahelicopter sittingon abar. Itisheld vertical by uprights
at eachend of thebar. Thetraineesgetin, and theassembly
ishoisted up and positioned over the pool and then rapidly

lowered into the pool simulating acrash at sea. The RAN
and ESSO-BHP are using this service.

Another group being taught by the UTC isthe NSCA air-
sea rescue paramedics who not only have to be able to
winchdowntoashipbut aretrained to parachuteand scuba
dive.

The UTC hasapool that is 6 min diameter and 9 m deep
which is used for most of the training. It isin this that
trainees learn the joys of wearing a Kirby Morgan Band
mask, so called because the hood is held to the mask by a
steel band. These have an oro-nasal mask instead of a
mouthpiece on the regulator, which is al part of the full
face mask. The regulator can have its working pressure
adjusted and can also be converted to free flow. Thereis
adelightful gadget that pushes up and blocks the nostrils
so that the diver can clear hisearsmore easily. The great
advantage is that the diver can talk to topside and hear
replies. Thereisamicrophonein the oro-nasal mask and
earphones lie against the ears. Like any other full face
mask it must beheld firmly onto thefaceby strapsor it will
fill with weater.

The KM Superlite is hardly light. It is the much more
comfortablesuccessor of thebrass* hardhat”. TheSuperlite
has the mask part of the KM band mask set in acomplete
helmet. Worn inside the helmet is a padded hood which
provides comfort and insulation. It is worn with a neck
dam, atight fitting neoprene sleeve round the neck which
broadens out over the shoulders to be attached to a metal
collar that locksontothehelmet. Becausetheheadisinair
the diver can hear better than with aband mask. Because
the neck dam seal sthe helmet it can beworn with both wet
and dry suits.

The band masks and helmets are surface supplied. The
umbilical has ahose for the breathing gas and another for
the pneumofathomometer as well as wires for the
communications. The pneumofathomometer tubeisopen
at the bottom. Air is blown down the tube at a pressure
abovethat at thediver’ sdepth, thenthesupply isturned of f
and the pressure in the system will drop to that of the
diver's depth. This pressure can be read off a pressure
gauge calibrated for depth. Thisisamuch more accurate
systemthanrelying onapossibly faulty depth gaugeonthe
diver’ swrist, which of course the supervisor cannot see!

Inthepool thetraineeswork withvariouspower (hydraulic)
tools such as are used for construction work. Welding
underwater was a skill taught at the Commercial Diving
Center when | visiteditin1977. At presenttheUTCisnot
teaching this skill.

A commercia diver must not only be safe at work in the
water but hemust beableto provideasafeenvironment for
othersto work in the water. This means learning how to
control gas supplies to the diver and how to work the
pneumofathomometer. The control panel varies in
complexity, being relatively ssmplefor asurface supplied
bouncedive. Thecontrol panel for achamber hasafull set
of controls for each compartment and for the trunking
joining any bell to the chamber. There are deep and
shallow pressure gauges, ideally one pair for each
compartment. But often gauges can be connected to more
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Thehatches(doors) areonthechamber side(inside) their openings. They will stay shut aslong asthe pressureinthechamber
ishigher than outside. The exception ishatch no. 6 which will remain shut aslong as the the pressure outside the "bell" is

higher than inside.

than one compartment. If the supervisor thinks it is
connected to compartment A when it isin fact connected
to another, inappropriate action may be taken. This
happened a few years ago in the North Sea when the
supervisor, thinkingthemaster gaugewasconnectedtothe
living chamber whenin fact it wasrecording bell pressure
whichwasbeing dropped, pressurised themenandinduced
fatal hyperthermia. Besidescontrolsfor thechamber there
have to be controlsfor the supply of gasto the bell and to
thedivers. Thediver'slifeisliteraly in the hands of the
man at the control panel.

TheUTCacquired atwo compartment multi-man chamber
(4.8 mx 1.8 m) from Comex when that company finished
work in Bass Strait. It isadeep chamber rated to 200 m.
Theentrancelock hastwo entry portsat right anglesso that
another chamber can be attached and there is till access
from outside. At the other end of the main chamber there
is an overhead entry hatch and another in the far wall,
which leadsinto the bell simulator (Figure 1).

Theinterior of thechamberisdimly lit. Thereareonly two
lightsand they are not actually inthe chamber. Thelamps
are outside the chamber and the light reaches the chamber
through a fibre optic system. The main living space is
cramped for four men (there are four bunks) and is fitted
with CO2 scrubbers and can easily be used for saturation,
but there are no toilet facilities.

Thebell simulator, whichisattachedtotheend of thelarge
chamber, isan ingenious deviceto train peopleto operate
abell (properly a personnel transfer capsule) to different
depthswithout having to goto sea. It consistsof a“bell”,
fitted with all the normal controls, permanently mounted
toawet-pot. AttheUTCthewet-pot, althoughratedto 200
mispressurized only to 50 m at present. Pressurisationis
achieved by having another pressure vessel full of water
connected to the bottom of the wet-pot. High pressureair
isblown into the top of this second tank and the pressure
rise, but no air, istransferred to the wet-pot. Inthisway a
dive to 50 m can be simulated.

The diver and his attendant enter the “bell” and close the
hatchesbetweenit and thechamber. They hoisttheoutside
door (No. 6 in Figure 1) at the bottom of the bell almost
closedwiththechain-hoist. They leaveagap of about 1cm
between the door and its sill. The supervision starts to
pressurize the wet-pot. Asthewater startsto riseinto the
lower trunking the men in the “bell” pull the chain-hoist
chain sideways, so lifting the door to touch its sill. The
outside water pressure now pushes the door tighter and
tighter shut. Thechain-hoistisunhookedand put out of the
way. Thisis the same procedure that is used asabell is
loweredintothesea. Oncethe”bell” hasreached working
depthitispressurized. Whenthepressureinthebell isthe
sameasoutsidethebottom door fallsopen asitisnolonger
being pushed up by the water pressure.
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Now the diver can enter the water and perform his tasks.
Training includes diver rescue, which is difficult through
the narrow Comex hatches. At the end of the exercisethe
diverreturnstothe“bell”. Theinsidedoor (No.5inFigure
1) of the trunking is shut and the “bell” is dlightly over
pressurised to seal the hatch. Now the higher pressurein
thebell keepsit shut. At seathebell would now be hoisted
aboard and the divers transferred to the chamber either to
be decompressed or to be held in saturation. The same
routine is undertaken in the simulator, the only difference
being that there is no mating of the bell to the chamber as
that link hasnever beenundone. Neverthelessthoseinthe
simulator have to go through the same routine of having
the chamber pressurised and then the trunking, joining
chamber andbell, pressurised beforethey can openthebell
and crawl through into the chamber.

The UTC hopes to obtain another small chamber to mate
to the entrance lock of the large chamber, with a hatch
capableof acceptingthebayonet fittingof aDréger Duocom
portable 2 man chamber. The NSCA runs a hyperbaric
emergency service based on Morwell using Dréger
Duocoms as the portable collecting chamber with the
patient being decanted into a larger chamber at Morwell.
However this chamber islimited to 50 m which might not
be deep enough to giverelief of symptoms. At present the
patient cannot be transferred under pressure to the UTC
chamber. An extra chamber, with a flange accepting a
Duocom, ontheUTC systemwouldallow for suchtransfer.

Sncethis paper was presented the UTC has obtained the
extra chamber mentioned in the last paragraph.

NEUROLOGICAL CONSIDERATIONSIN DIVING

David Brownbill

Attheoutset | wishto acknowledgethework that hasbeen
done in the field of fitness to dive with neurological
conditions by John Hallenbeck and Hugh Greer who are
both neurologists and divers and have been very closely
associated with the United States Navy.

Any discussion on neurological conditionsin diving must
consider the neurological conditions that can result from
diving and, probably more important to us here, adviceto
divers for their future activities when they have a pre-
existing neurological condition or one that develops as a
result of diving. Pre-existing neurological conditionsfall
broadly into three groups, head injuries, people who have
undergone intra-cranial surgery for whatever cause, and
thosewho haveunrel ated medical neurol ogical conditions.
Theimportant problemsareepil epsy, the changesthat may
occur to personality, which | will discusslater, and damage
or impairment to the specia senses of vision, hearing and
balance.

There are two relevant statistical factors about epilepsy.
Thefirst being that 5% of the population will at somestage
have an epileptic fit of some sort, for example as a
youngster with a fever and secondly that 0.5% of the

population will actually be termed epileptic, having
recurrent fitsrequiring medication. Thewhol e point about
epilepsy is that it involves a low threshold to cerebral
discharges. Asaresult of that low threshold precipitating
factors may cause dischargesthat will result in that which
we know as clinical epilepsy. The factors which are
significantindivingincludecold, decreased oxygenlevels,
or moreimportantly rai sed oxygenlevels, decreased carbon
dioxidewhichoccurswithhyperventilation, hunger, a cohol
and scarring of the brain. Here we might talk about the
personwho hasundergoneacraniotomy, surgery for let us
say ameningioma. If itisintheposterior fossaandif there
isnobalancedisturbanceitisof nosignificance. However,
if the surgery has involved the supratentorial region it
carries, in the normal population without diving or the
attendant precipitating factors, a chance of post surgical
epilepsy approaching 10%. That raisesthe question of the
incidence of epilepsy that one may expect in a person,
following such surgery, who is diving and is therefore
exposed to these precipitating factors. Epilepsy itself may
occur with or without loss of consciousness. It may bejust
amomentary lossof awareness, butit doesalwaysinterfere
with the control of behaviour and performanceand it does
always occur without warning. There may be an aurathat
it may occur but the actual moment of occurrence is
without warning. As | said before, in diving, vital
considerations involve carbon dioxide or oxygen blood
level changes which often happen and which may act asa
precipitating factor in aperson who aready hasalowered
threshold.

What advice should be given to somebody regarding
divingwho hassuffered an epilepticfit? Now thefirst, and
I think non-discussabl e, situationisif they haveuncontrolled
epilepsy, that is, they have epileptic seizures and are on
medication. Without discussion | would say, not only
shouldthey not dive, they MUST NOT dive, full stop. The
next question is regarding the person who has well
controlled epilepsy, that is the person who has been on
medication and has been seizure free for two years. Here
wehaveto consider that such medi cation may makepeople
drowsy and under increased ambi ent pressuretheseeffects
may be increased. Such persons have, of necessity, a
remarkably reduced threshol dto epil epticdischargeswhich
makes them more susceptible to precipitating factors.
They should also be advised not to dive. The more
controversial areaistheoneof, socalled, arrested epilepsy,
thepersonwho hasbeenfiveyearsfreeof epilepsy and has
not been on medication. The current wisdom isthat they
be advised to avoid incidents where the oxygen pressure
may increase, to avoid hyperventilation, to take care of
currents, cold and stress. In other words they are to dive
perfectly and never encounter any problems. | differ from
the current wisdom and believe that anybody who has
suffered an epileptic seizure should not dive. Thisadvice
is mandatory if they have uncontrolled epilepsy. In the
other groups they make the decision but my adviceisthat
they should not dive.

Personality was mentioned before and although thisis not
strictly a neurological consideration it does come into
play, for example, following head injuries, crania surgery
or any form of cerebral insult. All of these may alter the
personality but experience has shown that they accentuate
a pre-morbid personality. Very rarely do these insults



make a gentle person aggressive or the other way round.
What does tend to happen is that the person’ s personality
traits are highlighted. When this is being looked at one
must consider tendencies to aggression or tendencies to
schizoid behaviour which may well be accentuated by a
past cerebral insult. The changes may affect logical
actionsunder stress, or they may affect the ability to make
decisions, for exampleindiveplanning. Thisisasmall but
significant consideration.

The next question relates to the diver who has suffered a
past decompression insult to the central nervous tissue,
either within the head or within the spinal cord. Thismay
include recovered paraplegia or damage to the special
senses or involve motor sensory impairment, or loss of
consciousness. What advice should begiventotheperson
who clinically has made a complete recovery?

To take the first example, the one who has a recovered
paraplegia, aso-caled“spind hit”. They losebladder and
bowel control, may havetotal sensory and motor disturbance
and recover with appropriate treatment. If they make a
recovery they tend to make avery good oneand it may, to
all intentsand purposes, becompl ete. | amgoingtousethis
as an example of central nervous tissue damage because
there are several well recorded cases of such people who
havedied for unassociated reasonsand have cometo post-
mortem. Sections of the spinal cord have shown quite
clearly marked pathological changes of sclerosis and
fibrosis of tissue indicating areas of neuronal death that
have not had the expected clinical manifestations.
Experimentally it has been known for a long time that
central nervous tissue that is damaged from whatever
cause has scar tissue that is more susceptible to
decompression illness than areas that are not involved.
Once can be certain that the person who has acompl etely
recovered paraplegia from decompression sickness has
marked damage throughout the spinal cord and the advice
| would give under these circumstancesisthat they should
not dive, and by extrapolation, | believe people who have
had a decompressive insult to the central nervous tissue,
that isthey have suffered sensory motor disturbanceor loss
of consciousness, or special senseimpairment whichwould
be reasonably believed to have resulted from a bubble,
shouldnotdive. Thereshouldbenofurther divingby those
exhibitinganincompleterecovery. But thereappearstobe
no reason why the person who has complete paraplegia
following traumashould not dive. Infact many have been
taught to dive and as long as it is done by experienced
teachers, as there are problems with buoyancy, balance,
propulsion and problems that occur with distribution of
fluids within the body because of the loss of vaso-motor
control, | place no bar at all on them diving.

Migraineis, initself, not disqualifying unlessit is severe
andfrequent. What thepersonandtheir diving companions
must realise is that if they do suffer a severe migraine
attack on returning to the vessel this can cause confusion
with symptoms that would arise from an unassociated
decompression sickness and therefore one may well be
placedin asituation of having amigraine attack treated by
recompression. |f in doubt that courseisby far and away
the safer asit does not do any harm to the migraine.

When discussing head injuries one must consider dura
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penetration by a spicule of bone or early post-traumatic
fitting, asin each of these situations there is, unrelated to
diving, agreater than 30% chancethat at some stage alate
post-traumatic fit will occur. That means they have a
markedly reduced threshold to electrical discharges and
that means they are much more susceptible to the
precipitating factorsthat may result fromdiving. Of all the
people who develop late post-traumatic epilepsy from a
head injury, morethan aquarter of them havetheir first fit
more than four years following the accident. Looking at
peoplefollowing ahead injury, who havesuffered an early
fit, or a dura penetration, nearly 10% of them will
commence fitting after four years and that, of course, has
great bearing on the advice one must give them asto the
risk they run if they dive.

A vauable yard stick to usein advising people following
head injuries is the United States Air Force (USAF)
guidelinesfor evaluation of fitnesstofly. For convenience
head injuries are divided into four groups from severe to
very mild.

The permanently disgualifying conditions are contusional
laceration of thebrain or animmediate post head injury fit.
These two are absolutely disgualifying conditions. The
USAFguidelinesa soincludeaspermanently disqualifying
conditionsthose who have had ahead injury with aloss of
consciousness of more than 24 hours.

Conditions that will disqualify for two years after injury
include unconsciousness for greater than two hours or a
post-traumatic amnesia greater than 48 hours or a post-
concussive syndrome of sleep disturbance, personality
disturbance, headaches or memory disturbance for more
thanamonth. It should benotedthat thereisnoworthwhile
correl ation between el ectroencephal ographi cfindingsand
any prediction of late post-traumatic fitting. Theresultsof
suchinvestigationsreally bear littlerelationtothedecision
as to whether someone should dive or not.

The person who isunconscious for 15 minutes or moreis
not allowed to fly in the USAF for three months. | seeno
practical or theoretical consideration to regard that any
differently from the advice we give to someone who is
going to dive.

Thelast group is of those who should be disqualified from
diving for four weeks. Thishasimplicationsto those of us
who look after the younger age group, for example
footballers who suffer head injury with unconsciousness
that lastsfor lessthan fifteen minutes. Thisisamild head
injury and yet involves a low threshold to epilepsy, low
threshold to personality changes and perhaps decreased
reflex reactions under stress. | support, in diving, very
muchtheview of theUSAFandwouldrecommendadvising
anyone with a mild head injury against diving for four
weeks.

For commercial diving any central nervous tissue
abnormality or doubt of the integrity of the nervoustissue
functioning should preclude diving. For the rest of us
diving isfun, and there are other sportsthat can be chased
without putting oneself or onesbuddies at risk. | do not
think central nervousti ssuedamage, withthefew exceptions
mentioned, is really compatible with safe diving.
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Surgeon Captain RR Pearson

Oneof thethingswehavebeentryingtoget agriponinthe
Royal Navy and thingsabout whichwehavehad conflicting
adviceistherelativesignificanceof pre-traumaticamnesia
and post traumatic amnesia.

Dr D Brownbill

The two forms of amnesia are those for events before the
accident (pre-traumatic) and those for events after the
accident (post-traumatic). The one that has a very close
correlation with the severity of the head injury isthe post-
traumatic amnesia. In nearly all instances pre-traumatic
amnesiaor retrogradeamnesiaisshort evenfor very severe
head injuries. Itisoccasionally long but whenitislong it
does not correlate at all well with the severity of the head
injury but the post-traumatic amnesia does. Indeed in
medico-legal circlesexperiencehaslead meto believethat
when somebody with a moderate head injury has a
retrograde amnesiaextending six hours, itisoftenwith the
intent of trying not to remember certain aspects.

Question:
What rai sed |evel sof oxygen can precipitate epil epticfits?

Dr D Brownbill

Thegenerally acceptedfigureisthat of two atmospheresof
inspired oxygen. It would be most unusual if it occurred
below a level of 150 mm of mercury of oxygen in the
blood. In a person with a low threshold to epileptic
discharges if the partial pressure of oxygen in the blood
drops bel ow about 80 mm of mercury thismay precipitate
afit.

Question:
What about leakage of cerebro-spinal fluid following a
head injury? Should these people dive?

Dr D Brownbill

If CSF rhinorrhoea or otorrhoea is proven (and the only
accurate way to do this is by specialised dynamic CSF
radiol ogical tests) theperson should not dive. Aswithalot
of assessment of fitnessfor diving, if thereisareasonable
doubt that someone has a cerebro-spina fluid leak they
shouldbeadvised nottodive. It may besaidthat thiswould
apply only until they had acraniotomy and repair of adural
defect. But that operation will entail arisk, of about 10%,
of post-surgical epilepsy occurring. That in itself, would
suggest that diving should not be continued.

Question:
What about a person who has suffered an isolated fever
convulsion as achild?

Dr D Brownbill

Such aconvulsionfitsinto the group previously discussed
of 5% of the population who suffer an isolated seizure.
Clearly one cannot be too dogmatic in this situation. |
would be prepared to allow such a person to dive but |
would think it right and proper that diving companions
should be informed that this person has an increased risk

of having afit.

Thereasonspeoplemay diewhenthey haveafit underwater
involve somethings| did not bring up before. What to do
if your buddy ishaving afit? Hehasarisk of dying for two
reasons. Oneisthat heloses his mouthpiece and drowns.
If hedoeshaveafit andislucky and hismouthpieceisheld
in position then hewill not drown unless he bites through
it. If oneis close enough and can hold the mouthpiecein
position very good, but here is where a certain amount of
self-control isneeded. Thefirst thought will be“Get him
up quickly” but one must not do this, asthe second reason
such people may dieis because in the early stages of afit
they are breath holding. With glottic spasm such aperson
runsavery good chanceof rupturingthelungandreceiving
anair embolusif they arebrought tothesurface. Therefore
what one should try to do is hold the mouthpiece in until
respiratory activity returns and then take the diver, who
may still be unconsciousto the surface with his head held
extended to allow passive exhalation. The period onemay
have to wait may seem an eternity but it is, in fact, only
between 20 or 40 seconds. There are, of course, apparent
risks in waiting with such a person before coming to the
surface but on the balance of risks| would regard waiting
asthe safer procedure.

Question:

Should people who areinvolved in sports such as boxing,
wherethey receive regular mild head injuries, be allowed
to dive?

Dr D Brownbill

If these peopl e have not suffered afit or asignificant head
injury, | do not think we can be dogmatic about the advice
given. We know they are receiving regular cerebra
damage but we do not know if they have scarssufficient to
increase an epilepsy tendency. Onewould try to ascertain
the number of occasions of loss of consciousness, for
example, and the periods of such lossand try to explainto
the individual the increased risks that would be run, for
exampleif they encountered achangein oxygen or carbon
dioxidelevels, and the decision to divewould remain with
them.

Question:

People with disabilities such as epilepsy are mostly
determined not to be seen asdifferent from other members
of the community and may not wish to have their right to
dive taken away because of that affliction. Do you not
think that because of their wish to participate fully in the
community many epileptics should be allowed to dive?

Dr D Brownbill

Actualy unless they have suffered repeated cerebral
damage from anoxia resulting in aggressiveness and loss
of normal thought processes most people who suffer from
epilepsy are responsible people who are amenable to
logical discussion. If they weretold they should not dive
because they may drown or they should not drive a car
because they may kill themselves they might reasonably
say that they are prepared to accept that risk. However, if
in discussion one points out such fitting may endanger the
lives of their buddies or other people on the roads, my



experience suggests that they will readily accept such
advice. | agreethat itishard to find acase whereaperson
suffering an epileptic seizure underwater hasresulted ina
death but | would regard it as impractical to suggest that
someone who ison medication for epilepsy be allowed to
dive.

Question:
Diabeticsmay sometimeshavechangesinconsciouslevel.
Should they be allowed to dive?

Dr D Brownbill

A discussion onthe management of diabetesisperhapsnot
appropriateherebutitisworthcommenting ontheprospects
of a diabetic suffering a hypoglycaemic attack whilst
diving. Such apersonwho hasdecided to diveshouldtake
precautions by omitting their normal dose of insulin
beforehand and they should take some sugar beforehand
and even carry alittle plastic bag with some sweetswhilst
diving because they will have warning of an impending
attack andthey will havelearnt to recogni se suchwarnings
very quickly. The careful and experienced diabetic, with
appropriate advice, should therefore be able to dive but
again his buddy should be aware of the problems.

Dr David Brownhill is the Senior Neurosurgeon at the
Royal Melbourne Hospital.

A CASE REPORT - SEA SNAKE BITE

Chris Acott

| do not wish to repeat myself and give another talk on sea
snake envenomation, however we had another sea snake
bite late last year.

A 19 year old youth was swimming in some murky water
when he thought he saw a stick on the bottom. He dived
downand pickedit up. Thestick turnedaroundandbit him
on hisforearmintwo places. Onebitewasat thewrist and
the other on the upper aspect of hisforearm.

First aid measures were applied immediately, and he was
brought into hospital. When the crepe bandage was
removed there were no signs of envenomation. He had
first degree heart block on hisECG, and | began to rub my
hands with glee that it might have been caused by the
venom, but disappointingly it turned out to be congenital.

This was the third sea snake bite that has come to the
Rockhampton Base Hospital in the past three years. Only
a little girl required treatment for envenomation. This
agrees with Reid’s original work which said that only a
one-third of cases show signs of envenomation.

The girl was bitten on the foot, again the snake meant
business. Again Reid' swork was verified as she showed
signsof amassiveenvenomation. Thesymptomsoccurred
within2hours(Reid’ s2 hour rule) and required 8,000 units
of the antivenom.

Reid divided his cases of sea snake envenomation into
‘serious’ and ‘non-serious’ by his 2 hour rule. Serious
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envenomation was indicated by myalgic pains especially
of the neck muscles, trismus, ptosis, ophthalmoplegia,
myoglobinuriaand aleucocytosis of greater than 20,000,
all occurring within 2 hours, if no first aid measures had
been applied. Seriouscasesrequired up to 10,000 units of
the antivenom, while the non-serious required only about
3,000 units.

Sea snake venoms are either neurotoxic or myotoxic or a
combination of both. The neurotoxic venom acts either
pre- or post-synaptically or with a combination of both.
The myotoxic venom causes muscle destruction with
myogl obinuriaand myoglobinanaemiawhich may lead to
renal failure.

One should use either sea snake antivenom or Tiger snake
antivenom. Asalast resort poly-valent antivenom can be
used.

SPUMS NOTICES

OBJECTS OF THE SOCIETY

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

To provide information on underwater and hyperbaric
medicine

To publish ajournal.

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

MEMBERSHIP OF SPUMS

Membership is open to medical practitioners and those
engaged in research in underwater medicine and related
subjects. Associate membershipisopento al those, who
are not medical practitioners, who are interested in the
aims of the society.

The subscription for Full Members is $30.00 and for
Associate Members is $20.00.

Membership entitles attendance at the Annual Scientific
Conferences and receipt of the Journal.

Anyone interested in joining SPUM S should write to:
Dr Chris Acott,
Secretary of SPUMS,

Rockhampton Base Hospital,
Rockhampton QLD 4700.

NOTES TO CORRESPONDENTS AND AUTHORS

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

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



12
LETTERSTO THE EDITOR

MEDICAL EXAMINATION OF SPORTS DIVERS

Lloyd Medical Centre
PO Box 131

31 Brishane Street
Mackay QLD 4740

Dear Sir

While applauding the genera policy of more stringent
medical examination of SportsDiversby suitably qualified
doctors, | object strongly to theissuing of alist comprising
only those doctorswho have passed the course at the RAN
School of Underwater Medicine (SPUMS J 1984; 14(4):
11).

| have not attended the above course, having previously
received training and experience far in excess of that
available while serving as aMedical Officer in the Royal
Navy. | am accepted as a doctor qualified to perform
medicals on commercial divers by the Health and Safety
Executive, UK, the Professional Divers Association of
Australia, and a number of commercial firms. | know of
severa other SPUMS members with similar levels of
experience who are in the same situation.

By all meansissuealist of approved diving doctors, but let
it be acomprehensive list which does not discriminate in
favour of aselect group.

lan R Gibbs

The above letter was shown to Dr. John Knight whose
suggestion the list was. Hisreply is printed below.

80 Wellington Parade
East Melbourne VIC 3002

Dear Sir

| wouldliketo explainwhy | recommended alist of doctors
who have completed the RAN School of Underwater
Medicine (SUM) Courses to the Australian Underwater
Federation (AUF). (SPUMSJ 1984; 14(4): 11).

Firstly, the SUM hasrecordsof who havepassed theexams
at the end of their courses, so alist of their graduates can
easily be prepared.

Secondly, inVictoriatwo government departmentsdealing
withdiving havebeenrel uctant torecognisethe UK Health
and Safety Executive (H&SE) approved (to examine
professional divers) doctors, largely on the grounds that
they have no way of checking the standard of thetraining
of the H& SE approved doctors.

Thirdly, no organisation hasso far been willing to compile
a list of all those doctors in Australia who have been
adequately trained in diving medicine. This requires
assessment of thetraining claimed and checking that it was
done.

Fourthly, as no one individual or organisation knows the
names and addresses of all the doctors in Australia who
havebeen adequately trained in diving medicinel choseto
keep the recommended training easily identifiable and
verifiable, hence the RAN SUM suggestion, which is
administratively simple.

Fifthly, | had no intention of excluding doctors with
adequatetraining fromthelist. 1 assumed that, when they
heard about thelist, they would volunteer, inwriting, their
training and experienceto whoever was publishing thelist
and request to be included.

It would help to create acompletelist of diving doctorsin
Ausdtraiaif Dr Gibbsand othersinasimilar position, write
to the Secretary of SPUMS detailing their training and
experience so that SPUMS can construct thelist.

John Knight

MEDICAL EXAMINATION OF SPORTS DIVERS
AND FIRST AID FLOWCHARTS

North Canterbury Hospital Board
Private Bag

Christchurch

New Zealand

18th January 1985
Dear Sir

| was interested to read the correspondence with AUF on
the question of medical examination for sport divers. |
thought John Knight' sreply on behalf of SPUM Swaswell
balanced and sensible. | havefelt for some yearsthat the
increasing pressure for annual medicals for sport divers
should be firmly resisted as it is of little benefit for the
reasons given in the letter. |1 would certainly endorse the
current SPUMSS approach.

Turning to another matter. Some while ago my article on
First Aid for Diving Emergencies was published in the
SPUMS Journal (1981 Supplement: 63-67) and more
recently John Knight’'s modification of the flow chart for
Australianusewasal so published (SPUM SJ 1983; 13(2):
47-51). | thought SPUM Smembersmight beinterestedin
further developments along this line in New Zealand.
After wide spread discussions with a number of New
Zealand SPUM S members, the Water Safety Council and
the NZUA, aformat has been agreed to for a plastic card
which isto be distributed through the NZUA system. On
thecardthearrowsareinred (Figure1). Thereverseof the
card isreproduced as Figure 2.

Mike Davis

The two sides of the chart are reproduced on the opposite
page.
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NITROGEN NARCOSIS

Ken Kizer

Nitrogen narcosis, that prominent effect of the undersea
environment that is always talked about in diving classes
and is experienced by almost al divers at one time or
another, was the subject of a recent two day workshop
sponsored by the Undersea Medical Society (UMS) and
the National Oceanographic and Atmospheric
Administration (NOAA).

Theobviousquestionis: “What wastheinterestin holding
aworkshoponnitrogennarcosis? After all,isn’teverything
important about nitrogen narcosisalready known?’ Well,
soon after theworkshop started it becameevident that such
isnot thecase. Infact, it became quite clear that very few
things about nitrogen narcosis are known with certainty,
except, of course, that it occurs.

The primary reason to hold the workshop was to address
the potential problems that nitrogen narcosis presents for
the scientistsand other personnel whowill be utilizing the
NOAA-sponsored underseahabitat that isto be built at the
Catalina Marine Science Centre off southern California,
theWestern Regional Underseal aboratory (WRUL), asit
isnow called.

In the WRUL scientists will live in a specially designed
undersea habitat for seven to fourteen days at atime, at
depthsbetween 60 and 120 feet, breathing a50-50 mixture
of oxygen and nitrogen (nitrox). They will make air
breathing excursionsto do work at depthswell below 200
feet. Besidesthequestionsabout whether subseascientists
can work safely and effectively under these conditions,
thereisavery fundamental question asto how reliablethe
datawill bewhichthey gather. Thisisnotatrivial question
when you consider that the experiments that they will be
doing may involve hundreds of thousands of dollars and
months or even years of preparation.

Although these questions could not be answered, the
participants, under thedirection of theworkshop chairman
Dr Kizer, did review what is currently known about
nitrogen narcosis and provided some direction for future
research in thisarea. A full report of the workshop will
eventually be published by the UMS, but some of the
findings might be of interest to readers now.

The role of nitrogen narcosis in modern diving was
characterized as“sand besidetheroad”, meaning that itis
not normally aproblem because most divers stay out of it.
However, itisalwaysapotential problem for compressed
air breathing divers, and it is an enormous operational
considerationfor commercial and scientificdivingbecause
of thelimitationsitimposesonair diving. Indeed, narcosis
is the primary (but not the only) reason for limiting the
diving depth when using air.

The actual biophysical and molecular mechanism of
nitrogen narcosisisyet to bedefined, althoughitisknown
that the elevated partial pressures of nitrogen found at
depth acts in much the same way as the anaesthetic gases
that are used in surgery, that is, the nitrogen blocks

conduction of impulses along nerves.

Of course, themaj or questionsconsidered at theworkshop
related to how much nitrogen narcosis influences
performance and what can be done to moderate its
deleterious effects. Although workshop participants
reviewed the scientific literature on this subject, it rapidly
became clear that much hasyet to be studied. Most of the
studies that have been done to date have looked &t the
effectsof narcosison the performance of single, relatively
simple jobs that do not require the diver to deal with
distractionsor to perform complex tasksinvolvingmultiple
simultaneous or sequential functions. Similarly, very few
studies have investigated the effect of narcosis on overall
perception, memory, or integration of multiple bits of
information. Obviously, much needs to be done in this
regard, some of which would be directly relevant to
recreational divers, especially with regard to the role of
narcosis in sport diving accidents.

One investigational methodology for future nitrogen
narcosi s studiesthat was discussed in some detail wasthe
possible use of video games for hyperbaric chamber
experiments or for making daily assessments of diver
performances and acclimation in the undersea habitat.
These have a number of potential advantages over
traditional psychological and performance tests. For
example, video gamescan easily record, store, and analyze
test scores, they are self-motivating, and they requireonly
amodest amount of training. Who knows, underwater Pac
Man may be just around the corner.

Another topic that received a lot of discussion was the
phenomena of “adaptation” to nitrogen narcosis; that is,
the process of a diver seemingly becoming less and less
susceptibletotheeffectsof nitrogen narcosisafter repeated
exposuresduring ashort timeperiod. (Unfortunately, this
isnot apermanent effect.) Thisprocesshasbeenvariously
called adaptation, acclimation, acclimatization, tolerance,
accommodation and other things, but it wasagreed upon at
the workshop that the correct term that should be used in
the future was “acclimation”.

Although the effect of acclimation has been repeatedly
observed, many questionsremain. Isthisjust abehavioural
adaptation or istherereally a physiological change? Isit
merely amatter of learning to cope with the environment,
ie amatter of learning to cope with “underwater stress’?
Does this occur more easily in some divers than others?
Can the process be speeded up by performing certain pre-
dive activities? This list goes on. Unfortunately, no
definite answersare available at thistime to these or other
important questions.

On arelated subject, though, one of the things that was
evident from reviewing the role of nitrogen narcosis in
diving accidents was that it is a frequent contributing
factor, athough rarely are accidents caused solely by
narcosis. It seemsto play amajor rolein causing accidents
in which the diver has to deal with some emergency or
unplanned situation. Thesolutiontothisproblem seemsto
be in overlearning essential skills under controlled
conditions. There is a clear message here for training
programs, which is just as relevant to sport divers as
commercia divers.



A number of other topicsareal so discussed at theworkshop
and severa recommendationsweremadefor futurestudies
on the subject, but space does not allow for discussion of
thesethingshere. They will bedetailedintheforthcoming
workshop report. In the meantime, though, a detailed
bibliography of essentially everything that has ever been
written in the English language on the subject of nitrogen
narcosisisavailable from the UnderseaMedical Society.”

* Nitrogen Narcosis - A Bibliography with Informative
Abstracts. Undersea Medical Society, 9650 Rockville
Pike, Bethesda, Maryland 20814, USA. US$8.00

AIR EMBOLISM OR DECOMPRESSION
SICKNESS?

A CASE FOR DIAGNOSIS

John Knight

A 27 year old male diver with the proper training was
diving at asinkhole. He statesthat he did adiveto 34 m
for 14 minutes which he said was within the USN No-
decompression limits. He went to between 110 and 120
feet, 33-36 m, and should have used the greater depth
whichmeansthat heoverstayed theUSN no-decompression
limit by 2 minutes. However he did a 5 minute
decompression stop at 3masaprecaution, whichtook him
inside the USN requirementsfor hisdive. He said that he
felt stressed by the diveand thewater wascold (12°C). As
soon ashewas out of thewater he stripped of f hiswet suit
and went to stand in the sun to warm up.

10 to 15 minutes after surfacing he noticed that his
“peripheral vision wasdark” (hisown words). Within 15
minutes his vision had returned to normal.

Interestingly hecommentedthat aninstructor acquaintance
of his had noticed this phenomenon on more than one
occasion after diving in sinkholes.

When seen and examined a month later he had no
neurological deficit. Hehad worked out thishissymptoms
were due to cerebral anoxiaand wanted to know whether
they weredueto air embolism or decompression sickness.

Retrospective diagnosis of atransient symptom isaways
difficult. Herewe haveto decide between two potentialy
lethal diagnoses, one of which would bar further diving.

| think that he did not suffer an air embolus due to
pulmonary barotrauma. He made anormal ascent, with a
decompression stop, and was breathing in and out all the
time. His symptoms came on when he was rewarmed, at
least 10 minutes after getting out of the water, if his story
iscorrect. So | think that pulmonary barotraumais very
unlikely.
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However, there is no doubt that he did have cerebral
circulatory insufficiency for a while. Again his normal
ascent and decompression stop makesarterial bubblesdue
to arapid ascent unlikely, and if he had generated arterial
bubbles by rapid ascent one would expect the immediate
onset of cerebral symptoms, not a delay of 10 to 15
minutes. Perhaps he could have developed bubblesin his
brainwhich compressed blood vesselsleadingtoischaemia
of thevisual pathways, but that does not seem very likely.

My bet isthat as he warmed up he restored the circulation
to his limb muscles and fat, which had closed down, in
response to the cold stress of hisdive, after he had loaded
these tissues with extranitrogen early in the dive because
he was nervous and overbreathing. As a result bubbles
formedinhislimb capillariesandwerecarriedto hislungs.
Some bubbles bypassed the lung capillary filter, entering
arterio-venous shunts and reached the | eft ventricleand so
the aorta and the cerebral circulation.

This would then be a case of decompression sickness
presenting as cerebral ischaemia.

Have any of our readers got alternative explanations? If
you have please put pen to paper or finger to typewriter.

UNSCRAMBLING HELIUM SPEECH

A group of scientists at Edinburgh University, under their
director Dr David Milne, have developed a range of
“heliumspeechunscramblers’ capableof takingthediver’'s
“quacking” noises and converting them into recognisable
speech on the ship, an invaluable service to the Dive
Supervisor and his team. Dr Milne reports that the
unscrambler has been tried out in the North Sea work
situation for over ayear. Thereareat present two systems
in use, a big system for use by a diving company and a
smaller system. The former has seven unscramblers,
loudspeakers, and tape decks for entertainment circuits
and costs about $35,000. Thealternative system provides
divers radios which contain a smple unscrambler and a
three-person communication, cost about $4,000.

Dr Milneisalsoworking onthedevel opment of athrough-
water, diver-to-diver communication system. Thisproject
will employ a more advanced technology than the
unscrambler both being based on specia circuits which
use commercia “charge coupled” devices. Essentialy
both do the same thing, taking the distorted “helium
speech” and storing it for a few milli-seconds before
playing back the corrected speech sounds. Heis certain
that the through-water systems will become increasingly
important asthey become more sophisticated and flexible.
The potential market is large for use in both civil and
military diving. Manufacture is now in the hands of
Findlay Irvine and sales through Underwater
Instrumentation of Aberdeen and London.
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A SYSTEM FOR SURVIVAL?

Martin Marks

It is often apparent from incident reports that divers are
getting into trouble because they undertake dives that are
outsidetheir capabilities. Frequently thisisnot obviousto
theinexperienced DiveMarshall, becausethehazardisnot
asinglefactor such asagale or diving in awhirlpool, but
isacombination of several |esser things each of which, on
its own, would be acceptable but when combined they
produce arisky, even dangerous situation.

To help avoid such situations, | have tried to devise a
system for rating dives by splitting up the elements and
giving them scores. | must emphasi sethat the intention of
this articleisto put forward a system for comment, your
comment. Do you likethe system? Isit too complex? Is
it relevant to your sort of diving? Before seizing your pen,
read through the outline below and try out the system on
some divesthat you have done which you know were abit
risky.

SIMPLE APPROACH

The system is intended as a guide for the inexperienced
Dive Marshall when planning a dive. It acts as an aide
memoire in terms of the factors he should consider, and
produces general guidance on the acceptability of the
proposed dive. It cannot possibly cover every eventuality
without becoming unwiel dy, and so asimpleapproach has
been adopted.

It isassumed that the diving istaking placein accordance
with normal BS-AC practice; that the equipment used is
serviceableand appropriate; and that BS-AC RNPL or RN
Tablell decompression tables are being used and adhered
to. Where elementsvary during the dive (eg. current) the
worst case should be used. A general background of
average Branch diving is assumed.

For each of the sections in the questionnaire the Dive
Marshall should select therel evant or nearest category and
put the score in the column on the right hand side. If the
section is not relevant or appropriate, score zero. Some
scores can be negative.

ASSESSING SCORES

The scoresfor all the sections are then totalled to produce
ascorefor the proposed dive which can be compared with
the categories below. The system isdesigned for general
guidance only. If two different dives score 34 and 44
respectively, it means that both are dangerous rather than
indicating any rel ativedegreeof danger. Claimsfor higher
scoring dives should be submitted to your life insurance
company.

Assess scores on the following basis:

¢ Lessthan 10: Thisshould be asafedive. However, if
all the penalty comes from a single element, the Dive
Marshall should ensure he/she understands the hazard
involved.

e 10t020: Anelement of risk isbuilding up. Examine
the areas of risk to see how it could be modified to
reduce the hazard.

e 21t030: Thisdiveistoodangerousasit stands. Either
considerable modificationisneeded or thedive should
be abandoned.

* Over 30: Positively dangerous.
The National Diving Committee is interested in your

reaction to the system, so give it atry and if you have a
constructive comment, please write with your views.

1. Planned depth: less than 30m 0
30m to 40m 8
40m to 50m 18
over 50m 33
2. Water temperature: warm -2
UK Summer 0
UK Winter 8
Under ice 18
3. Expected underwater visibility
over 10m -2
2to 10m 0
less than 2m or night dive 8
Zeroviz 18

4. Current: enter the predicted current on the table and
usecolumn A for adrift dive, B if diversareto remain
stationary onthebottom or Cif they must swim against

the current: A B C
Slack 0 0 0
Less than 0.5 knot 5 10 15
0.5to 1 knot 8 16 24
Over 1 knot 18 24 32

5. Diveduration: No stops 0
Stops required 15

6. Dive support: Boat cover 0
Shore cover 8

No cover 24

7. Surface marker buoy: Used 0
Not used 15

8. Weather: Force 0 to 3 score 0
Force 4 4

Force5 8

Force 6 or more 22

9. Divingin or with unfamiliar equipment: 8 per diver

10. Diving site unfamiliar to Dive Marshall and Dive
Leader: 8

11. Low surface visibility or offshore dive out of sight of
land: 8

Reprinted, by kind permission of the Editor, fromDIVER,
July 1984. Martin Marks is the Chairman of the BSAC
Diving Incident Panel.



PROVISIONAL REPORT ON AUSTRALIAN
DIVING RELATED DEATHS. 1983

Douglas Walker
SUMMARY

There were thirteen (13) diving-related deaths identified
as having occurred in the period under review. Complete
details are still unavailable (November 1984) on four of
these. There were three breath-hold, seven scuba, two
hookah and one rebreather diver deaths. Critical factors
for the breath-hold diverswere respectively trauma (hit by
a motor boat), blackout following hyperventilation, and
the combination of fatigue and cold. In the cases of the
scubadivers, two were both untrained and inexperienced,
onetrained but inexperienced, the otherswere reported as
both trained and experienced. In one casethere may have
been a cardiac problem and aspiration of water. Of the
hookahusers, thecritical factorsinoneweredepth (185ft),
cold, narcosis, nil visibility, entanglement, andinsufficient
air supply. The other was diving aloneto free hisfishing
nets, the detailsare still unavailable. Thevictim using the
rebreather was trained but relatively unfamiliar with the
set and had done no recent deep dives, probably suffered
nitrogen narcosisasthe depthwas 180 fsw, wasalone, and
had too low an airflow to support exertion. Nearly all the
deaths were potentially preventable.

CASE NOTES

Thedivehistoriesreveal deviationsfromthose councilsof
perfection, thegenerally accepted principlesof safediving.
Thevictims probably prejudiced their chances of survival
littlemorethan did many others, but to themwas presented
thedive end-point of death. There being no appeal against
such terminationsit is prudent to gain merit, and preserve
life, by following the rules.

Case BH 83/1

Motor boats and swimmers cannot safely co-exist in the
sameareaof water, therisksto thelatter being too serious.
Thisdiver and hisfriend wereinan areafrequently used by
swimmers and divers, shallow water over a rocky ledge
which ended at deeper water used asamotor boat channel.
Thebuddy wascloser toland than hisfriend whenheheard
a thud and a cry and then the sound of a motor boat
stopping. Heswam over to the spot and found the severely
injured victim at the surface. He died shortly after hewas
placed in the boat. It would have been very difficult for
anyonein the boat to see a black wet-suited person in the
water even had a special watch been kept.

MOTOR BOAT. TRAUMA. BOAT CHANNEL. NO
FLAG. BLACK WETSUIT HARD TO SEE.

Case BH 83/2

The victim was an expert spearfisherman training to
improve his endurance. He descended breath-hold down
aweighted lineto hookah-using pearl diverswho saw him
start hisascent. Hisbody wasnot recovered. Hisdeathwas
almost certainly due to drowning following a post-
hyperventilation blackout.
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POST HYPERVENTILATION BLACKOUT. ALONE.
EXPERT BREATH-HOLD DIVER.

Case BH 83/3

After spearfishing separately both divers surfaced and
found that their boat was adrift. Thebuddy |eft thevictim
at the surface and dived to reposition theanchor. When he
surfaced he was unableto find hisfriend despite a search.
The victim was not wearing fins and the seawas cold and
choppy. The body was not recovered for eight dayswith
the weight belt still on. No buoyancy vest was worn.

COLD. FATIGUE (INCREASED WORK DUE TO NO
FINS). CHOPPY SEA. NO BUOYANCY VEST. FAILED
TODROPWEIGHTS POORBOATMANSHIP (ANCHOR
INSECURE, UNATTENDED BOAT). SEPARATION
SURFACE PROBLEM (UNEXPLAINED).

Case SC83/1

Four friends, in two boats, anchored off arocky shorein
order to scubadive. Inoneboat wasadiver withfiveyears
experience who “didn’t consider himself proficient” but
was nevertheless taking a friend on her first ever scuba
dive. Their dive was soon aborted asthe girl felt cold. It
is not stated whether they wore wet suits. The other pair
consisted of the victim, said to have been trained and to
have some experience and the buddy, who had loaned him
thescubahewasusing, whoseexperiencewasnot recorded.
Both wore wet suits. After about forty-five minutes the
buddy was low on air and returned to the boat. It is
apparent that they dived separately, not as buddies. The
other pair brought their boat closer and then one of the
group saw the victim’s scuba unit bobbing about at the
surface in shallow water and the victim’s body was then
found floating face up. As he appeared to be dead no
attempts at resuscitation were made. Autopsy showed
signs of pulmonary barotrauma and drowning.

SEPARATION/SOLO. LOW AIR SITUATION.
PULMONARY BAROTRAUMA. NO GAUGE OR J
VALVE. NO BUOYANCY VEST. DITCHED SCUBA.
WEIGHT BELT ON (?). INEXPERIENCED.

Case SC 83/2

This death occurred during a post-certification course on
wreck diving. During the third dive of the weekend they
were on awreck in 25 m deep water in acam sea. After
the victim and his buddy completed their assignment on
the wreck they were joined by the course instructor, who
till then had been maintaining general overview of hisclass
while undertaking some underwater photography. It was
about 20 minutesfrom the commencement of thedivethat
the victim indicated that he was low on air and the three
divers swam to the anchor line. Somewhat to the buddy’s
surprisethevictimwasto ascend al onewhile he continued
with the instructor, though he later realised that they had
not seen one of the other pairs and it was necessary to
ascertain whether they were still down. It was later
established that one of the pair had a severe migraine and
they had aborted their dive. After a quick search the
instructor and the buddy returned to the anchor and started
their ascent. The instructor, as was his usua routine,
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looked down at thedivesiteashestarted hisascent and was
surprised to see the victim’'s camera on the sea bed. He
then saw the victim nearby, his mask half full of vomit,
regulator out of hismouth. He placed the regulator of his
“octopus rig” in the victim’s mouth and inflated his own
buoyancy vest to assist their ascent. After surfacing he
inflated thevictim’ sbuoyancy vest and ditched theweight
beltsof himself and thevictim. Theresuscitation attempts
wereunsuccessful. Thevictim had made mention of some
nausea before the dive but had stated firmly that he wasfit
to dive. It was stated later that he had experienced and
successfully managed underwater vomiting on aprevious
occasion. The onset of the vomiting was probably too
rapid for him to drop hisweights, inflate hisvest, or avoid
fatal aspiration. The time between separation and being
found was about 7 minutes.

TRAINED. EXPERIENCED. SEPARATION FORSOLO
ASCENT. LOWAIR. FAILURETO DROPWEIGHTSOR
INFLATE VEST. UNDERWATER VOMITING.

Case SC 83/3

As akindly meant deed the buddy, who was trained and
experienced, hired scubaequipment for thevictim (but not
awetsuit becausehewastoo largefor thoseavailable). He
had apparently made only afew previous scubadives, all
several yearspreviousy. Hedeclined towear thecylinder
inhisbuoyancy vest “ becauseit rubbed and hurt hischest.”
The weights provided were found to be excessive (21 1b)
but he chose not to reduce them. After a successful dive,
when the gauge was showing imminent low air, the sound
of apassing motorboat caused them to dightly delay their
ascent. Asthey ascended thevictim seemedto beredfaced
andtohavesomeunknown problem sothebuddy attempted
buddy breathing. He seemed unresponsive at the surface
but started struggling when offered assistance. The buddy
attempted unsuccessfully to drop hisweight belt and keep
him at the surface but lost hold and the victim sank. A
searchwasmadeby nearby divers, initially without success.
When found by the summoned rescue services his mask
was off and his tank still contained some air. The water
was warm and conditions safe for diving.

UNTRAINED. INEXPERIENCED, SCUBA HIRED BY
CERTIFICATED DIVER. EXCESSWEIGHTS. NOWET
SUIT. NO CYLINDER IN BUOYANCY VEST. FAILED
TO DROP WEIGHTS. LOW AIR MOTOR BOATS IN
AREA. UNKNOWN PROBLEM THEN PANIC. VALIANT
BUDDY.

Case SC 83/4

The pipe from adam supplying an irrigation scheme on a
farm was leaking significantly between the dam and the
pump houseand thiscoul d not berepai red without stopping
theflow of water. Unfortunately no valve had been placed
onthepipe’ sinlet and the exact position of the open end of
the pipe was unrecorded. It was suggested that a diver
could be employed to find and cover the open end of the
pipe, divers having been employed successfully when
other owners of damshad problems. Thefarmer therefore
went to the nearest dive shop to enquire about obtaining
someoneableto performthisjob. Oneof the customersin
theshop at thetime offered hisservices, stating that he had
performed similar jobs previously. He arrived at the dam
with several helpers and entered the water alone, a stout

rope round his waist and a metal probe in his hand,
intending to identify the pipe' s open end before placing a
pieceof metal sheet over it. Thewater wasturned off at the
pump valve, though naturally it continued to escape from
theleak. Suddenly therope almost tore from the tender’s
hands, then went slack. It had parted as the victim was
sucked into the pipe, dying instantly from a broken neck.
Frantic efforts were made to open up the pipe and rescue
thediver but hisbody waswashed out in the gush of water
and only later found in the nearby flooded area, his tank
torn off. The possibility of water flow into the pipe
occurred to the tender but was discounted by the victim:
neither realised the head of force resulting from 26 feet
deep water in the dam.

DAM. UNEXPECTED SUCTION INTO OPEN PIPE (26
FT HEAD OF WATER) TRAUMA.

Case SC 83/5

During a weekend cruise the vessel was anchored off a
beach to give passengersan opportunity to go ashoreor go
shorediving. Three, all trained, decided to scubadiveand
wererowed ashore. Thewater was shallow near the beach
(15 ft) and when one became short of air and swam back
to the vessel on the surface the other pair continued to
scuba until the victim also became low-air, when they
surfaced together. The victim seemed to bein some mild
distress with a cramp like pain at the surface, though
calmer after inflating her “ compensator”. Thevictimwas
seen to change to a snorkel then let it loose and go
unconscious, mouth submerged. Thebuddy attemptedin-
water CPR, whichwas continued when back onthevessel,
without reviving thevictim. Therewasno stated previous
ill health but autopsy showed evidence of previous
myocardial damage. The “cramp” may in reality have
been the pain of a heart attack.

SURFACE DEATH. INFLATED VEST FAILED KEEP
MOUTH OUT ABOVE WATER. COLD WATER.
PREVIOUS MYOCARDIAL DAMAGE. PROBABLE
HEART ATTACK.

Case SC 83/6

Few details are available beyond the fact that the victim
dived alone, having waited till his friends finished their
dive before being ableto borrow amask, having forgotten
hisown. Alarmwasfelt when hefailedtoreturntotheboat
but a search was unsuccessful. The equipment was later
recovered but there was no trace of thevictim. Available
information isinsufficient for proposing any scenario for
thisincident.

ALONE. EQUIPMENTRECOVEREDWITHOUTBODY.
Case SC 83/7

The victim and his son, overseas visitors, were making a
day triptodiveontheBarrier Reef. Both werecertificated
and experienced scuba divers. The vessel also carried
competitors for a spearfishing competition who left the
dive boat before the two scuba divers entered the water.
They checked each other’s scuba then entered the water
and descended together. Separation occurred near the
bottom despite good visibility. After a short search
underwater the buddy surfaced, asked those on the boat



whether hisfather had surfaced. Hethen decided that non-
appearanceindicated that hisfather had continued to dive,
so decided he also would dive alone. Shortly afterwards
thevictimwasheardyelling ashort distancefromtheboat.
Several boys swam to assist him, but he sank before they
could reach him. A breath-hold diver soonlocated himon
the seabed, mask off and regulator lying free. Water depth
was 20 feet and the boy was not able to pull him to the
surface. A more experienced diver arrived shortly and
surfaced the victim by inflating his buoyancy vest. He
failed to respond to resuscitation efforts. The buddy
surfaced 30 minuteslater. Nofault wasfoundinany of the
equipment, autopsy showed no evidenceof ill health. Itis
not known why he drowned.

TRAINED. EXPERIENCED. SEPARATION ON
DESCENT, CONTINUED SOLO. UNKNOWN TROUBLE
CAUSED HIM TO SURFACE AND CRY FOR HELP.
SANK BUT HAD WORKING BUOYANCY AID.
POSS BLE AIR EMBOLISM.

Case H 83/1

Bravery and “Can D" are unfortunately inadequate as
protection against the several problems inseparably
associatedwithdeepdiving. Inthisinstanceadeep bounce
dive was thought necessary to retrieve a TV camera
apparently caught on the object of the search, alost stop-
gate deep in adam. The surface of the dam was at an
altitude of 236 m, depth was 185 ft, visibility nil, thewater
cold, and objects capable of causing entanglement were
very probably present. The victim was owner of a small
dive company. His employee/friend had made a bounce
dive here the previous day to check whether the stop-gate
had been located by a scanner. The only problem he
reported was an entanglement of his air line which
necessitated him ditching his equipment and surfacing
usinghis"bail out” scuba. Beforetravellingtothedamthe
victim had phoned a large dive company to discuss the
possible need for special equipment, but left adecisiontill
he had checked the need for diversto attach cableswhen
the gate was found. Possibly the presence of engineers
fromthewater authority influenced hisimpulsivedecision
to dive to check the underwater object and free the TV
cameraas heascended. Thedivebasewasabargeheldin
position by shorelinesand thewind moved it whilehewas
underwater. He fixed his bailout bottle on his chest, an
unusual position, before descending. Line calls to his
tender indi cated ascent started then abruptly ceased. Failure
of the diver to respond alarmed the surface party and the
standby diver was ordered to descend to give assistance.
When he surfaced he reported having found the victim
under some ropes and drums, on his back, mask on but no
air bubbles escaping, indicating absence of breathing. He
attempted unsuccessfully to freethevictim then ascended.
Some doubt was later cast on the exact situation found,
nitrogennarcosisandthenil visibility whichlimited contact
totheuseof cold handsbeingthought tomakerecollections
unreliable. Next efforts were made to pull the diver free,
but the line parted. The next search, also using air, failed
too. Later a dive using full deep-dive protocol (oxy-
helium, hot water suits, wet bell, available RCC) was
successful, the body being found floating near the bottom.
The TV camera pulled free after the incident. A helmet
with voicecommunication to the surfacewasavailable but
not used because a little time was needed to rig it for use.
During the investigation it was established that the
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compressor could barely supply enough air at 180 ft depth
for light work and certainly insufficient for heavy exertion
or apanic or emergency situation. The second diver was
lucky not to suffer alethal mix of anoxia, hypothermia,
narcosisand entanglement. No adequateallowancefor the
altitude was made ininitial dives.

DAM. ALONE. ALTITUDE. DEPTH. COLD. NIL
VISIBILITY. INADEQUATE AIR SUPPLY.
ENTANGLEMENT. NO VOICE COMMUNICATION
WITH SURFACE. DIVE BARGE MOVED.
INEXPERIENCED AT THAT DEPTH. DIVE
UNPLANNED. NARCOS S POSIBLY EXCESSCO,,.

Case H 83/2

Few facts are available of the circumstances of this fatal
incident. It is said the victim was using hookah with a
scuba set as bail-out bottle. Heissaid to have dived from
his fishing boat to free some nets.

NO DETAILSYET AVAILABLE
CaseRB 83/1

The task was to obtain a series of bottom samplesin a
shipping channel, depth 180 ft. Because of a safety
consciousness desire to avoid repeat dives there was a
problem of having enough divers so each only dived once
daily. Thevictimwastrained but relatively inexperienced
and had donenorecent deep dives. Choiceof flow ratewas
the responsibility of each diver. Hiswas correct only for
light work, with no margin for the unexpected (intheview
of the other divers). Hegavelinecallsto histender which
told of an ascent stopped after afew feet. 1t wasimagined
he had then reali sed narcosi shad effected the performance
of histask so had descended again to complete it before
surfacing. However he failed to answer line calls so the
standby diver was sent down. Hefound thevictim on his
back, full-face mask off, mouthpieceloosely in hismouth,
unresponsive. He gaveline callsto be pulled up with the
victim and endeavoured to supply air to him using the
demandvalveof hisoctopusrig. Thisactionwascriticised
at thecourt of inquiry because CT scan suggested presence
of air embolism: but the “correct procedure” was not
promulgated. Resuscitation failed. It was noted that his
noseclip was missing: under the influence of nitrogen
narcosis he may have removed his mask to replace it.

DEEP DIVE (180 fsw). TRAINED. RELATIVE
INEXPERIENCE. LOWAIRFLOWRATE. NO RECENT
DEEP DIVES. ALONE. NITROGEN NARCOS 7).
REMOVED FACEMAXK.

DISCUSSION

The three breath-hold fatalities followed dives where
breaches of correct diving procedures were no worse than
those a multitude of other divers probably commit. The
supreme penalty they suffered should be a reminder that
luck does not invariably protect those who tempt an
unforgiving environment. Thosewith aninterest in water
safety should consider thevalueof identifying areaswhere
swimmers and motorboats may seek to co-exist BEFORE
an accident occurs.

Thepost-hyperventilation blackout syndromeisaproblem
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AUSTRALIAN DIVING RELATED DEATHS 1983

Case Age Dive Skill Diving  Dive Dive Water  Depth Weight Belt Contents Buoyancy
Victim Buddy group base  purpose sea  incident  On? Ib  gauge vest
BH1 33  experienced experienced 2 land recreation 20 surface  off 12 N/A no
Separation
BH2 N/S experienced N/A solo boat  training 60 ascent N/S N/S  N/A no
BH3 30 some N/S 2 boat spear 8m surface on 17 N/A no
experience Separation fishing
SC1 23 trained N/S 2 boat recreation <30 N/S on 18 Jreserve no
inexperienced Separation
sC2 31 trained trained 3 boat recreation 80 N/S on 18 yes no
experienced experienced separation
SC3 35 not trained trained 2 shore recreation 60 60' on 21 yes yes
inexperienced experienced no cylinder
SC4 21 trained N/A solo land work (dam) 26 26 on N/S N/S yes
SC5 55 trained trained 2 shore recreation 15 surface N/S N/S  vyes yes
experienced experienced inflated
SC6 20 not trained N/A solo boat recreation 8m N/S off N/S N/S yes
inexperienced
SC7 53 trained trained 2 boat recreation 20 surface on N/S N/S yes
experienced experienced
H1 35  experienced N/A solo boat work 185 185 on N/S  N/A N/S
H2 27 N/S N/A solo boat work 70 70 N/S N/S N/A N/S
RB1 30 trained. some N/A solo boat work 180 180 on 15 N/A yes

experience

KEY: N/S not stated N/A not applicable

GOOD breath-hold spearfishermen MUST take into
account. It is unfortunate it is not painful, for then
survivors might learn. The third case illustrates that the
conjunction of several factorscan befatal (cold, nofinsso
greater fatigue, no vest, separation at a critical moment)
and that the surface also has danger for divers.

Thescubafatalitiesarebest studied case by case, each one
illustrating different potentially critical factors. Included
are the unwisdom of taking an untrained, inexperienced
diver scubadiving andthelack of value of abuoyancy vest
without its inflation cylinder or of one which fails to
maintainthewearer’ smouth out of thewater. Thedramatic
power of water flowing through a pipe to create an
irresistible suction was tragically illustrated, even arope
failing to preserve the victim from harm. Solo diving and
Separation again appear to be adverse factors in fatal

incidents, though many consider themselves their own
best buddy. A buddy may not always be successful, but
examination of thecasereportswill show buddy assi stance
at least offered the victim another chance of surviving.
That even the trained and experienced may suffer if safe-
diving protocolsare breachedisillustrated by case SC 83/
2.

Both the hookah divers died alone. The dam dive had so
many adversefactorsthat it isfortunatethe other diver did
not also die. Broken rules prejudice adiver's chances of
survival.

That only the thoroughly trained should even consider
using arebreather unit isatruism generally accepted, but
even atrained diver needsto keep in practice, particularly
when diving at depths where narcosis or decompression
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AUSTRALIAN DIVING RELATED DEATHS 1983

Hit by amotor boat in anear-shore channel. Noflag. Nowarning signs.

Breath-hold down weighted line to pearl divers. Seen to start ascent.

Surface separation when buddy went to recover drifting boat. Cold. No

Separation. Buddy waslow on air and surfaced alone. One of other pair
first scuba dive. Tanks first seen floating then the body. Pulmonary

Separation. Started solo ascent up anchor line while buddies continued
dive. Vomit in mask.

Too large to hire wetsuit. Excess weights. Buddy breathing ascent.
Surfaced unconscious. Unsuccessful buddy aid. Air embolism?

Leaking outlet pipe of dam. Diveto find and cover inlet. Unexpected
Surfaced. Distressed (cramp?). Changed to snorkel. Unconscious.
Mouth under water. Angina?

Borrowed mask after others dived. Failed to resurface. Only the
equipment was found.

Separation on descent, continued alone. Suddenly surfaced, cried out and

Cold, deep, nil visibility, altitude. Impulsedive. Entanglement. Inadequate

Wore scuba and hookah. Retrieving net. Pre-dive Valium? Il health?

Remaining Equipment Wet
air test Equipment  suit Significant Factors

N/A N/A own yes
N/A N/A own N/S
N/A N/A N/S N/S

fins.
low yes loaned yes

barotrauma.
low yes own yes
low yes hired no
full yes own yes

suction.
low yes own yes
N/S N/S hired N/S
N/S yes hired N/S

sank.
N/A yes own yes

airflow.
N/A N/S own N/S

Other?
N/S yes employer’'s  yes

Littleexperienceat depth. Using rebreather withlow gasflowrate. Nose
clip off. Removed hisfull face-mask. Nitrogen narcosis?

PROJECT STICKYBEAK

problemsneed considerationindiveplanning. Regulations
governing North Seadiversdo not allow any “freediving”
at thedepth of thisdivefor reasonsdeserving consideration
when planning any deep dive.

Thisreportispresentedinthehopethat knowledgeof these
eventswill increase the level of awareness of factorsable
to critically effect the safety of the reader’ s diving.
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in particular the assistance of the Attorney Generd's,
Justice, or Law Departmentinevery State. Such assistance
isavital element in thisongoing investigation into factors
capable of criticaly influencing the safety of diving.

The aim of this investigation is to receive, store, and if
appropriate publish and make available for discussion, an
accurate record of all types and severities of problems
encountered by divers. CONFIDENTIALITY is
maintai ned and no detail sare published toidentify persons
involved or sources of information.

Please send reports to:
Dr DG Waker
PO Box 120
Narrabeen NSW 2101

A double fatality in a pond, again due to suction through
the outlet, was reported in DIVER December 1984.
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INNER EAR BAROTRAUMA -
A REPORT OF 31 CASES

Ol Molvaer
Norwegian Underwater Technology Center (NUTEC)

The occurrence of inner ear barotrauma with or without
peri lymphatic fistula, and with transient or permanent
injury to the cochlea and/or the vestibular apparatus has
been discussed in thisjournal previously.1.2:3 |n addition
to the 25 cases published by this author,2 31 more cases
have been collected since 1980.

Case reports
1 A 32year oldmaleprofessional diver with previous

normal hearing needed 12 minutes to descend to 30 msw
due to bilateral equalization problems that were most
pronounced ontheright side. Atthebottom hefelt dlightly
dizzy and hegot theimpressionthat thevolumewasturned
down in the right ear phone. After ten minutes at the
bottom he started aslow ascent and stopped both at 6 msw
and 3msw. Immediately after getting onboard the boat he
experienced vertigo and was unable to walk straight. As
soon ashegot hisband mask of f herealized that thehearing
in hisright ear was markedly reduced.

Hesaw aphysi cianwhofoundslight barotraumatic changes
inbothtympanicmembranesand thediver got decongestant
nose drops (oximetazolini chloride) and an oral
decongestant (phenylpropanolamini chloride). Hishearing
wasnot examined in spiteof having aplugged sensationin
hisright ear. The next morning he did not hear hisalarm
clock becausehisleft ear lay onthepillow. Hesaw adiving
physician who had an audiogram taken (Figure |) and
administered hyperbaric oxygen (HBO) (USN table 5).
Duringthetreatment hefelt subjectively better but after the
treatment his hearing was still reduced and he had ringing
in the right ear. A bithermal caloric vestibular test with
electronystagmography (ENG) was normal. He received
another HBO sessionand wasput to bed. L ater hishearing
deteriorated dramatically so he was admitted to hospital
for surgery four daysafter theincident, but nolabyrinthine
fistulacouldbefound. Nevertheless, hishearinggradually
improved, but he has a marked, permanent high tone
sensori-neural lossand constant ringingintheear. Hehad
no alternative education and ran into severe economic
trouble. After a successful test dive in adry chamber he
was allowed to return to his profession three months after
the incident with some limitations added to his licence.

2. A 19year old maleNavy scubastudent experienced
pressure equalization difficultiesto hismiddle earsdueto
acommon coldinthe 10 msw lock of the submarineescape
training tower. While performing a forceful Valsalva
manoeuvre hefelt pain in hisright ear and became dizzy.
Afterwards both tympanic membranes showed signs of
barotrauma, his audiogram was normal, but the ENG
disclosed a right canal paresis during bithermal caloric
testing of the vestibular system.

3. A 23 year old male commercial diver had trouble
clearing his left ear in an open sea dive and experienced
spinning vertigo and ringing in the ear. The ringing
continued for six months, and he acquired a permanent,

FIGURE 1

In case one, screening at 20 dB level prior to the dive was
normal.
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0—O0: The day after the incident

X—X: Day three after the incident

—e: Two and a half months after the incident
FIGURE 2

The hearing in Case Three - seven years after the
incident.
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sensori-neura high tone loss (Figure 2).

4, A 26 year old female sport scuba diver had, as
always, problems with the pressure egualization to her
middle earsduring an open diveto 20 msw for 15 minutes.
During descent she felt pain in her ears, most on the left
side, and performed forceful Valsalvamanoeuvres. Back
onboard the boat she felt unsteady and had to take abroad
stance to keep her balance. Her left ear felt plugged with
reduced hearing and she had continuous ringing in the
sameear. The next day she saw aphysician who referred
her to an ENT out-patient clinic where marked
barotraumatic changes were found in both ears and an



audiogram demonstrated a pronounced sensori-neural
hearing lossfor all test frequenciesin the left ear. Above
2 kHz no hearing was detectable (Figure 3). The speech
reception threshold (SRT) corresponded to the pure tone
audiogram. Two days later abithermal caloric vestibular
test with ENG demonstrated a left anal paresis. She
abstained from further diving, and when last seen five
months later she was not dizzy, had no plugged sensation
in the ear, the tinnitus (ringing) was reduced and a pure
toneaudiogram demonstrated markedly improved hearing.

FIGURE 3
The hearing in case 4.
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5. A 16 year old male sport scubadiver performed an
open seadivein spite of having acommon cold. He had
equalization trouble and performed forceful Valsalva
manoeuvres. He experienced ringing in his right ear,
which felt plugged, and he felt dizzy. Since the cochlear
symptoms continued he, two weeks later, saw aphysician
who gave him penicillin and referred him to an ENT out-
patient clinic. Thetympanic membraneswerethennormal,
but pure tone audiometry revealed a grossly elevated
hearing threshold for all tests frequenciesin hisright ear,
and SRT demonstrated adiscrimination lossof 60%. Two
monthslater the hearing hadimproved markedly and there
was no longer any discrimination loss. Two and a half
years later he was rejected as an applicant for the Navy
Academy due to the hearing impairment that by then had
againincreased. At 8kHz no hearing could be detected at
al (>120dB) (Figure 4).

6. A female sport scuba diver performed, on her 29th
birthday, an open seadiveto 19 msw. Prior tothedive she
had normal hearing but afterwards she experienced pain
andringingin her right ear and wasdizzy. Threedayslater
shesaw aphysicianwho found signsof marked barotrauma
in her right tympanic membrane and also asevere hearing
lossinthesameear (Figure5). Shewasgivendecongestant
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nosedrops. Oneweek after the dive she attended an ENT
out-patient clinicwhereacaloric vestibular test with ENG
showed slight directional preponderanceto theright. One
week later she was admitted to hospital where also a
transient, positional nystagmustotheright wasdetectedin
theright ear down position. The middle ear was explored
surgically and an oval window fistula was detected and
closed. Unfortunately the constant tinnitus continued, but
both her pure tone hearing and SRT was somewhat
improved (20% discrimination 10ss), also subjectively.

FIGURE 4

The hearing in case 5.
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FIGURE 5

The hearing in case 6.
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7. A 26 year old male engineer experienced spinning
vertigoafter playing underwater rugby (breath-hold diving)
for one half hour in a4 metre deep pool. Hewasunableto
fix hisgazewhichflickered back andforth, hewasnauseated
and hisgait wasunsteady. Hewas seen by aphysicianand
admittedtothehospital ENT department thenext morning,
wherehereceivedan |V drip (500 cc of normal saline). He
wasdischarged symptom freethenext evening. Hehad not
experienced any cochlear symptoms, and a control six
weekslater showed normal hearingand vestibular function.

8. A 20 year old male Navy diver made a breath-hold
diveto 18.5 metresin a submarine escape training tower.
During ascent his right ear would not vent properly and
upon surfacing the ear felt plugged, the hearing was
reduced and he experienced tinnitus. Prior to the dive an
audiometric screening at 20 dB level was normal. Three
days after the dive an audiogram showed a pronounced
hearing lossin the middle and high frequencies (Figure 6)
and hewasthe next day put to bedinthe Navy hospital. He
had experienced no vestibular symptoms. His hearing
improved gradually, and two and a half months after the
dive an audiometric screening at 20 dB level was normal
exceptforadropto65dB at 8kHz. Tinnitusdecreasedand
he was allowed to start diving again. Besides his Navy
diving hedived in acivilian scubaclub. After four open
sea scuba dives, two of them to 50 msw, his hearing was
still stable.

FIGURE 6

The hearing in case 8.
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9. A 22 year old mae Navy diver, who usually had
problems with pressure equalization to his ears in the
initial phase of descent, became so eager to chase afish
during an open sea scuba dive that he ignored normal
equalization procedures. During the fast descent he felt
painin hisright ear, and after coming onboard the boat he
had ringingintheear, which periodically felt plugged, and
hewasdizzy. Hedid not seeaphysician until aweek after
the dive, and since the cochlear symptoms would not

completely clear he was seen by an ENT specialist six
monthslater. Vestibular testswerethennormal, but hestill
hadintermittent tinnitusand sometimesapl ugged sensation
in the ear, and a pure tone audiogram showed a sensori-
neural high tone loss (Figure 7). Prior to the dive an
audiometric screening at 20 dB-level was normal.

FIGURE 7

The hearing in case 9 six months post dive.
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10. A 41year old male sport scubadiver had hisusual
trouble with pressure equalization to his left ear when
performing three repetitive open seascubadives. First he
went to 10 metres for a couple of minutes. After five
minutes at the surface he descended to 18 metres for 35
minutes. After acouple of minutes at the surface he went
toeight metresfor 15minutes. When coming ashorehefelt
so unsteady he had to hold on to something to prevent
falling, and he recognized tinnitus and reduced hearing in
hisleft ear. Hedid not seeaphysician until 18 hours|later
andreferral toadiving physician wasdelayed another day.
A severe hearing loss was demonstrated (Figure 8) and he
was recompressed according to USN treatment table 6,
however without any appreciable effect on his symptoms.

Five daysafter thedivehewasseeninan ENT out-patient
clinic where the hearing loss was verified. He was
subsequently examined by several physicians who did
more extensive audiological and vestibular tests without
detecting any new evidence. Threeweeksafter thedivehe
had a Stellate ganglion block and received vasodilating
medication (Nicotinic acid tablets). This treatment
aleviated his balance upset, but had no effect on his
cochlear function. His vertigo returned, however, but
brain stem evoked response audiometry (ERA) failed to
reveal any central lesion. Eventually, two monthsafter the
dive, the ear was explored surgicaly, but no labyrinthine
fistulawas found. His vertigo fluctuated, but eventually
disappeared. Histinnitus aso fluctuated, but his hearing
losswas permanent and bothered himin conversationwith
several people simultaneously.



FIGURE 8

The hearing in case 10
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11. A 33year old man felt dizzy after adive and had
ringingin hisright ear. Anaudiogramrevealedahightone
loss which was increased after another dive and became
permanent (Figure 9).

FIGURE 9

The hearing in case 11

Right

SHR

10 v & \.k
0 T % 1
30

4 \\
o \
::; X
50 e
90

H.L (dB re ISO 388)

128 250 500 1k 2k 4K 8k
Frequency (Hz)

0—0: Second day post dive
X—X:Four years later

12.  A1l6yearoldfemalesportdiver performedanopen
sea scuba dive to 30 metres. She had problems with the
pressure equalization to one of her middle ears due to a
slight common cold. She experienced vertigo at the
bottom and had problems fixing her gaze. She then
ascended slowly, well within the no decompression stop
limit, but was unable to climb the ladder to the boat

25
unaided. Sheexperienced spinning vertigoand ringingin
her right ear and was unabletowalk straight or to keep her
balance, and vomited 14 times. The next day she still had
spinning vertigo, but was able to walk unaided. She
eventually saw aphysician who found one of her tympanic
membranes red. In spite of admitting that he bad no
experiencewith diving casualtieshedid not seek adviceor
refer her to a specialist. Several weeks later she dived
again, and again experienced vertigo. After that she
stopped diving but still had constant tinnitus. Not until
nearly four months after the first mentioned dive was she
admitted to an ENT specialist. Her only complaint then
wasthetinnitus. Caloric vestibular testswere normal, but
pure tone audiometry revealed a sensori-neura high tone
lossin her right ear (Figure 10).

FIGURE 10

The hearing in case 12 four months post dive
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13. A 19year old male sportsdiver student performed
anopen seascubadiveto 10 mdepth. He performed avery
forceful Valsalva manoeuvre during descent and
experienced severe, spinning vertigo during ascent after a
few minutes at depth. He also felt pain in both ears and
became nauseated. When coming onshore he was unable
to stand and vomited repeatedly. Hewasrecompressedin
a chamber without any effect on his symptoms, which
actually became worse during decompression. He was
thenputtobedinan ENT department. Upon admission he
was very ill with barotrauma of both middle ears
(haematotympanum) and abrisk nystagmuswhich subsided
after bedrest. Audiometry twodaysafter thedivedisclosed
asensori-neural hightonein hisright ear (Figure 11). He
wasdismissed from hospital, subjectively well, after three

days.

14. A 26yearoldmale(foreign) Navy diver performed
an uneventful chamber dive to 50 msw on air. The day
after the hearing in hisleft ear deteriorated seriously, and
three days later he felt unsteady, he was unable to walk
straight and bumped into things. He also experienced a
high pitched tinnitus in his left ear. He did not see a
physician until aweek after thediveand wasreferredtoan
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ENT specialist who found normal tympanic membranes,
but audiometry showed a pronounced sensori-neural
hearinglossinhisleft ear (Figure12). At8kHzthehearing
was not measurable with the available equipment (ie. the
loss exceeded 110 dB). A caloric vestibular test showed
lessreactivity ontheleft sideasinaslight canal paresis. He
preferred to go back to his homeland for treatment (bed
rest, Rheomacrodex |V, medical treatment) and hishearing
improved significantly. Decompression sicknesscould be
a differential diagnosisin this case. One can not either
completely ruleout the possibility of the pure coincidence
of a spontaneous hearing loss and the dive.

FIGURE 11

The hearing in case 13 two days post dive.
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FIGURE 12

The hearing in case 14.
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15. A 23 year old male sport diving student made an
open sea scubadiveto 8 metres. He had difficultieswith
thepressureequalizationto hisears, especially thel eft, and
performed forceful VVa salvamanoeuvres. Hefelt painin
hisleft ear during descent and ringing in the ear as soon as
he took off his gear after surfacing. He had no vestibular
symptoms. Since the tinnitus continued, he saw an ENT
specialisttwodaysafter thedive. Thetympanicmembranes
werenormal, aswasabithermal, caloricvestibular test, but
pure tone audiometry revealed a sensori-neural high tone
lossin his left ear (Figure 13). Prior to the dive he had,
audiometrically verified, normal hearing. Onemonth after
thedivethehearing had improved slightly, but thetinnitus
was unchanged.

FIGURE 13

The hearing in case 15
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16. A 25 year old mae Air Force helicopter pilot
performed escape training from a capsized helicopter
simulator in the upside down position in a pool at
approximately three metres depth. He was under water
holding his breath for approximately 30 seconds, and was
unable to equalize the pressure to his middle ears.
Afterwards he felt pain in his left ear which aso felt
plugged. He also experienced tinnitus and slight vertigo.
Aspirin aleviated the pain, but even after a week the
vertigo was bothersome and the tinnitus lasted for two
weeks. A couple of weeks after the incident he was seen
inanENT out-patient clinicwherehistympanicmembranes
werefound normal. A transient positioning nystagmusto
theleft onhead rotationtotheright wasrecognized, but hot
water (44°C) stimulation gave symmetric response.
Unfortunately cold water stimulation was not performed
nor audiometry. After a few weeks the pilot became
symptom free. | think the cause of his cochleo-vestibular
symptoms was inner ear barotrauma.

17. A 19yearoldmaleprofessional diver,whodoubled
as a sport scuba instructor, performed ten consecutive
open sea dives to 10 metres, each of approximately nine
minutes duration, in order to familiarize student divers



with openseadiving. Thetenth ascent wasrather fast, and
at three metresdepth he suddenly experienced asharppain
in his left ear. He loosened the line to the student who
surfaced while he himself returned to the bottom. There
the pain was somewhat relieved, but hefelt slightly dizzy.
After a few minutes he ascended slowly without any
changein the symptoms, but he had to sit down as soon as
he came ashore due to vertigo.

He was aso dightly nauseated. Later he felt a tender
swelling behind the left ear and describes crepitation on
pressing against it. The skin over the swelling was red.
The ear felt plugged and subjectively his hearing was
reduced on that side. The next day he saw an ENT
specialist who examined him otologically and
otoneurologically. There was a slight elevation of the
hearing threshold as compared to a recording taken six
months previously. Thelosswas sensori-neural. (Figure
14. Bone conduction has been omitted for clarity).
Bithermal caloric vestibular tests reveadled a left sided
canal paresis. A chest x-ray wasnegative. Hewasreported
sick for two weeksand put to bed with elevated head. The
only medication was aspirin. Hewas not alowed to dive
until after acontrol two months later. He then felt fit and
healthy and the vestibular control test suggested an
overcompensation of a peripheral injury on the left side.
After asupervised pressurechamber test hewasallowedto
resume diving.

Three and ahalf months later he performed two repetitive
open sea dives to 12 metres for nine minutes and to
approximately 27 metres for 20 minutes (in the “wrong”
sequence: shallowest first) in spite of having a common
cold. The first dive was unremarkable, but during the
second descent he felt pain in his sinuses and his left ear

FIGURE 14
The hearing in case 17
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cleared less easily than the right. On the bottom he
experienced spinning vertigo, and after surfacing he felt
nauseated and vomited once. Thenext day hevomitedfour
times and saw a physician familiar with diving. He
received decongestant nose drops and tablets plus anti-
vertiginoustabletsand was put to bed. Threedayslater he
still felt slightly dizzy and vestibular testing showed aleft
canal paresis, lightly worsethan after thefirst injury. He
had no cochlear symptoms and an audiogram was closeto
the pre-diverecording. Hewas prohibited from diving for
six weeks and advised not to dive during respiratory tract
infections.

18. A 20year old male Navy scubadiver experienced
barotraumaof hisleft ear whilewearing afull facemaskin
an open seadive. In connection with the injury he felt a
dlight ringing in the ear. Prior to the dive his pure tone
audiogram was normal, but a routine control five months
later revealed asensori-neural hightonelossintheaffected
ear, where he still experienced a high pitched tinnitus
whileinsilent surroundings (Figure 15). Threeyearslater
hewasaccepted asastudent at theNorwegian Government
Diver Training School inorder togetintocommercial deep
diving, in spite of the fact that his reported high tone
hearing loss was permanent. The hearing in hisright ear
was normal, though.

FIGURE 15

The hearing in case 18.
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19. A 22 year old man attending a course in sport scuba
diving asaleisuretimeactivity during hismilitary service
performed an open seadiveto 15 metresfor eight minutes.
As usua he had equalization problems and performed
forceful Valsalva manoeuvres. He did not experience
anything peculiar until he came into the silence of his
bedroom nine hours &fter the dive when he recognized a
high pitched ringingin hisleft ear. Thetinnitusfluctuated
for somedays, but eventually became constant. Ninedays
after the dive hefinished his compul sory military service.
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A medical examination in that connection revealed an
elevation of thehearingthresholdin hisleft ear ascompared
to the audiogram taken when he entered the military
services, but even then the 20 dB level screening had
revealed a, probably noiseinduced, high tonenotch inthe
audiogram from his left ear. He was referred to an ENT
specialist who confirmed the hearing loss as sensori-
neural, but except for that found normal ears, including
vestibular function as tested with bithermal stimulation
andENG. Atthat timebedrest wastried, but seven months
later the hearing had deteriorated significantly at 3 kHz
(Figure 16).

FIGURE 16

The hearing in case 19.
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20. A 37 year old male engineer using diving in his
work for underwater inspectionand non-destructivetesting
(NDT) performed an open sea dive to 15 metres depth in
spite of having a common cold. He had equaization
problemsand thushad to performequalization manoeuvres
forcefully and more frequently than usual. After thedive
his left ear felt plugged and the hearing in that ear was
much reduced. He saw alocal physician who reassured
him, and when he saw an ENT specialist six months later
asensori-neural hearing lossin theleft ear was confirmed
(Figure 17).

21. A 29year oldmale Navy physician performed a90
metredry chamber diveonair. Hehad difficultieswiththe
pressure equalization to his ears and performed Valsalva
manoeuvres repeatedly. Prior to the dive he had no
cochlear symptomsand an audiometric screening at 15dB
level was normal. After the dive hisleft ear felt plugged
with reduced hearing and tinnitus, and an audiogram
demonstrated amost unusual patternwith apredominantly
low tone sensori-neural loss, indicating a lesion in the
apical part of the cochlea (Figure 18). Hestill hastinnitus
and hearing lossin that ear 16 years after the incident.

FIGURE 17

The hearing in case 20 six months post dive.
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FIGURE 18

The hearing in case 21 immediately after the dive. Pre
dive screening at 15 dB level was normal.
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22. A 28 year old male commercial diver lost
consciousnessat 45 metresdepthinthe seawearing aband
mask and breathing nitrox. The reason for the loss of
consciousness was probably oxygen poisoning. He was
taken to the surface and recompressed in achamber where
he woke up at 50 metres depth without any cochlear
symptoms. During the decompression hisright ear would
not vent properly and becamepainful. Healso experienced
tinnitus in that ear. Prior to the dive an audiogram
demonstrated normal hearing, while a control six months
after the dive disclosed a sensori-neura high tone loss
(Figure 19). He then still had tinnitus.

During adive several years before the described incident
he had pressure equalization problems to his ears and
experiencedtinnitusinboth earsfor amonth after thedive.
That episode resulted in a permanent, sensori-neural high
tonelossin hisleft ear (Figure 20).



FIGURE 19

The hearing in the right ear of case 22
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23. A 24year old malescubadiving student performed
abreath-hold diveto 7 metresin the sea. He had pressure
equalization trouble, and since he was wearing too little
lead he had to use his arms to swim down and was thus
unable to perform equalization manoeuvres. A painful

FIGURE 20

The hearing in the | eft ear of case 22 several years after
adifferent dive.
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pressure differential built upin hisears. Threehoursafter
the dive he became dizzy. The next morning he felt fine
and did a scuba dive to 12 metres. He descended slowly
and managed to equalizethepressureto hisears. A couple
of hours after the dive he again felt dizzy.

Thenext morning heagainwasfineand performed another
scubadiveto 12 metres. Hehad someequalizationtrouble
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and experienced vertigo immediately after the dive of the
same nautical nature as on the two previous days, but
stronger. The symptoms fluctuated for the next couple of
days, so he saw a physician who referred him to an ENT
specialist on the third day after the last dive. Throughout
hehad had no cochlear symptoms. Barotraumatic changes
wereobservedinbothtympanic membranes, but abithermal
caoric test and ENG did not at that time detect any
vestibular injury. Neverthelessthe fluctuating symptoms
continued and interfered significantly with his university
studies. Thiswastill the case two months after the dive,
whichisthelast availableinformationonthiscase. Eleven
yearsbefore he had experienced vertigo and intoleranceto
high sound levels after head trauma. It isdifficult in this
caseto pinpoint apossiblelesionto theinner ear, but there
seemed to be adefinite connection between thediving and
the symptoms, and the barotraumatic changes in the
tympanic membranes were unmistakable and thus
suggestiveof inner ear injury asthecauseof hissymptoms.

24. A 36 year old male sport scuba diver performed
approximately seven divesto amaximum of 15 metresin
theseawithin an hour. Beforethe dive he had no cochlear
symptoms, but the morning after he woke up with a high
pitched tinnitusin hisright ear. Sincethat did not clear, he
saw a physician a couple of days later, and the next day
recompressionto 50 metresinachamber wastried without
effect on hissymptoms. Hewasseenregularly by anENT
specialistfor months, but even eight yearsafter theincident
he still had constant tinnitus and sensori-neural high tone
loss(Figure21). Inthiscasetherelationto diving could be
just coincidence since spontaneous hearing loss of this
kind occursnow andthen. A redlisticdifferential diagnosis
in this case is aso decompression sickness.

25. A 27 year old male Navy diver performed
approximately 20 consecutive breath-hold divesto about
sevenmetresasaninstructor inasubmarineescapetraining
tank. Hedid not care much about pressure equalization to
his ears, and after a while he experienced a plugged

FIGURE 21

The hearing in case 24 eight years after the incident.
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sensation, reduced hearingandtinnitusinhisright ear, plus
vertigo. Nevertheless he continued until the class was
through, but afterwards he was unable to walk straight.
Oneyear previously hehad experienced similar phenomena
from hisleft ear after he had swum 50 metres underwater,
but in that case al symptoms cleared gradually. He now
expected the same course and thus postponed hisvisit to a
physician until the next day.

He was then immediately referred to an ENT specialist
who found spontaneous nystagmusof the second degreeto
the left, indicating the right sided canal paresis. The
patient complained of pul sationand constant tinnitusinthe
ear, and anaudiogramreveal edanupto 20 dB deterioration
of hishightonehearing ontheright sidewherethe hearing
already was substantially reduced in the high tone range,
probably duetogun-fire(Figure22). Nosignof middleear
barotrauma was found. He was put to bed and gradually
improved. Fivedayslater hehad novertigo, nor nystagmus,
and the hearing had improved both subjectively and by
audiometric evaluation, at 4 kHz as much as50 dB. The
high tone loss was back at pre-dive level, but caloric
vestibular testsand ENG now indicated astronger cupul o-
ocular caloric response on the right than on the left side.
Six months after theincident the diver was symptom free,
the hearing had stabilized at pre-divelevel, and bithermal
caloricvestibular testswith ENG showed symmetrical and
normal responses. Hewasthen allowed to resume diving
provided that he did not dive during common colds and
that hewasvery conscientiouswiththepressureequalization
to his ears. He was also advised not to take the surface
position during submarine escape training runs.

Three weeks later he violated all the above mentioned
precautions and performed 45 breathhold dives from the
surface to approximately seven metres, in spite of having
acommoncold. Afterwardsheexperienced severevertigo
and nausea. Hewas pale and could not walk straight. He

FIGURE 22

The hearing in case 25
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felt aforceful pulsationinhisright ear and slight, periodic
tinnitus, but no subjectivehearingimpairment. When seen
by an ENT specialist the next day hisonly complaint was
the pulsation in his right ear. There was no significant
change in hearing and no nystagmus. It was speculated
that he might have aweak spot in one of the labyrinthine
windows where a fistula would open when the pressure
differentia reached acertain level. He was reported sick
for aweek and taken off diving for acouple of months. A
bithermal caloric vestibular test with ENG was then
symmetrical and normal.

26. A 23 year old male sport scuba diver with
approximately five years diving experience performed an
open seadiveto 25 metresfor 25 minutes. Asusua hehad
pressure equalization trouble to his ears, mostly in the
right, and performed V al salvamanoeuvres. During ascent
he experienced pain inthe back of hisneck and head. Ten
to 15minutesafter coming onboardtheboat heexperienced
spinning vertigo and had to hold on to something to keep
his balance even while sitting. The symptoms increased,
he was unable to fix his gaze and vomited all the time.
When he came ashore 20 minutes later he saw a local
physician in general practice who referred him to the
neurology department in the local hospital where
electroencephalography (EEG), and skull X-ray were
negative.

He was the next day transported by helicopter while
breathing oxygen to the nearest Navy base where he was
recompressed after a prolonged US Navy Table 6.
Subjectively the treatment had no effect. Neverthelesshe
recovered gradually, but was unable to walk straight for
one week after the dive. He had no cochlear symptoms.
When seen by an ENT specialist two monthslater hewas
symptomfree, but woul d still experiencesomeunsteadiness
in certain situations, such aswhen heading the ball during
football games. He had not been diving sincetheincident.
Otological and otoneurological examination was
unremarkable, except for asensori-neural hightonelossin
his |eft ear that was present prior to the dive, which was
probably caused by gunfire. He recalled having had
tinnitus for a couple of days after hunting some time
before. Bithermal caloric vestibular testswith ENG were
normal.

27. A 45year old male marine biologist, previously a
Navy diver, now a sport scuba diver, performed
approximately ten scubadivesto 5 msw for atotal duration
of approximately half an hour. Hehadto performVa salva
manoeuvresto equalize. Immediately on coming onshore
heexperienced vertigoand unsteadinessand hewasdlightly
nauseated. He also had aconstant tinnitusin hisright ear.
When seen by an ENT specialist oneand ahalf hourslater
he walked unsteadily, would grasp onto objects to secure
hisbalance and tended to keep hisneck in afixed position.
In spite of thisovert symptomatol ogy nothing objectively
could be found on otological and otoneurological
examination. Evenabithermal caloric vestibular test with
ENG was judged to be within normal limits (even though
adlight right-sided canal paresis could not be completely
ruled out). Theonly differenceintheaudiogram compared
to one done ayear previously wasamarginal 10 dB drop
at 8 kHz (from ten to twenty dB). He was put to bed and
thetinnitusdisappeared the sameevening. Hekept hisbed



for afew days but had fluctuating tinnitus for periods and
fluctuating nauseafor approximately threeweeks. Hewas
symptom free when seen six weeks after theincident. A
caloric test wasthen completely normal. Hethenrecalled
that he had been dizzy after a similar dive seven years
previously and also nauseated after that type of divingfour
years earlier. Maybe a case with such sparse objective
signsshould not be classified asinner ear barotrauma, but
| believe that more sensitive test methods might have
proved the diagnosis.

28. A 19 year old man practised underwater rugby
(breath-hold diving) in afour metre deep pool. After the
game his left ear felt plugged and he had tinnitus for six
months. When seen by a physician some days after the
incident blood and fluid was found in the |eft middle ear.
His audiogram was normal when reporting for military
serviceprior totheincident, but when entering themilitary
servicesafter thediveahightonelosswasfound in hisleft
ear. Thesensori-neural losswasconfirmedfour yearslater
(Figure 23).

29. A 25 year old male scuba diver with six year's
experience had for acouple of months experienced severe
spinning vertigo for fiveto ten minutes after diving. Once
it caused him to swimin acircleto theleft when trying to
swim ashore. Eventually, after adiveto four metresdepth

FIGURE 23

The hearing in case 29 four years after the dive.
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he was unableto stand up when coming ashore. Hefell to
theground, was unabletofix hisgaze, wasvery nauseated
and al but vomited. He had no cochlear symptoms. The
symptomssubsided in acouple of hours, but when seen by
an ENT specidlist two months later a bithermal caloric
vestibular test withENG reveal ed acentrally compensated
left-sided canal injury. Except for that, an otological
examination was normal, including audiometry. At that
timehewassymptomfree. Inner ear barotrauma, possibly
with atransient peri lymphatic fistula, could explain the
described symptoms.

30. A 29 year old male sport scuba diver with nine
years experience participated in breathhold underwater
rugby and descended repeatedly to five metres depth
without caring about pressure equalization to hisears. In
the middle of the game his |eft ear suddenly felt plugged
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and he experienced a continuous, high pitched tinnitus.
There was no vertigo. He had experienced middle ear
barotraumaon the same side twice before and thought this
was the same thing. But his hearing deteriorated
substantially inthe courseof thefollowingtwodays. Then
the condition started to improve and he did not see a
physician until a week after the incident and was
immediately referred to an ENT specialist who found his
hearing significantly reduced compared to pre-dive
audiograms (Figure 24). Hewas admitted in hospital and
put to bed in the ENT department where his hearing
continued to improve, so he was released after a week.
Threeweeksafter theincident theimprovement seemedto
have halted, and more than four months after the incident
the hearing threshold was still significantly higher than
prior to the incident. Even ayear later he had constant
tinnitusand some problemswith holding aconversationin
background noise. Nevertheless he wanted to take up
diving again. His marked pre-dive hearing loss was
probably caused by noise exposurein mechanical industry
where he had worked without using ear protectors.

31. A 30year old male sport scubadiver performed an
open seadive to 26 metres for 26 minutes. The dive was
unremarkable and he had no pressure equalization trouble
to his ears. Four hours after the dive his right ear felt
plugged, and the next day an ENT speciaist found a

FIGURE 24

The hearing in case 30.
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sensori-neural low tone lossin that ear (Figure 25). The
day thereafter he also experienced tinnitusin hisright ear
and the next day (3rd day after the dive) he received
hyperbaric oxygen therapy (HBO) (USN Table 6) which
had no subjective effect, while the audiogram showed
someimprovement. Thenext day hegot moreHBO (USN
Table 5) which traded his tinnitus for slight vertigo, but
againtheaudiogramindicated improved hearing. Theday
after his ear felt plugged again after alot of shouting asa
coach for a volleyball team, and the tinnitus was back.
Two days later the hearing had normalized subjectively
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and audiometrically and hehad nomoretinnitusor vertigo.
This man was diving a lot so one may argue that the
described symptoms occurred in time relation to a dive
only by chance and that there was no causative relation,
especialy since he had no egualization trouble. Thus it
could have been an early manifestation of Meniere’'s

FIGURE 25

The hearing in case 31.
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disease (hydrops labyrinthi), completely unrelated to the
dive, or precipitated by it. Decompressionsickness(DCS)
is unlikely, but cannot completely be ruled out. On the
other hand, diving can cause considerable pressure
differentialsintheearsbeforeadiver caresabout equalizing,
especidly if heisdistracted or busy with other tasks. So
evenif it may be speculative think that also thiscase can
be classified asinner ear barotrauma.

DISCUSSION

Even though information about dive depth is missing in
five of the cases, we can conclude that this injury most
often occursat shallow depth, not surprisingly sincethatis
wheremost of thedivingistaking place, and alsowherethe
relative pressure/volume differences are greatest. As
might be expected, the majority of the cases (45.2%) were
sport scuba divers, who also perform the majority of the
diving in shallow waters. Commercial divers comprised
16.1% of thetotal and Navy scuba divers 6.5%. Therest
were divided between breath-hold and chamber diving,
andinonecasetheinformationwasmissing. 1n61% of the
cases the incident happened during air scuba diving, but
dataweremissingintwo cases. Thesex difference, 90.3%
male and 9.7% female cases, probably more reflects the
composition of thediving community rather than anything

about sex difference in susceptibility.

The delay before the diver sought medical advice varied
from hours to “indefinitely”, which means that the diver
did not seek advicebut wasfound by chanceduringroutine
examinations months after the incident. More than 70%
reported problems with pressure equalization to the ears
and close to 20% admitted to have dived in spite of a
common cold when the incident occurred. Close to 26%
reported to have performed forceful Valsalvamanoeuvres
(but data were missing in approximately 13%).

No consistent way of therapy canbetracedinthismaterial.
More than 35% received no therapy at all, and data are
missing in three cases. In the rest, severa types of
treatment weretried; bed rest, medication, 1V fluid, HBO,
Stellate ganglion block and ear surgery.

The lay off time before diving again varies considerably
andinformationismissinginseveral cases, butinonly four
cases is positive information available that they stopped
diving permanently. Approximately 65% experienced
permanent cochlear injury, leading in one casetorejection
by theNaval Academy. Inacommercial diver theincident
caused severe economic problems. Ten of the caseswere
only cochlear (tworight, seven left and onebilateral), five
only vestibular (one on each side and three probably
bilateral) and 16 both cochlear and vestibul ar (tenright, six
left). Thus13wereonly right-sided 14 only | eft-sided and
four bilateral. Only three of the ears were explored
surgically (tworight, oneleft) and in only one of themwas
afistulafound, in the right oval window.

SUMMARY

Barotrauma of the inner ear in 31 cases (35 ears) is
reported. Inner ear barotraumais no rarity, but is under-
reported. It most often occursinshallow water. Permanent
cochlear injury is common, which can serioudy affect a
person’ schoiceof professionand causesocia and economic
problems. Of those who resumed diving some had
recurrences while others were stable throughout the
observation period.
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ATYPICAL DECOMPRESSION SICKNESS

THE DIAGNOSTIC CHAMBER

Harry F Oxer

A 23year oldfemale, otherwisevery fit, was scubadiving
on Sunday 11th November in 80 feet of water for 30
minutes. Shewasspear fishing, not very energetically, the
water was warm but with poor visibility, no current, and
shewasdiving alone. Shehadlogged about 25 divessince
her training course. Her ascent was slow and controlled,
slower than the bubbles.

Some 5 to 6 hours after the dive she complained of
abdominal painwhich becameprogressively moresevere,
and was described as cramping and deep inside the
abdomen. Somedayslater, she described that thepain had
in fact been in circular, fairly narrow bands around the
upper abdomen, but thiswasnot thestory listed at thetime.

Thepainlastedfor therest of that day and most of thenight.
The next day (Monday), she developed aright sided stiff
neck, with increasing muscle spasm, as though she had
deptbadly. Later that day shedevel oped asevereheadache,
described asatight band rotating around her head. Sheput
up with this for the whole of the day, but presented at a
major hospital emergency department at 2300 hours.

Onexaminationtherewereno positivefindingsexcept this
history. Following atelephone consultation to Fremantle
Hospital, the centre for management of diving cases in
Western Australia, she was transferred there and seen at
0100 hours on Tuesday morning.

There were no abnormal neurological or other findings,
except that the patient had astiff neck and some headache.
Because of the long delay before any symptoms came on,
the relatively short dive, the non-specificity of the
symptoms, and the fact that they were improving, it was
decidedtoobservethepatient overnight. Later that morning,
Tuesday 13th November, in working hours, she still felt
unwell and still had a stiff neck and headache. Therewas
now no abdominal pain. It was decided that this could be
decompression sickness and shewastransferred for atrial
of recompression at HMAS Stirling.

Shewasrecompressed on aTable RN62, and her painand
discomfort were halved by arrival at depth, and by ten
minutestherewaslittle pain. Shewastotally normal after
two hours. Shewastreated with an extended Table RN62,
intravenous Hartmann’ ssolution totalling 5 litres, and the
Royal AustralianNavy routineof Dexamethasone, 16mgms
IV stat, then 8mgms eight hourly. She complained of a
very unpleasant whole body sensation of pruritus “from
the inside” immediately following each injection of
intravenous Dexamethasone. On completion of
recompression, she was given 100% oxygen for alternate
hours overnight.

On Wednesday 14th November she was returned to
Fremantle Hospital at 1800 hours, complaining of some
chest discomfort and tightness, almost certainly duetothe
high oxygen dosage. Her IV therapy was continued until
late evening, then discontinued, and the fina dose of
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Dexamethasone was given. By the next morning shewas
fully fit and wasdischarged with acertificatefor work, and
advised to give up diving as she appeared to have a
sensitivity to, even by average standards, asmall nitrogen
load.

Toour surprise, thepatient returned the sasmeeveningwith
arecurrenceof thepainintheright side of theneck, andthe
headache. Shewasrecompressed that night at 2200 hours
onRN Table61, and thesymptomsresolved slowly during
that recompression.

The next day (Friday 16th November) she had a minor
recurrence of symptoms and was recompressed, again on
RN Table 61, when the symptoms cleared.

She was discharged home on Saturday 17th November
1984, with no further symptoms.

Thursday 22nd November, the patient presented with a
recurrence of pain across both shoulders, which she
described as similar to the previous pain. She was
recompressed at 1700 hours on RN Table 62, with initial
good, but not compl ete, resol ution of discomfort. However,
on decompression to the surface, her pain recurred in the
back and shoulders.

On Friday 23rd November, now 12 days after the original
incident, shewasrecompressed to 5 metresof seawater on
100% oxygen for two hours, with complete resolution of
the pain. There has, to date, been no recurrence.

COMMENT

Thiscasewasunusual for several reasons. The symptoms
occurred following a relative small exposure which was
within the tables (80 feet of water for 30 minutes). It was
not aparticularly energetic dive, and onethat shehad done
anumber of occasionsbefore. Thesymptomsdid not come
on for 5 to 6 hours, and were not very typical. With
hindsight, any symptomsfollowing adive, and occurring
up to 24 hours, are decompression sickness until proved
otherwise.

However, her symptoms were so non-specific, and could
have been associated with intercurrent viral illnesswhich
was prevalent at the time, and were getting better. When
thiswas added to presentation at 0100 hours, the decision
toawait recompressionuntil themorning seemedreasonable
at thetime.

Itiswell known that if the management of decompression
sicknessis not commenced until aconsiderabletime after
the onset of the problem, treatment is more difficult and
recurrence more likely. This patient did not present until
almost two days after the dive. Her recurrences stretched
unusually long and though her symptoms were very non-
specific, they did respond to recompression.

Perhaps this case again illustrates the fact that anything,
after adiveisdecompressionillnessuntil proved otherwise,
and you may never be ableto prove otherwise! Symptoms
that respondtorecompression, almost by definition, confirm
the diagnosis.
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UNSCRAMBLING HELIUM SPEECH

Microel ectronics Group | mplements Prototype in Bit-
Slice Technology

Offshore operations need divers, and thereis no prospect
of divers being totally replaced by subsea completion
systems or ROV’s for many years to come. At depth,
divers have to breathe gas at a pressure equivalent to the
hydrostatic pressure of the water around them.
Unfortunately, beyond about 50 m depth, oxygen and
nitrogen would be lethal in the proportionsin which they
arenormally found in air, so most of the divers' breathing
gas mixture consists of the biologically inert gas helium.

Aswe might expect, using helium also hasits drawbacks.
Among the most serious of these is that the gas seriously
distorts speech sounds; ‘ Donald Duck with abad cold’ is
how divers speech is usually described. Unfortunately,
thisisnot simply an aesthetic problem; whenintelligibility
fallsto 10-20%, asit does at 300m and bel ow, both safety
and efficiency are seriously compromised.

TheNorwegian Underwater Technol ogy Center (NUTEC)
has implemented a mathematical model of the processes
needed to ‘unscramble’ the distorted sound of speech in
helium. This model has been successfully used in test
divesat NUTEC. Runningthisalgorithm, however, requires
agreat deal of computing power, and the computer itself
takes up a lot of space. NUTEC therefore engaged the
microprocessor applications group at CMI to develop a
microprocessor-based real-time hardware version of the
algorithm. Additional support for theproject wasprovided
by Vesta, amajor Norwegian life insurance company.

Tohandlethisproject, CMI installed aVAX 11/730 mini-
computer with 165 Mbyte disc capacity, A/D and D/A
boards, and a bit-slice 1/0 processor to increase sampling
speed. Thelargedisc capacity isneeded because sampling
at high frequency demands huge amounts of memory. A
special software package called ILS was also acquired to
perform the functions of signal editing, digital filtering,
signal processing, etc.

With this combination of hardware and software the CMI
team have simulated and modified the NUTEC moddl,
tried out new algorithms, and simulated (in Fortran 77) the
hardware version while this was being developed. The
long series of operations performed by the model is too
complicated to illustrate here. In principle, thefirst stage
isto reverse the sound distortionsin the vocal tract which
arecaused by agiven gasmixtureunder givenatmospheric
conditions; thereafter a normal vocal tract response is
simulated. Thisof courseissimpler to describethantodo.

Following simul ation andtesting, themicroprocessor team
designed ahardware system with the same performanceas
thehardwaremodel but capabl e of unscrambling speechin
real time. The system is designed according to a master/
dave principle; the master administers the processing
routinesand 1/0, whiletheslavewill beaseriesof bit-slice
elements operating as a fast number-cruncher which
performs complex processing on commands from the
master. A 16-bit dataformatisused, exceptinthe A/D and
D/A converters, where 12-bit precision is acceptable.

The hardware unscrambl er isbeing constructed on a set of
three four-layer printed circuit boards, which because of
their complexity had to be laid out by computer.
Components are now being put into the boards, and the
unscrambler will be debugged and tested on an advanced
microprocessor development system. When completed
the prototype will be tested using recorded speech from
deep divesat NUTEC.

This unscrambler will be the result of cooperation by
specialist groups at two applied research ingtitutes, a
university department of phonetics, and amanufacturer. It
will be produced by the Norwegian electronics company
Data Instrument A/S.

Reprintedfrom* Capability: CMI” 1/84, by kind permission
of the Editor (Dept of Science and Technology, Bergen,
Norway).

MEDICAL PROBLEMS OF SATURATION DIVING

A four-year study of medical problems during a major
diving company’s saturation diving operations is
summarized below. Thefavourablefiguresare attributed
to aggressive control of the environment (pre-dive checks
that rule out incipient infection, etc.; frequent and regular
diving complex cleansing) and the encouragement of early
reporting of any unusual symptoms or signs of illness or
disease. The saturation storage system remained under
pressure for up to six months at atime.

No. of | solated
Cases and
COMPLAINT Reported Decom-
pressed
Skin infection (spots, boils) 19 0
I ndigestion/nausea/vomiting 14 2
Externa Otitis 14 1
Hot water suit burns 12 0
Headache 12 0
Pulmonary Oxygen Toxicity 11 0
Athlete's Foot 10 0
Laceration 8 0
Upper Respiratory symptoms 7 3
Dental pain 5 0
Skin infection (rash) 5 0
Diarrhoea 5 0
Abrasion 4 0
Friction burns 4 0
General malaise 4 0
Hypoxia 3 0
Low back pain 2 0
Jellyfish stings 2 0
Puncture wound 2 0
Urinary tract symptoms 2 1
Elevated CO,2 0
Decompression sickness
(post sat. decomp.) 2 N/A
Decompression sickness
(post excursion) 1 N/A
Sinus pain 1 0
Total 151 7

Reprinted by kind permission of the Editor from TRIAGE,
thenewsl etter of theNational Associationof Diver Medical
Technicians.



DIVING SAFETY MEMORANDA

Department of Energy,
Diving Inspectorate,
Thames House South,
Millbank, London,
SW1P 4QJ.

DIVING SAFETY MEMORANDUM 5/1984
DIVING SYSTEMS/CONTAMINATION

27 July 1984

Y our attention isdrawnto the problem of contamination of
thedivers environment which can result from the failure
to completely purge the system after cleansing on
commissioning.

For example, freon, which is often used as a cleansing
agent, can collect in pocketswithin adiving system and if
disturbed by such as ship movement can contaminate the
divers environment.

Experience has shown that it is unlikely that an entire
system can be cleansed and purged of the cleansing agent
in one operation without leaving pockets of the cleansing
agent. It isadvisableto cleanse a system in sections.

The Association of Offshore Diving Contractors (AODC)
will shortly issuetechnical guidancecoveringthisproblem.

DIVING SAFETY MEMORANDUM 6/1984
MAN RIDING TUGGER WINCHES - MINIMUM
CRITERIA

August 1984

Thefollowing criteriashould be applied by the competent
person testing or examining man riding winches.

1. Winches in this category must be certified by a
competent person as suitable for the task

2. The winch operating lever should automatically be
returnedto neutral onreleaseinany operating position.

3. An automatic brake should be fitted that will apply
automatically whenever the operating lever isreturned
to neutral or on loss of power.

4. Intheevent of failureof theautomaticbrakemechanism
a secondary means should be provided to prevent the
loadfromfalling. Thismay bemanual inoperationand
should be smplein design.

5. A clutch capable of disengaging during operation
should not be fitted.

6. Wherereasonably practicable, devicesshould befitted
to avoid the winch from over riding (pulling the wire
end attachment through the head bl ock) or under riding
(running away and stripping all the winch wire off the
drum). Alternatively, specific written instructions
must be prepared and followed in order to project
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personnel when manriding. Theseinstructionsshould
be approved by the competent person and should take
into consideration means of communication between
the winch operator and passenger.

7. Winches deemed unsuitable for man riding by the
manufacturer should not be used for this purpose.

DIVING SAFETY MEMORANDUM 7/1984
DIVING GASES - SUPPLIERS STANDARD

August, 1984
The following minimum purity standards for diving
breathing gases, AS SUPPLIED, hasbeen agreed with the
AODC and the gas companies.

Specifications for Oxygen, Helium and Nitrogen

Gases, whether pure or mixed, should not contain any
impurity at concentration likely to cause toxic or harmful
effects when breathed under pressure.

Maximum permissible level of contamination in each
supply gas component (ppm by volume of water phase)

CONTAMINANT OXYGEN HELIUM NITROGEN

Nitrogen 1000 200 —
Oxygen — 50 50
Carbon Dioxide 10 10 10
Carbon Monoxide 1 1 1
Neon 10 10 10
Argon 4000 25 25
Hydrogen 10 10 10
Methane 25 5 5
Other hydrocarbons 3 1 1
Moisture 25 25 25

Oil mist should not exceed 1 mg/m3.

This list is not al inclusive and no other contaminants
should be present in concentrationslikely to causetoxic or
harmful effects when breathed.

Percentage of tolerance in mixture should be restricted to
plus or minus 5% of the minor components of the mixed
gas.

It is stressed that the above standards are for gas AS
SUPPLIED from the gas compani es and not the standards
for chamber atmosphere purity or for helium reclamation
systems. Research aimed at establishing the maximum
acceptablelevel of contaminantsinachamber atmosphere
and reclamation system is progressing but until this
information is available diving contractors should take
advice from the Health and Safety Executive
recommendations on occupational exposure limits
publishedinaguidancenoteobtainablefromHer Majesty’ s
Stationery Office entitled “Guidance Note EH40
Occupational Exposure Limits 1984”. The necessary
correctionfor pressureand exposuretimemust be applied.
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DIVING SAFETY MEMORANDUM 8/1984
EVACUATION UNDER PRESSURE OF MEDICAL
CASUALTIES

10 September 1984.

The Diving Operation at Work Regulations 1981

specifically refers to the responsibilities of every diving

contractor and every other person involved, and, in the

case of :-

(1) an offshore installation, the owner;

(i)  a proposed offshore installation, the concession
owner;

(iii)  apipeline, the owner; and

(iv) aproposed pipeline, the person who will be the
owner when it islayed.

The above are required to ensure so far as is reasonably
practicable that these regulations are complied with.

Theregulationsgo onto spell outinmoredetail that every

diving contractor shall so far asis reasonably practicable

ensure that emergency services are available and in

particular when diving:-

(1) using saturation techniques; or

(i) at a depth exceeding 50 metres; facilities for
transferring the divers safely under a suitable
pressure to a place where treatment can be given
safely under pressure.

Paragraph 103 in the Guidance Notes suggest the
requirement for atransfer under pressurefacility for certain
operations, but does not specify who makesthisprovision.
Practical consideration may indicate advantageif aperson
(other than the diving contractor) having a general duty
under Regulation 4, provides such facilities. The diving
contractor then has the duty of ensuring transfer lock
compatibility withhisownrelated equipment. (Thediving
contractor hastheresponsibility to ensurethe provision of
a means of transferring diving medical casualties under
pressurefor all saturation diving operations and any other
diving operation deeper than 50 metres. Theclient hasthe
responsibility to ensurethat thediving contractor conforms
to the legislation. However, there is no objection to the
client providing such a service to be used by the diving
contractor when required).

At present the offshorefacilitiesfor carrying out atransfer
under pressure of a medical casualty are supported and
maintained by agroup of oil companieswho participatein
ajoint funding project. Subject to chamber transfer locks
being compatible with the transfer under pressure system
diving companies operating under contract from a
participant member are considered to be fulfilling the
legislative requirements.

However, in circumstances where the “client” is not a
participant in the joint funding project, contingency plans
must be made for the evacuation of medical casualtiesto
aplacewheretreatment canbegiven safely under pressure.
Theplansneed notinvolvethesystem runby the Participant
Group already mentioned, but should acontractor wish to
call uponthoseservicesintheevent of anemergency, prior
arrangementsmust bemadeinwritingwiththeParticipants
Group.

Diving contractors not wishing to involve the system run
by the Participants Group must clearly define in their
contingency plans the alternative system to be used.

Documentary evidence showing that satisfactory
contingency plans were made prior to commencement of
diving operations, will be required by the Diving
I nspectorate when carrying out routine inspections.

DIVING SAFETY MEMORANDUM NO. 9/1984
DIVING FROM DYNAMICALLY POSITIONED
VESSELS

9 October 1984.
Y our attention is drawn to the following:-

In a recent incident on the UK continental shelf a
dynamically positioned diving vessel failed to remain on
station whilst a diving operation was in progress due to a
failure in the electrical system supplying power to the
thrusters. Aninvestigationintothefailurewascarried out
by the operators and the DP vessel wasreturned to service
without the fundamental cause of the power failure being
determined. As a result, further losses of power were
experienced including aloss of DP during another diving
operation.

Only after this second incident did the necessary
comprehensive investigation into the system malfunction
by competent engineers reveal the fundamental causes of
thefailures.

Operators of such vessels should ensure that any system
malfunction or failureis properly assessed by the relevant
competent person. Any diving operation, which could
placeaperson’ shealthor safety at risk if suchamalfunction
or failurere-occurred, must be held in abeyance until such
timethat thecompetent person hassatisfactorily established
thecauseof themalfunction or failureand hastaken proper
measures to prevent the re-occurrence.

DIVING SAFETY MEMORANDUM 11/1984
QUALIFICATION OF DIVERS

19 November 1984

Regulation 10(1)(b) of the Diving Operations at Work
Regulations 1981 states that the certificate of training
required by legislation shall be valid only if the person or
body issuing the certificate (the Health and Safety
Executive) is satisfied that the diver has attained a
satisfactory standard of competence (whether by training,
experience or acombination of both).

Under no circumstances does the Department of Energy
Diving Inspectorate accept sport diving as “ experience’.

The above Diving Safety Memorandum reminds us of the
need for properly conducted training for commercial
divers. The Underwater Training Centre at Morwell
(pages6-8) istheonly placein Australiaset upto carry out
thistraining.



DIVING SAFETY MEMORANDUM 12/1984
CERTIFICATION OF DIVING PLANT AND
EQUIPMENT

26 November 1984

Regulation 13(4) of the Diving Operations at Work
Regulations 1981 statesthat “ The Diving Contractor shall
enter in, attach to or insert into a register kept for the
purpose, the certificates and information required by para
(1)(b) and (c)”. Para(1)(c) of thisregulation requiresthat
acertificateisissued by acompetent personin accordance
with para (2) which at (@) states the information that is
required on the certificate.

Diving contractors are to ensure that certificates for each
major item of equipment comply with the above
requirements. It is however appropriate that where there
areanumber of similar itemssuch asgascylindersetc. that
one certificate may contain the serial numbers of all these
items. Onecertificatecoveringanumber of different types
of plant or ablanket certificate for the whole systemisnot
acceptable.

The certificates are to be contained in the register in a
logical sequence so that they can bereadily identified and
compared with the serial number and description of the
planttowhichthey refer. Theregisteristobekept onboard
thediving platformandbeavailabletothe Diving I nspectors
from this Department on request.

DIVING SAFETY MEMORANDUM 13/1984
FIRES IN COMPRESSION CHAMBERS

30 November 1984

It hasbeenreported tothe Diving I nspectoratethat apillow
started to smoulder after coming into contact with alight
bulb in a saturation deck compression chamber.

Diving companies are to ensure that all lights and other
sources of heat which could cause ignition are adequately
guarded. Where practicable, flammable items should be
prohibited from entering compression chambers and al
bedding, towels etc. should be manufactured from fire
retardant materials.
Commander SA Warner
Chief Inspector of Diving

WORK STARTSON LIFEBOAT TRAINING
FACILITY

Constructionwork hasbegunat theNorwegian Underwater
Technology Centre (NUTEC) in Bergen with theworld’s
first permanent facility for training offshore platform
personnel to use freefall lifeboats.

Due to be completed by summer 1985, the NOK 22 mill
installation comprisesa40-metre-tall tower positioned on
the shore close to NUTEC and a lifeboat.

Training courses are scheduled to begin on 1 September
next year, involving crew for the production platform
being built by Norway’ s State Oil Company Statoil for its
north sea Gullfaks field.
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This platform will be the first offshore unit fitted with
lifeboats specially designed to drop vertically into the sea
from a height of 28 metres.

Developed by the Harding Company of Norway, these
steel-hulled craft incorporate several features which
enhance evacuation safety from an offshore installation.

The 68-seat boat accordingly hangs from a single hook,
avoiding the problems posed when Davits get stuck, and a
rapid launch procedure means that orders for launching
can be delayed by comparison with conventional craft.

Once dropped into the sea, a special hull configuration
ensures that the Harding vessel’s own weight and inertia
will propel it some 200 metres away from the platform
without engine power.

The course will aim to train offshore workers in freefall
lifeboat launch procedures, and overcome any reluctance
they may feel about the prospect of being dropped from 28
metres.

In the latter context, a lower launch height of only 15
metres is being incorporated in the tower to give trainees
achance of adjusting to the idea.

Further information from:

Odd Pedersen

Norwegian Underwater Technology Center
PO Box 6

N-5034 Ytre Laksevag.

EVEN PIRANHAS NEED CLEAN HANDS AT
FEEDING TIME

A businessman had ashisslogan* Our new (videorecorder)
setswon't cost you an arm or aleg”, and a good idea to
draw customers. He offered large discounts to anyone
braveor stupid enoughto snatch acoinfromafishtank full
of piranhas. Among the resultant throng were, naturally,
RSPCA Inspectors. But they were not after the coin. No!
They wereafter thebusinessman, intent todiscover whether
the animal protection laws could be extended to include
such events, for this occurred in Stockton. Thisisatown
320 km north of London, wheretheriver doesnot contain
school's of these fish waiting for the opportunity to attack
and devour any animal they can reach. In their native
habitat there are probably few willing to contribute to
RSPCA funds for their protection, and this is not only
because they are neither furry nor cuddly. But in the UK
thingsaredifferent. ThereasonfortheRSPCA’ sconcern?
Y es, they feared | est eager shoppers, after abargain, would
omit to clean their hands adequately and the piranhas
would get food poisoning from the contamination. It is
hoped that any antipodean entrepreneur wishing to avail
himself to this advertising gimmick will remember to
place a washbasin, soap and a clean towel ready by the
tank. And plenty of bandages.

Based on a news item in the Sydney Daily Telegraph, 2
April 1984.
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DIVER MEDICAL TECHNICIANS BEWARE
OF DEXTRAN

Dextranisoften stocked, asthe standardintravenousfluid
for the treatment of decompression sickness and other
accidents, in the medical kits of commercial diving
operations. There are problems with dextran which
prompted the National Association of Diver Medical
Technicians to publish, in its newsletter “ TRIAGE”, the
articlewhich appearsbelow. We are grateful to NADMT
for permissionto republish. (FDA standsfor the USFood
and Drug Administration.)

The FDADrug Bulletin, Volume 13, Number 3 (November
1983) describes adverse reactions to the intravenous
administration of dextran, and is reproduced below.

FDA has learned of 12 adverse reactions to dextran,
including 3 deaths, that occurred during the first half of
1983. Other adverse effectsincluded dyspnoea, flushing,
rash, fever, oliguria, cardiac arrhythmia and, most
frequently, a decrease in blood pressure. Such reactions
followed administration of either Dextran 40 (“Low
Molecular Weight Dextran”) or Dextran 70. Usually the
first untoward reaction begininthefirst few minutesof the
infusion. Inall 3 casesthat resulted in death, lessthan 10
millilitres of the product was given.

Becausethetotal distribution of dextran hasincreased only
dlightly in recent years, it is not known whether these
adverse drug experiences represent a true increase in
reaction frequency or only improved reporting. FDA
received 5 reports of adverse reactionsto Dextran 40 and
70 occurring in 1981, and 7 (including at least 1 product-
related death) in 1982. Examination of the manufacturing
andtesting recordsreveal ed no product aberrations. These
reports were reviewed at a recent meeting of the FDA
Blood ProductsAdvisory Committee, whichrecommended
that themedical community be apprised of thisexperience
and the potential for side effects when dextran is used.

Two types of dextran products are marketed in the United
States. Thelow molecular weight material, Dextran 40, is
prepared asa10% solutionin either 0.9% sodium chloride
or 5%dextrose. Thehigher molecular weight preparations,
Dextran 70 and Dextran 75, are sold as 6% solutions in
0.9% sodium chloride or asugar solution. (Thenumerical
designation, eg. 40, issimply thewei ght-averagemol ecul ar
weight divided by 1000).

Labelled Indications and Adverse Reactions

The current approved labelling for Dextran 40 includes a
total of 3indications (not all of which are claimed by each
manufacturer of theproduct): asaplasmavolumeexpander
in the treatment of shock; as a priming fluid during
extracorporeal circulation; and for prophylaxis against
venous thrombosis and pulmonary embolism in surgical
procedures associated with a high incidence of
thromboembolic complications. Dextran 70 and Dextran
75 have only oneapproved indication: for plasmavolume
expansion in the treatment of shock.

The labelling also notes the following adverse reactions:
nausea, vomiting, fluid overload (and, for products in
sodiumchloride, hypernatremiaand oedema), renal tubular
vacuolization and renal failure, fever, several haemostatic
abnormalities including decreased Factor VIII levels,
interference with platelet function, prolonged bleeding
timeand increased bleeding tendency, aswell asurticaria,
wheezing, chest tightness, hypotension, and cardiac and/
orrespiratory arrest. Thelatter symptomsareindicativeof
an anaphylactic or anaphylactoid reaction. Such reactions
can be severe and, as emphasized by the reports described
above, fatal.

Steps To Decrease Incidence of Adverse Effects

Anaphylactic/anaphylactoid reactions are most likely to
occur when dextran is administered to a patient who hasa
high plasma concentration of dextran-reactive antibodies.
These antibodies evidently arise in response to dietary or
bacterial polysaccharides, not asaresult of previousdextran
administration. Working on the principle of antibody
neutralization by haptens, one manufacturer has recently
developed avery low molecular weight product known as
Dextran 1. Inclinical trialsit was found that injecting 20
millilitres of Dextran 1 intravenously 2 minutes before
infusion of Dextran 40 or 70 significantly decreased the
incidenceof severe(but not moderateor mild) sidereactionn

It is expected that Dextran 1 will be distributed with
Dextran 40 and 70 in the near future. It will be of interest
to learn whether the results achieved in the trials are
duplicated in clinical practice. Therefore, clinicians and
pharmacists who encounter adverse reactions to dextran
are encouraged to report their findings to the National
Center for Drugs and Biologics, 8800 Rockville Pike,
Bethesda, MD 20205; tel ephone (301) 443-5410.

ISFUGU FUN FINISHED?

The Japanese Ministry of Health has issued rules which
prohibit the serving of fugu (puffer fish) even in the
restaurants presently specialy licensed to prepare and sell
this danger-laden fish. Although many European pal ates
may find thetastelackingininterest, to many Japanesethe
chanceof dying/not dying addsthat something extrato the
meal. Skilled chefs are licensed to prepare the fish,
removing the most poisonous parts. It is said that if the
customer isalive half aday after themeal hewill not bein
any danger. 1n 1975 afamous Japanese K abuki actor died
after he had consumed four portions of fugu: the chef
received an eight year suspended sentenceand therestaurant
paid out compensation. To reduce the chance of errors
occurring, only 22 of the over 50 species of fugu are
allowed to be prepared for eating. It is said that about a
dozen fatalities occur yearly from thisfood, chiefly from
meals prepared by amateur chefs. The law is thought by
someto be something of an over-kill andlikely tobegiven
the Japanese equivalent of the Nelson (blind) eye.



CONFERENCES

1985 JOINT CONFERENCE
UNDERSEA MEDICAL SOCIETY
ANNUAL SCIENTIFIC MEETING

AND
THE TENTH ANNUAL CONFERENCE ON
CLINICAL APPLICATION OF HYPERBARIC
OXYGEN
11- 14 JUNE 1985
The Hyatt Regency Hotel
Long Beach, California, USA.

THE SOCIETY

Foundedin 1967, theUnderseaMedical Society isactively
engagedintheadvancement of underseamedicine, clinical
hyperbaric medicine, and support sciences. The Society
providesaninternational forum for professional scientific
communication amongindividualsand groupsinvolvedin
basic and applied studies concerned with the undersea
environment, and the treatment of specific diseases with
hyperbaric oxygen therapy.

THE HYPERBARIC OXY GEN CONFERENCE

The Annual Conference on the Clinical Application of
Hyperbaric Oxygen is directed towards updating the
clinicianwiththestateof theart applicationsof hyperbaric
oxygen therapy. During its nine year history, the HBO
Conference has become international in scope and an
important sourcefor introducing new clinical applications
of HBO therapy.

THE UNDERSEA MEDICAL SOCIETY ANNUAL
SCIENTIFIC MEETING

Thisyear, theUnderseaMedical Society Annual Scientific
Meeting and the Hyperbaric Oxygen Conference are
combined in order to provide a program that will
complement the goals of each, and offer the attendees an
expanded program of diving and HBO information. The
joint UM S/HBO meetingisopentoindividual sthroughout
theworldwhoareinterestedintheexchangeof information
on all aspectsof research in underseabiomedical sciences
and hyperbaric oxygen therapy.

LOCATION AND DATES

The 1985 joint UnderseaMedical Society and Hyperbaric
Oxygen Conference will be held in the Hyatt Regency
Hotel, Long Beach, California. The Opening Receptionis
scheduled for Monday evening, 10th June 1985, and
sessionswill be scheduled from Tuesday morning through
noon Friday, 14th June 1985.

PROGRAMME PLAN

Preliminary plans include a programme of symposia,
poster sessions, original papersand discussion. A special
one day session for the Associates of the UMS will run
concurrently with the joint UMS/HBO Meeting on
Wednesday 12th June1985. TheAnnual BusinessMeeting
of the UMS s scheduled following the noon luncheon on
Thursday 13th June 1985. The Suzanne Kronheim
Memorial Lecturewill begiven Friday morning, 14th June
1985.

Plansinclude adiving trip and tour of the Catalinamarine
facilities, visitstotheBaromedical Department at Memorial
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Medical Center and atour of the College of Oceaneering.
The Second Symposium on Decompression Procedures
Across the Pressure Continuum will be chaired by RW
Hamilton, Jr, PhD.

The annual Awards Banquet is scheduled for Thursday
evening, 13th June 1985. The Albert R Behnke Award,
Oceaneering International Award, Stover-Link Award,
Charles W Shilling Award, Craig Hoffman Award and
Boerema Award will be presented during the banquet to
individuals who have made special professional
contributionstothefield of divingand hyperbaricmedicine.

REGISTRATION AND HOUSING
Registration cards and housing forms are available on
request.

Registration Fees In Advance On-Ste

Members $110.00 $125.00
Non members $130.00 $145.00
* Students, Associates of UMS

and EUBS Members $80.00 $90.00
Spouse/Guest $35.00 $45.00
Associate Luncheon

(Wednesday June 12, 1985)  $1250  $15.00

* Any student working toward adegreein the biochemical
sciences may obtain the reduced rate by providing aletter
verifying dligibility, signed by a Department Head or
Research Advisor.

Theregistrationfeeincludesrecei pt of thebadge, Program/
Abstracts book, opening reception, refreshments during
breaks, local tours,** andticket for theUM SHBO Awards
Banquet. The spouse/guest fee includes receipt of the
badge, opening reception, banquet, and local tours.**
(**Baromedical Unit at Memorial Medical Center and
College of Oceaneering.)

To register in advance write to:

1985 Joint UMS/HBO Meeting
Attn: Ms Marilyn Dale
c/oBaromedical Department Memorial Medical Center
PO Box 1428
Long Beach, CA 90801-1428 USA.
before May 1, 1985.

THE 4TH WORLD CONGRESS ON INTENSIVE
AND CRITICAL CARE MEDICINE

Will behheld in Jerusalem from 23 Juneto 28 June 1985. |t
will be followed by

AN INTERNATIONAL SATELLITE SYMPOSIUM
ON HYPERBARIC OXYGEN IN CRITICAL CARE
MEDICINE

to be held in Eilat from 30th June to 2nd July 1985.
The Chairman, Scientific Programme, will be

Dr Y ehuda Melamed
Director, Israeli Naval Hyperbaric Institute
PO Box 8040 31080 Haifa
Israel
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WORLD UNDERWATER FEDERATION (CMAS)

Hotel Hyatt Regency - Miami:

INTERNATIONAL CONGRESS 1985

We reproduce (as received) two | ettersfrom CMAS about
the international Congress to be held in Miami in April
1985.

Confederation Mondiale des Activites Subaguatiques
World Underwater Federation

34, rue du Colisee, 75008

PARIS, FRANCE

Paris, October the 19th 1984

-:- CIRCULAR LETTER TO CMAS DOCTORS -:-
Dear Colleague,

Asyouknow, thenext CMAS General Assembly will take
place in Miami from 22nd to 28th April 1985.

Themedical and preventioncommission, likeother CMAS
commissions and committees, wished organize there its
general assembly and medical colloquy.

We should be obliged if you could tell us before 15
November, if you intend to go to Miami.

Cheap travel prices are studied with Pan Am.

Pleasefind hereenclosed areservationvoucher fromHotel
Hyatt Regency, chosen by the organizers, which offers
50% discount.

Book your room before 22 March 1985 to beneficiate of
this price.

Awaiting your reply, | remain
Yours sincerely

Marcel BIBAS
Vice-President of CMP

Paris, 31 October 1984.

CIRCULAR
TOALL MEMBERS OF THE EXECUTIVE BUREAU
TOALL AFFILIATED FEDERATIONS

Dear Sir

We hereby confirm that the next CMAS international
congresswill be held in Miami (USA) 22-28 April 1985.

We hope that you will take advantage of this exceptional
occasionto get to know Floridaand to makeuse of thevery
interesting rates that we have been given by Hotel Hyatt
Regency (chosen by the American organi zing committee),
as well as by the travel agency which has made us a
remarkable offer for groupswith departures from Paris or
Marseille.

single room (1 person) $60 (instead of $120)

double room (1 bed) $60 (instead of $120)
(270 FF/person.)
double room (2 beds) $60 (instead of $120)
room for 3 people (2 beds)  $75 (instead of $150)
(225 FF/person.)
room for 4 people (2 beds)  $90 (instead of $180)
(203 FF/person.)

FLIGHT PARIS - MIAMI (via Madrid) IBERIA - FF
2.200 (instead of 9.350 FF)

Y ou can find numerous places to eat in small restaurants
and fast food stores at a very reasonable price.

Diveswill alsobeorganized onremarkablesitesbut weare
still waiting for details.

Wewould liketoinform you that therewill be many other
activities at the same time as our General Assembly:

scientific symposium

photo competition

evening entertainment with films and conferences
discussions (round table) with diving pioneers
etc.

Don't forget that the “ Ocean Week”, 22-28 April 1985 is
organizedin Miami by “Ocean Realm Magazine” withthe
participationof “ International OceanographicFoundation”,
Pan Am, and National Car Rental.

An entertaining program is planned: exhibitions,
conferences, fashion shows, music, seafood

We are sure that all these activities will attract you, but
before making definitive arrangements with the airline
company wewould liketo consult youfor thelast timeand
could therefore like to ask you to return the attached
question form duly filled and signed to us before 15
November 1984.

Thank you in advance for your cooperation.
Y ours sincerely
Pierre PERRAUD
General Secretary.

SPUMS NOTICE
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Permission to reprint original articles will be granted by
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Journal is printed with the article. Papersthat have been
reprinted from another (stated) source require direct
application to the origina publisher for permission to
publish, this being the condition for publication in the
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