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EDITORIAL

Two papersin thisissue report on the significanceto
divers of having an incompletely sealed Foramen ovalein
the heart. Asthiscondition is demonstrable in about 7.5%
of the popul ation and has been noted particularly frequently
(whenit hasbeenlooked for) inthose suffering neurological
decompression sickness the reports have undoubted rele-
vanceto any discussion concerning assessment of fitnessto
dive. Astherisk of aright toleft side passageof blood within
the heart is increased by performing the Valsava ma-
noeuvre, wearing awet suit andimmersion, itisobviousthat
the diving medical of the future should perhaps include
testing for thiscondition. If that should happen many will be
found Unfit to Dive when the condition isdemonstrated. In
this case because of the expense, and occasional morbidity,
far fewer will pursue an initia interest in diving and scuba
divingwill returnto being arecreationwhich only thosewho
areexceptionaly fit will undertake, and then only after very
strict medical assessment. Thiswould be afar cry from the
view that divingisasport for everyone, which hasled to the
current boom in diving. Therewill bealot of resistance to
such an investigation being included in a diving medical
from the diving industry, many of whose membersfeel that
thepriceof anadequately performed diving medical inhibits
prospective customers. However inthesedaysof increasing
willingnessto resort to litigation it is not beyond the bounds
of possibility to suppose that some lawyer will claim that
investigation to exclude this condition is mandatory in any
assessment of fitnessto dive. Such isthe price we may pay
for seeking a better understanding of the physiology and
pathology of diving.

Had Cousteau and Gagnan been aware of even a
small part of what we now know about the physiological
problemsto which the development of the Aqualung would
exposemillionsof scubadiversitispossiblethat they would
have been rather more cautious in the popularising of their
product. If they had been told of the significance and
frequency of an imperfectly sealed foramen ovale in the
hearts of healthy people they themselves might have held
back from venturing underwater. On the other hand they
might have remembered the “experts’ who confidently
predicted that travel at 30 mph in the new fangled trains
would be fatal, that the humble Bumble Bee was aerody-
namically unsuitable for flight, that Mount Everest could
never be climbed without using cylinder-supplied oxygen
and that men would never reach and walk on the moon. So
probably thereal importance of these papersisthat they help
us to understand the mechanism of unexpected clinica
presentations. They naturally leave unanswered the ques-
tion of why recogniseable morbidity is so infrequent, and
usually only occurswhen our simplerulesfor safediving are
broken significantly. Thehumanbody isobviously better at
safeguarding us than was ever predicted. But NEVER take
it for granted that it can protect you from every mistake !

Now may be an appropriatetimeto analysethe significance
of asthmaand other medical conditionsin relation to actual
causesof morbidity and mortality. Butfor thistherewill first
need to be a determined (and successful) effort to collect
relevant data, a raw materia in far shorter supply than
opinions on the subject.

The description of the medical planning undertaken
to safeguard workers during the tunnelling work for the
Singapore Mass Rapid Transit System is an invaluable
insight into that brother activity to diving, working in an
hyperbaric air environment in acaisson. Thishasaparticu-
lar relevance as it was the engineers who were undertaking
the deep sinking of bridge foundations using caissonsinthe
|ate 19th century, and the doctors contracted tolook after the
workers on these projects, who laid the foundations of our
understanding of the management of hyperbaric related
problems.

Both the Aviation Bends case and the case of the
Seven Green Divers show the clinical acumen of the people
firstinvolvedintreatment. Theparamedicswho recognised
that theco-pil ot wassuffering from high altitudedecompres-
sion sickness especially deserve commendation. Unfortu-
nately the medical management showed alesser awareness
of the need for early recompression treatment. The limita-
tions which till exist in the provision of adequate recom-
pression facilitiesin some centresisnoted in relation to two
facilities, neither of which was involved in the National
Safety Council of Australia (Victorian Division) debacle.
The claims that there are cases which require hyperbaric
oxygen treatment but are denied it because there are inade-
quatefacilitiesisonewhich should provokearesponsefrom
the State Health Departmentsinvolved. Perhapsthere may
be a place after al for the litiginous patient, that great
stimulator of action, though not necessarily of medically
correct action.

Litigation is a problem more likely to increase than
disappear so there is little comfort to be gained from be-
moaning the fact that there may be no unassailably correct
decision to hand down when asked to decide on medical
fitnessto dive. Hence the practice by doctors of certifying
an applicant as either meeting or failing to meet criteria
promulgated by some official organisation and so avoid
offering an opinion. This may be cowardice but is hardly
unreasonable. However, as has been shown recently, even
official standards can be challenged in court. Lawyers
actingfor someair pilotswereableto claim successfully that
itwasunreasonabletoregard colour blindnessasareasonfor
refusing them permission to fly. It is said that there are
bumper stickersin the U.S.A which read “Make your child
a doctor and support alawyer”. Perhaps one day we will

Continued on page 154
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ORIGINAL PAPERS

FORAMEN-OVALE,
DECOMPRESSION SICKNESS AND
POSTURE FOR ARTERIAL GASEMBOLISM.

D F Gorman and S C Helps

Thesignificanceand prevalenceof apatent foramen-
ovaleindiversand in particular in divers with decompres-
sionsickness(DCS), and theimportance of thesefindingsto
the preferred posture for divers with suspected arterial gas
embolism (AGE) is now of concern to both divers and
physicians because of a study recently reported in the Lan-
cet!. Thisstudy used two-dimensional echocardiography to
show an increased prevalence of patent foramen-ovale in
diverswith severe DCS (11 out of 18). In another study of
6 divers, the 5who had early onset neurological disease had
apatent foramen ovale?. The suggestionisthat these severe
episodes of DCS result from the shunting of bubbles from
the right to the left side of the heart and hence that AGE
occurs. Thisissupported by another recent observation, that
in 23 divers with neurological DCS who were investigated
by SPECT scanning, perfusion defects (indicative of AGE)
weredemonstratedinall of their brains®. Thesignificanceof
these defects is reinforced by the good correlation shown
between the regions of reduced brain blood flow and the
functional neurological deficitsin the divers. The concern
then istwo-fold; should all prospective divers be screened
for a patent foramen ovale and is the head-down posture
advisable in divers with suspected AGE? This posture,
especialy if maintained at 30° to the horizontal and associ-
ated with leg-elevation will cause an increase in venous
return and hence any right to left shunting of gas bubbles'.

Although bubbles were detected by doppler ultra-
sonic monitoring to pass from the heart and aorta to the
carotid arteries of head-down dogs®, there is still a good
argument to place divers suspected of AGE head-down. In
another series of dogs, gasinjected into the pulmonary vein
always caused embolism of the cephalic circulations of
head-up dogs but never in head-down dogs®. In our own
experiments in rabbits, gas bubbles travelled “backwards’
up the aorta in head-up animals against blood flow, and
while we could always see these gas bubbles in the pia
arteries of head-up animals, none were ever seen in head-
down animals’®. Also, in our clinical experience a postu-
rally-induced relapse in adiver with AGE isusually lethal.
The majority of diverswith AGE experience some sponta-
neous resolution of symptoms and signs’. Thisrecovery is
almost certainly due to bubbles passing through the brain
capillaries and being cleared by the veins allowing aresto-
ration of brain blood flow"s. Unfortunately, many subse-
quently relapse. Such relapses could be due to re-embo-
lism?°, progressive brain oedema causing tissue to shift', or

most likely isdueto increased resistanceto brain blood flow
because of the effects that gas bubbles have on endothelial
cells and blood constituents'>. Over recent years a head-
down posture has been frequently employed, and often
abandoned without incident. However, in 4 divers with
AGE that we have been involved with and who had largely
recovered spontaneously, a change from a head-down to a
head-up posture resulted in a sudden and dramatic loss of
consciousness, and only 1 of these survived. The only
reasonable explanation of these eventsis that new bubbles
(from apatent bronchovenousfistulaor from agasreservoir
in the heart or great vessels) have distributed to the brain
circulation. The poor outcome is most likely due to these
bubbles entering an already compromised circul ation®.

It followsthat the head-down postureisanimportant
part of the first-aid management of some diverswith AGE.
Asitisimpossibleonthebasisof their initial presentationto
predict whowill subsequently relapse®, itisprobably advis-
ableto employ ahead-down posturefor all divers suspected
of AGE. This posture does have costs which include an
increased hydrostatic pressure in the head and the potential
for increased right to left shunting of gas bubblesin divers
who in fact (or who also) have DCS.

The distinction between AGE and DCS is often
difficult. The convention has been that AGE in divers
presents as neurological symptoms and signswithin 5 min-
utes of reaching the surface. Although thisis usually true,
evidence of AGE can occasionally be delayed for 10 to 15
minutes, and in some divers cardiac involvement predomi-
nates®. It is reasonable to assume that any diver who
developsneurological or cardiac symptomsand signswithin
15 minutes of reaching the surface has AGE until proven
otherwise. Symptomsand signsof DCScan, however, arise
during adecompression, and fulminant and life-threatening
DCSwill also usually present within minutes of the decom-
pression. In animals, the more fulminant the DCS, the
shorter isthetime between decompression and the devel op-
ment of overt disease’®. Cerebral DCS in particular has a
relatively short latency beforeonset*®. A modest head-down
posture will probably not disadvantage (and if it istrue that
a patent foramen-ovale and AGE underlies many of the
serious cases of DCS may help by limiting embolism of the
braincirculation) adiver with such DCS. However, itisnow
clear that thisposture must be modest (head | ower than chest
which islower than the abdomen and pelvis) and care must
betaken to avoid asignificant increasein venousreturn and
hence minimise right to left shunting of gas bubbles across
any patent-foramen ovale by not elevating thedivers legs'.

The need to survey potential divers for a patent
foramen-ovale is not established by these recent studies'=.
Certainly, neurological DCS is still arelatively rare phe-
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nomenaamongst sportsdivers(about 300 episodesof neuro-
logical DCS in Australia annually from an active diving
population of more than 400,000) and yet between 15 and
30% (60,000 - 120,000) of these divers can be expected to
haveapatent foramen-ovale”. Thetechniqueused to detect
aforamen-ovae is not inexpensive, will only identify be-
tween 30% and 50% of those divers who do have a patent
foramen ovaet?, and is not without risk. For example,
microbubbles are injected into the circulation to help to
identify any foramen'?, and yet if the results obtained in
experimentsinrabbitsjust completedinour |aboratoriescan
be extrapol ated to humansthen such microbubbl escan have
a significant effect on both cerebral blood flow and brain
function. A decisiontoscreenall diversshouldawait further
data. Thereisno doubt however that the 2 current i ssues of
most interest in the pathophysiology of DCSistheroleof a
patent foramen-ovale and AGE** and the importance of
complement protein activity in animal models of DCS®.
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PATENT FORAMEN OVALE

David Davies

This paper was originally written in response to an
enquiry from the Training Department of the National
Association of Underwater Instructors (NAUI) which was
concerned about the incidence of patent foramen ovae
amongst trainee divers and the possibility of these people
having a diving accident attributable to the defect. In
addition the paper has formed the basis of a report to the
Australian Sports Medicine Federation, many members of
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which do medical examinations for divers, before being
offered to the SPUMS Journal.

There has been some concern over recent monthsin
diving circles about the relation between cerebral decom-
pression sickness, cerebral gas embolus and the presence of
a patent foramen ovale.

In the foetal circulation, the foramen ovale enables
oxygenated blood from the placenta to cross from the right
to the left side of the heart thus by-passing the lungs. At
birth, with the onset of normal breathing, pressure changes
in the heart close the flap value arrangement of the foramen
and the shunt ceases. Obviously in asmall percentage, this
shunt persists and, depending upon its size, can be readily
detected and, if necessary, treated by surgical means.

Thereisasignificant proportion of the populationin
which the foramen ovale persists but is functionally closed
and is asymptomatic. However, if there are significant
intrathoracic and intracardiac pressure changes then the
foramen may reopen and a right to left shunt occur. Inan
autopsy study of 965 normal hearts, Hagent reported that the
incidence of patent foramen ovaleis 15-30% in the popula-
tion so that of the 400,000 diversin Australia 60-120,000 of
these can be expected to have aforamen ovale.

In 1988 Lechat> in the New England Journal of
Medicine, and Webster*> in The Lancet, reported on the
association between stroke and the presence of a patent
foramenovale. Webster showed that apatent foramenovale
was present in 30% at rest but thisincreased to 50% during
a Valsalva manoeuvre in the stroke patients. This was
compared with normal controls who had an incidence of
7.5% at rest which increased to 15% during a Valsalva
manoeuvre. Lechat’ sfigureswerevery similar. Wilmshurst*
intheBritishMedical Journal, reported acaseof cerebral gas
embolismin adiver withapreviously undiagnosed foramen
ovale. This patient dived to 38 metres for 15 minutes and
ascended at 15 m/minute, a dive closeto the no decompres-
sion limits of the RNPL/BASC tables and, within two
minutes of surfacing, developed profound cerebral symp-
toms.

In an article by Moon® reported in the Lancet, 30
patients with a history of decompression sickness were
examined for the presence of a patent foramen ovale. 37%
had aright to left shunt at rest compared with 5% in healthy
volunteers. Inasubset of 18 patientswho had serioussigns
and symptoms, 61% had evidence of intracardiac shunting.

It has been well shown that venous gas emboli occur
inmost diversdivingwithintheno decompressionlimitsand
thesebubblesresult fromtherel ease of inert gasfromtissues
during decompression. Normally these bubblesarefiltered
out in the lungs and remain asymptomatic. However the
presence of a patent foramen ovale may permit the passage
of these bubbles into the arterial circulation. These gas
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bubbles may also ‘seed’ susceptible tissues and precipitate
symptoms of severe decompression sickness.

This evidence then suggests that diagnosis of patent
foramen ovaleis essentia during the medical examination.
However Webster® showed that clinical examination by a
cardiologigt, radiology and electrocardiography was unre-
warding. Definitive diagnosis of a patent foramen ovaleis
made by bubble contrast two dimensional echocardiogra-
phy, a technique available only in some specialist cardiac
laboratories which requires injection of small bubblesinto
the circulation and their detection in the heart by atype of
sonar apparatus. Thistechnique hasasignificant morbidity
and not inconsiderable cost to the patient. It cannot be
recommended as a routine screening procedure on al pro-
spective divers, especialy as the incidence of neurological
decompressionsicknessisstill relatively uncommon. Should
clinical evidence of a septal defect be detected at a diving
medical examination whether or not there is evidence of
intracardiac shunt the prospectivediver should be advised of
the risks associated with the condition and be referred to a
cardiologist.

There are factors other than just the Valsava ma-
noeuvrewhich can precipitate aright to left shunt acrossthe
atrial septum. Arborelius® reported that immersion in water
may raise the right atrial pressure by 12 mm Hg. Similar
pressure changes may be obtained by tilting the patient’s
head down, by elevating thelegs, by wearing atight wetsuit
or by coughing. In the diver therefore these could have
potentially disastrous consequences.

First aid for the diving casualty who is suspected of
having cerebral gas embolism isthen a matter of weighing
up advantages and disadvantages. It has been traditional to
recommend a head down tilt of 30° with the patient lying on
theleft hand side. Thereisgood evidencefrom Gorman’and
others that gas bubbles will move against the blood flow
towards the most elevated part so that the head down
position will tend to preserve the cerebral circulation from
bubbleoverload. Itissuggested that theleft |ateral position
serves to keep bubbles away from both the pulmonary
outflow tract and the interatrial septum. However, if the
patient requires external cardiac massage or expired ar
resuscitation then he needsto be supine. Inorder tolimit, as
much as possible, the rise in right atrial pressure the head
down tilt should be restricted to 10-15°. Other first aid
measuresinclude maintenance of theairway, 100% oxygen,
intravenousfluidsand urgent recompression. Gorman? has
reported several incidents of re-embolisation after apparent
recovery whenthepatient wasplaced head up. Itistherefore
essential that the patient remain head down until recom-
pressed.
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SEVEN GREEN DIVERSHANGING FROM A LINE
A case reported to Project Stickybeak

Douglas Walker

There was nothing to indicate that this was to be
anything other than an uneventful dive. The divers were
taking an Advanced Diver Course under the care of an
instructor and in the dive boat there remained two men with
coxswain qualifications. Therewas15m (50 feet) visibility
underwater, the dive wasto be to 27 metres for 20 minutes,
and there was to be a decompression stop at 5 metres, this
being aroutine precaution even when the proposed divewas
within no-decompression limits. The" stop” wasto betaken
on a line suspended from a 20 litre plastic buoy with the
group remaining together at all times. To prevent uncon-
trolled fluctuation of diver depth during the decompression
stop dueto the surge at the surface, the divers were advised
to be dlightly negatively weighted rather than aiming for
neutral buoyancy at the surface.

The dive progressed as planned and the group of
eight then clustered on the shot line at 5 metres for the 5
minutes planned. It was only after the instructor had twice
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needed to equalise hisearsin thefour minutesthey had been
hanging on thelinethat asuspicion rosein hismind that this
was somewhat unusual so he checked his depth gauge. It
read 15metres. He looked up and saw that thebuoy had been
pulled underwater by their weight: it was now visibly
indented by the pressure and was consequently now provid-
ing even lessbuoyancy lift tothe eight divers. Though heat
once started trying to indicate to his pupils that they had to
let go of thelinethistook time, and after obeying this order
they lost the buoyancy it had provided so sank deeper until
some, if not all, returned to the sea bed.

One of the divers, A, now found that he was low on
air and started breathing from the octopus regul ator of diver
B after indicating hisneed. Theinstructor saw that they were
connected only by theair hoseand put theminto the correct,
and safer, hands-on contact position beforethey started their
ascent. He then saw another pupil swimming over the sea
bed unableto reach theinflator hose and apparently lacking
sufficient buoyancy to start ascending. After ensuring the
vest's inflation he ascended with this diver and surfaced
uneventfully.

Onsurfacingtheinstructor foundthat all wasnot well
asdiversA and B had surfacedindistressand wererequiring
an urgent resuscitation management. At thistimetherewas
still one diver not surfaced but fortunately this diver soon
returned after completing the planned, but interrupted, 5
minutestop at 5 metres. Witnesseshad seen A and B surface
then float quietly face up and unresponsive. When the boat
reached them one was able to make some response but the
other was ash-grey faced and blood was seen in his face
mask. They were quickly taken from the water and into the
dive boat where A was noted as cold, bresthless, and ash-
grey faced, with chest pain and tingling fingers, and he was
immediately placed in the Trendelenberg position and oxy-
gen commenced. He had these symptoms when the boat
reached harbour and he was airlifted with his buddy to a
hospital having ahyperbaric unit. However as he appeared
tohaverecovered by thetime hereached thehospital and his
buddy was similarly well they were both allowed to return
home after a short period of observation.

These divers had apparently made an out-of-air as-
cent from an unstated depth (possibly 5 metres) becausethe
octopus had soon exhausted the buddy’s remaining air.
They were observed to “pop to the surface”. Diver B
admitted that “ hehad held hisbreath” asheascended. Atthe
surface he was breathless and felt anxious but far less
effected than was diver A. He had retained hisweight belt.
His scuba diving experience is unknown but diver A had
been diving for one year.

When he got home diver A felt very tired and this
tirednesswas till present the next day after agood sleep so
he went back to the recompression unit and on thisoccasion
it was agreed to recompress him. Thiscompletely removed
hisfeeling of fatigue and it did not recur.
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Discussion

Thisincident commenced becausetheinstructor made
a decision intended to increase the safety of the group of
diversasthey waited out the decompression stop together on
a shot line. The need to check that the buoy provided
sufficient buoyancy when eight divershung on the linewas
not recognised. Compression of the buoy as it was pulled
underwater aggravated thesituation. Therewasan acuteand
unexpected worsening of the situation when the dive group
followed instructions and released themselvesfrom theline
and sank deeper as soon as the uplift it gave was lost. The
group was no longer facing an expected situation and may
then have been scattered to some degree, although the good
visibility enabled the instructor to see what was happening.
In these circumstancesthisinstructor exercised as effective
control as anyone could expect, but the group wastoo large
forasingle personto fully control. Heensuredthat diversA
and B established effective hands-on contact before com-
mencing their ascent and could not have altered their risk of
running out of air becauseat that timemost of thediverswere
probably down to asimilar remaining-air and his assistance
was required by the diver whose vest inflation control was
floating out of reach.

The response of the persons in the dive boat when
they saw divers A and B “pop” to the surface and then float
motionlesswas compl etely correct. Possibly lesssowasthe
medical decision to discount the incident history, which
suggeststhat cerebral air embolism may have complicated a
lung-overpressure episode, as soon as the two divers ap-
peared to be fully recovered. The development of decom-
pression sickness by diver A, indicated by the excessive
fatiguehefelt, might havebeenclinically suspectedwhilehe
wasstill at therecompressionfacility had therebeen ahigher
index of suspicion applied.

This incident indicates the rapidity with which any
diving situation can change from the uneventful to the
potentially fatal after asingle additional adverse element in
adivealready containing several “silent” adversefactors. In
retrospect it is clear that the surface float provided inade-
guate buoyancy, that one instructor cannot control seven
pupils should a problem arise involving more than one of
them, andthat it remainstruethat careful diversshouldknow
enough to diagnose their own diving-related problems and
be prepared to maintain such opinionsif necessary evenin
theface of dismissive medical opinions. Theincident could
have led to two fatalities. Thetriad of Archimedes, Boyle,
and Murphy must never be forgotten when using a “sky
anchor” for ashot line.

Dr Douglas Walker's addressis P.O.Box 120, Nar-
rabeen, New South Wales 2101, Australia. He is the co-
ordinator of Project Stickybeak.
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Editorial continued from page 149

witness the ultimate in justice, lawyers being sued for the
effects of their case law medicine on the management of a
patient. But do not hold your breath waiting for this to

happen.

Until that day there is the risk of being sued by a
disgruntled diver either because an “ordinary” long bone
survey was performed instead of scintigraphy, or on the
grounds that it was totally unreasonableto refuseto issue a
certificate of fitness, because some bone changes had been
found, thereby depriving the diver of hislivelihood. Natu-
raly failure to act on a finding of such changes will be
actionablealso. Thisthreat to practitioners of diving medi-
cinecanonly becontaned whenwehaveadatabase contain-
ing far moreinformation than isnow available, asdecisions
can then be defended from a secure foundation of case
histories. Lawyers have agreat respect for precedent but it
will be up to us, the medical and diving community, to
collect case histories and to define the areas of uncertainty
where suppositions reign.

Among articles reprinted are what to do when
embraced by an overinflated buoyancy compensator. Some
regular divers will recognise the feelings of the occasional
diver whose musings appear on page 202. And those who
entrust their bottom time to acomputer may get atip or two
from Bill Lovin's sad story on page 201.
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MEDICAL SUPPORT OF
COMPRESSED AIR TUNNELLING
IN THE SINGAPORE MASSRAPID TRANSIT
PROJECT

Jimmy How

Summary

The Mass Rapid Transit System in Singapore has
been a unique experience for the many who have worked in
its development. The Republic of Singapore Navy, it was
given the exciting task of providing medical support to the
compressed air phase of the project. Decompression sick-
ness (DCYS) is a recognised occupational hazard faced by
compressed air workers, divers and aviators. In the Sin-
gapore Mass Rapid Transit Project (MRT), 11 km of under-
ground tunnelswere built using compressed air. Thisreport
deal swith the planning and the set up of the medical support
infrastructureinsupport of thecontract. Italsohighlightsthe
findings obtained during themedical examination. Medical
problems faced by workers in the project are discussed.

Introduction

Let me first pay tribute to Major (Dr) Vijayan,
Captain (Dr) Wong Ted Min and ateam of National Service
doctors, nursing officers, and medical orderlies who have
contributed to the successful completion of the Singapore
Mass Rapid Transit Project.

Some of you may wonder why a tiny place like
Singapore needsaMass Rapid Transit system. Singaporeis
anisland 24 miles(38.4 km) East to West and 16 miles(25.6
km) North to South, about 400 square milesin area. No
longer do people live in kampongs as they did in the 1960s
and 1970s. 75% to 80% of peopleare housedinflatsin high
rise buildings. It is so built up that it is a concrete jungle
choked with cars. Already we have 3 million touristsayear
andthey arebuilding asecondinternational airport at Changi,
with the second terminal to openin 1990. We had to have
tunnel s going underneath the city to transport residents and
tourists because thereis not sufficient road space on top for
more cars. We chose to have trains running in the tunnels
rather than cars.

Use of caissons and tunnelling in compressed air
Denys Papin first mentioned the idea of using com-

pressed air to displace ground water from aworking tunnel
in 1691.t

In 1830 the English engineer, Cochrane (later Lord
Dundonald) took out a patent for using compressed air to
keep water back from tunnels.* However, it was |eft to the
celebrated French engineer, Triger, to solve the practical
problems. In 1839, Triger was able to successfully sink a
tunnel into quicksand to reach a bed of coal at Haye-
Longne.?

COMPRESSED AIR WORK IN THE UNITED STATES

In the United States of America compressed air was
first usedin 1869 during the construction of arailroad bridge
over the Pee Deeriver between Wilmington and Colombia.
In the same year, the foundations of the bridge over the
Mississippi at St. Louis were built using compressed air.?
Decompression schedules used in the 1879 Hudson River
Project required mentowork at 32 psig (2.18 Bar gauge) for
8hoursout of 24, taking half an hour for lunch at theworking
pressure or at a dlightly reduced pressure. At pressures
higher than 32 psi (2.18 Bar gauge), themenworkedin shifts
of 3 hours with 3 hour rest intervals. Workers working
between 40 psig (2.72 Bar gauge) and 42 psig (2.82 Bar
gauge) spent 3 hours on shift with a 3 hour rest interval
between shifts at normal pressure.* There was a high
incidenceof DCSinthisproject becausetheworkersdecom-
pressed at the same rate regardless of the duration or pres-
sures they were exposed to.

F.L. Keays’, Medical Director for the contractor in
charge of the construction of the East River Tunnelsfor the
PennsylvaniaRailroadin 1909, reported 3,692 casesof DCS
arising out of 557,000 decompressions, with 20 deaths. The
New York Tables (1912), which were a revision of the
decompression tables used in the Hudson River Project,
were formulated in connection with the Public Service
Commission Tunnel Project. These tables were revised in
1922. However, the 1922 Tables were inadequate and
Thorne? reported 300 cases of DCS. The New Y ork Tables
1955-57 used in the Lincoln Tunnel Operation were yet
another revision of the 1922 Tables, in an attempt by the
New Y ork State Department of Health and the Port Author-
ity tominimisedisabilitiesarisingfrom dysbaric osteonecro-
Sis®

In 1961, Dr Leon Sealey, Medical Consultant to the
Municipality of Metropolitan Seattle and Metropolitan
Engineers, organi sed acommittee to formul ate decompres-
sion tablesregulating work in compressed air in connection
with the major sewage tunnel project through Seattle.” The
new tables were subsequently adopted by the States of
Michigan, New Y ork and California. It was later observed
that these new tables again failed to prevent disabling
dysbaric osteonecrosis in compressed air workers. Kind-
wall et a® re-examined the current Occupational Safety and
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Health Agency (OSHA) decompression schedules and
concluded that these tables permitted the development of
dysharic osteonecrosis when used in the recommended
pressure ranges. Until the development of a new set of
schedules, an interim set of decompression schedules, with
longer decompression times was adopted. An oxygen ver-
sion of thistablewasal so designed to reducethe decompres-
sion times considerably.

COMPRESSED AIR WORK IN ENGLAND

In 1852 caissonswerefirst usedin Britain by Hughes
during the construction of the foundations of a bridge at
Rochester in Kent? and shortly afterwards by Brunel for the
Saltash bridge between Devon and Cornwall. DCS and
dysbaric osteonecrosis were great problems for diving as
well asfor caisson work and in 1906 the British Admiralty
appointed a committee which included J.S. Haldane to
develop safe decompression schedules. 1n 1907, Haldane
described the now classic principles of staged decompres-
sion. Based on his experiments, he believed the pressures
could be reduced in a 2:1 ratio without bubble formation.
The decompression schedul es described were used to some
extent by tunnel and caisson workers, but it later became
apparent that the 2:1 ratio proposed was too rapid for
prolonged and high exposures to pressure.

In 1935, a British committee appointed by the Insti-
tution of Civil Engineers developed a set of decompression
tables for compressed air workers working for varying
periods up to 50 psig (3.4 Bar gauge), using the principle of
staged decompression. Thesetableswerewidely used until
new decompression tables were compiled by the Com-
pressed Air Committee of the Institution of Civil Engineers
andtheMinistry of Labour (United Kingdom). Thesetables
werefirst used in 1948 in the construction of atunnel under
the River Tyne and were subsequently adopted in the Com-
pressed Air Special Regulation of the Ministry of Labour
(United Kingdom), which came into forcein 1958.%

At about the same time, new tables were produced
based on Hempleman’ s theory on “Diffusion-Limited Gas
Uptake” of tissues. The new tables were first used in
Blackpool in 1966. The Blackpool Tables, with the code of
practice prepared by the Medical Research Council Decom-
pression Sickness Panel and published by the Construction
Industry Research and Information Association (CIRIA), is
the currently accepted standard governing compressed air
work inthe United Kingdom®. One of themorerecent large
scale tunnelling projects requiring compressed air, was
undertaken in Hong Kong for the Mass Transit Railway,
using the Blackpool Tables.

Hazardsin compressed air work

With the advent of compressed air work, more and
more medical problems were encountered. Besides the
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usua hazards of noise, dust, vibration and construction
related accidentsfaced by constructionworkerseverywhere,
other significant health hazards of work in the compressed
air environment are decompression sickness (DCS), pulmo-
nary barotrauma and dysbaric osteonecrosis. DCS, also
known as bends, caisson disease, compressed air illness or
dysbarism, is a condition which results when there is an
overly abrupt and extensive reduction in environmental
pressure. Compressed air workers, divers, medical workers
in hyperbaric environments and aviators are similarly sus-
ceptible to DCS and dysbaric osteonecrosis.

Although the symptoms of DCSwerefirst described
by Triger2in 1841, itwasonly in 1854 that Pol and Watelle
noted these afflictionsoccurring only inworkersleaving the
tunnel and not whilst entering or remaining in the com-
pressed air environment. Signsand symptoms of DCSwith
painful joints or with disturbances of the cardiovascular,
respiratory and nervoussystemweredescribed. They rightly
recommended recompression as a therapeutic modality but
it was|eft to othersto devel op proper decompression sched-
ules and therapeutic tables.

Pathogenesis
DECOMPRESSION SICKNESS

A reduction in ambient pressure causes dissolved
nitrogen to form nitrogen bubbles in tissues. The exact
mechanism of bubble formation, even after 100 years of
research, isstill unclear. Varioustheories of bubbleforma-
tion, de novo nucleation, supersaturation, tribonucleation
and in vivo cavitation, have been suggested as possible
causative factors of the bubbles implicated in decompres-
sion sickness.

Asearly as 1670, Boyle* observed bubblesin tissue
and blood samples of animals decompressed in hypobaric
chambers. Paul Bert®s, in aseries of experimentswith goats
and other small animals, established the role of nitrogen
bubblesin DCS. Many other workers'¢*® showed that gas
bubblesarosebothintravascularly and withintissues. Intra-
vascular bubble formation can lead to embolisation and
mechanical obstruction of blood vessels. This was the
earliest proposed mechani smexplaining theobserved symp-
toms and the findings of ischaemic changes in the various
organs. The fact that bubbles can be detected by histology,
direct observation with an operating microscope and by
doppler ultrasonography?, indicate that nitrogen bubbles
are the causative agentsin DCS.

Further studies since the 1930s have found that
bubble-blood interactionsoccur invivo and may account for
someof theclinically observed symptomslikeinflammation
around joints and relapsed symptoms, and biochemical
changesin the blood. Concurrent work done by Swindle®
and End* showed sludging of red cellswith theformation of
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emboli and petechia infarcts in spinal cord and brain in
DCS. Subsequent work doneby numerousresearchershave
shown that bubbles produced changes in the blood and
tissueswithboth morphol ogi cal and metabolic consequences.
Theseinclude ateration in platelet function, changesin the
coagulability of blood and in catecholamine, plasma lipid,
plasmaprotein and enzymelevels. Leitch and Hallenbeck?
showed that the pathol ogy may al so be caused by arterial gas
embolism |leading to peripheral vascular obstruction by gas.
Cord segmentsinvolved showed varying degrees of haem-
orrhage and occasionally vascular congestion. Microscopic
petechiae were present in both the grey and white matter.
These appearances were compatible with hypoxia or em-
bolic episodes. In 1987 Thorsen et a* showed, withthehelp
of scanning electron microscopy, activation of human plate-
lets by nitrogen micro bubbles.

DY SBARIC OSTEONECROSIS

The other hazard of compressed air work is that of
dysbharic osteonecrosis. Bassoe*, in apaper to the Chicago
Neurological Society, described chronicjoint pain and stiff-
nessin 11 out of 161 caissonworkers. Bornstein and Plate,
also described 3 cases of joint disease among some 500
bends cases associated with the construction of the Elbe
Tunnel at Hamburg. Bassoe suggested a relationship be-
tween initia joint “bends’ and subsequent development of
bone atrophy.

This condition is included in this paper as many
workers consider dysbaric osteonecrosis as a chronic form
of DCS. The aetiological basis of this disease is similar.
Dysbaric osteonecrosis has been observed following cais-
sonwork at apressureaslow as17 psig (<12 msw), and also
for as short an exposure as 7 hours at 3.38 ATA.

Dysbaric osteonecrosis may appear several months,
or even years, following inadequate decompression from
compressed air environment. The victims may or may not
have had a past history of DCS. It has been proposed that
dysbaric osteonecrosis occurs as aresult of boneinfarction
caused by occlusion of capillaries by nitrogen bubbles or
sludge-formed elements of the blood. Once blockage oc-
curs, the osteocytesin the affected bonedieif theischaemia
isnot reversed within 12 hours. Common sitesfor dysbaric
osteonecrosis are the head, neck and shaft of long bones,
especidly in the femur, tibia and humerus. Dysbaric 0s-
teonecrosis is seen radiologically about 4 months after the
initial insult. Severe cases of dysbaric osteonecrosis may
have marked sclerosis and collapse of the bony trabeculae,
resulting in disruption of the overlying joint.

Use of compressed air tunnelling in Singapore
In Singapore, compressed air work wasfirst used in

sewagetunnellingin 1982. In 1984, compressed air tunnel-
ling began on the Singapore Mass Rapid Transit (MRT)
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project.

Theidea of a Singapore Mass Rapid Transit system
first surfaced in the early 1970s when the State and City
Planning Study examined land use and transportation in the
light of the Government’s developmental policies. This
study, completed in 1971, confirmed that it would be physi-
cally impossible and environmental ly unacceptableto build
roads to accommodate the demands placed by the automo-
bile.

Thusthe Mass Transit Study (MTS) was carried out
in 3 phases from 1972 to 1980. In the meantime, an MRT
review team from Harvard headed by the late Kenneth
Hanson, studi ed the transportation needs and recommended
anal busnetwork. Thisproposal waslater examinedinthe
Comprehensive Traffic Study (CTS) in 1981 which con-
firmed previous forecasts that an all bus system would not
provide comparable service to arail network.

In 1982, the Government finally announced its deci-
sion to go ahead with the MRT Project. The Protem
Committee of the MRT Project subsequently approached
the Republic of Singapore Navy (RSN) in August 1982 to
assist in providing the overall medical support for the
project. The RSN was chosen asit had the experience and
facilities to examine and treat divers and compressed air
workers.

In 1984 the Ministry of Defence gaveapproval tothe
regquest from Mass Rapid Transit Corporation (MRTC) for
the Diving and Hyperbaric Medical Centre (DHMC) to
providethe medical support for the compressed air phase of
theproject. DHM C assisted theMinistry of Labour, in 1984,
to draft regul ations pertaining to compressed air work. The
regulations were adopted by MRTC and the Blackpool
Tables were used by the contractors. The manpower and
doctorsfrom DHM C enable a comprehensive management
and documentation of DCS cases treated.

The Singapore MRT system comprises 41 stations
aong a 65.8 km route. A total of about 20 km were
underground tunnel sof which about 11 kmwereconstructed
using compressed air. Compressed air was used by 6
contractorsfor tunnel construction from 21 September 1984
to 17 April 1987. Six contracts were drawn up with the
contractors to formalise the agreement to provide medical
support. These contracts were:
Tobishima-Takenaka Joint Venture (TTJV)
Contract 104

Bocotra Construction Pty. Ltd (BOC)
Contract 105

Kajima-Keppel Joint Venture (KKJV)
Contract 107

Taisei-Shimizu-Marubeni Consortium (TSM)
Contract 108

Ohbayashi-Gum/Okumura Joint Venture (OOJV)
Contract 109



158

Nishimatsu-Lum Chang Joint Venture (NLJV)
Contract 301
In addition, the Mass Rapid Transit Corporation,
Gammon-Antara Koh Joint Venture, the Industrial Health
Division, Ministry of Labour and the SingaporeFire Service
have also used the services of the centre.

M ethods employed in the construction of the MRT
tunnels

The MRT tracks run underground in the central
business district. Two construction methods were em-
ployed:

TUNNELLING

Thismethod waschosenfor construction of theMRT
tunnel sacrossthecentral businessdistrict asit minimisesthe
disruption to traffic flow. When the tunnel was below the
water table or the soil was unstable compressed air tunnel-
ling was employed. Non compressed air tunnelling was
employed in soil and rock which was above the water table.
Tunnelling involved the use of various shields. The Full
Faced Mechanised Shield consists of asteel cylinder which
precisely fits the diameter of the tunnel. The cutting face
rotatesand removesthe earth fromtheface of thetunnel. As
each section is completed, the shield is moved forward by
powerful hydraulic rams. Prefabricated concrete liners are
then placed insidethetunnel. Theshield supportsthetunnel
face and protects the men working inside. Other variations
of thismethod that were utilised were the Greathead Shield,
the Semi-Mechanised Shield and the Fully Closed Shield
and the New Austrian Tunnelling Method.

Jet grouting was used to stiffen the soft marine clay
encountered in the Kallang region where the tunnels had to
go. This process involved the drilling of holes into the
ground to a certain depth. The grout, a mixture of cement,
chemicalsand water, wasinjected into the soil through high
pressure jets which extend horizontally out of the drilling
shaft into the surrounding ground. The displaced soil was
pumped to the surface and carried away in sludge trucks.
This process reduces the surface settlement of the ground
and makes the ground more uniform.

CUT AND COVER

Thismethodisa3step process. Anexcavationisfirst
made, then the tunnelsarelaid in place and finally covered
over. This method is much cheaper than bored tunnelling
especidly if the depth of the tunnels arelessthan 10 metres
below ground level, but it has the disadvantages of noise,
dust and disruption to traffic.

For the construction of the tunnel across the Sin-
gapore River and Marina Bay, a special method of cut and
cover wasusedwiththehelp of cofferdams. Sheet pileswere
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drivenintotheriver bed oneither sideof the proposed tunnel
line, creating adammed up central portion, the coffer dam.
The water trapped between the two walls was pumped out
and a cut and cover method was employed to construct this
tunnel.

Planning phase

A study team, led by myself, was sent overseas to
study the medical support concept that existed in various
countries.

In planning for medical support, we realised that
thereweretwo main hazardsintunnelling operations. These
were:

1 The hazards of exposure to hyperbaric and closed
environments; and

2. The general hazards of tunnelling, industrial and
construction work.

Thus our objectives were:

(@  Toassistin the preparation of proper legisation for
tunnel worksites and compressed air workers.

(b)  To provide a comprehensive medical examination
for all compressed air workers.

(c)  Toprovidetraining of personnel working with com-
pressed air.

(d)  Toprovidepreventive careand medical treatment to
all personnel working inthe compressed air environ-
ment.

(e)  To supervise and cultivate safe work habits and to
perform saf ety inspectionsand ensureall regulations
were adhered to.

()] Tobepreparedfor all emergencieswiththeestablish-
ment of a 24 hour emergency service with doctors,
medics and ambulance service in readiness to meet
the exigencies.

(@  Tocentralise all documentation and data collection
so as to expedite data processing and information
retrieval.

Preparation

L egislation wasincorporated to ensure the safe con-
duct of construction and tunnelling. Besides the building
code which the contractors had to comply with, they had to
ensurethat al potential compressed air workers underwent
amedical examinationat DHM C prior to commencement of
work in compressed air. Thecompressed air workershad to
attend training courses and be aware of the dangers of
working inside the tunnels.

Legidlation also detailed the need for medical selec-
tion of compressed air workers, periodic clearance, chest
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and long bone X -rays, training and proper medical certifica-
tion of compressed air workers. Regulations pertaining to
use of compression facilities by man-lock and medical-lock
attendants were also included.

The preparatory phaseincluded the establishment of
DHMC as the key Medical Operations Centre and various
satellite Medical Centres in the various worksites which
provided local cover for the compressed air operations.

Diving and Hyperbaric Medical Centre

DHM CwassubdividedintotheClinical and Medical
Selection Department, the Operations Room and the Thera
peutic Centre. Moremedical officerswererecruited through
the Ministry of Defence and were put through aMinistry of
L abour approved courseto enablethemto examineandtreat
dysharic osteonecrosiswith dysharicillnessesand to certify
them fit for compressed air work.

Thesenior medical orderliesfrom DHMC, whowere
experienced in dealing with diving cases, were aso put
throughtheManlock and M edical L ock Supervisor’ scourse.
This enabled them to conduct training for compressed air
workers seeking work as medical and manlock attendants.

A new, larger and more advanced hyperbaric cham-
ber was purchased and installed at DHMC to support the
treatment of cases of decompression sickness. Medical
drugs and various other egquipment were also purchased to
assist in the therapy and health care of the compressed air
workers, e.g.. spirometer and audiometer.

An operational set up with 24 hour manning was
established to enable therecall of duty medical personnel at
any time of the day to treat cases requiring recompression.
Pagers were issued and emergency contact numbers were
disseminatedtoall theworksiteofficestofacilitatetherecall
of personnel to the site of the decompression incident. The
Operations Room also held the medical records of all the
personnel examinedfor clearancetoworkincompressedair.
It also served as the centre for monitoring the appointments
for periodic medical clearance, X-rays, blood and other
investigations. Datawas collected from thevarioustunnels,
with regard to tunnel pressures, temperatures, humidity,
periodic inspections for noise, oxygen, carbon dioxide,
carbon monoxide and other contaminant levels. These data
were stored in a microcomputer and monthly progress
reports were compiled and sent to the relevant authorities.

Medical arrangementsat the various worksites

To ensure safety and to provide emergency medical
support to compressed air workers, a medical centre was
established at each of the sites under the supervision of
DHMC. Medical and emergency equipment were in readi-
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ness at the centres to cater to exigencies. The set up of the
medical centre included a consultation room with couch,
drugs, equipment including audiogram, vitalograph and
resuscitation equipment. A doublelock medical recompres-
sion chamber (RCC) wasmandatory at worksiteswhich had
towork with pressure exceeding 1 Bar gauge. These RCCs
wereequi ppedwithemergency backup power supply. These
were housed in an enclosed area.

Charts of tunnel pressures, humidity, temperatures,
gas contents, shift timetables, and various safety/warning
messages were also put up in the medial centre. A trained
medical officer was present daily when the tunnels were
pressurised above 1 Bar gauge. At all times, there was a
medical lock attendant on duty to administer immediate
medical treatment to workers suffering from pressure re-
lated diseases.

M edical Selection

Medical selection of compressed air workers started
in April 1984 with the commencement of compressed air
work at the Shan Road worksite.

Compressed air workersweredividedinto thosewho
engaged in manual |abour doing shiftsof specified duration,
supervisory personnel and those with specia skills (e.g..
electricians, pyrotechnic experts), who were usually non-
shift employees. Inaddition the men of the Fire Serviceand
Industrial Health Division also had to be examined for
suitability to enter into compressed air.

Fitnessto work in Compressed Air

The labourers were usually young. Enforcing strin-
gent criteria on age, degree of body fat and freedom from
pulmonary and ENT pathology was not a problem. How-
ever, the experienced supervisors were usually older and
they harboured the usual physical impediments of this age
group. In addition, if these supervisors had previous expe-
rience with compressed air, they would also have a greater
risk of having dysbaric osteonecrosis of the long bones.

Paton and Walder? showed that men over 40 had a
greater risk of DCS. Age restrictions were imposed. The
compressed air workershad to befit individualsof 18to 40.
Thoseover 40 werecleared on acaseto casebasiswith stress
testing to ensure their fitness as well as the limitations of
their exposure to compressed air.

Nitrogenis5timesmore solubleinfat thaninwater.
A man whose body weight comprises 30% fat will have
2,000 ml more nitrogen than alean man who had only 10%
body fat for every 1 atmosphere change in pressure. This
predisposes the obese to a greater risk of decompression
sickness on account of the large amount of nitrogen gas
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released from thetissues during decompression. Therefore,
compressed air workerswererequired to beleanindividuals
of less than 20% body fat, as measured by the skin fold
method. | ndividua swhowerebetween 20 and 24% body fat
weregiven limitationson the duration and pressureat which
they could work.

A comprehensive history was taken to exclude any
conditions, especially asthma or ENT conditions, which
could placetheworker at greater risk of getting barotrauma.
Experienced compressed air workerswere al so screened for
past historiesof decompression sicknessaswell asproblems
of dysbaric osteonecrosis.

Theheight, weight and body fat weremeasured. The
workerswereexamined for any ENT condition which might
predispose them to sinus, or aural barotrauma. They were
assessed on their cardiovascular health and an audiometric
examination was performed.

Investigationsincluded their full blood count, urine
testing, eyesight testing, serum lipids and cholesterol, chest
andlong bone X-rays. Stresstesting on abicycleergometer
was required for aworker over the age of 40.

Entrapment of air under pressurewithinthelungsdue
to secondary lung pathol ogy can result in serious pulmonary
embolism. Congenital cysts, scar tissues, vesicles and
emphysematous bullae are possible sites of air entrapment.
Many physiciansfeel that the stethoscopeisnot efficient in
the detection of small lesions. The routine examination,
therefore, included spirometry and the measurement of peak
expiratory velocity or equivalent quantitative tests of pul-
monary function. Chest X-rays were taken prior to com-
mencement of work in compressed air and were repeated
yearly. The workers were also given a recompression
chamber run to ensure that they were able to equalise the
pressure in their ears, sinuses and lungs.

A total of 2,392 potential compressed air workers
wereseenfor pre-employment medical examination. Out of
these, 1,737 (72.5%) passed and 655 (27.4%) failed the
medical examinations.

Among the failures, ear problems stood out as the
commonest cause, accounting for 43.5%. These included
perforations of the tympanic membranes and chronic infec-
tion of the ears. Heart and lung problems together contrib-
uted 31% to the failures. Common pulmonary conditions
wereasthmaand pulmonary tubercul osis. Hypertensionand
valvular heart conditions were the common cardiovascul ar
problems.

It is interesting to note that 3 cases were rejected
because of dysbaric osteonecrosis. All these 3 cases had
previously worked in compressed air in other parts of the
world. Other causesthat disgualified candidatesfrom com-
pressed air work can be seenin Table 1.
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TABLE 1

REASONS FOR FAILING MEDICAL
EXAMINATION

Condition Number Failed %

Ear 285 435
Cardiovascular 102 155
Respiratory 102 155
Chamber Test 36 55
Nose 32 49
Sinus 19 2.9
Endocrine 14 2.2
Muscul oskel etal 10 15
Dysharic Osteonecrosis 4 0.6
Others 51 7.8
Total 655 100.0

Training of various personnel

To provide medical coverage at al the worksites
daily, doctors, nursing staff and medical orderlieshad to be
trainedinmanagement of compressedair illnesses. Training
was also administered to man-lock and medical-lock atten-
dants who had the great responsibility of looking after
workers who worked in the compressed air tunnels. Other
lectures had to be given to safety officers, firemen, ambu-
lance officers, industrial health nurses and compressed air
workers on the medical aspects and hazards of compressed
air exposure. Some of these courses were administered and
approved by theNational Productivity Board but thetraining
of the personnel was done by DHMC. The courses con-
ducted are shown in Table 2.

TABLE 2

COURSESCONDUCTED BY DHMC

Courses Number Number
Trained

Medical-lock Attendants

Instructors (MRT) Course 1 5
Medical-lock Attendant Course 7 36
Man-lock Attendant Course 10 51
Medical-Lock Conversion Course 1 5
MRT Construction Safety 7 55
Compressed Air Course for SAF

Medical Officers 3 23

Safety Officer’s Course 3 45
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Prevention and health care
ROUTINE MEDICAL CONSULTATION

The fluctuation of pressures during entry and exit
from the tunnels can potentially cause injury to the air
cavities of the body. In particular, the sinuses, middle ear,
lung and even air cavities in the teeth can be affected.

In order to prevent compressed air workers from
suffering from these pressure related problems or baro-
trauma, consultation at the worksite was made available.
This facilitated early treatment of colds and coughs which
may occlude the airways and sinuses of these workers thus
predisposing to barotrauma. It was noted that the high
humidity in the confined working chamber and dampness
from the soil caused more respiratory tract infections than
usua .

Therewereproblemsof high humidity (almost 100%)
and high temperatures (approaching 40 degrees on some
occasions) which caused workers to suffer from dehydra-
tion, heat exhaustion and anincreased risk of decompression
sickness. There were also many cases of dermatological
problems related to the humid and hot environment.

Regular periodic foll ow-ups were made compul sory
for all compressed air workers. New starter clearance was
also conducted at the worksite. This ensured that all com-
pressed air workersremained fit and that any problemswere
tackled early on.

MONITORINGOFWORKSITEAND TUNNEL SAFETY

The medical officer at the worksite was required to
monitor thetunnel pressuresand theman-lock register daily.
Thetunnel pressureswererecorded on barographsand daily
checks were performed to ensure that appropriate decom-
pression was carried out by the man-lock attendant for the
workers on the man-lock register. Immediate action was
taken to ensure workers did not exceed the Blackpool
Tables, which required compressed air workers to spend at
least 12 hours at ground level between shifts.

All man-lock attendants had to abide with the proper
decompression procedures. They were fined when wrong
decompression scheduleswereused. Thosecompressed air
workers in the man-locks found tampering with the emer-
gency exhaust valvesto release themselves early, were al'so
fined.

An MO inspected theworksiteand insidethetunnels
fortnightly to ensure that there were no unsafe work prac-
ticesandtoreducethenumber of accidentsoccurringthrough
carelessness or ignorance.

I nspection of theman-locksreveal ed that someman-
lock chambers |eaked, especially during the last 0.3 bar of
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pressure. Thiswasdueto poor sealsandbad aignment of the
doors. Thisproblemwasfurther compounded assomeman-
lockswerenot level. Thiswasaproblem asit meant that the
workersweresuddenly decompressed whenthedoorsopened
unexpectedly. As there was a rea danger that the com-
pressed air workerswould get DCS, measuresweretaken by
the contractor to modify the chamber doors by including
various locking devicesto hold the doors shut until decom-
pressionwascompleted. Leakswhichrequiredrectification
were also found at some of the piping.

With the high humidity and temperaturesin some of
thetunnels, the contractorsweretold toinstall water coolers
inside the tunnelsto prevent dehydration in the compressed
air workers.

Cigarette buttswerefound on some occasionswithin
the compressed air tunnels, which was alarming. The high
partial pressure of oxygeninthetunnel air can causefiresor
explosions, especially with naked flames. Immediateaction
wastakento notify thecontractorsand engineersto stop such
unsafe practices.

However, in spite of the checks, two major accidents
still occurred in Contracts 104 and 105 when runaway
raillway cars smashed into the mud-lock doors of the tunnel
causing an explosive decompression. At Contract 105,
(tunnel pressure 1.88 bar gauge), 15 men suffered fromaural
and sinusbarotraumaand 4 men had to betreated at DHMC.
At Contract 104, (pressure 1.45 bar gauge), all the 15 men
inside the tunnel had to be treated simultaneously for DCS
a DHMC.

Therewas aproblem with ammoniafumes produced
by jet grouting of the tunnel face causing adisruption of the
ammoniaequilibrium inthe soil. Thiscaused the ammonia
level toriseto 36 ppmat onestage, resultinginsomeworkers
complaining of irritation of the throat, smarting and tearing
of the eyes. The problem eventually controlled when the
company took stepsto wash thetunnel face and to spray the
soil with mild acids.

Decompression Sickness

Of specia interest in the entire project was the
management and treatment of decompression sickness suf-
fered by the compressed air workers.

The population at risk of suffering from DCSwas a
cohort of 1737 workerswho wereamultinational lot. There
were Thai, Korean, Japanese, Chinese, Indian, Malay and
Caucasian workers of various age groups. Both shift and
non-shift workers were involved in the contract. The non-
shift workers included engineers, supervisors, electricians
and fitters who entered the tunnel to perform tasks. They
spent variable times in the tunnel and had to be decom-
pressed accordingly.
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TABLE 3

SITEOFTYPE| SYMPTOMS

Site Pain
Head -
Shoulder 19
Elbow 16
Wrist 2
Abdomen -
Inguinal Region -
Hip 4
Knee 108
Lower Leg -
Ankle 5
Total 154

For ease of reporting and presentation, the cases of
DCS were classified into two types after Golding et al.#

Typel (mild) Symptomsand signs were mild and
present asmuscul oskel etal painor swelling duetolymphatic
obstruction and skin involvement.

Typell (serious) Symptomsand signswere severe
and attributable to disorders of the nervous, pulmonary and
cardiovascular systems.

Various factors were analysed including the host
characteristics, duration of onset, age, length of exposure,
pressure, number of episodes of DCS, overal incidence,
relationship to shift-work and physical environment of the
worksite, treatment methods and outcome.

Dataon theincidence of dysbaric osteonecrosiswas
obtained by review of thelong bone X -ray reportsperformed
yearly as required by legislation. Factors with regard to
pressures of exposure and other host characteristics like
obesity, raceand number of episodesof DCSwereanalysed.

SYMPTOMATOLOGY
Therewere164 casesof DCS. 160wereof themilder
Type | category while 4 were of the more serious Type |1

category.

Typel

The commonest presentation of Type | DCSin this
serieswas pain (154 cases or 96.3%). The commonest site

Skin Rashes Lymphatic
M anifestations
1 (Macular Rash) -
2 (Papular Rash) -
1 (Marbling Rash) 1
- 1
1 (Itchy, Macular) -
5 2

of painwasaroundthejoints. 84 cases(55%) presented with
monoarticular pain while 70 cases (45%) presented with
polyarticular pain. 1n76% of the casesthejointsof thelower
limbwereinvolved. Thekneejoint wasthecommonestjoint
involved (108 cases) followed by the shoulder joint and the
elbow joint (Table 3).

The characteristic nature of the pain noted wasthat it
was deep joint pain, aggravated by movement. There was
also alimitation of the range of joint movement.

Therewere 5 cases (3.1%) of cutaneous DCS. Two
cases presented with papular rashesover theabdomen. Two
cases had macular rashes, over the forehead and over both
shinsrespectively. One case presented withamarbling rash
over the abdomen. One case of lymphatic DCS was seen
involving the inguinal lymphatics and presenting as swel-
ling of the penile skin (Table 4).

Typell

Table 5 illustrates the clinical presentation of the 4
Typell casesseeninthe MRT project. Three of them were
exposed to compressed air for periods exceeding 8 hours.
All of them presented within 2 hours of decompression.
Case number 4 developed pulmonary DCS following an
explosive decompression of the tunnel when a runaway
locomotive smashed open the mud-lock door.

ONSET OF SYMPTOMS

94.5% of the Type | and Il cases developed symp-
toms within 12 hours of decompression (Table 6).
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TABLE 4

CLINICAL PRESENTATION OF TYPE | DCS
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EPISODES OF DCS

Of 1,737 peoplewho worked in compressed air from
September 1984 to April 1987, 136 (7.83%) suffered from

Symptomatology No. of Cases DCS. Of these 136 men, 114 (83.5%) sufferedfromasingle
episode of DCSwhile 22 (16.2%) had two or more episodes
Pain: of DCS. Table 7 shows the distribution of DCS episodes
Deep Pain 133 amongst the 136 affected. The maximum number of epi-
Superficial 7 sodes of DCS in any one man was 4.
Constant 24
Throbbing 5 INCIDENCE WITH PRESSURE AND DURATION OF
Radiation of Pain 3 EXPOSURE
Limitation of Movement 16
A total of 188,538 man decompressions were per-
Rashes: formed in the MRT project. There were 160 cases of mild
Erythematous, Papular, Itchy 2 (Typel) DCSand4 casesof severe(Typell) DCS, givingthe
Erythematous, Macular, Itchy 2 overal incidence of DCS at 0.087%. There were 64,059
Marbling Rash over abdomen 1 man decompressions over 1 Bar gauge, with 154 cases of
DCS, giving an incident rate of 0.240%.
Lymphatic Swelling 2
Itching 5 A study of the compressed air exposure time of the
Warmth Around Joints 8 164 cases showed that the majority, 125 cases (76.3%),
Numbness 16 occurred after exposure times exceeding 8 hours as seeniin
Table 8.
TABLES
CLINICAL PRESENTATION OF TYPE |1 DCS
Case Working  Exposure Onset of Symptoms Clinical Presentation Treatment
Number Pr (Bar) Time Following Decompr ession
1 1.75 8 hrs5 mins 1/2<1hr Pain - left knee and hip joints. CIRIA 2
(NS Loss of sensation L3, 4 bilateral.
BP 110/70. 2 previous
episodes of Type 1 DCS.
2 153 8 hrs 23 mins 2<1hr Pain - right knee. Loss of CIRIA 2
(AY) sensation to pinprick over right
half of body.
3 1.45 8 hrs 32 mins 1/2<2hrs Felt weak & giddy 70 min after CIRIA 2
(KP) leaving manlock. Noted to be and
staggering & vomitingbutno  TABLE 62
nystagmus, visual or auditory
symptoms. BP 110/70. Relapsed
with giddiness and low BP of
90/50 & vomiting on sitting.
4 14 6 hrs 25 mins <12hr Sudden decompression accident.  TABLE 62

(I'H)

Pain - Both knees. Aura
barotrauma bilateral. Chest pain
& dyspnoea. BP 140/80 Pulse 84.
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TABLE 6

ONSET OF SYMPTOMS OF DECOMPRESSION SICKNESS

Time <1Hr 1<4Hrs 4<6Hrs 6<12Hrs 12< 24 Hrs >24 hrs Total

Number of

Typel 32 68 32 19 1 8 160

Number of

Typell 3 1 0 0 0 0 4
TABLE 7

NUMBER OF EPISODES OF DCS

No. of Episodes of DCS 1 2 3 4 Total

No. of Men Affected 114 17 4 1 136

Percentage of Men Affected 83.8 125 29 0.8 100%
TABLE 8

INCIDENCE OF DCSWITH PRESSURE AND DURATION OF EXPOSURE

Maximum DCSType Decompression Sickness DCS Total

Working IncidenceIn % (brackets Incidence Incidence

Pressure show absolute figur es) (by Type %

(Bars of DCS%)

Gauge) <4Hours 4-8 Hours >8Hours

</1Bar Typel 0.00 (0) 0.00 (0) 0.027 (10) 0.008 (10) 0.008%
Typell 0.00 (0) 0.00 (0) 0.00 (0) 0

No. of Man-Decompressions. 60,976 27,080 36,423 12,4479

1-2 Bar Typel 0.016 (4) 0.310(32) 0.359 (98) 0.215 (134) 0.221%
Typell 0.00 (0) 0.001 (1) 0.011(3) 0.006 (4)

No. of Man-Decompressions. 24,596 10,423 2,7331 62,350

2-3Bar Typel 0.00 (0) 1.786 (2) 1.724 (14) 0.936 (16) 0.936%
Typell 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)

No. of Man-Decompressions. 785 112 812 1,709

TOTAL Typel 0005(4)  0.090(34)  0.193(122) 0.085 0.087%
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The incidence of DCS at less than 1 Bar gauge
exposureswas0.008%. Therewere10casesin 124,479 man
decompressions. Thisunexpected finding will be discussed
in another paper.

Theincidenceof DCSat pressuresbetween1to2 Bar
gauge was 0.218% with 138 cases in 62,350 exposures.
Between 1-2 Bar, for durationslessthan 4 hours, theresults
again were significantly lower (p < 10-6) than the mean
values. At exposuretimes of greater than 4 hours however,
the number of cases of DCS observed were significantly
higher than the expected values for the exposures of longer
than 4 hours duration (both p values < 10-6) (Table 8).

Theincidence of DCS occurring at pressures greater
than 2 Bar gauge was 0.936%, with 16 cases in 1,709
exposures. Above 2 Bar gauge pressure, with duration of
exposure less than 4 hours, there were no significant vari-
ations between the observed and the expected number of
DCScases. However, the observed increase in the number
of cases of DCS was statistically significant for exposures
between 4-8 hours (p < 0.03) and exposures greater than 8
hours (p < 10-6) (Table 8).

INCIDENCE OF DCS AND HEAT AND HUMIDITY

The incidence of DCS did not appear to correlate
significantly with the observed high temperatures and hu-
midity of some tunnels. The highest temperatures were
recorded at Contract 105, wheretemperaturesreached ahigh
of 42 degrees. Most tunnels had relatively high humidity
above 80%. At Contracts107 and 108, therewereoccasions
where humidity reached 100% .

DCSAND OBESITY

Few of the compressed air workers were obese.
However, therewere 3 casesof DCSamongst the 26 person-
nel who had more than 30% body fat during initial medical
clearance (Table 9).

DCSAND OCCUPATION

Thedistribution of cases among the various occupa-
tionsis shown in Table 10.

INCIDENCE OF DCSBY CONTRACTS

The maximum working pressure in the various con-
tracts varied, the lowest being 1.43 Bar gauge in Contract
105, and the highest, 2.35 Bar gaugein Contract 301. The
incidence of DCS by contractsis givenin Table 11.

SHIFT-WORK

Theincidence of DCSwasevenly distributed among
the 3 shifts.
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DCSBY RACE

There appeared to be a slightly higher incidence of
DCSoccurring in the Malay population as compared to the
other races. However, in view of the small number of man
decompressionsundertaken by thisgroup of compressed air
workers compared with the other groups, the findings were
not significant (p > 1.0) (Table 12).

Treatment

Treatment primarily consisted of recompressionwith
supportive drug therapy. Recompression in most instances
were carried out at the medical-locks of the various work-
sites. Following the recompression therapy, 100% surface
oxygen was administered ensuring no relapse of symptoms
(Table 13).

The CIRIA air therapeutic tables were used in most
(73.9%) of the cases. The CIRIA table for Type 1 DCS
involves returning the patient to the original working pres-
sure, then a stepwise 0.1 Bar decompression every two
minutes. When the pressure has been reduced to half the
working pressure the rate of ascent is reduced to 0.1 Bar
every 25 minutes. The table for Type Il DCS involves
returning to the original working pressure. 1f the symptoms
are not relieved at this pressure, pressure is increased in
increments of 0.1 Bar. Normally with an extra0.6-0.7 Bar
the patient loses his symptoms. He is then held at that
pressure for 15 to 30 minutes before pressure is reduced by
0.1 Bar every 25 minutes. Thepatientisheld at 1 Bar gauge
for 6 hours and then decompressed at 0.1 Bar every 45
minutes. Thereis a 90 minute hold at 0.5 bar gauge after
which decompression is continued at the same rate. The
CIRIA tables were used as not all the medical-locks at the
work-sites were equipped with built-in oxygen breathing
systems. In resistant and relapsed cases, Workman and
Goodman oxygen therapeutic tables were used by bringing
oxygen breathing apparatus into the chamber or by trans-
porting the patient to DHMC.

Of the 164 cases treated, 4 (2.44%) cases relapsed
after thefirst treatment and had to betreated with hyperbaric
oxygen. None of the 39 (23.78%) casestreated with hyper-
baric oxygen had arelapse (Table 13).

Dysbaric osteonecrosis

Of the 1,737 compressed air workers who were
certified fit towork in compressed air, 32 had previoustype
B dysbaric osteonecrosis lesionswhile 11 had other benign
lesions such as bone islands. The compressed air workers
with type B dysbaric osteonecrosiswere allowed towork in
compressedair, with exposurelimitedto not morethan 2 Bar
gauge. Follow up yearly long bone X-rays showed no new



166
Per centage
of Body Fat
<20%
24-30%
>30%
Total
Occupation
Compressed air worker
Engineer
Supervisor
Others
Pressure
Contract (Bar)  Typel
104 1.50 36
105 1.43 3
107 1.60 31
108 1.95 26
109 150 28
301 2.35 36
TOTAL - 160

Maximum Number of DCScases Number of Man

O N P O O B
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TABLE 9

DCSAND PERCENTAGE OF BODY FAT

Number of Number of
DCSCases Man Decompressions
156 181,813
5 5,586
3 1,139
164 188,538

TABLE 10

INCIDENCE OF DCSBY OCCUPATION

Number of Number of
DCScases M an-Decompr essions
110 110,943
15 51,050
23 12,883
16 13,701

TABLE 11

INCIDENCE OF DCSBY CONTRACT

Decompressions Overall %

Typell Total Total Above Type Type

1 Bar | I

37 79,363 39,064 0.045 0.001
3 27,976 937 0.011 0.0
31 8,757 2679 0354 00
27 19,520 6,666 0.133 0.005
30 38,110 5550 0.073 0.005
36 14,812 9,163 0.019 0.0

164 188,538 64,059 0.085 0.002

0.046
0.011
0.354
0.138
0.078
0.019

0.087

0.086%
0.090 %
0.262%

0.087%

Incidence

% Incidence

0.099
0.029
0.179
0.117

Incidence of DCS

Over 1 Bar %
Total Type Type Total

0.092
0.320
1.157
0.390
0.505
1.746

0.250

0.002
0
0
0.015
0.036
0.044

0.006

0.094
0.320
1.157
0.405
0.541
1.790

0.256
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TABLE 12

INCIDENCE OF DCSBY RACE

Race Number of DCS cases No. of Man-Decompressions % Incidence
Chinese 39 45,008 0.0867%
Malay 14 15,849 0.0884%
Indian 34 39,064 0.0870%
Japanese 20 23,035 0.0868%
Korean 18 20,539 0.0876%
Thai 35 40,239 0.0870%
Caucasian 4 4,804 0.0834%
Total 164 188,538 0.0870%
TABLE 13
TREATMENT USED
Recompression Contracts Total
Table 104 105 107 108 109 301
CIRIA 1 35 - 26 21 19 14 115
CIRIA 2 1 - 1 2 )] - 4(2)
TABLE61 - 3 4 3 9 1 20
TABLE 62 Q - - - - 18 18(2)
CIRIA 1 followed
by Table61 - - - - - 1 1
CIRIA 1and 2
followed by Table 62 - - - Q) - 2 2(
Total 37 3 31 27 30 36 160(4)

Numbersin brackets denote cases of Type Il DCS. There were 160 cases of Type | and 4 cases of Type Il DCS

cases of dysbaric osteonecrosis and those compressed air
workerswho had pre-existing dysbaric osteonecrosi sdid not
have any further change seen. Only 643 compressed air
workers had exit long bone X-rays done at the end of their
contract (Table 14).

Incidence of DCSin Singapore
Theincidence of DCSinthe Singapore MRT project

was low when compared with compressed air work done
elsewherein theworld. (Table 15)

The main reason for the low incidence is the gener-
aly low pressures that were used. The highest pressures
wereat Contract 301, which had amaximumtunnel pressure
of 2.35 Bar gauge.

64.63% of our 164 cases of DCS occurred with
exposures exceeding 8 hours. A higher incidence of DCS
wasalso noted withincreasing pressures(Table8). Thiswas
observed with the incidence of DCS rising from a low of
0.008%1t0 1.61% for exposuresexceeding 8 hours. Withthe
increase in duration of exposure, there was an overal in-
creasein the DCSincidence. For exposures greater than 2
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TABLE 14
ABNORMAL LONG BONE X-RAYSOF COMPRESSED AIR WORKERS
Abnormal Entry L ong Bone X-rays Abnormal Exit Long Bone X-rays
Contract TypeB Benign Orthopaedic TypeB Benign Orthopaedic
Conditions Conditions
MRT Task Force* 1 2 1 2
109 0 0 0 0
108 0 0 0 0
104 0 0 0 0
107 2 2 0 0
MRTC 8 0 3 0
105 2 1 0 0
301 19 6 5 6
Total 32 11 **Q **3
** Only 643 compressed air workers had done their exit Long Bone X-rays.
* MRT Task Force comprised firemen from the Singapore Fire Service.
TABLE 15
COMPARISON OF VARIOUS COMPRESSED AIR CONTRACTS
Period of Total Maximum No. of No. of DCS DCS
Contract Compressed No. of Pressure Man- DCS Incid. Incid.
Air (Months) workers (Bar) Decomp. Cases Over-all (>1Bar)
(Over-all)
East River Tunnel New Y ork
1914-21 84 - 3.26 1,360,000 680 0.05% -
Howrah Bridge India 1938 6 509 2.72 12,400 353 2.8% -
Lincoln Tunnel NY 1955-56 18 704 231 138,000 44 0.03% 0.07%
Dartford Tunnel 1957-59 24 1200 1.90 122,000 685 0.56% 0.97%
Blackwall Tunnel 1960-64 44 1536 2.65 8,100 863 1.1% 1.09%
Tyne Road Tunnel 1960-64 38 650 2.86 44,800 711 1.6% 1.74%
Hong Kong Islandline
1982-85 36 3966 2.85 443,430 2003 0.46% 0.52%
Singapore MRT 1984-87 31 1737 2.35 188,538 164 0.087% 0.26%

Bar absolute, dueto the exigencies of the project, we had to
increasethe decompressiontimeasthe Blackpool Tablesdo
not indicate decompression timesfor exposuresgreater than
8 hours. Thishad in away, prevented more cases of DCS
from occurring.

Thehigher incidenceof DCSnoted at theextremesof
exposure indicate that far greater risks are associated with

long exposureswith the use of the Blackpool Tablesin spite
of adequacy of contral. Itislikely that with longer working
hours, the workers have absorbed grater amounts of gases
and have also been subjected to greater stresses involving
the use of vibrating tools and lifting heavy loads over long
distancesin thetunnels. The cumulative factorsresultedin
the development of DCS in some men who appeared to be
more susceptible to developing DCS than their peers who
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had been similarly exposed to the same pressures and
performed the same type of work.

The overall incidence of the 4 cases of Typell DCS
was 0.002% compared with 1 case (0.001%) reported by
Lam’s Hong Kong MTR series out of 93,509 man decom-
pressions®. Threeof theTypell casesdevel oped DCSafter
more than 8 hours exposure at 1.45 Bar and above. The
fourth casedevel oped DCSsoon after suffering from sudden
decompression, when the mud-lock doors were smashed
open by the runaway rail cars. Three out of four devel oped
symptomswithin 1 hour of decompression, whilethefourth
case had symptoms within 2 hours of decompression.

Theincidence of DCS among the obese compressed
air workers was higher than in the other compressed air
workers. Nitrogen had been shown to be 5 times more
soluble in fat than in lean tissues like muscle. With long
exposures, it is expected that there is near saturation of the
fatty tissue by nitrogen in the obese person. Thisresultsin
abtimesgreater gasload during decompression. Therefore
it was not surprising that despite conditionally passing the
obese compressed air workersand allowing themto work at
alimited exposuretime and pressure, they still had asignifi-
cantly higher incidence of DCS.

The supervisor category of personnel had an overall
greater incidence of DCS when compared with the other
categories of workers. Thisisrelated to the nature of work
and the fact that supervisors were generally of an older age
group. They wererequiredto enter and exit fromthetunnels
up to five times a day, increasing their risk of DCS. The
compressed air workers, in comparison, athough were per-
forming heavier work, exited only once per shift.

Theincidence of DCSamong thevariousraceswere
fairly similar, with exception of the Caucasians, who had a
lower DCS incidence. This is due to the fact that the
Caucasians held specialist appointments like engineers and
inspectorsand had short exposuretimesinthecourseof their
work.

Reasonsfor low incidence
MEDICAL STANDARDS

No compromise was made with regard to the selec-
tion of men working in compressed air. Workerswho were
susceptible to DCS were certified unfit or conditionally
cleared to work in compressed air. Thisincluded the obese
(>24% body fat by skinfold measurement), thosewithahigh
incidence of DCS in the past and compressed air workers
with established dysbaric osteonecrosis. The obese (over
24% body fat), and those with Type B dysbaric osteonecro-
siswere given aconditional clearance. They were allowed
to work at alimited pressure and for alimited duration.
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TRAINING

The man-lock attendants were required to attend
certification courses conducted by DHMC in conjunction
with the National Productivity Board and Ministry of La
bour. In addition, all compressed air workers were thor-
oughly briefed onthe saf ety aspectsof compressed air work.
They were taught the importance of proper decompression
and the signs and symptoms of early DCS. Some com-
pressed air workers found tampering with the emergency
exhaust valvesin theman-locksto release themselvesearly,
were disciplined. The strict control of the decompression
procedure paid off and prevented DCS occurring due to
negligence.

LEGISLATION AND CONTROL OF DECOM PRESSION
PRACTICE

The legidlative framework determined the require-
ment for the control of thetime of exposure. Inaddition, we
believed that a period of acclimatisation for new startersdid
muchtoreducetheincidentsof DCS. Thiswasincorporated
inthelegislationfor all new compressed air workersaswell
asthose who have been away for more than 12 consecutive
days. Paton and Walder® noted ahigh incidence of DCSin
newly introduced workers, but with acclimatisation, the
incidencefell. Asaresult of the regulations, we did not see
any cases of DCSin new starters.

The Blackpool Tables, designed by Hempleman,
were well tested in the UK and Hong Kong with a DCS
incidencerateof lessthan 2%. For exposureslessthan1Bar
gauge, compressed air workers were decompressed to the
surface at arate of not exceeding 0.4 bar/min. However, in
the Singapore MRT project, a stop at 0.2 Bar gauge for 5
minutes was included into the regulations. This stop was
included to reduce the rate of ascent further as we believed
that it would have beento risky to ascend immediately to the
surface after more than 10 hours of exposure.

Compressed air workers exposed to pressures more
than 1 Bar gauge had tofollow the decompression schedules
according to the Blackpool Tables. These tables required
compressed air workersto remain at the surface for at least
12 hoursin every 24 hours. Thiswas because at the end of
decompression, residual nitrogen still remainsin the body.
This will accumulate without an adequate rest period at
atmospheric pressure.

Multipleentriesinto thecompressed air tunnelswere
alowed for the supervisors. By law, they were allowed to
enter the chambers only 5 times in a 24 hour period at
pressuresnot greater than 2 bar gauge, for not morethan half
an hour on any one occasion and with a minimum surface
interval at normal pressure of more than 1.5 hours.

There wereinstances where compressed air workers
were exposed to compressed air exceeding the time limits
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imposed by the Blackpool Tables, either by misinformation
or the exigencies of work. This posed aproblem of decom-
pression as the Blackpool Tables were calculated with a
maximum of 8 hoursexposure. Inorder for them to work at
theselong hours, extension of the Tableswererequired and
additional stopshad to beincluded asasafety measure. The
incidence of DCS in the extended part of the Tables was
lower than the incidence following decompression with the
Blackpool Tables.

Clinical presentation

The commonest presentation of Type | DCSin our
series was that of joint pain (Table 3). This occurred in
96.3% of cases with 76% of cases having pain in the lower
limbs. Painwas mostly around the joints of thelong bones.
84 cases (55%) presented with monoarticular pain while 70
cases (45%) presented with polyarticular pain. 76% had
pain in their lower limbs compared with 87.82% reported
Laminthe Hong Kong MTR project.? The knee was most
commonly affected in our series (108 cases or 70.1%),
followed by the shoulder joint (19 cases or 12.3%) and the
elbow (16 cases or 10.4%).

A detailed analysis of the onset of symptoms re-
vealed that 82.9% of cases had symptoms within 6 hours of
decompression, with 95.1% of cases presenting before 24
hours. Thisis comparable with Lam’s Hong Kong MTR
series with 93.6% presenting within 6 hours.®

There were 5 cases of Type 1 DCS presenting as
rashes. These cases proved difficult to diagnose. Recom-
pression confirmed the assessment. Two cases presented as
swelling of the lymphatics, one of who had lymphatic
swelling over the inguinal region which also subsided with
recompression. In the Hong Kong series, 4 cases had skin
mottling, 39 had non-specific symptoms of headache, nau-
sea and vomiting. The other 94.6% (749) cases presented
with joint pains.

Treatment

Early recognition of symptomsand prompt treatment
was ensured by making it compulsory for compressed air
workers to remain at the worksite for 2 hours following
decompression from the tunnel. This probably accounted
for the fairly low relapse rate of 2.44% (4 cases). By
comparison, 8.2% (64 cases) required a second treatment
and 11 (1.4%) required athird treatment in the Hong Kong
series.

Adjuvant therapy including fluid replacement was
used. Fluidsincluded Dextran in addition to Normal Saline
and Hartmann's Solution. Aspirin was not given to the
compressed air workers because of the possibility of mask-
ing the symptoms.
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Theobjectiveinfluidtherapy wasto replacedepl eted
blood volume, to restore haematocrit and to prevent blood
sludging and to improve tissue perfusion. It iscommon to
find that patients with acute DCS have reduced blood
volumes, and many anima studies have confirmed this
finding. Dextran has advantagesfor restoring intravascular
fluid lost by increased capillary permeability during DCS?,
athough there are those who are more concerned with the
potential of Dextran for creating an acute volume overload
and further lung congestion. Our experiences with Type 1
DCSand delayed Type |l DCS has shown usthat judicious
use of Dextran, especialy in the young, robust compressed
air workers or fisherman divers, reaped benefits in the
improvement of symptomsin our patients. We advocatethe
combined useof fluidtherapy with colloidsand crystalloids,
aspirin, dexamethasone and recompression therapy in DCS

therapy.

Accidents

Two major accidents occurred in Contracts 104
(Bocotra at Orchard Road) and 105 (TTJV at Novena Sta-
tion) whenrunaway rail cars smashed the mud-lock doorsof
thetunnel causing an explosivedecompression. At Contract
105, (tunnel pressure : 0.88 Bar gauge), 15 men suffered
from aural and sinus barotrauma and 4 had to be admitted
and treated at DHMC.

At Contract 104, the tunnel pressure was 1.45 Bar
gauge. There were 15 men inside the tunnel while 2 men
were working around the mud-lock. The men had been
working for seven and a half hours. Five men developed
symptoms of DCS and the operations centre at DHMC was
thrown into full alert. Ambulanceswere senttothesiteand
doctors were deployed to three recompression chambers
treating the patients simultaneously. One of the workers
working around the man-lock was thrown 10 metres by the
out-rushing air. Hewasevacuated to hospital with head and
body injuries. Thenumber of casesof DCSwould havebeen
less (159 instead of 164) except for this accident.

Thefuture

The future of compressed air tunnelling will seethe
use of oxygen for decompression. Oxygen decompression
was suggested as early as 1878 by Paul Bert**, and 1905 by
Ham and Hill®*. Theadvantagesthat oxygen decompression
offer are reduction of the decompression times and perhaps
alower DCSrate. Oxygen tables are available for decom-
pression and, while they reduce the amount of time spent
decompressing, they have inherent disadvantages. Man-
lockswill have to be modified to incorporate oxygen built-
in breathing systems (BIBS) and an oxygen overboard
dump. This will incur increased costs. High pressure
oxygen, being afire hazard, will require special careduring
the decompression. No flammable articles can be brought
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into the chambers. Proper use of the masks for oxygen
breathing during decompression will have to be ensured if
DCS was to be avoided. The workers may develop CNS
oxygentoxicity, and adoctor will haveto beat theman-lock
to supervisethedecompression. The Japanese have had bad
experiences with oxygen decompression, asfire and deaths
have occurred in their man-locks.

The Blackpool Tables and the current American
OSHA tables are till not perfect. Kindwall et a are
currently evaluating the use of oxygen tables to supersede
the current United States Occupational Health and Safety
Agency (OSHA) Decompression Schedules. Oxygentables
are currently being used by the French and Germans for
decompression from tunnelling work, but these have not
been widely adopted el sewhere. Thesetablesadopt profiles
similar to those of dive tables, but incorporate oxygen in
order to shorten the decompression times.

Automationandroboticsmay befeatured morepromi-
nently in future, where tunnels may be dug using unmanned
devices. Alternatively, the compressed air worker may
adopt a lightweight armoured suit as used by the deep sea
diver, wheretheworker canremain at 1 atmospherepressure
and perform tasks without the need for decompression.
Saturationcompressedair tunnelling coul d beanother method
which may be adopted for the future.

Conclusion

Decompression sickness is a preventable condition
in compressed air work. The prevention of thisillnessisto
alarge extent dependent on the recognition of the hazards
involved and in the application of recognised medical and
environmental control measures. The DCS incidence of
0.087% in the Singapore experience was low and the medi-
cal teaminvolvedin the project canlook back at the months
of compressed air work with much satisfaction. The atten-
tion to detail during planning and the adoption of strict
medical standards in selection of men and in safety control
ensured that no case of DCS ever occurred out of ignorance
or poor compliance with safety regulations. The preventive
measures undertaken enabled afairly good safety record to
be achieved.
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ASSESSMENT OF THE
PNEUPAC HC HYPERBARIC VENTILATOR

A.J. Gibson, F.M. Davis and A.R. Wilkinson

Introduction

The PneuPac HC Hyperbaric Ventilator (Figure 1)
has been specifically designed to ventilate patients within
hyperbaric chambersover arangeof pressuresupto 10ATA
(atmospheres absolute). It is a standard pneumatically
controlled, time-cycled ventilator providing independent
control of inspiratory time, inspiratory flow rate and expira-
tory time. The range of these parameters has been signifi-
cantly extended to allow compensation for the changes in
ventilator performance with different chamber pressures.
Following the manufacturer’s advice, we carried out cali-
bration of the PneuPac HC ventilator to derive a series of
calibration tables for its clinical use.

Description of PneuPac HC ventilator

The HC Ventilator consists of a pneumatic control
module operating a remote patient valve housed in the
patient connection block. These are linked by a small
diameter flexible hose which can be separated to alow
sterilisation of the patient valve. The control module is
operated from compressed air, oxygen or a helium/O, mix-
turewhichisdelivered from aregul ator within the chamber,
set at 400-1000 kPa gauge pressure. A simple schematic
diagram of the PneuPac HC is shown in Figure 2.

Thecontrol modul ehasthreecontrol knobs; oneeach
for the inspiratory and expiratory times which are each
arbitrarily graduated from one to nine, and an inspiratory
flow control which completes eight and a half revolutions
between itsminimum and maximum settings. Aswell, there
isan on/off switch and a pressure gauge. All moving parts
of the control module are manufactured to require no lubri-
cation or maintenance.

On connecting the ventilator to the gas supply and
switching on, the spool invalveB isinitially biased to allow
the gasto flow from port 1 to port 2 from where it will flow
totheinspiratory timer valve C and to valve F and thenceto
the patient valve.

Theinspiratory time knob restricts the gasflow into
theinspiratory timer cartridge C which then fixestherate of
pressurerisewithin C. Atapredetermined pressure, apiston
within C moves to allow gas to flow to port 4 of valve B
whichin turn switchesthe spool of valve B to the expiratory
position. Now the gasflow isdirected from port 1 to port 3
andthencetotheexpiratory timer cartridge D which behaves
inasimilar way totheinspiratory cartridge. During expira-
tion, a non-return valve within C opens to release the
pressure within this cartridge. The expiratory timeknob is
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Figure 1. ThePneuPac hyperbaric ventilator control box showing (from left to right) the inflation pressure gauge,
expiratory time control (E), flow control (V) and inspiratory time control (). The patient control valveisin the middle
foreground with the overboard dump system via a Scott exhalation regulator on the right.
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FIGURE 2. Schematic diagram of Pneupac HC ventilator. See text for explanation of terms.
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adjusted to control the expiratory time and is used together
withtheinspiratory timeto determinethedesired respiratory
rate for the patient.

During inspiration, gas is delivered to valve F, one
side of which isconnected to the flow controller and thence
toareducingvalve, theother sidetothegasoutlet and thence
to the patient via the patient valve.

The patient valve operates by using the pressure
energy in the gas flowing from the control module. During
inspiration, the gas flow to the patient val ve passes through
an orifice which causes the pressure to drop to patient
pressure. The resultant pressure on the end of a piston
pushesit against a spring which closes the exhaust port and
connects the patient to the gas flow from the orifice. The
patient is protected from over-inflation by a pressure relief
valve(twoareprovided, with blow-off pressuresof either 40
or 60 cm H,0). During expiration, the spring forces the
piston back to open the exhaust port, the patient exhaling
through thevalve and out theexhaust port. Thepatientvalve
isfail-safein that should the module be switched off or the
gas supply fail, the valve opens to the atmosphere.

M ethods

ThePneuPac HC ventilator wastested usingasimple
circuit which included acalibrated Wright' s spirometer and
a “mock lung” over arange of inspiratory time and flow
settingsat 1.9 ATA, 2.8 ATA and 6 ATA.

CALIBRATION OF WRIGHT’S SPIROMETER

Using a 2 litre Rudolph gas calibration syringe, the
volumesrecorded by aWright’ sspirometer werechecked at
each pressure. Thiswasdone by taking the average of three
readings in 200 ml steps up to 2000 ml, each tidal volume
being delivered in approximately one second.

INSPIRATORY TIMES

With adigital stopwatch, theinspiratory timefor the
ventilator on each of its graduations on the inspiratory time
control was measured at each pressure. For each time
setting, theinspiratory timewastaken asthe average of five
readings.

DELIVERED TIDAL VOLUME

For each inspiratory time graduation, the flow con-
trol was then adjusted from its minimum to its maximum
setting (eight-plus revol utions) with the tidal volume being
measured using the spirometer. Fivereadingsweretaken at
each complete revol ution between the minimum and maxi-
mum settings and averaged. Throughout the measurement
of tidal volume, theexpiratory timewasleft onitsmaximum
setting for convenience, since changesin its setting did not
influencetheinspiratory time. Thetemperature and humid-
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ity within the chamber were also recorded. These measure-
ments were repeated at each pressure.

Results

Cadlibration of theWright’ sspirometer at 1.9 and 2.8
ATA showed that it consistently over-read thetidal volume
by approximately 8% at low tidal volumes (< 500 mls),
reducing to 5% at higher tidal volumes. This error was
dlightly greater (11% down to 6%) at 6 ATA. Subsequent
recordingsof thetidal volumesmeasured fromtheventilator
were corrected by these factors and standardised for tem-
perature and humidity.

Inspiratory times progressively shortened with in-
creasing ambient pressure, such that they were on average
about 35% shorter at 6 ATA thanat 1.8 ATA. At6ATA the
longest inspiratory timethat could beachieved was 1.25 sec.
Expiratory timesat any given setting shortenedwithincreas-
ing pressurein asimilar manner. Ventilation rates down to
about 12 breaths per minute were still achievableat 6 ATA.
Wefound that the clinically useful inspiratory times (0.75 -
1.5 sec) were within the control setting range from 6 to 9.

The tidal volume at each setting was measured five
times and averaged. There was seldom more than 10 ml
variation within each group of readings, demonstrating
consistent performance of both the ventilator and the spi-
rometer. Asan example, Table 1 gives the results for the
tidal volumes generated at 50 m depth for each of the
inspiratory time settings as the flow rate is increased step-
wiseby onerevolution of theflow control fromitsminimum
to its maximum setting. At lower chamber pressures,
readings were not taken at the longer inspiratory times at
high flow rates as the tidal volumes generated were well
beyond the clinically useful range. Similar tables were
constructed for 1, 1.9 and 2.8 ATA pressures.

Figures 3, 4 and 5 represent graphically the data at
each of the 3 depths for a minimum, intermediate and
maximum flow setting, over a clinically useful range of
inspiratory times.

Discussion

As would be expected for atime-cycled pneumati-
cally-controlled ventilator, the performance changes as the
chamber pressureisincreased or decreased. Blanch et. al.!
have described the performance characteristics of arange of
ventilators under hyperbaric conditions. The changes ob-
served by us with the PneuPac HC are closely consistent
with their datafor other time-cycled devices. However, the
extended range of the PneuPac HC, with a maximum flow
capability of 180 litre min?, allows compensation for the
decrement in performance over a range of chamber pres-
suresat least upto 6 ATA. Beyond 6 ATA itisdoubtful that
this ventilator would meet the needs of most adult male
patients.
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FIGURE 3. Tidal volumes generated at 1.9 Ata pressure
at three different flow settings.
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PneuPac Ventilator Setting at Depth 50m
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FIGURE 5. Tidal volumes generated at 6 Ata pressure at
three different flow settings.

By making these recordings over the depth range
customarily used for hyperbaric therapy, we have been able
to construct a series of tables that allow us to choose
appropriate settings on the ventilator to give the desired
inspiratory time and tidal volumefor any particular patient.
The respiratory rate can then be adjusted by varying the
expiratory time control, allowing setting of an appropriate
breathing rate and minute volume. In addition tidal and
minute ventilation should always be checked using some
suitable device such as the Wright's Spirometer. The
calibration errorsfor thisdevicearesmall and likely to be of
little importancein clinical use.

A limitation of the testing circuit used was that
“lung” compliance which was roughly 30-40 ml/cm H,0*
could not be altered. Whilst the design of the PneuPac HC
ventilator as a flow generator is such that tidal volume
should remain contant despite changes in patient compli-
ance, wedid not confirmthisexperimentally. Inclinical use
our impression has been that delivered tidal voume has not
atered with changing compliance.

Two further factorsinfluencing performance of ven-
tilators are the driving gas pressure to the unit and the
different densitiesof thedelivered gases. Inour chamber the
delivered gas may be changed by turning a single valve.
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TABLE 1
Calibration chart for clinical use at 6 Ata, showing tidal volumesfor varying flow settings and inspiratory times.
PneuPac Ventilator settings at 50 m depth (6 ATA)

Inspiratory Control 6 6.5 75 8 85 9
Setting
Inspiratory Time 0.6 0.6 0.65 0.70 0.80 1.00 1.25
in seconds
Flow control Delivered volumein millilitres
settings
min 180 170 205 245 250 320 330
x1 195 210 235 265 280 345 385
x2 205 230 245 275 295 375 410
x3 250 280 300 340 375 480 515
x4 305 350 370 430 465 625 650
x5 325 390 400 480 490 670 700
X6 335 405 405 500 520 690 820
X7 345 420 420 510 530 720 845
x8 360 430 430 530 540 740 865
Max 425 - - - - - -

Although our driving pressures for air and oxygen are
dlightly different, neither this nor the different densitites of
the two gases atered the delivered tidal volumes at given
settings to a degree that would be important clinically.
Nevertheless it is important to consider these factors in
setting up amechanical ventilator in arecompression cham-
ber. It is aso important to ensure that the gas delivery
systems can meet the maximal flow ratesthat any particular
ventilatoriscapableof. Initial testsof thePneuPacHCinour
facility quickly revealed that our oxygen delivery system
was not capable of this and required modification.

The inspiratory and expiratory times of pneumatic
time-cycled ventilators are well known to change with
changes in ambient pressure, shortening as pressure in-
creases. This is a serious limitation in the use of some
ventilators. If gas density were the factor influencing this,
thenthe conversewould beexpected to occur. Sincecycling
between inspiration and expiration is dependent in most
such machines on the filling of a pressure cartridge as
described above, Desautels and Blance? have proposed
recently that this shortening of cycling time is due to the
change in the compression factor of that compartment with
changesin ambient pressure. Compressional gaslossesare
directly related to the volume of the container (in this case,
the time cartridges) and inversely proportional to ambient
pressure. This would result in less volume of gas being
needed to flow into the cartridge to cycle it as ambient
pressureincreases. Our preliminary observationshavebeen
consistent with this hypothesis.

We have found the PneuPac HC ventilator to be a
robust and consistent performer that can generate adequate
tidal volumes within appropriate inspiratory times for the
vast majority of adult patients, up to 6 ATA pressure. We
would recommend manual ventilation of patientsduring all
changesof chamber pressure, but wehavefoundthe PneuPac
HC ventilator very suitable for clinical use during the
prolonged treatmentsthat critically ill patients may require.
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OSTEONECROSIS
John Shevland
Introduction

Osteonecrosisisdefined astheischaemic death of the
cellular constituents of bone and marrow. The osseous
components of the marrow are the cells that reside in the
cancellous bone and the cellular components are the erthro-
cytic and the leukocytic cells in their various stages of
development, fat cells and afew reticulum cells.

The bone marrow is the fourth largest organ of the
body by weight after bone, muscle and fat, weighingupto 3
kg in adults.* By convention, the term osteonecrosis has
been divided into two broad categories: the terms aseptic
necrosis, ischaemic necrosis and avascular necrosis are
equivalent, and refer to epiphysea lesions, particularly
thosein asub-articular location. Theterm boneinfarctionis
applied to lesions in the metaphysis and diaphysis of the
bone.

Aetiology

There are many causes for osteonecrosis. Among
themaretrauma, steroids, a coholism, pancreatitisandsickle
cell disease. Systemic lupus erythematosus (SLE) is now
known to be associated with a very high incidence of hip
osteonecrosis, occurring in up to 80% of patients. In many
cases multiple aetiologies are involved, for example, aco-
holism and steroid ingestion. In day to day radiological
practice dysbaric osteonecrosis is uncommon.

Radiology

Table 1 shows the several modalities that are avail-
able.

TABLE 1
IMAGING MODALITIESFOR OSTEONECROSIS

Radiographs
Scintigraphy
Computed Tomography (C.T.)
Magnetic Resonance (M.R.)

(Venography)

PLAIN FILMS

Plainfilmfindingsarelistedin Table2. Theseare of
limited useintheearly diagnosisof osteonecrosis. Onemust
therefore question their routine use in screening protocols,
particularly indivers. Thefirst sign one might expect to see
is osteoporosis. Unfortunately both dead and living bone
havethesamedensity on X-rays. Itisonly duringthehealing
phase, when hyperaemiainduces an osteoporosisin normal

TABLE 2
PLAIN FILM FINDINGS IN OSTEONECROSIS
OF THE HIP

Osteoporosis
Sclerosis and cysts
“Crescent sign”
Flattening of femoral head
Acetabular involvement
Advanced degenerative charges

Figurel. 37 year old male with previous renal transplant.
The subtle subchondral lucency inthefemoral head (arrow)
represents a fracture (“ crescent sign”).
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Figure2. Middle aged malewho devel oped osteonecrosis
of left hip while on steroid therapy. Note early flattening of
femoral head, and prominent “crescent sign”.

Figure 3. Typica “bubbly” calcified boneinfarctin
proximal femoral shaft.
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bone, that theinfarcted bone becomesobvious. Thesignifi-
cance of small areas of sclerosisand cystsiscontroversal as
these can be seen in normal people. The crescent signisa
specific sign of osteonecrosis representing a subchondral
fracture (Figure 1). Unless treatment is effective at this
stage, the late complications of osteonecrosis will become
apparent. Inthe hipjoint, these are flattening and fragmen-
tation of the femoral head (Figure 2), eventual acetabular
involvement and a destroyed joint.>

Boneinfarctshave avery characteristic radiological
appearance(Figure3). Thetypical “bubbly” calcifiedlesion
usually occursinthediaphysis. Theselesionsarefrequently
seen by radiologistsin daily practice, and are often asymp-
tomatic.

C.T. SCANNING

C.T. scansareconsiderably moresensitivethan plain
films. Where early types of surgery, e.g. rotational osteot-
omy and bonegrafting arecontemplated, C.T. scanningisan
important part of the work-up, asit demonstrates the archi-
tecture of the femora head and neck well (Figure 4).

Figure4. CT scan. 62 year old man with post-traumatic
osteonecrosis left hip. Top shows anormal right hip.
Bottom shows patchy areas of decreased bone density in
the left femoral head. The cortex has been breached in
several areas (arrows).
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MAGNETIC RESONANCE IMAGING

Thistechnique has many advantages, particularly in
its ability to image anatomy in many planes and to detect
early bone marrow pathology.? Disruptions in the bright

Figure 5. Corona M.R. scan of pelvis in a man with
osteonecrosis of theright hip. Note the absence of a bright
signal in the right femoral head.

signal of normal fat are easy to identify (Figure 5).
Diving surveys

Any bonesurvey in divers should concentrate on the
areas affected which are the shoulders, hips, and the areas
around the knee joints. Our protocol islisted in Table 3.

MRC classification

Inthe United Kingdom, the M edical Research Coun-
cil has classified the radiographic appearance of dysbaric
osteonecrosisinto two categories, A and B (Table4). TheA
category refers to the juxta-articular or epiphyseal lesions
and the B. category relates to the lesions in the head and
shafts of bones.

This reflects the two forms of osteonecrosis noted
earlier, namely boneinfarction andischaemic necrosis. The
A lesions are the most important because they occur in the
weight bearing areas and are the ones prone to collapse and
eventual deformity. However, the significance of A2 and
A3 lesions is debatable. B lesions occur away from the
weight bearing areas and are commonly asymptomatic.
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TABLE 3
DIVER’'SLONG BONE SURVEY
A.P. shoulder joints

A.P. hipjoints
A.P. and lateral knee joints

TABLE 5
MRC CLASSIFICATION

A JUXTA-ARTICULAR LESIONS

1 Dense areas with intact cortex
2 Spherical opacities

3 Linear opacities

4 Structural failures

a Translucent, subcortical band
b. Collapse of articular cartilage
C. Sequestration of cortex

5 Osteoarthritis

B MEDULLARY LESIONS OF THE HEAD,

NECK AND SHAFT

1 Dense areas

2 Irregular calcified areas

3 Tranglucent areas and cysts
Summary

Plainfilmsare of limited useintheearly diagnosis of
osteonecrosis. Although of high specificity, they areinsen-
sitive. Their usefulnessin screening programmes are there-
fore limited.
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SCINTIGRAPHIC DIAGNOSIS OF
OSTEONECROSIS

Robert Ware

This will be a discussion about bone scanning and
suggestionsfor screening. A bonescaninvolvestheexternal
imaging of radioactive tracers which are localised in the
skeleton. The main tracer we use now is technetium
diphosphonate which isreadily available. The bone uptake
depends on bone blood flow but primarily on bone metabo-
lism. Thetracer istaken up in areas of new bone formation
andreflectsregional osteoblasticactivity. Afterintravenous
injection the tracer is distributed to the plasma, to the non-
bone extracellular fluid and also to the bone extracellular
fluid and a small component of the tracer is deposited in
stablelamellar bone. But thelargest portionisdepositedin
active new bone, if the person has significant quantities of
that. The remaining tracer, about 30%, is excreted in the
urine. The examination involves a fairly low radiation
exposure and one of the advantagesisthat, asoneintroduces
all the radiation at the start of the procedure, taking addi-
tional viewsinvolvesno additional radiation burden. If one
is talking about screening young people yearly one has to
think about radiation exposure because it may become
significant. Because of low radiation dose scintigraphy is
very well suited to whole body scanning and screening
procedures.

Thecentral featureinthe pathogenesi sof osteonecro-
sisisischaemic and cell death involving the marrow, os-
teocytesand fat. Thiscan be caused by vascular disruption
asintraumaand it can be caused by other things, such asfat
cells, which presumably causevascul ar occlusion. Growing
gasbubblesisthepostul ated mechanism of interferencewith
the blood supply in the dysbaric disorders. Sickle célls,
vasculitis, corticosteroids and some other mechanisms we
do not fully understand also cause osteonecrosis.

Not all osteonecrosisisvisibleonan X-ray. | havean
X-ray of aresected femoral head wherethereweretwo large
necrotic areas but one cannot see them and that is on an X-
ray of the specimen not of a patient. So obviously on an X-
ray of a patient it is much more difficult to pick up any
changes.

Any time one injures bone there is a reparative
processstartsfairly rapidly. Thereparativeprocessinvolves
bone resorption and simultaneous new bone formation. At
thisstagethe scan showsincreased activity. Wecannot pick
cold areasinthefemoral head, which representsthe necrotic
bone, because of the layer of new bone formation surround-
ingit. Figure4in Dr Shevland’ spaper (page) isthe CT scan
of a patient who had completely normal plain X-rays.
Following a bone scan he had the CT which demonstrated
his subcortical fracture.
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If the area of bone necrosis and bone resorption is
large enough, and particularly if the patient continues to
weight bear, mechanical deficiencies appear as manifested
by subchondral fractures. Thisleadsvery rapidly toarticular
surface collapse and osteoarthritis which is obviously a
disaster in ayoung person.

That is the theory, how well does it stand up in
practice? A study, which isfairly representative of alarge
number of clinical studies looking at X-rays versus bone
scans, was done in 36 patients with lupus who were com-
mencing steroids. Theauthorslooked at bone scans, X-rays
and bone marrow pressures, which they took as their gold
standard. 27 joints developed avascular necrosis in this
group. Inthe symptomatic group scanning was much more
sensitivethan X-ray asitwasintheasymptomaticgroup. An
interesting experimental model, which may have particular
reference to dysbaric disorders, looked at rabbits who had
microsphereemboli into their external iliac arteries. X-rays
and scans were compared over a period of 12 weeks and
these were compared to the histology. Very early onthe X-
ray isinsensitive compared to the scan and the situation does
not change very much by 12 weeks. Sooneiswell downthe
pathogenic path by thetime onestarts pi cking up changeson
X-ray. All the abnormal areas on the scan were shown at
necropsy to be osteonecrosis. However therewere 14 areas
with osteonecrosis which were not detected on the scans.
Thesewere microscopic foci only and therefore probably of
minor importance.

Because alarge ateration in bone density is needed
to demonstrate changes, plain x-rays are insensitive. The
features of mechanical deficiency are specific. But one
wants to be making a diagnosis before the patient isin a
situation where joint replacement may be needed.

Bonescan by contrast isvery sensitive. But, because
amost anything one does to bone immediately sets up a
reparative reaction, the specificity ispoor. Recently devel-
oped tomographic capabilities (Single Positron Emission
Computed Tomography or SPECT) havethe advantage that
one can section in three planes transaxial, coronal and
sagittal. Oneisabletoremovetheinfluenceof overlyingand
underlying activity in a particular plane of reference. Be-
cause of this one is able to find the areas of avascular
necrosis, or cold areaswhich do not take up the tracer, when
they aresmaller intheearlier stageof thedisease. Soonehas
increased sensitivity using this technology and as one can
find areas of avascularity in the midst of new bone forma-
tion, so oneincreases ones specificity. SPECT isableto be
applied straight after the plain bone scan and therefore one
isnot increasing the radiation dose and one can be directed
by the abnormalities on the plain scan.

SPECT studies do not have the resolution of mag-
netic resonance imaging (MRI) but one gets functional
information. In one case where the femoral neck and head
had areas of increased activity SPECT showed alarge cold
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area which was an area of avascular necrosis. From the
ordinary scan one could not say what the etiology of the
conditionwashbut fromthe SPECT onecould bevery certain
that it was avascular necrosis.

Coming to aseptic necrosis in commercial divers |
must say | could find very little in the literature about the
application of bone scansto commercial divers. A paper,in
the Lancet, from the Decompression Sickness Central Reg-
istry looked at alarge number of divers, aimost 5,000 over
a period of 5 years from 1976 to 1980, with many divers
having multiplefilms. Theoverall prevalenceof osteonecro-
sisfroman X-ray diagnosiswas4.8%. Themajority of these
were head, neck and shaft lesionswhich arefelt not to be of
major significance in terms of producing disability. Infact
they are often asymptomatic. Juxta-articular lesions were
present in 1.2% and these are the ones that are potentially
going to give the divers problems in the long run. Hip
avascular necrosis, which is probably the most important
site, hasavery low prevalenceinthisgroup. Shoulderswere
slightly morecommonly affected and these can al so produce
disabling featuresif thereis articular collapse.

Should onescreen diversroutinely? | amgoingto be
making suggestions based perhaps on inadequate informa-
tion. The pointsagainst screening arefirstly that the preva-
lenceredllyisvery low. Juxta-articular lesionsarecompara-
tively rare. Itis, as far as | understand, totally unknown
whether thepresenceof head, neck and shaft |esionspredicts
thefuture occurrenceof juxta-articular lesions. Secondly, it
is obviously going to be afairly costly exercise to screen
people. A standard bone scan costs around $300. That
would put it in the same ball park as the CT and skeleta
survey. The main argument for screening divers is the
terrible morbidity of ayoung person having to have ajoint
replacement. Peoplewho have had decompression sickness
aremore likely to develop osteonecrosis. The incidence of
dysbaric osteonecrosiswas 10.7% with definite evidence of
decompression sicknessand thisincluded thelargemajority
of peoplewith joint damage. Without decompression sick-
nessthe prevalencewasonly 1.7%. It wasal so apparent that
multiple episodes of decompression sickness puts one at
greater risk of developing osteonecrosis. They aso found
the depth of diving was an important predictive factor in
developing osteonecrosis. For those diving less than 30
metres there was no osteonecrosis, going up to 15.8% in
those diving to more than 200 metres.

| think areasonablescreening plan, if oneacceptsthat
it isaworthwhile thing to do and was effective in divers, is
to take baseline X-rays of the humeri, the femora and the
tibias. | think any screening plan has to include bone scan
becauseof itssensitivity intheearly phaseof thedisease. So
abaselinebonescanisasoindicated. Oneshouldrepeat the
scan if the person devel ops skeletal pain after an episode of
decompression sickness. Perhaps repeat the scan yearly if
they are diving to morethan 50 metres. Asthe specificity of
bone scanning is not high the correlation is warranted. |
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think the primary method for following people, if one is
going to do it, should be the bone scan. | should emphasise
that | am not saying this from any published studies on the
subject that | know of, itisjust my general feeling about the
sensitivity of bone scanning in diagnosing skeletal disor-
ders.

The above has been adapted, by the SPUMS Jour nal
Editorial Saff, fromthetranscript of a lecture presented at
a meeting on Hyperbaric and Diving Medicine, sponsored
by SPUMSand the Royal Hobart Hospital, 4th - 6th Novem-
ber, 1988, at the Royal Hobart Hospital, Tasmania.

Dr Robert Wareisaradiologist at the Royal Hobart
Hospital, Hobart, Tasmania 7000, Australia.

MEDICOLEGAL ASPECTSOF AVASCULAR
NECROSISIN DIVERS

Audrey Mills

Introduction

| propose to talk briefly about the diving industry in
Tasmania particularly abalone divers. | will use this as a
background to the question of what legal remedies are
availableto diverswho suffer avascular necrosis. | will then
examine the legal problems involved in diagnosing the
condition as that affects medical practitioners.

| would like to acknowledge the assistance of Mr D.
Wolfe of The Department of Sea Fisheriesfor the informa-
tion on the Abalone Industry in Tasmania.

Professional Diversin Tasmania

Abalone diverswould represent the largest group of
diversinTasmania. Theabaloneindustry in Tasmaniaisone
of the biggest abaloneindustriesin theworld and isrespon-
siblefor 22% of theworld market. At present, thereare 125
abalone licenced divers.

Commercial divers are employed by the Marine
Board, CSIRO and Police Department and a few private
companies working in salvage and construction areas. The
total working in these areas would be approximately 15.

The abalone industry has very few regulations con-
cerning work practices. Whilst diving tables are available
and are recommended, it is doubtful that they are strictly
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adhered to by diversintheabaloneindustry, wheremost are
self-employed. | basethispurely on reportsof peopleinthe
industry. Therearenogovernmental regulationsincorporat-
ing the Australian Standard No. 2299 of 1979, Underwater
Air Breathing Operations, soasto makethisapplicabletothe
abalone industry.

History

Abalone have been commercialy harvested around
Tasmania since late 1963. Special licences were required
from 1965. During the first years the fishery rapidly ex-
panded until during 1967 morethan 250 diverswerepartici-
pating. The Government began to regulate the industry
during 1968 and restricted the number of licencesin 1969 to
those already holding licencesin theindustry. The number
of licences has remained at 125 since 1973.

In 1973 annual medical examinations were intro-
duced for abalone divers and licence holders were required
to be full-time abalone divers rather than just full-time
fishermen. In 1969 to 1973 production wasrelatively stable
but prices increased by 400%. During this time, diving
related illnesses began to cause some concern and it was
becoming evident that anumber of licence holderswere not
fully utilising their licencesfully with the result that fishing
effort and production fell. Recommendationswere madeto
provideaturnover of diversandto allow veteran and/or unfit
diverstoleavethefishery by allowingthoseholdinglicences
for more than three yearsto transfer that is sell that entitle-
ment, to another diver.

In August 1974 the Government agreed to allow
diversto transfer their licences. Production then increased
until quotaswere set inthemid 1980s. The current quotais
24 tonnes. By the end of 1981 the annual catch was almost
doublethe productionintheyearsimmediately before 1975;
andthevalueof thefishery had increased by afactor of three
inreal terms. Fishing returns are submitted annualy to the
Department of SeaFisheriesby diversand Mr A.J. Harrison
has collated figures showing that divers hoursfor 1972 to
1973 total 26,773. These hours gradually increased so that
in the year 1980/81 the figure was 53,048. Thetotal catch
had increased from 2074 tonnes in 1972 to 1973 to 3747
tonnesin 1980 to 1981.

In 1973 when licences were allowed to be trans-
ferred, thetransfer pricewasapproximately $5,000-$10,000.
This steadily increased but has now steadied at $800,000-
$850,000. Thishascausedalot of speculationwithlicences.
There is a requirement that one diver may hold only one
licence at any onetime, althoughitiswell known that some
divers do control more than one licence. Thisis done by
employing another diver and under a written agreement,
transferringthelicencetothat diver whoworksfor apercent-
age of the catch. The capital involved in getting into the
abaloneindustry isnow so great that therearemorefinancial
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pressures on divers to meet commitments. In recent years
this has been relieved to some extent by the imposition of
quotas and the current quota of 24 tonnes is likely to be
reduced by 30% next year.

The abalone industry hasvery few regulations. Itis
not covered by the Department of Labour and Industry and
thereis no government body responsible for work practises
within the industry. Most divers are self-employed and
therefore responsible for their own work practices. The
Australian Standard including diving tablesis just aguide.

The Department of Labour and Industry does cover
divers employed by companies which operate in the con-
struction and salvage areas in inland and estuary waters
(includes 3 miles off shore). Australian Standard 2299 of
1979 is applicable to these divers. This sets out tables for
diving and recompression and also makes provision for
medical examinations and x-rays.

At present, to obtain an abalone licence once you
haveraisedthecapital to buy alicence, all youneedto obtain
thetransfer approval from the SeaFisheriesDepartmentisa
medical examination by your own general practitioner.
Thereisno compulsory trai ning or experience necessary nor
is there any regulation on the work practices. The only
regulation which appliesisthat pressure equipment must be
certified and divers must have annual medical examination.
There are no requirements for x-rays.

L egal Remedies

When a diver contracts avascular necrosis he has
remedies of compensation open to him depending on his
work situation. If a diver is an employee, the Workers
Compensation Act will apply. The current Workers' Com-
pensation Act, which is shortly to be amended, specifically
recognises avascular necrosis as a“disease”. Thiswas an
amendment to the Act introduced in 1980. Employees
suffering avascular necrosis prior to 1980 would have had
difficulty making a claim for workers' compensation be-
causeit was not recognised as a Scheduled Disease covered
by the Act.

The new Workers Compensation Act which is to
commence operation before the end of the month (Novem-
ber 1988), adopts awider definition and states (Section 26)
that where aworker suffersadiseaselisted in Schedule 4, it
shall bepresumedinabsenceof evidencetothecontrary, that
the disease arose out of and in the course of hisemployment
and that hisemployment contributed to a substantial degree
to that disease. The disease is described in Schedule 4 as
“Compressedair illnessincluding avascul ar necrosiscaused
by any work involving exposure to increased or reduced
atmospheric pressure from working underground or under-
water or from working at high atitudes’. By virtue of S26
of the Act an employee suffering from avascular necrosisis
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abletoclaimworkers' compensation from hisemployer and
the link between his diving work and the disease will be
presumed unless evidence to the contrary is proved.

Another avenueof compensationisto claim damages
for negligenceor breach of contract against theemployer for
unsafework practices, insufficient training and unsafeequip-
ment. Because there is an Australian Standard governing
work practices of divers, asuccessful claim could be made
against any employer who did not enforce that standard.

Because avascular necrosis is a long-term problem
and may not become evident for many monthsor evenyears
afteritisfirst contracted, problemscan arisewithtimelimits
with respect to making such claims. Thereis athree year
timelimitinwhichto bring aclaim for negligenceand if six
years el apse from the date when the condition first became
symptomatic no claim for damages can be made at al.
Because a condition may take along timeto develop it will
bewell advanced by thetimeitisobviouson x-ray and there
may bedifficultiesfor some peopleto comewithin thistime
limit.

Asmost abalone diversare self-employed, thereme-
diesunder theWorkers' Compensation Act and for damages
for negligencewill usually beunavailabletothem. However
most would have income insurance for disability and sick-
ness. The definitions of sickness under these policies vary
and some of the more common ones are:

“Sickness or disease contracted and commencing
while this policy isin force”.

“Illness of the insured which declares itself during
the period of this insurance and occasions the total
disablement of theinsured withintwelvecalendar months
after declaring itself”.

The nature of the progress of avascular necrosis
would mean in some casesthat even if diagnosed early, if it
did not cause total disablement within twelve months of a
person first feeling the symptoms, they would not have a
claim, eventhough at alater stage they may be permanently
disabled through having to have a hip replacement opera-
tion. Inaddition because of thedifficulty in diagnosisit may
not be diagnosed until a late stage which while producing
disability may cause problemsin working out which insur-
ance company the claim isto be made against if the person
iscovered at varying timesby different companies. Proof of
insurancemay also beaproblemif theclaim say arisesseven
years after the policy was terminated (changed to another
company) as sometimes insurance records are not kept
beyond this period.

The claim for compensation has to be proved on the
balance of probabilities, that is, that it ismore probably than
not that diving has caused the condition of avascular necro-
sis. Insurance companies, by their nature will ook to seek
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whether there are any other causes which could be respon-
sible and whether the diagnosis is certain. This hasin the
past lead to claims being questioned and it is therefore
important for full history of adiver to be taken so that other
causes can be excluded. If the diagnosis is made perhaps
supported only with a suggestion of damage on the bone
scan, then other factors such as history of diving and symp-
toms are very important.

Difficulty in Diagnosis

At present medical examinations are required annu-
dlyintheabaloneindustry. X-raysareoptiona. Giventhat
the conditioniswell advanced by thetimeit isobviouson x-
rays, there is some argument that bone scans should be
performed for diversin risk categories.

At present medical examinations can be performed
by any doctor. | would suggest that a panel of doctors
experiencedin thisareawould be more qualified to do those
examinations and would be better ableto judgethosedivers
at risk who should have further diagnostic procedures and
aso to recognise early symptoms. It may be that there are
many divers within the industry who go undiagnosed until
the condition is too far gone and major surgery is the only
answer.

The problems of not being able to make an early
diagnosis may produce major health costs for the commu-
nity when this problem becomes more apparent as divers
grow older.

There are at present 125 divers holding licences and
there have been since 1965 another 247 diversinvolved in
theindustry. Of thecurrent diversthereisonediver who has
beenintheindustry for 20 years, onediver for 19 years, one
diver for 18 years, 5 for 17 years, 1 for 15 years, 1 for 13
years. Thevast majority of diversarestill withinthefirst ten
years of diving. The abalone industry in Tasmaniais still
relatively young and long-term problemsindivers healthis
likely to become more frequent from now on. No specific
recordsastodiversmedical history whilstintheindustry are
kept. There are no provisions for reporting of major acci-
dents.

This could be analogous to the asbestos industry
where major claims are now being made by workers em-
ployed with companies over 20 years ago. |f avascular
necrosisisamajor health risk to divers, then because of the
resulting cost in health care termsto the community, which
in Tasmaniawould be significant, it isimportant that more
information is known and kept about divers health. The
abalone industry isworth so much in export income to this
State, it is surprising that there is so little regulation and
relatively little information regarding divers' health.

An interesting argument which | put forward, and it
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isno morethanthat at thisstage, would bethat the State may
be liable to pay compensation to abalone divers suffering
avascular necrosis because:-

(@  TheGovernment isaware of therisk to professional
divers because of its regulation of the salvage and
construction divers and making those divers comply
with the Australian standards.

(b)  The State Government assumes some responsibility
for regulating the industry and providing licences.
So it could be argued it is therefore under a duty of
care to advise divers of the risks and to insist on
proper instruction and training and safe working
methods. It could be argued that the Government’s
failureto do soisnegligence, assuming that avascu-
lar necrosis is caused by unsafe working methods.

This is similar to the arguments used against the
Tobacco Industry by smokers who have contracted cancer.

Problemsfor Medical Advisers

Lastly, I wishto makesomecomment onthedifficul-
ties for the medical adviser in making the diagnosis of
avascular necrosis from the legal point of view.

At the stage of obvious x-ray damage, the option for
treatment and prognosis are fairly straight forward.

However, if the diagnosis is uncertain and the evi-
dence can only be seen on, say, bone scans, what are the
duties of the medical adviser in advising her or his patient?

If he says “Y ou may have avascular necrosis so do
not diveagain” thenthe consequencesfor the patient may be
disastrous. Thediver may haveto give up avery lucrative
profession and suffer financial hardship when in fact his
condition may not proceed to serious avascular necrosis.

However, on the other hand, if the medical adviser
says*“ Thereisarisk that this shadow we can see on the bone
scan could be bone necrosis but we can not really say and
giventhereareno other signsyou can continuediving” (and
there could be alot of pressure from the patient to continue
to divebecause of thefinancial rewards). Thenif the patient
goesontodevel op seriousbonenecrosis, what isthemedical
adviser’s position?

Thetest at law is, (though it is under some pressure
over thelast few yearsto be changed), “adoctor isnot guilty
of negligence if he has acted in accordance with a practice
accepted as proper by aresponsible body of medical men”.

So if the medical adviser discloses the uncertainties
of the diagnosis and the risks of future damage then he
should not be at risk to any claim of negligence.
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Asmedical science advancesthe problem of diagno-
sis should become easier for medical advisers.

This paper was presented at the Hyperbaric and
Diving Medicine Meeting held at the Royal Hobart Hospital
on November 4th, 5th and 6th 1988. The conferencewasco-
sponsored by SPUMS and the Royal Hobart Hospital.

The address of Audrey Mills LLB, is Piggott, Wood
and Baker, Barristersand Solicitors, 128 Macquarie Street,
Hobart, Tasmania 7000, Australia.

DIVER RETRIEVAL IN TASMANIA

Mike Martyn

Introduction

Tasmania, being anisland state, hasalarge per capita
diving population. Diving occursbothcommercially andfor
sport. A hyperbaric facility exists in Hobart and over the
years has developed a system for early notification and
retrieval of diving medical emergencies. This paper dis-
cussesthediving population, theinitial contact and notifica-
tion guide, retrieval options and finally some of the prob-
lems.

There are two main groups, commercial divers and
sports divers. (See Table 1) Commercia divers can be
subdivided into three sub groups. There are some 20
standard work divers. The actual number varies depending
on what jobs are around at the time. They have certainly
caused some problems with three cases of decompression
sickness from the Bowen Bridge building site and more
recently the death of a diver from air embolism whilst
working on a pipeline at Burnie. There are 125 abalone
diverslicensed by the Department of Sea Fisheriesin Tas-
mania. Onecan presumethat themajority of theseareactive
athough some do sell a part of their licence. The Fisheries
also has given out some 300 other commercial diving fish
licences, which are specifically for sea urchins and peri-
winkles. A lot of these are being bought on speculation.
There are probably only about 30 to 50 that are actually
actively worked. There are also people diving for the
aguacultureindustry, farming salmon, but most of these are
in fact sports divers earning some additional money.
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Estimating thenumber of sportsdiversisalittiemore
difficult. In 1987 Fisheries sold 3,188 non commercial
licencesfor diversto collect abalone and crayfish. A small
percentage will be solely snorkellers. Thereisaso alarge
number of divers who actually do not possess a licence for
avariety of reasons. There are two groups of sport divers.
Scuba tank divers of whom most are certified and hookah
divers who have generally not undergone certified instruc-
tion. Currently thereare about 400 peopleayear certifiedin
scuba diving in Tasmania. It is estimated that there is
probably about a70%to80% drop outrate. Onaveragethere
are about 50 tank fillsaday in Tasmania. The number of
hookah diversis estimated at anywhere between 1,000 and
4,000. Thenumber of hookah unitssold or builtin Tasmania
isaround 2,000to 3,000 in number. Sooveral, therewould
be about 2,000 active scuba tank divers and about 1,500
active hookah divers. Active means diving more than the
standard three daysayear. Thisequatesto nearly 1% of the
total Tasmanian population being activedivers. A figure of
2.5% of the Australian popul ation having diving certificates
isquoted but only afraction of thesewould be activedivers.

Decompression Sickness Rate

These population figures allow for estimates of div-
ing activity and determination of bend rate and mortality.
The abalone divers probably dive about 100 days a year
accounting for about 10,000 dive days per year. Fisheries
estimates for 1983 are 58,000 hours under the water for
abalone divers. Assuming an average of five to six hours
underwater per day per diver equateswell with the estimate
of atotal of 10,000 daysof diving. Other commercial divers
would addlittletothisfigure. Assumingfivedaysayear per
average sports diver gives some 20,000 dive days total for
thisgroup. In Tasmaniathere hasbeen on averagefivecases
of decompression sickness (DCS) treated each year. There
has been only one case of air embolism in thelast six years.
So about five cases of DCS per 30,000 dives, or five per
3,500 divers per year.

Thereisobviously anunknownnumber of DCScases
that areself treated with aspirin, alcohol and other drugs. To
date the mgjority of the DCS has been from the Abalone
diver group athough over the last two years there has been
anincreasing number of sportsdiversvisitingthehyperbaric
chamber.

Mortality

There has been afairly constant one death of adiver
in the water every two years over the last eight years. That
is half per 30,000 days diving or half per 3,500 divers per
year. Monaghan’sarticleinthe SPUM S Journal* estimated
the United States diving deaths asonein 95,000 divesor 16
per 100,000 divers. Although small the above Tasmanian
figuresequateto about onein 60,000 daysdiving or about 14
per 100,000 divers per year. The mortality in relation to
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Tablel
TASMANIAN DIVING POPULATION
Commercial Divers
Work divers 20
Abalone (125) 125
Other Fish (300) 50
Sport Divers (3188)
Scuba Tank 2,000
Hookah 1,500
Dive Days per Year
Commercia 10,000
Sports Divers 20,000

motor vehiclesin Australiais 18 deaths per 100,000 motor
vehicles per year.

Initial contact and notification

Before 1986 divers often suddenly appeared at the
hospital door asking for treatment. This was not an ideal
situation. In February 1986 an initia contact and notifica-
tion guide was worked out with the various retrieval serv-
ices. This came out as a one page flow chart that was
distributed to al medical practitioners, dive operators, hos-
pitals and the abalone divers. Initial contact isthrough the
Tasmanian Ambulance Service via their regional control-
lers. Therearethree ambulanceregionsin Tasmania. They
are easily accessible through the ‘000" emergency toll free
telephone number or viaradio networks. After recognising
the call as a “medical diving emergency” the ambulance
controller follows awritten protocol. He collects relevant
essential information from the caller including location,
method of return contact, how many people are involved,
their current condition, history of the problem, diving pro-
file, medical history, medical equipment and personnel
availability. Hegivesfirst aid advice, initiatesthe retrieval
processand contactsthediving medical officer (DMO) who
ison24 hour call viathe Roya Hobart Hospital switchboard.
The DMO givesfurther advice onfirst aid and may contact
the dive site. He also advises regarding the appropriate
method of retrieval and organisesearly notification of cham-
ber personnel. This system has streamlined the operation
and has generally minimised delays preceding recompres-
sion.

Retrieval

Retrieval has improved. The standard retrieval
methods of boat, road, helicopter, pressurised plane or
portablechamber areavailable. Boat isusually only used as
the initial back to shore transport which occasionaly isin
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fact direct to Hobart.

The road transport is run by the Tasmanian Ambu-
lance Serviceinthemainregionsand by St. John Ambulance
volunteersin outlying areas. They arefairly well equipped
including the ahility to give 100% oxygen using a closed
circuit system with carbon dioxide absorption. The main
limitation regarding road transport into Hobart isthe height
of the surrounding hills. To the east Black Charlie’s Open-
ing is 336 metres. Coming down the Midlands Highway,
Prince sHill isabout 440 metresand fromthesouth, Vince's
Saddle is just under 400 metres. Patients who have been
brought down by road from Bicheno, where there is an
increasing sportsdiving accident rate, have all said the pain
increased in the hills despite being on oxygen.

Helicopter usageisalso fairly restricted. Thereisa
single engine Squirrel that is contracted by the Tasmanian
Palice. Itisbasedin Hobart but may be working anywhere
in the state. It is restricted by a single engine to good
visibility andtonon-night flying. It hascertainly beenuseful
in picking up patients from more remote areas in the south
wheretherearenoroadsor airfields. It hasitsdrawbacks. It
issmall and cramped anditisdifficulttofitastretcherinand
maintain a head down position. However it can provide a
speedy retrieval. In one instance an abalone diver with a
severe spina bend was brought from Port Arthur to Hobart
fairly quickly.

The fixed wing transport is by small twin engined
planesrun by Airlines of Tasmania. They are contracted to
provide a pressurised and a non-pressurised plane as air
ambulance. The pressurised oneisaPiper Mojavewhichis
set up to have one stretcher and two seats but can have a
second stretcher fitted. Again it is cramped and there are
problems with the maintenance of a head down position.
The non-pressurised planeis a Chieftain of about the same
size. The limitations with fixed wing transport are the
conditionandlocation of thevariousairfields(Table2). For
night use some airfields require local people placing flare
pots out to mark the runway. Other airfields such as
Swansea and Bruny Island are only suitable at ideal times,
i.e. if the pilot can see well, the nettles are not too high, the
cows have been herded off and it is not too wet. The
distribution of the airfields is quite a limitation. Between
Hobart and St. Helens there is an area of popular diving
coastlineremotefromanairfield. Inparticular Bicheno has
been causing some problems with deep sports diving but
luckily acoastal road has now been opened upto St. Helens.
On the north coast there are Launceston, Wynyard and
Smithton but thenalargegap onthewest coast until Strahan.
Abalone diving is popular on the remote west coast and
retrieval isdifficult. Fromthenorth of thestateand the Bass
Strait Islandsretrieval to Melbourne may be more appropri-
ate.

Thereisno portable chamber in Tasmaniaand there
does not seem to be any great need for one locally asthere
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DIVING MEDICAL EMERGENCIES
IN
TASMANIA

INITIAL CONTACT AND NOTIFICATION GUIDE
IF ACCIDENT OCCURS

GIVE IMMEDIATE FIRST AID AS REQUIRED
(eg., C.P.R., 100% Oxygen, €tc.)

PREVENT FURTHER INJURIES

COLLECT ESSENTIAL INFORMATION
Exact location
Means of return contact
Number of Patients
Conscious state
Obvious major injury or problem
Progressive state of patient(s)
(e.g., stable, getting worse, better)
Brief diving history of incident
8 Medical equipment on site (e.g. oxygen)
9 Medical training of people on site

OO WNPRE

~

ALSO record details of :

* Full diving history for last 48 hours
* Patient(s) previous medical history
* Time course of events
(problem, treatment and response)

NOTIFY TASMANIAN AMBULANCE SERVICE
(viaphone; dial ‘000’ or viaradio network)

state: “THISIS A DIVING MEDICAL EMERGENCY
CALL”

FOLLOW INSTRUCTIONS

The Ambulance Servicewill ask the above essential
information, contact the Diving Medical Officer on call at
the Royal Hobart Hospital, and organise appropriate trans-
port. The Diving Medical Officer may need to establish
direct contact.

Figurel. The aboveisareprint of the leaflet issued to
divers on how to handle diving emergencies

areonlyfivetosix DCScasesayear. Alsothereisnomating
flange on the current Hobart chamber, which means that
patients in portable chambers cannot be decanted into the
Hobart Chamber. Therewas an excellent service provided
by the National Safety Council of Australia (Victorian
Division)(NSCA) from the mainland. This had been used
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Figure 2. Map of Tasmania showing airfields

on several occasions. They transported the chamber in a
King Air and had all the equipment and personnel to main-
tain and retrieve diversto the mainland. Unfortunately the
NSCA hasgoneintoliquidationand will besorely missed as
it provided a very speedy and appropriate service for the
severely ill driver.

Table 2

AIRFIELDSAND FLIGHT TIMESIN MINUTES

Hobart Melbourne

Hobart 138

St. Helens* 40 114
Launceston 36 104
Wynyard 55 94
Smithton * 65 83
Strahan 43 116
Flinders Idand * 74 84
King Island 97 72

* Theseairportshaveno fixed landing lightsand flares
must be used after dark.

Problems

Delays in notification and retrieval are still a prob-
lem. Direct notificationto the DMO, by-passing the Ambu-
lance Service, can causedel ay asthenthesystemisactivated
in the wrong direction. Considerable delays occur if the
patient first presentsto aregional hospital, asthediagnosis,
paperwork and organisation all take time against a back-
ground of feeling safein hospital. Similarly initial contact
with the Diving Emergency Service (DES) in Adelaide has
asoledto delay. Thebasic philosophy of DES asacentral
information body and provider of advice is admirable.
However inorganisedregional areassuch asTasmaniathere
is an inherent delay involved if DES is used as an initial
contact in an emergency situation. Knowledge of thelocal
situation and limitationsis also important.

The major problems relate to the limitations of the
hyperbaric facility. The hyperbaric chamber in Hobart is
now 22 years old. It is an old deck decompression unit
housed in agarageinthe Roya Hobart Hospital grounds. It
was run under an ad hoc arrangement until 1985 when a
submission was put to the hospital administration. At that
stage the following deficient areas were highlighted;
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Formal status
Medical manpower
Chamber upgrade
Facility manager
Chamber staff
Education

OO WNPRE

Formal status came fairly quickly within the Divi-
sion of Anaesthesia. Medical manpower was organised.
However, to date, little else has been achieved. Limited
education hasincreased awareness considerably. Chamber
upgrade has only involved minor chamber aterations. The
assistant hospital engineer still runs the chamber. Several
nursing staff and RMOs with rudimentary training provide
the chamber staff on avery ad hoc basis. Currently thereis
amajor campaign to considerably improve and upgradethe
facility and service. Diversmakeup only asmall number of
the total customers treated in the chamber compared to
patients with medical illnesses. However they do have
considerable commercial value and their diving illnesses
often reguire urgent attention. Any delay or need for further
retrieval to Melbourne should the Hobart facility not be
supported may well compromise a diver’s chance of sur-
vival.

REFERENCES

1 Monaghan R. The risks of sports diving. SPUMS J.
1988; 18(2): 53-60.

Dr Mike Martyn's address is Department of Anaes-
thesia, Royal Hobart Hospital, Tasmania 7000.

RECOMPRESSION CHAMBER REQUIREMENTS
FOR TASMANIA

Peter McCartney

Tasmania has a population of under half a million
people. ThedistancefromHobart to Launcestonisalittlebit
more than 320 km.

With regard to our hyperbaric facility needs let us
look at the two groups of people who provide our patients.

Firstly thedivers. Wehavealot of diversin Tasma-
nia. Besidesthe 125 licensed Abalone divers, there aretwo
groups of divers we know little about. There are 300
licensed Sea Urchin divers. We do not know what level of
activity thesepeopleareoperating at, but | certainly get quite
afew for diver medicals.
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The other group of diversthat has crept up on usare
theaquaculturedivers. | have not been ableto ascertain how
many of these peoplethereare. But they have been our most
generous suppliers of patients over thelast 18 months. We
have had 5 aguaculture divers with problems that have
required treatment in the chamber. Some people say that
they do not really count asdiversbecauseall they doisswim
round at 3 min afew giant fish bowls. However thisis not
s0. Thelast patient | had from thisindustry had donetwo 24
m divesto secure mooringsin theweek before he presented,
during which time he had become progressively worse.
Obviously they do not want their fish bowls to disappear
down the river. Fixing moorings is an important part of
aquaculture. This diver commented that it was very hard
work. He ascribed his initial pain to the fact that he was
holding a shackle in one hand and using that hand asavice
while heworked on the shacklewith aspanner. | asked him
about underwater tools. Hewastotally mystified. Hisreply
was approximately, “What are underwater tools?’. These
peoplearetaking avery simplistic attitudeto diving yet they
are going to 24 m and fixing up moorings.

The CSIRO aso hasdivers. Tasmanian Sea Fisher-
ieshasdivers. The Department of Main Roadsuses contract
divers. The Hydro Electric Commission employs divers
who dive at high atitude areas, in very cold fresh water and
in nil visibility. They work in a specialist area of diving.
Disaster awaitspeoplewho areusedtodivinginwarmish sea
water with good visibility, when they hop into a helicopter,
get uptothedivesiteand arefaced with an absolute barrage
of new parameters. They may never have been in a nil
visibility situation. They have never been in fresh water.
They have never done a high altitude dive. And they have
never been in such cold water before. Death has been the
result for at least one of these people.

And then there are the sports divers, not only the
locals but people from the mainland going to Bicheno.

The others who need hyperbaric treatment are pa-
tients already in hospital. There are three important areas
which will increase patient loads.

Thefirstisburns. We have avery good relationship
with our burns unit, but I have madeit clear to them that the
only patientswecan possi bly treat at themoment are patients
who have praoblems of wound healing. They are not acute
burnsat all. Itisthe casethat has been in for weeks which
isnot healing that isreferred. | haveto knock back cases of
acute burns because we do not have the staff or facilitiesfor
proper careinthe chamber. Theburnsunit are very willing
tolook at our situationand | have adopted apolicy withtheir
cases which was suggested to me by Dr Janet Vial. The
problem was, how were we going to measure the efficacy of
our treatment. The suggestion was to get the referring
physician to state the time he woul d expect the burnsto heal
without hyperbaric treatment. | believe that the clinical
judgement and acumen of those clinicians is some indica-
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tion. Thenwetakethem and treat them and see how they get
on.

The second group is diabetic ulcers. In my igno-
rance, | knocked back the first one that was referred to me.
Subsequently | havetreated quiteanumber of diabeticulcers
and now havevery strong support from both the consultants
who look after our diabetics and who are treating diabetic
ulcers. In one recent case we quite definitely saved afoot.
This patient had had an amputation of one foot previously
and had a diabetic ulcer.

| do not have to elaborate on carbon monoxide
poisoning. Thereisno doubt that hyperbaric oxygen treat-
ment is very useful.

Furthermore we are hoping to establish a coronary
bypass unit in this hospital in the next six monthsor so. As
neurological changes, probably due to gas embolism, often
accompany bypass surgery it is necessary to have a good
hyperbaric facility with good transport to and from the
facility if oneis going to provide the optimal service post-
bypass.

Present facilities

When our unit first started up Dr Penny McCartney
and | ran it with two nurses. It is quite extraordinary that
everything was on a volunteer basis. Our facility is still
beingrunlikethat. If wecould get proper staffing structures
officially appointed we would be in a position to offer a
much better service. We have a small chamber, acquired
when it was no longer useful for a diving company, which
has room for one patient lying down and the attendant. A
very good indication of what sort of priority hyperbaric
medicine has here is that the hyperbaric unit is housed in a
garage. We have a splendid theatre complex. When the
Quantum team came down to feature our work a very apt
remark was made by onetheir team said, “If you want your
legoff gouptothetheatres, if youarekeentokeepit godown
tothe garage”. To get a stretcher patient into the chamber
one hasto open the garage doorsto get enough room for the
stretcher.

Hyperbaricphysiciansareoftenfairly sensitiveabout
peoplecriticising their units. Well | am not, | can not afford
to be. The funniest comment that | have had from a well
meaning colleague, is that it is the lovingly restored FJ
Holden of hyperbaric unitsin Australia. That about sumsit

up.

| have what | call the “knock back” file. It contains
referrals that |1 can not cope with or which | deem to be
inappropriate for hyperbaric medicine. | always make that
big distinction. Itisvery tempting for plannersto say if one
has knocked back 20 patientsin the last 3 months therefore
onewould have had 20 patients. That isnot atruereflection
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of thesituationat all. Forthesimplereasonthatif oneknocks
back 3 cases to one consultant, within a couple of weeks,
withthewords* | agreethispatient needshyperbaric oxygen
therapy, but | am sorry we can not treat asour chamber istoo
small (or wearetoo busy)” the consultant isquitejustifiably
going to stop referring for a while. In other words the
number of knock backsisonly anindication of theminimum
possible patient load. Medical records at the Royal Hobart
Hospital keep a data base of admissions according to diag-
nosis. Mike Martyn ran through that for 1983 using the
Undersea and Hyperbaric Medical Society’s Category One
definite indications for hyperbaric oxygen treatment and
found about 98 patients. Then alowing for how many of
these we would probably treat and how many treatments
they would need we came up with an average of about 5 or
6treatmentsaweek just onthat group. Our figuresarepurely
looking at medical patients. Therewasastudy regarding the
of incidence of variousdiseasesaccording to populationand
the need for hyperbaric unitsaccording to popul ation which
came up withfiguresthat wereinfact alittlebit higher ours.
We have had a lot of patients who we would have liked to
have treated but were unable to treat with hyperbaric medi-
cine.

As an indication of how little spurts of patient load
come in, the last serious case from the intensive care unit
(ICU) wewereasked to treat was only about afortnight ago.
On that same day there were two other ICU cases that we
were asked to treat that were quite out of the question for us
to treat because we cannot handlethat degree of critical care
inour chamber. | believethat when my colleaguesview our
chamber they will be quite sympathetic towardsthisattitude
and agreethat the correct thing isto say no. Webelieveone
has got to havethe maxim “first do no harm” firmly fixed in
onesmindbeforeweagreetotreat. Soweareknockingback
alot of cases.

Future needs

| believeweneed ahyperbaricfacility. | prefertocall
it that rather than achamber, because| believe werequirea
multiplace chamber, with transfer under pressure (TUP)
facilities, which allows the patient to be wheeled in and
which hasfacilitieswhichalow intensivecare. | believewe
also need amonoplace chamber. Thereisgreat polarisation
of views about monoplace chambers. In the United States
thereisavery prestigiousunit whichisentirely composed of
arow of monoplace chambers. The physiciansworking in
this unit say that they are completely satisfied with their
equipment and that a row of monoplace chambers is quite
adequate. Having seen these units functioning one realises
that the people who work in them become very expert at
handling difficult situationswith the patient remotefromthe
physician and where “hands on” treatment is not possible.

Our basic premise isto have a chamber with a door
wherewe couldroll our patient in on atrolley and wherewe
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would be abletofit at least four trolleys. One of thereasons
we have to knock back people because of the difficulty of
having to lift them in and out of that small chamber.

A four bed multiplace chamber would be quite ade-
quate for us. | mean four people lying down. | am fairly
paranoid about patients being ableto recline or lieflat in a
chamber. | think posture in the chamber is extremely
important and alot of damage can be doneif people are not
properly postured during their treatment and the attendant
can end up having trouble, as happened in one situation in
America

I'n addition to amultiplace chamber with TUP facili-
ties and a monoplace chamber, we need a transportable
chamber with TUP facilities. The entire state of Tasmania
inrespect of diving isnow awarethat transfer under pressure
facilities are needed. If by some good fortune we acquired
aDuocom or Paracel chamber tomorrow, it would be quite
usel essto usbecausewecannot lock it onto our chamber. So
if we did receive a patient in a portable chamber we would
bein theincredible situation of having to return that patient
to one atmosphere pressure, that is run the risk of serioudly
damaging that patient, before being ableto placethe patient
in our chamber.

Australian Standard 2299, up until perhaps a year
ago, could be regarded as guidelines and recommendations.
Theduty of care onthe part of the employer ishardening up
quite considerably. The Police Department has been very
quick to recognize this and have taken very energetic steps
to alert our government to this. Other departmentsalso are
aware of it. Tasmanian Sea Fisheries, who employ divers,
are aware of this and | am quite sure are keen to see a
hyperbaric facility becoming available.

A facility which has both monoplace and multiplace
facilities has a potential for very large cost saving. The
important aspect of having a monoplace chamber isthat as
the unit gets up and running it isafacility that can easily be
added to. One is not looking at doubling the cost to buy
another unit because a sizable proportion of the cost of the
first unit is the oxygen control unit which can serve more
than one chamber. Two chambers, multiplace and mono-
place, running in parallel would be agreat saving of people
having to go into the chamber on adaily basis and the cost
effectiveness of that is quite considerable.

If weinstall ahyperbaric facility with intensive care
capabilities, | believe that in the end it will be very cost
effective. | can point to some studies from Americawhich
havelooked at cost effectiveness. Therearesomeabsolutely
untouched areas such as the compartment syndrome where
we should be looking at treating acute cases far more
serioudly. Thisisagainabacking up argument for our claim
for further finance.

We have situations here where patients occupy hos-
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pital bedsfor ages, when they could be out of hospital much
quicker after hyperbarictherapy. Evenour primitive* guess
thetimeto healing” index shows this quite clearly. Nearly
al of our clinicians who deal with these patients have
become aware of the benefits of hyperbaric therapy over the
last few years.

| emphasise again we will need to have proper
staffing. If wehaveproper hyperbaricfacilitieswewill then
just have to have a more generous staffing arrangement so
that we can supply a better service.

The above has been adapted, by the SPUMS Jour nal
Editorial Saff, fromthetranscript of alecture presented at
a meeting on Hyperbaric and Diving Medicine, sponsored
by SPUMSand the Royal Hobart Hospital, 4th - 6th Novem-
ber, 1988, at the Royal Hobart Hospital, Tasmania.

Dr Peter McCartney's address is P.O.Box 1317N,
Hobart, Tasmania 7001, Australia.

CRITICAL CARE
INTHE HYPERBARIC CHAMBER

lan P. Unsworth

Introduction

Some of the indications for hyperbaric management
includedlightly over 50% of casesthat requireintensivecare
nursing, either before or after hyperbaric oxygen (HBO)
treatment. It seemsillogical to have a patient in intensive
care or critical care very well monitored, well ventilated,
well looked after and then, for aperiod of two hours, takethe
patient off all those monitors, off the ventilator and pushed
through a fairly small orifice into a small chamber for
hyperbaric oxygen. What then do we need? The manage-
ment of critically ill patients in a recompression chamber

Tablel

CRITICALLY ILL PATIENTS
SUITABLE FOR HYPERBARIC OXYGEN.

Gas Embolism
Severe Infections
Trauma
Poisonings
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must be exactly the sameasin an Intensive Care or Critical
Care Unit, except that it is under pressure. The chamber
should be an extension of the critical care ward, both in
equipment and, equally important, in staff. | believeit is
absolutely vita to have adequate and appropriate staff for a
chamber. No matter how good the equipment, if onehasnot
got peoplewho are accustomed to using it, then it is usel ess.

Chamber requirements

What are the chamber requirements? Obvioudly,
apart from pressureand it isalways niceto have avery high
head of pressureavailable, one needsfacilitiesfor resuscita-
tion and continuing resuscitation, for ventilation and the
intravenous administration of agents. Medicinal drugsmust
be available. Some carbon monoxide patients can be very
agitated, infact manic. If oneshutsthese sortsof patientsup
in a chamber, they can do severe damage to property and
personnel, so one needsrestraintsand restraints often can be
in the form of pharmacologic material. Thirdly, one needs
adequateand sufficient monitoring facilitiesin the chamber.

| like the idea of using a monoplace chamber for
elective, non-serious, patients who can look after them-
selves in the monoplace situation. | do not espouse the
concept of putting critically ill patientsinto achamber of this
nature, even though there are unitsaround the world that do.
Oneis separated from the patient, who may be unconscious
and who may be on a ventilator, by 9 mm of plexiglass.
Thereisnothing worsethan standing by, unabletointerfere,
towatch one' spatient fit, vomit and inhale. Oneknowsthat
the only way is up and that indeed could be down for the
patient. The monoplaceisfine but for fit patients only.

The chamber that one needsfor critical care patients
isachamber with plenty of space, certainly enough for the
patients to be lying down on trolleys. A family of carbon
monoxide poisoned patients was brought to Prince Henry
Hospital. There were six patients and we were rather
fortunate because we could put all six into the chamber
simultaneously. So | suggest to anyone that one have abig
chamber and then one can deal with big families.

Patients

The tableabove shows the types of critically ill pa
tients who might benefit from HBO. Thereisavery wide
range. | havejust selected afew of thesein thistable. All
diversarefamiliar with gasembolism from diving. In many
people sminds, thisisthe only cause of gasembolism. Itis
not and it is by far and away the rarest of all forms of gas
embolism. Severe infections, both anaerobic and mixed
anaerobic-aerobic infections certainly can produce criti-
caly ill patients who, if they are treated with hyperbaric
oxgyen, need exactly the same monitoring and management
in the chamber that they have in the intensive care ward.
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Terrible trauma occurs from motor vehicle accidents, from
climbing accidents or from falling accidents and crushing
injuries. If thepatient hassomething of the nature of anacute
compartmental syndrome, then the patient must be moni-
tored and looked after accurately inthe chamber. Toturnto
the poisoning. In thissymposium there have been two very
el oquent presentationson carbonmonoxidepoisoning. These
indeed arethe most common of the poi sonings, but one must
not forget the other two needing HBO therapy, hydrogen
sulphide poisoning and cyanide poisoning. In both cases
they certainly need intensive care monitoring and ventila-
tion during their chamber sojourn.

Gas embolism

| have divided gas embolism into two, hormobaric
and hyperbaric. Gas embolism can occur from investiga-
tionsin hospitals, operative proceduresin hospitals and not
an insignificant number occur from cardiopulmonary by-
passsurgery. If the Royal Hobart Hospital isintent ongoing
into cardiopulmonary bypasssurgery, thenitismandatory to
provide a well recognised means of managing the gas
embolism occurring from the pump. Trauma certainly can
produce normobaric gas embolism, and in my experience a
number of cases of chest trauma from penetrating instru-
ments have resulted in gas embolism.

The other type of gas embolism with which one is
more familiar, is the diving or decompression accident
which can occur out in open water, in other chambers, or
perhaps (one hopes not) even in ones own chamber. If one
causesan injury to apatient or staff member, then of course
oneimmediately turns around and treats the injured person
in that chamber.

The non-diving aetiology can be quiteimmense. In
fact there are about 43 ways of getting arterial gas into the
circulation. Theproblemisthat hospital saroundthecountry
are very reluctant to recognise that gas embolism has oc-
curredintheir patients. Doctors, both medical and surgical,
know very littleabout air embolism, and certainly in Sydney
the only hospital that ever seemsto produceair embolismis
PrinceHenry! | believeit isbecause we recognisethe cases
when they occur whereas the other hospitals in Sydney do
not. Gas embolism is certainly an important case |oad.

Severeinfections

What about severeinfections?. Myonecrosis, both
clostridial and non-clostridial, is life threatening and cer-
tainly can be helped markedly with hyperbaric oxygen. In
the mixed infections, necrotising fasciitis and the progres-
sive postoperative gangrene, if one has hyperbaric facilities
then they should be used. If the facility is not immediately
availablethenitis, asit were, optional. Onedoesnot transfer
patients long distances to get the benefit of hyperbaric
oxygen in necrotising fasciitis, for example. The manage-
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ment is radical surgery and antibiotics. Thisis the type of
patient which | imagine onewould be using the chamber for
here.

Other conditions

Crush injury, compartmental syndrome, and acute
spinal trauma are experimental at the present time). How-
ever, we have been using hyperbaric oxygen for these for
fiveor six yearsat PrinceHenry Hospital. | amtold by spinal
colleaguesthat thereis certainly evidence hyperbaric oxy-
gen used adjunctively has long term benefit. So | am
continuing to treat their patients as requested but there are
certain criteriawe apply.

What istherationale, very briefly, for HBO in spinal
injury? Inthe centre of the cord one can conceivethat there
isasegment of dead cord, that isirretrievably damaged. On
either side of this proposed dead section there is a zone of
hypoxia that is reversible. There may be small vessd
thrombosis, oedema and vasospasm that renders this area
nonfunctional. If onecanreoxygenatethisarearapidly after
injury, one may well push through oedemaand vesselsthat
are till patent sufficient oxygen to restore function in these
areas. Thepatientisleft withmuch smaller zonesof residual
neurological damage. | think that this does have value and
we are continuing to use hyperbaric oxygen for these inju-
ries. If inthefuturethis comesto be accepted as an adjunct
for acute spinal trauma, then one may well be asked at the
Royal Hobart Hospital to manage cases of cervical or tho-
racic spina traumain the chamber. There will have to be
plenty of room with some of these patientsbecausethey are,
or may well be, on neck traction or skull traction, and one
will needthat littleextraspaceto hangtheweightsoff theend
of the bed. Another reason for plenty of room in any
proposed chamber.

In crush injuries and ischaemic limbs hyperbaric
oxygen is of adjunctive value. Once restoration of blood
flow has occurred surgically or by whatever means these
cases can and should be treated with hyperbaric oxgyen.
These sick patients may have other injuries besides just
crushed limbs.

The other speakers have said sufficient on carbon
monoxide this morning. Remember that it isthe combina-
tion with haemogl obin and myoglobin that reduces oxygen
carriage and with the cytochrome oxidase A3 in the brain
and other tissues that reduces energy production. It isthe
cytochrome involvement that gives the clinical manifesta-
tions of nerve damage, not the haemoglobin involvement.

Management in the chamber

Very briefly about the management of some casesin
the chamber, getting down to the nuts and bolts of chamber
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management with acute critical care patients. One has
several systemstotakecareof. Firsttherespiratory system.
One hasto make adecision, does the patient need intermit-
tent positive pressure ventilation, or can the patient breathe
spontaneously. Alongwiththat of course, the patient should
be intubated. One can have intubated patients breathing
spontaneoudly in the chamber, and know that they are
getting very high concentrations of oxygen.

Many years ago when | had more time, money and
sense | was doing animal experimentsin the chamber. We
werelooking at full scan EEGsin the pigs breathing hyper-
baric oxygen, intubated but breathing spontaneously with
the CO, absorber on, to see what happened when they were
at high oxygen pressures. In fact they did exactly the same
as humans do, they fitted.

Thetightest masksare certainly knownto leak. One
may only be in fact giving the patient about 97% oxygen
because of leaks around the mask. Intubate the patient and
one knows there will be no lesk and that they are getting
100% oxygen. Carbon dioxideabsorptionisvery important
because arise in arteria carbon dioxide leaves the patient
open to the central nervous system problems of oxygen
toxicity by causing cerebral vasodilatation and increased
cerebral blood flow. Itisvery important to keep the PCO2
down. The use of oxygen in chambers requires a good
scavenging system. If one alowsthe oxygen percentagein
the chamber torise, oneiscreating atotally unnecessary fire
hazard. So the patient’s oxygen must be vented overboard.
Whenbeing ventilated, somecritical carepatientsmay beon
positive end expired pressure (PEEP). At a constant pres-
sure, or constant depth, thereisno problem, but whileduring
ascent, thePEEPmust bereduced. Infactit must beremoved
because cases of burst lungs from the maintenance of PEEP
during ascent have been recorded. PEEP during ascent is
dangerous and should never be used.

Cardiac Arrest

Another systemthat certainly needscareisthecardio-
vascular system, the monitoring of which we will look at
shortly. I have often been asked what happensif the patient
has a cardiac arrest under pressure while breathing hyper-
baric oxygen. One managesthe arrest just asonewould in
intensive care or critical careward. If the patient requiresit
one usesthe defibrillator. People have asked whether there
is an unacceptable risk of ignition in the chamber. It isnot
particularly high, certainly there are no problems. The
humidity isusually very highinchambers. If the patient has
gone into ventricular fibrillation then certainly one must
defibrillate.

Oxygen toxicity

Central nervous system (CNS) toxicity manifested



SPUMS Journal Vol 19 No 4 October to December

by fitsisapossibility, so obviously the patient will have to
be closely watched to observe the onset of oxygen toxicity
signs such as lip twitching, small muscle twitching and so
on. Anaesthetics can be given in chambersusing aBoyle's
machine with a carbon dioxide absorber.

Equipment

A number of ventilatorsat the Prince Henry Hospital
can beused under pressure. TheBird, Mark V11 workswell,
but there are other ventilators which work satisfactorily
under pressure. | haveused aCampbell to ventilate agoat at
200 feet with the goat surviving. Some of these ventilators
are satisfactory for work at quite high pressures such asthe
Monaghan and the Manly.

If one does not have aventilator in the chamber, one
canventilateapatient with by hand. Inmy experience of the
three self inflating bags, the Air Viva, the old Ambu bag and
the Laerdahl, only the Laerdahl isany good inachamber. It
isalwayswise, with aventilator inthechamber to haveabag
aswell as abackup system because ventilators have a habit
of suddenly malfunctioning at the worst possible time.

One can use a closed circuit absorber system. The
absorber isto extract carbon dioxidefrom thecircuit. How-
ever this circuit should never be used on patients poisoned
with carbon monoxide because carbon monoxide comes out
the same way that it goesin, which isthrough thelungs. If
the patient who is poisoned with carbon monoxide is on a
recirculating circuit heisexcreting carbon monoxidewhich
isthen rather carefully put back into the inspired gas.

Monitoring patients isdonein exactly the sameway
in the chamber asin the intensive care ward. One must not
use mercury manometers as mercury vapour is toxic and
mercury if spilt is ailmost impossible to remove from the
chamber. One can use aneroid manometers. One caninsert
an intra-arterial cannulae and read the blood pressure in
exactly the same way, through atransducer, asinintensive
care. Thereisno problem whatever. Monitor the patient’s
electrocardiogram by whatever means one likes. Thisis
important because arrhythmias can sometimes occur in
hyperbaric oxygen. One can monitor the patient from
outside, or have amonitor inside with the attendant. Inthis
case the monitor must be battery powered as no 240 volts
mains electricity is permitted in a chamber.

Although | was doing EEGs for a large number of
carbon monoxide patients in the early days, | now do not
routinely monitor EEGs. The trace is always very good
because the patient isin ashielded environment. If thereis
the appropriate plug through the chamber wall, then EEGs
on patients are technically good quality.

The Datascope works very well under pressurefor a
simple ECG and pulserate. It can go in with the patient or
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one can have bigger monitors outside. We havetried other
monitorsin the chamber. The Datex Cardiocap is hot very
good under pressure, whereas the Kontron works much
better. The Minimon works quite well and one can use that
for pressures as well if one so desires. The Life-Pak 6
defibrillator can be used in a chamber if the hot wire ECG
component ontop can beremoved. Thehot wirecomponent
is a potential for fire under increased oxygen tensions.
However it can be removed and the defibrillator component
alonetaken in. Then it is not a synchronised defibrillator
becausethereisno ECG, but that does not matter if fromthe
monitor one seesthat the patient isin asystole. One hasthe
paddles and one charges up the defibrillator and just hitsthe
patient as one would anywhere else. Thethought of fireis
least in one’ s mind, one wishes to save a patient’slife.

In the chamber there is really no problem or reason
why ordinary intravenous infusion sets should not work
well. There are closed air spaces, but one can adjust these
with changing pressures. The ordinary drip set works
perfectly well provided it is looked after. Power driven
intravenouslinescanbeused. Evenlittlesyringepumpscan
work well down to 12 m (45 feet) or so. The IMED is
perfectly acceptable for giving inotropes to a very sick
patient.

There are some very, very good bubblefilters avail-
ableand these should be put on all intravenouslinesbecause
the introduction of bubbles into the circulation at pressure
will cause problems on ascent. Closed systems of fluid
administration are much better than open. Plastic packs of
blood and other fluids are readily available which do not
have to be vented, they just collapse.

Urine measurement isusually donein intensive care
and there is no reason why it should not be done in the
chamber aswell.

Chest drains occasionally crop up with prior pneu-
mothoraces or if the patient has had thoracotomies or pneu-
monectomies. The management of these is no particular
prablem. Always make sure however that the chest drains
are open to atmosphere during changes in pressure, either
ascent or descent.

Staff

Very occasionally one might have problems with
staff. Sometimesthe medical staff are very reluctant to get
into the chamber, but | think that once the chamber is
organised within ones hospital, onewill find alot of doctors
creepingaround and havingalook at thisthinginavery quiet
way. They have heard about it. That isthe opportunity to
really stimulateadesirein these young peopleto gointothe
chamber and be an attendant, with a member of the trained
nursing staff, and look after patients. The nursing staff are
the vital component of any hyperbaric unit. They are
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literally worth their weight in gold. They must beintensive
caretrained. | have no doubtsabout that whatsoever. There
are no worries about putting any critical care patient in the
chamber when the staff are ableto manageall the equi pment
without any problems whatsoever. Trained staff, critical
caretrained and perhaps scubadiversaswell arewhat makes
aunit.

Recommendations

| must reiterate several items. If ahospital accepts
that hyperbaric medicine has ausein the hospital, thenitis
vital, if not mandatory, that satisfactory equipment is pro-
vided, that the chamber or chambers are big enough and are
adequately equipped and are adequately staffed.

The above is an edited transcript of a lecture on
Critical Care in the Hyperbaric Chamber given by Dr.
Unsworth at ameeting on Hyperbaricand Diving Medicine,
sponsored by SPUMSand the Royal Hobart Hospital, 4th -
6th November, 1988, at the Royal Hobart Hospital, Tasma-
nia.

Dr lan P. Unsworth's address is the Hyperbaric
Unit, The Prince Henry Hospital, Anzac Parade, Little Bay,
New South Wales 2036, Australia.

MINUTESOF THE EXECUTIVE COMMITTEE
MEETING
Held on 5th November 1988 at Hobart

Present

Drs A Slark (President), D Davies (Secretary), G Barry
(Treasure), D Walker (Editor), C Lourey, P McCartney, C
Acott (Past President) D Gorman, PChapman-Smith (Chair-
man NZ chapter) and J Knight.

Meeting commenced at 1415.
1 Minutes of the last meeting
The minutes were read by the Secretary.Acceptance
moved Dr JKnight. Seconded Dr C.Acott. Carried.
2 Mattersarising
21  The President was to write to various registration

bodies informing them of the SPUMS Diploma of Diving
and Hyperbaric Medicine. This has yet to be done.
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2.2  Travel insurance for SPUMS conferences was dis-
cussed. It was noted that the GRE Company will not cover
retrieval for diving accidentsbut QBE will. The Committee
recommendsthat insurancebepurchased by all attendingthe
conferences but it must remain the responsibility of the
individual member.

2.3  Thearticlein“Chest” of December 1987 wasfurther
discussed. Therehasbeenabigresponseinthel etterstothe
Editor and aletter has been accepted from the Hyperbaric
Unit at Royal Adelaide Hospital. Members are recom-
mended to seek out the article and follow its progress
through the letters column.

2.4 Theresults of the Incorporation plebiscite were ac-
cepted by the Committee. Motionwas put by the President,
seconded by Dr Knight that “the Committee undertake
appropriate measures to proceed with Incorporation of the
Society”. Passed unanimously. Dr Lourey will contact the
Solicitors on our behalf.

3 Correspondence

31 Journd

3.1.1 Dr JWilliamson proposed formation of Edi-
toria sub-committee and made other meritorious sugges-
tionsabout the Journal. Dr Williamsonwill beaskedtojoin
the enlarged sub-committee with the possibility that it be
enlarged further as required.

Moved by the President. Seconded Dr P.McCartney.
Carried.

3.1.2 Advertising policy for the Journal hasnot yet
been discussed. This has been postponed sine die.

3.2  Dr JMcKee transmitted a request from the Mana
Island Resort Rugby Team for sponsorship in the way of
Rugby Jumpers. These would cost $50.00 each and they
require at least 17. The committee felt that it was not our
policy to support asingle tourist organisation.

3.3 Mediclinic International Conventions are holding
conferences at several venues along the Great Barrier Reef.
They request videos on medical aspects of diving and alist
of doctorswhowould givetalksabout divingmedicine. The
Secretary wrote requesting further details but has received

no reply.

34  DrYehudaMeamed hasrequested publicity for the
XVth Annual Scientific Meeting of the EUBS which is
being held in Eilat from the 17th to 23rd September 1989.
TheEditorial sub-committeeagreedtoadvertisethemeeting
in the Journal.

3.5 TheExecutive Director of UHMS hasinvited mem-
bers of SPUMSto the UHM S Annual Scientific Meeting to
be held in Honolulu from the 7th to 11th June, 1989. This
follows on the week after the SPUMS Conferencein Vila.
Connecting flights can be arranged either via Sydney or
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Nadi. Secretary will write to Dr Greenbaum.

3.6 A copy of theminutesof thelast CMASMeetingwas
received as well as notification of the next International
Congressof Diving Medicinewhich will beheldin Martin-
ique (West Indies) from April 29 to May 7. Topics to be
discussed include fitness to dive, cave diving, dangerous
marine animals, initial treatment for diving accidents and
decompression computers.

4 Other business

4.1  SPUMS Diploma of Diving and Hyperbaric Medi-
cine.

A group of doctorsactiveinthisfieldin Australiaand
New Zealand hasbeeninvited by the Committeeto apply for
thisDiplomaunder a“ Grandfather Clause”. Thisgroupwas
proposed by the Censors and ratified by the Executive. It
was stressed that all future applicants will be required to
fulfill all thenormal requirementsfor the Diploma. Thetotal
list of holdersof theDiplomawill be publishedintheJourna
at alater date.

4.2 1989 Annual Scientific Meeting.

Dr Lourey reported that thefacilitiesat Le Lagon, at
Port Vila were excellent and the conference will be held
from May 27 - June 3rd, 1989. Dr JHow of Singapore and
Dr M Davis of New Zedand have agreed to be guest
speakers. Members are reminded that malariais endemic
and appropriate prophylaxis is strongly recommended.

4.3 1990 Annual Scientific Meeting.
This was discussed. The Secretary will enquire
further. Dr Lourey will contact Dr G Atkinson.

44  Membership.
It was decided that the Secretary report to each
Executive Meeting on the state of the Membership

45 Manaldand Incident Reports.

45.1 Dr Acott reported the results of the survey
conducted at Mana Island. These reflect badly on the
standard of diving at the Conference.

4.5.2 DrWalker proposesto expand the operations
of Project Stickybeak toincludediving incidentsrather than
just diving deaths. A databank isbeing designed which can
be used to glean statistical information on diving incidents
and accidents but which will maintain anonymity of the
participants. An appropriate form is being designed at the
moment.

4.6 New Zealand Subscriptions.

Therehasbeenal oosearrangement between SPUM S
(NZ) and SPUMS with regard to the transfer of subscrip-
tions. In future SPUMS (NZ) will transfer the balance in
July each year and tender a balance sheet for ratification by
the Executive.

4.7 Diving Medical Forms.
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Atacombined meeting between PADI, FAUI and Dr
Gorman, modifications to the AS2299 form for diving
medical examinations were agreed. The Secretary will
distribute copies to all members of the Executive for their
comments.

Meeting closed at 1720.

MINUTESOF THE EXECUTIVE COMMITTEE
MEETING
Held on 1st April 1989 in the Sando Room,
Royal Adelaide Hospital

Present

Drs A Slark (President), D Davies (Secretary), D
Walker (Editor), JKnight, P McCartney, D Gorman and C
Lourey.

Apologies
Drs C Acott (Past President), G Barry (Treasurer)
and P Chapman-Smith (Chairman NZ Chapter).

Meeting commenced 1335.

1 Minutes of the previous meeting

TheMinutesof the previous meeting werediscussed.
Alteration was made to Section 5.8.

Moved Dr J Knight. Seconded Dr P McCartney.
Carried.

2 Businessarising

2.1  Incorporation.

2.1.1 Letter received from the lawyers requesting
details of the Society’s formation and history and the ap-
pointment of a Public Officer. The responsibilities of the
Public Officer were discussed and Dr J Knight was ap-
pointed to this position, as he had served de facto in this
capacity for some years now.

2.1.2 TheStatement of Purposesand proposed Rules
of the Soci ety werethen discussed in detail and amendments
were made accordingly. These will be transmitted to the
lawyersfor incorporation into the rules prior to submission
to the Corporate Affairs Commission.

2.1.3 Alterations were made to Section 8, Section
10, Section 12, Section 13(c), Section 22(a) and Section
24(i).

2.1.4 The amended rules and Statement of Pur-
poseswill beprinted and, if possible, presented for approval
at the AGM in May.

2.2  Editoria Committee.
2.2.1 The Deputy Editor has formulated a list of
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costsfor advertising in the SPUM S Journa. Diving organi-
sations and drug companieswill be approached with aview
to their buying advertising space.

3 Correspondence

31 The Secretary has written to all Medical Boards
in Australia notifying them of the SPUMS Diploma of
Diving and Hyperbaric Medicine (Dip. DHM). Further
correspondence will be undertaken by the Secretary to
clarify the status of the Diploma.

3.2 DrL Greenbaum.

3.3 Dr M Davis.

3.4  Drl Unsworth.

35 DrM Vliadica

3.6 Maediclinic International Conventions.
3.7  Standards Association of Australia.
3.8 DrY Melamed.

4 M ember ship

4.1  TheSecretary presented the namesof 14 peoplewho
had applied for membershipand 5who appliedfor Associate
Membership. These were accepted.

A list of 51 members and associates who remain
unfinancial at the 31st of March, 1989 was presented to the
Meeting. These people will be removed from the mailing
list.

The total membership of the Society now stands at
880 of whom 635 reside in Australia and 158 in New
Zealand.

5 Other business

5.1 Hobart Seminar Expenses.

5.1.1 The President requested information on any
correspondence requesting financia support for the Semi-
nar heldinHobart and any previousMinuteby the Executive
on financial support for such a meeting.

5.1.2 TheSecretary stated that hehad expressed his
support for themeetingand hadinformed Dr M cCartney that
previous seminars had received some support.

5.1.3 Dr McCartney stated that he had included his
personal expenses as he understood the Treasurer to have
requested it.

5.1.4 Thebudget wasdiscussed and Dr McCartney
was requested to provide further clarification to the Treas-
urer before any payment could be made available.

5.1.5 The Committee agreed that in future, no fi-
nancial commitment can be met by the Society unless it
receives prior approval by the Executive.

52  Standards Association of Australia.

5.2.1 The Secretary had received correspondence
from the SAA requesting representation on a committee to
formulate revision to the DR 88026 standard. It was ex-
plainedthat meetingswoul d beheld approximately 6 monthly,
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usually over 2days. Dr JKnight had offered hisservicesand
was appointed as the SPUM S representative. Any sugges-
tionsand alterationsfrom members should bedirected to Dr
Knight.

5.3  Annua Scientific Meeting.

5.3.1 Port Vila 1989. Organisation of papers is
progressing but thereis still room for more papers.

5.3.2 Collapseof the NSCA (Vic Div) hasresulted
in severa speakers being unable to attend.

5.3.3 Venue for 1990. Several destinations were
discussed as was the need, in light to the current economic
climate, to hold a meeting at a cheaper venue.

5.3.4 The Executive expressed its disquiet about
the costsof toursorganised by AllwaysTravel. Quotesfrom
other travel agentsfor thesameor similar packagesrevealed
significant financial savings. In future, quotes will be
obtained from several travel agents.

5.4  Failure of the NSCA (Victorian Division).

5.4.1 The Committee discussed the potential cata-
strophic consequences of the collapse of the NSCA. Cur-
rently the DES network is receiving about 1000 calls per
year forwhichRoyal AdelaideHospita (instraitenedcircum-
stances) is now paying.

5.4.2 TheCommitteewill writetothe Premiersand
Ministers of Health in those states affected by the NSCA
collapse, expressingitsdisquiet about the potential interrup-
tion to diving retrievals and hyperbaric therapy.

5.4.3 The Committee decided that a donation be
made to the RAH directed specifically to the telephone bill
for maintenance of the DES service. The donation amount
was fixed at $500.00.

55  Annua Subscription.

5.5.1 TheTreasurer hasexpressed hisunease at the
current financial situation. In his absence the Committee
discussed the subscription and compared it with similar
organisations. It was agreed that an increase was required
and, it would berecommeded tothe AGM that thisshould be
$15.00. The Committeenoted that thelastincreasehad been
in 1986 and, by making areasonabl e adjustment now would
probably obviate further change for a significant period.

The Meeting ended at 18.40.

DIVER EMERGENCY SERVICE
Callsreceived by the Royal Adelaide Hospital
Figuresprovided on June 1st 1989

The total number of calls to the Diver Emergency
Servicereceived by the Intensive Care Unit, Department of
Anaesthesia and Intensive Care per annum on aspects of
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diving is approximately 1000. They may be categorised
thus:

“008" true emergency calls 400 per annum.
Other less urgent calls

MO’ swith querieson diving medical examinations; persons
with queries on types of tablesto use, etc., etc., etc..
(Thesearereferredto Dr DesGorman’ sofficeif the008line
isused. No detailsaretaken by ICU.) 600 per annum.
Total - 1000 per annum.

The breakdown in termsof |ocation of thetrue“ 008"
cdlsisasfollows:

Queendland 35%
New South Wales 25
Victoria 15
Tasmania 3
South Australia 8
Western Australia 2
Northern Territory 6
Overseas (eg. Fiji) 6

There is a considerable seasonal variation. The
winter sees a marked reduction in calls from the southern
states.

The following letter has been received by Dr John
Knight in reply to one he wrote on behalf of the Secretary
while the Secretary was attending the AGM.

Commonwealth of Australia

Department of Community Services and Health
GPO Box 9848

Canberra ACT 2601

4 July 1989

Dr John Knight

South Pacific Underwater Medicine Society
80 Wellington Parade

EAST MELBOURNE VIC 3002

Dear Dr Knight

The Minister for Health, Dr Neal Blewett, has asked
me to thank you for your letter of 26 May 1989 concerning
funding for the Diver Emergency Service (DES), and to
reply on his behalf.

| am pleased to be able to inform you that under the
National Community Health Program the Minister has re-
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cently approved a grant of $12,500 for the DES operated
from the Hyperbaric Medical Unit, Royal Adelaide Hospi-
tal.

Thegrantistomeet half thecostsof aClerical Officer
(asoriginally requested by Dr Gorman, Coordinator of the
DES) to enhance the education program of the Divers
Emergency Service.

Thegrant will be madeto the Australian Underwater
Federation, and will be administered by that organisation.

Mike Doherty
Director
National Community Programs Section

OBITUARY
Andonis Neofitou, better known as Anthony Newly.

Anthony cameto Australiatwenty years ago having
grown up in, among other places, Malaysiaandthe U.K. At
first he worked for British Airways selling tickets and
learning about the travel business.

[ first met Anthony in 1973 when the Melbourne Port
Division RANR Diving Team was ordered to teach the
newly formed Underwater Instructors Association of Victo-
ria(UIAV) about diving medicine, diving safety and how to
teachdiving. TheUIAV had beenformed after four trainees
had died under instruction in one summer. It was mainly
composed of diving club instructors, and was, as far as |
know, the first Australian diving instructor organisation to
seek help from outside expertise. The RANR Diving Team
taught two courses for the UIAV and on both Anthony was
anoutstanding student. WithintwoyearsFAUI, inVictoria,
had upgradeditstraining programmesandtheUIAV, having
acted as a catalyst, was disbanded.

By 1976 Anthony had | eft British Airwaysand set up
AllwaysTravel. About thesametimel became Secretary of
SPUMS and had to organise the AGM somewhere where
therewas good diving. | wasstruggling with thistask when
Anthony rang and offered to do all the arranging and sug-
gested SPUMS go to Truk. | jumped at the suggestion and
thereafter heand | learnt alot about thetravel industry, hotel
managements, airline competence (or lack of it), dive shops
and their supreme and unrealistic confidence, while we
organised the trip to Truk and back.

From 1977 to 1987 every SPUM S Annual Scientific
Meeting trip was organised by Anthony and usualy to
places where the dive shop needed to get in extra boats or
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tanksor compressors. All who attended these meetingswill
remember Anthony, burnt almost black by the sun, solving
problems, coercing the dive shop into providing what they
had promised, and working hard to see that everyone en-
joyed thetrip.

Not only was he asuperb diving trip organiser, who
devoted many hours a year to SPUMS, but he was a very
successful travel agent. Allways Travel was accepted by
IATA two years earlier than expected so rapidly did its
business increase.

In 1986 Anthony, who had many contactsinFiji from
yearsof sending diversand holiday makersthere, decidedto
leave Allways Travel and set up a diving resort in the
Wasawas. Heand Lindasold up and emigrated with Stefan,
Melanie and Simon. The result was the resort (Dive Expe-
ditions) on Wayaldland, where at first they lived in ahouse
inthe Chief’ scompound, afew yardsacrossthe stream from
thepalmfringed resort withitspalmleaf bures. Inaworking
partnership with the local villagers they were building a
restful, casual, delightful diving resort when the Fijian
government was removed by a military coup and tourism
became a fading memory.

Itisironic that in November 1989 when tourism has
become a redlity again that Anthony should have been
injured by alarge stingray, and tragic that theinjury opened
afemoral artery. Hedied, from blood | oss, afew hoursafter
hisinjury.

Anthony had many sides to his character, afriendly
interesting companion, an excellent diver who used almost
noair, anexcitingmusician, and aloving husband andfather.

| am privileged to havebeen Anthony’ sfriendfor the
past 13 yearsand havelearnt much from knowing him. | am
surethat the SPUM S memberswho knew Anthony will join
meinwishing Lindaandthechildrenaspeedy recovery from
the devastation of his death, and the ability to aways have
their happy memories of him.

| understand that Lindawill continueto runtheresort
while Trevor and John, the Fijian divers who worked with
Anthony, will run the diving. A practical way of helping
Lindawould be to take your next diving holiday at Waya.

John Knight

We reproduce some of a recent newdletter from the
Confederation Mondiale Des Activities Subaquatiques
(CMAS) know in English asthe World Underwater Federa-
tion. Itisgoodto seethat Project Sickybeakisspreadingits
message around the world even if the emphasisis changed
in the process. It is sad to see the report of yet another
spearfishing competition death.
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EXTRACTSFROM THE AUGUST 1989
NEWSLETTER OF THE
CONFEDERATION MONDIALE DESACTIVITES
SUBAQUATIQUES (CMAS)
Commission Medicale et de Prevention

(World Underwater Federation
Medical and Prevention Commission)

Editorial

Dear Friends,
We are pleased to present you the first MPC News
Letter prepared by our friend, Michel Leloup.

This semestrial News Letter, bilingual French/Eng-
lish, will be alink and amean of exchange between us and
our colleagues of the world.

We intend to publish information about the various
aspects of diving medicine, its progress, its discoveries, we
shall also announcethegreat medical meetingsof theunder-
water world and some interesting medical books.

We hopethrough this publicationto be ableto create
dynamicswithin our medical commission and weinviteyou
to write us, to submit texts and to send us your suggestions
in order that this news letter will be an efficaciousinforma-
tion tool.

Dr Marcel Bibas

CM.AS

Thetrue United Nationsof diving, the World Under-
water Federation is composed of 75 countries.

Affiliated to UNESCO, officially recognised by the
IOC, the CMAS intends to develop, teach and co-ordinate
the underwater activities whether of a sporting, technical,
scientific and medical nature.

Provisional Report on Australian Diving-Related
Fatalities 1986

Dr Douglas Walker. Provisional report on Austra-
liandiving-related fatalities 1986. SPUMS J 1988; 18: 42-
53

The South Pacific Underwater Medicine Society
reportsfourteen (14) diving-rel ated fatalitiesthat wereiden-
tified as having occurred in Australian waters during 1986.
Two (2) were breath-hold divers, nine (9) were using scuba,
and three (3) were using surface supply (hookah) systems.

Whilethereisno clear common reason for the scuba
diver incidentstheoneclear fact isthefrequency withwhich
the critical action of the incident occurred at the surface.
Many of the victims had only dlight diving experience
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although some were both trained and reportedly experi-
enced. The hookah incidents indicate some of the dangers
associated with the use of this equipment.

After summaries of cases they are classified with
seventeen different items, though the information is not
alwaysavailable: ageof victim, diveskill level of victimand
buddy, dive group, dive base, dive purpose, water depth,
incidence depth, weight of belt, on or not contents gauge,
buoyancy vest, remaining air, equipment check, equipment
owner, wet suit and significant factors.

Examination of cases reveals many matters which
are of importance in the context of diving safety but major
attention is warranted to two matters in particular, the fact
that a medical factor was so frequently present and the
number of cases where a buoyancy vest failed to save its
wearer.

Certainly a medical examination would not have
predicted all disasters. Thesituation may bethat the number
of peopledivingisnow so great that astatistical expectation
arises that illness-related deaths will occur in sufficient
numbers to invite comment. There must be many unfit
persons undertaking all types of activities and only asmall
number will become fatally ill. It would be helpful in this
context if anincreased attention were givento investigating
themedical history of victims, but thereisahigh probability
that aperson undertaking diving or other potentially strenu-
ous activity will be unlikely to tell others of any symptoms
he suspects might lead them to advise him to refrain.

Of greater importance is the finding that an uncon-
scious person may drown despite wearing an inflated buoy-
ancy vest, afact which is disquieting and deserves urgent
attention. Thereisalsoafact noted previously, that anempty
tank makes scuba-feed vests virtually useless in time of
need. Obvious, but nonethelesshaving real significanceand
likely to be overlooked by wearers until an emergency
sSituation occurs.

OneB.H. caseillustratesthe effect of using unfamil-
iar equipment, inthiscasethevictimwould havesurvived if
hehad thrown away hissnorkel and thought of himself again
asaswimmer rather than someone breathing through ahole.
Theother breath-holdfatality underlinesthesadfact that one
isaloneinacrowd, that supervision of an unregulated group
isnot possible. It isfor such reason that the instructor and
pupil ratio hasto be kept low, particularly in the open water
phase of teaching scuba.

Fatalities among hookah users usually result from
failure of the compressor portion of the apparatus or from a
hose problem of some sort. In these cases there was hose
entanglement and hose separation as well as a cut hose and
compressor enginefailure. A sad collection of reminders of
thecritical factorsdeserving thekeenest attention by hookah
users.

199

Readers are invited to consider what further lessons
they can discover from acareful consideration of these case
histories so that such events never confront them or their
buddies.

At the end of the newsletter the following appeared.
Emphasis has been added by the Journal

Wehavejust beeninformed of thedeath of Didier
Delonca, theson of our Colleague Geor gesDelonca, who
deceased during a spearfishing dive.

Weaddressto Georgesand hisfamily our heart-
felt sympathy.

ARTICLESOF INTEREST REPRINTED
FROM OTHER JOURNALS

WHAT TO DO WHEN YOUR AUTOMATIC
INFLATOR STICKS OPEN

Dennis Graver

If the valve of alow pressureinflator on abuoyancy
compensator or adry suit sticks open, a dangerous, out-of-
control ascent can result with an accompanying gresat risk of
injury. What can be done to minimise the problem with
stuck inflator valves?

The best thing to do, of course, is to prevent the
problem. Proper maintenanceand frequent inspection of the
valve can go along way toward preventing the valve from
sticking. The second way to minimisethe potential problem
isto haveahighlevel of awarenesswhilediving: the sooner
you recognise a problem, the sooner you can deal withiit.

If, despite attemptsto prevent an inflator valve from
sticking, the valve does stick during a dive, here is the
sequence of actions that should be taken.

1 Disconnect the low pressure hose.

Do not fiddlewith theinflator buttonfirst. Vauable
timewill belost while buoyancy isbeingincreased. Simply
unhook the hose, theninspect the button. Evenif theinflator
button can be returned to its normal position, it is probably
not wise to reconnect the inflator hose until the entire
mechanism can be inspected out of the water after the dive.
Continue the dive using oral inflation techniques. (Do you
know how to oraly inflate your BC under water? Low
pressure inflators are used so commonly now that some
divers have not learned oral inflation procedures.)
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2 Maintain control of buoyancy.

If you become positively buoyant from air admitted
to your suit or BC by a stuck low pressure inflator, swim
down immediately as hard as you can while disconnecting
thehose. Usepressureto reducethevolumeof any extraair.
Theshallower youare, themoreimportant thisisbecausethe
rate of change of volume becomes greater the closer you are
tothe surface. Swim down hard, grab hold of something on
the bottom, turn to an upright position and vent any excess
air. Avoidrising passively. Fight to remain at depth.

3 If control islost and you risetoward the surfacein an
ungoverned manner, manoeuvre yourself into a face-up
position and flare your arms, legs and fins to create the
maximum cross-sectional body area.

This will slow your ascent rate dramatically. After
achieving thisposition, attempt to vent excessair. Maintain
anormal breathing pattern and ride out the ascent. Always
disconnect the low pressure hose, even if you have to do it
during an out-of-control ascent. Implement this as soon as
you realise that you will be unable to swim down hard
enough to overcome excess buoyancy. |f you simply try to
swim down all theway to the surface, apoint will bereached
where you will losedirectional control dueto the buoyancy
problems, you will then be unable to achieve the flare
position, and your overall ascent rate will be much greater
than if you had flared earlier in the ascent.

To summarise: the keys then to minimising low
pressure inflator problems are: prevention; quick recogni-
tion and reaction; the ability to overcome excess buoyancy;
and the ability to flare during an uncontrolled ascent.

Dennis Graver, is the Director of Education for
NAUI (National Association of Underwater Instructors)
U.SA.

Reprinted by kind permission of the Editor from
UNDERCURRENT, July 1989, p. 6.

Theaddressof UNDERCURRENT isP.O. Box 1658,
Sausalito, California 94965, USA.

ADVERSE REACTIONSTO SCOP

Scop is a recently released transdermal delivery
system which contains hyoscine designed to prevent symp-

SPUMS Journa Vol 19 No 4 October to December

toms of motion sickness such as nausea, dizziness and
vomiting. Itisintheform of apatch whichisappliedtothe
skinbehindtheear toresultinacontrolled rel ease systemfor
the drug.

Each Scop patch comprises an adhesive layer con-
taining a priming dose of the drug to saturate local binding
sites, and amain reservoir of drug enclosed in asemiperme-
able membrane. This alows for a constant release of the
drug.

The active ingredient, hyoscine, aso known as sco-
polamine, isanaturally occurring belladonnaalkaloid, closely
related to atropine. It has central and peripheral anticholin-
ergicactivity and producesdepression of thecerebral cortex.
It also acts as a hypnotic.

Adverseeffects' of hyoscinearepredominantly those
anticipated from the anticholinergic nature of thedrug. The
most frequently observed adverse effect of the transder-
mally administered hyoscine is dry mouth; drowsiness is
also commonly reported. Transient impairment of ocular
accommodation has been noted and, less frequently, other
adverse CNS effects such as dizziness, confusion, disorien-
tation, hallucinations and memory disturbances.

There have been 10 reports of adverse reactions to
Scop received by the Adverse Drug Reactions Advisory
Committeein theperiod from March 26, 1987 to August 31,
1988. Of these reports, seven have included disorders of
vison. In al cases, Scop was the sole suspected drug.
Reactionsincluded blurred vision (six out of seven reports),
mydriasis, abnormal accommodation, scotoma and retinal
disorder. Therehaveal so beentwoliteraturereports? of the
moreseriousocular disorder, acute angle-closure-glaucoma
associated with the use of Scop.

REFERENCES

1 MimsAnnual 1988, 12th Edition, IMS Publishing, Syd-
ney, Australia.

2 Hamill, M.B., Sudlflow, J.A. and Smith, J.A., Transder-
mal ScopolamineDelivery System (TRANSDERM-
V) and Acute Angle-Closure-Glaucoma, Annals of
Opthalmology, November 1983; 1011.

3 Frauenfelder, F.T., Transdermal Scopolamin Precipitat-
ing Narrow-Angle-Glaucoma, New Engl. J. Med.,
1982; 307: 1079.

Reprinted fromthe Australian Adver se Drugs Reac-
tions Bulletin, March 1989.
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GETTING BENT BY COMPUTER
A diver'sstory

Bill Lovin

Tome, “bottomtimeismoney”. | produceunderwa
ter films and the ability to spend more time on the bottom
trandates into more film shots.

Many of my divesfall into the same profilesasmany
sport divers, that is, Caribbean wall diveswith deep penetra-
tions, and a significant amount of time spent in shallow
water. To maximise my bottom time, | settled on the Edge
andtestedit during 60 divesinthe Caribbean andtheRed Sea
against acalibrated precision depth gauge and the US Navy
Dive Tables. Inall of those sixty dives my computer gave
extremely accurate depth readings while allowing incredi-
bly more bottomtime. | felt comfortablewith the computer
and trusted it completely.

Soon | began shooting for a wreck diving movie.
During one of my dives | suffered decompression sickness
while well within the limits prescribed by my computer.

It is impossible to describe the physical and emo-
tional trauma to someone who has never stared for long
hours at the ceiling of arecompression chamber. My bends
began as a curious sensation in my elbow which | can only
describe as the same feeling | get when | swim over to
another diver and feel thousandsof exhal ed bubblesover my
body. It migrated quickly up my arm and into my shoulder,
whereitjust plainhurt. Thefeelingrangedfrom, atitsworst,
six needles stuck in my arm to, at its best, feeling like |
severely overdid it playing tennis. Additionaly, | felt a
strong tingling sensation in my fingers and an almost com-
pletelossof strength. A canof sodafell out of my handwhile
| was watching it.

At first, | completely denied the possibility that |
might be bent. | lay downwith my feet up and did not move,
but alsodid nottell anyonel felt bad. Theboat triphomewas
threehours, and | just kept telling myself that | had wrenched
my arm and the painwould go away. L ooking back, it seems
ridiculous, but this was serious denial.

Once on shore, | felt better, but the act of getting up
and unloading the gear rekindled the pain. By thistimel had
begun to accept the fact that | might have “minor” DCS.
Only after | wasinthe car heading homedid | tell my diving
companionthat | wassick. Alwaysprepared, shehad carried
oxygenonthediveand| agreed without much hesitation that
| ought to breathe oxygen on the way home (about three
hours).

During the trip home, the pain would get better and
thenworse. Still, | did not even consider the possibility that
| might require treatment.

201

Six hoursafter surfacing and the onset of symptoms,
| washomeinbed. | madeamost uncomfortabledecisionto
call for medical help, something that | viewed asan ultimate
failure.

| liveonly 12 milesfrom Duke University, site of the
F.G. Hall Hyperbaric Laboratory and the Divers Alert Net-
work (DAN). | wascompletely familiar with DAN and had
friendswho worked there, but it was still amazing to methat
when | dialed that telephone number (the emergency num-
ber, whichmadeit even harder), withinminutes| wastalking
with a physician expert in diving medicine.

In less than an hour | was at the Duke University
Emergency Room, met by threephysiciansall arranged with
incredible smoothness by DAN. Thirty minutes later | was
in one of the huge chambers at F.G. Hall Lab with anurse,
while two doctors, a chamber engineer and another hyper-
baric nurse ran things outside. My treatment was accom-
plished in three and one-half hours. Still, it gave me agood
deal of timeto think.

| found myself totally embarrassed by the situation.
It was a Saturday night and | could not help thinking about
what each of these peopleweredoingwhen they wererudely
summoned to work in the middle of the night. When |
walked out of that chamber at 2:00a.m., | still felt somepain.
Itwouldtakeseveral moredaystogoaway, but | knew | done
the right thing in seeking treatment.

My treatment cost was about $1,500, and | got off
light. That 14 minutes of decompression | did not take cost
me roughly $100 per minute. It also cost me agood deal of
anxiety and depression, and a lot of time. For the months
following | wasrequired to have many neurological exami-
nations.

Threemonthslater | still felt theeffectsof being bent.
Deep divesand divesin very cold water rekindle the shoul-
der pain (not asbad, but very noticeable). Threeyearslater
my shoulder only hurtswhenthereisachangeintheweather
or asudden change in temperature, much like arthritis.

When | was in the chamber | thought a great deal
about the dives that led to my being there. Although my
computer had suggested that no decompression was re-
quired after my second dive, the US Navy dive tables
suggested that 14 minutes at ten feet might have been agood
idea.

Perhaps our desire for those extra minutes on the
bottom and fewer minutes on the line has becometoo great.
Today when | divel spend asmuch time hanging ontheline
asonthebottom. I still usemy Edge, but | donot blindly trust
it. | keep closetabsonit and carry abackup Skinny Dipper,
abackup depth gauge, abackup timer, and aUS Navy Dive
table permanently cemented to each of my camerahousings.
| always make sure that the pixel display on the decompres-
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sion computer has moved well away from the “mythical”
danger line before | surface. | will not again become
complacent and overly trusting of any computer.

But | do believe that the use of decompression
computers is valid. There is every reason to believe that
figuring our decompression timeusing so-called multi-level
tables should work. But | suspect that we arein an “experi-
mental” situation where we are the guinea pigs. Nonethe-
less, | believe that a person’s hedth and welfare is that
person’s own responsibility. Unless we are deliberately
deceived then | feel we essentially pay our money and take
our chances by making our own choices based on our own
knowledge and inclinations.

Y oumust never feel embarrassed or reluctant to seek
help following any diving accident. This is no time for
“macho”. | wastold that breathing oxygen probably saved
me from greater problems, there was oxygen on board the
boat, but | was too embarrassed to ask for it. | could have
essentially begun treatment three hoursearlier and, perhaps,
saved myself from even more long-term effects.

Join the Divers Alert Network. DAN is currently
doing exhaustive research on decompression for sport di-
vers, and provides a compassionate and knowledgeable
voiceontheother end of thetel ephonewhen that emergency
happens.

Undercurrent Editor’snote

Bill Lovin ,who is an underwater cinematographer
from Chapel Hill, North Carolina, got bent while on assign-
ment. Theincident occurred nearly three years ago, but the
story continues. We include this as a supplement to our
series on computers and computer diving.

Lovin continues with his cinematography off the
North Carolina Coast and in the Great Lakes, but limits his
depth to a maximum of 150 feet and never misses a stop at
20feet or tenfeet. Hespeaksof hisbendsincidentsto groups
around thecountry, stressing hisexperienceand theneed for
rapid treatment. He also has another insight into his Edge.

“Interestingly, the depth transducer on my computer
failed on thefirst dive | made after being bent. It produced
increasingly erroneousdepthindicationsuntil it wasasfar as
fifty feet off. Is it possible that | was bent because the
computer was using incorrect depths supplied by a faulty
transducer? | would assumethat depth would not haveto be
far off to push adiver intothe‘ danger zone' . It seemstome
that the weak link in the computer can be the depth trans-
ducer (which converts depth information from an analog
form to aform that can be processed by the computer).”
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Reprinted, with minor changes, by kind per mission of
the Editor, from UNDERCURRENT September 1989. page
s12-13

Theaddressof UNDERCURRENT isP.O. Box 1658,
Sausalito, California 94965, USA.

BEYOND EMBARRASSMENT
The musings of an occasional diver

A sailing friend of mine once said that 90 per cent of
what sailors do isto look good for other sailors.

Probably the same comment could be made about
diving. Embarrassmentiscommonly defined as" experienc-
ing a state of self-conscious distress’, but | prefer the
vernacular syllablesright therewithintheworditself: “bar(e)
ass’.

Asanoccasional diver, “bareass’ issomething | too
often experience. | divesix totwelvetimesayear usually on
one or two tropical vacations. And like anything else, after
asix to twelve month layoff, | am a“rusty diver”. | am not
unsafe. | have 13 years experience and am very conserva-
tive. But somethingsthat happen can often makemethebutt
of diver jokes.

Preparation and gear

| liketo use dive gear for aslong asit is serviceable,
which can be forever with proper maintenance. (My equip-
ment works well and | do not dive enough to warrant an
expensivechangeover. Thiscarriesinto other areasaswell.
It caused my preppy wife no end of discomfort when | was
still wearing bell-bottomsinthe80s.) All of my divegearis
atleast 10yearsold, and someof it closer to 15. | did splurge
on a new knife and mask for my last trip. The knife was
inconsequential and the 13-year-old mask worked better
thanthenew one. | am about toinherita“ second generation”
wet suit top from the same buddy who gave me his original
(I cut the arms of f that one because there were unpatchable
elbow holes in the dried-out neoprene). | still use a horse
collar BC. My gaugeconsol eisjury-riggedand| donot have
anoctopus. | pack my gear inan ugly, 20-year-old suitcase.
(No one will steal that at the Miami airport.) Once on site,
| transfer it to anet bag. However, despite the utility, | get
alot of commentsfrom people. “Nobody usesahorsecollar
anymore.” “Doesthat top still keep you warm?’ “What's
the suitcase for?’
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Though | check the gear before | |eave, occasionally
age does show. Thelast timeout, the zipper on my wet top
stuck. | forgot how toclimbthroughall thoselittlestrapsand
intomy horsecollar. Andittook somethought to remember
over which shoulder the regulator should fall (it helped to
watch someone el se hook up hisregulator first), thenit took
acoupleof falsestartsbefore | got mine attached to thetank
correctly. Everyone is helpful, but heads shake. | even
learned of a magic substance to unstick the zipper, spit.

Thediving frame of mind

| accept that | amrusty. To counter this, | review the
basics before atrip and even listen to DAN’ s diving medi-
cinereview tapes. | ask theguidesfor alittle extrawatchful -
ness.

Unfortunately, this often garners as unhelpful re-
sponse: “Doyou havealog?’ (No.) “Listentothelecture
for the people being certified (do not hold your breath, here
ishow toclear your mask).” “Canyouhandlethefirstdive?’
Granted, there are safety concerns being expressed. Yet, |
feel likeit isthe third grade again.

The pace and therace

My life is swift with a serious job, a family (two
children) and numerous other responsibilities. When |
vacation, | want to slow down, to leave the rush of life
behind. Patrick Finley, a San Francisco Bay area writer,
states that the word “vacation ... comes from the Latin “to
vacate, to empty” ... nothing to account for, support accom-
plish ... or justify”.

Y et many of usturnvacationsinto quasi-duties, filled
with schedules and intentions. Everything adiver does can
be subsumed under the phrase, “doit slowly”. Yet, | findthe
pacefrequently set by other diversmorelike my work pace.

Everyone rushes to the boat. They are anxious to
leave the dock. The pace does slow somewhat during the
ride, but once there, it islike Marines landing at Iwo Jima,
“everyonein, moveit, moveit”. Whatistherush? Andonce
in,itisfull borearoundthesite. Thephilosophy seemstobe
“cover themost territory”. Andthetrip homeisoftenarace
acrossthewaves. Pileout, unload theboat, pay thebill. Go.
Go. Go.

| like to follow photographers and let the reef come
tome. On atrip to the Grenadines, it was myself, my dive
buddy and our own sailboat (the two of us!). No herd, slow
down, take your time. After afew dives, | heard, “Areyou
usually thelast off thediveboats?” Andevenwhen| rushed,
it never was quick enough. | started sounding like my four-
year-old son “I am trying, | am trying”.
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Goingdown, comingup (whereistheanchor chain?) and
in between

A big problem is remembering how much weight |
need, and it never seemsto be the right amount (“Y ou look
about 9 pounds’). | let the air out of my BC and watch
everyone else descend while | keep bobbing, the water
barely over my head, getting sick fromthesurge. | findown
like awounded fish. On Bequia, the guide was concerned
and guided me down. Thanks. Theprice: “How long have
you been diving?' “13 years.” More head-shaking.

| suppose part of the thrill is large fish, especialy
sharks. | tendtostay clear, dorsal finsmake meanxious. On
one dive my rapid retreat became a positive signal for my
buddy. When he saw me race out of acave, he knew it was
something he wanted to see (a 12-foot nurse shark with a
head that appeared two feet across).

Surfacing, | have a terrible fear of the open water
swim to the boat. | am an average swimmer and fatigue
somewhat easily. And on occasion, acurrent has madethis
aredlity. Ononedive, after dugging against a current and
being asked twice, from the boat, whether | was okay, |
decided to pack it in. The guide swam the distancein five
secondsand hauled meonboard. Everyonehad achancefor
afewwisecracks. Fortunately for my ego, someoneel sewas
bitten on the ear by aturtle.

On another occasion, whiledrifting toward Africa, |
had five minutes of near panic. The current was swift, the
boat waslost inthe swellsand the guidewas searchinginthe
wrongarea. | clamped onto my buddy and, at hisencourage-
ment, listened to storiesabout how we could survivefor two
days! Wewere picked up 20 minuteslater and, as expected,
my “near panic” received a full (and reasonably gentle)
airing.

Y ears ago, after adivein Hawaii, | had apainin my
toe. A coupleof dayslater, still worried, | confessedthepain
to my buddy, and wondered out loud whether | had been
bent. When the pain returned after the next dive, | learned
that my fin wastoo tight. We both laughed, he morethan 1.

Moral

On my next vacation | will probably repeat some of
the above lapsesand gaffesor create somenew ones. | have
learned that | can avoid someif | figure out my gear before
my first dive. And before each individual dive, | need to
anticipatethetimewearegoing to hit thewater so| can start
getting my stuff together early to respect my own pace.

Reprinted by kind permission of the Editor, from
UNDERCURRENT, October 1989, pages 7-9.
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CONFERENCESAND COURSES

COURSESIN
DIVING AND HYPERBARIC MEDICINE

ROYAL ADELAIDE HOSPITAL HYPERBARIC

MEDICINE UNIT
FEBRUARY 1990

Basic Coursein Diving Medicine

Content: Concentrates on the assessment of fitness of
candidates for diving. Thisis a Health and
Safety Executive (U.K.) approved course.

Venue: Royal Adelaide Hospital, Adelaide.
19 - 23 February 1990.

Cost: $AUS 500.00.

Advanced Coursein Diving and Hyperbaric Medicine

Content: Discussesthediving-related, and other emer-
gency indications for hyperbaric therapy.
Venue: Royal Adelaide Hospital, Adelaide.
26 February - 2 March 1990.
Cost: $AUS 500.00
($800.00 for both courses)

For further information, or to enrol, contact:
Dr. D.F. Gorman, Director, HMU
Royal Adelaide Hospital,
North Terrace,
ADELAIDE,
SOUTH AUSTRALIA 5000.
Telephone: (ISD 61) 08 224 5116.

FIT TO DIVE 1990

28 and 29th April, 1990
Hotel Nelson, Norwich,England

A further weekend revision course for Health and
Safety Executive (HSE) Approved doctorsin the series‘ Fit
to Dive', isto be held next April.

Thethemewill be* Diving Neurology’, atopicwhich
isincreasingly in the spotlight.

How valid, for instance, isthe view that the absence
of clinical signsis all that is needed neurologically to re-
issue afitness certificate?

Dr. lan Calder, HSE, whose autopsy material pro-
videsthe basi c present knowledge and concerns, has agreed
to speak as has Dr. Zoltan Torok, Admiralty Physiological
Research Laboratory, who, in addition to being an occupa-
tional physician, is well experienced in neurophysiology.
Besides other consultants speaking on the investigation of
neurology dysfunction, Dr. Maurice Crosshasalso agreedto
speak and, at hissuggestion, wewill includetheorthopaedic
aspects of fitness to dive since, in practice, this usually
means|umbar problemsin relation to potential neurol ogical
deficits.

Registration fees
Before 31st January 1990
After 31st January 1990

£105
£135

For further details contact
Biomedical Seminars,
7 Lyncroft Gardens,
Ewell, Epsom,
Surrey KT17 1UR,
England
Telephone (ISD) 44-1-393 3318

PULMONARY FITNESS FOR DIVERS

Thursday, 26th April 1990
Birmingham, Alabama, U.S.A.

A one day revision course for HSE Approved doc-
tors. Fitnesscriteriawill bereviewedfor professional divers
in the commercia diving industry and those in the sports
diving industry. Thisyear the focus will be on pulmonary
assessment and laboratory investigations.

The course will be run by Biomedical Seminarsin
association with the
Annual Meeting of the
GULF COAST CHAPTER OF THE UNDERSEA AND
HYPERBARIC MEDICAL SOCIETY
28/29th April, 1990

Details can be obtained from any of the following:
Miss Jane Dunne

Undersea & Hyperbaric Medical Society
9650 Rockville Pike
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Bethesda,
Maryland 20814,
U.SA.

Mrs Karen Reeves,
Biomedical Seminars,
7 Lyncroft Gardens,
Ewell, Epsom.
Surrey KT17 1UR,
ENGLAND.

Miss Lynne Scoggins, R.N.
Hyperbaric Medicine Department,
Carraway Methodist Medical Center,
1600 26th Street,

N. Birmingham,

Alabama 35234,

U.SA.

JOINT MEETING ON

DIVING AND HYPERBARIC MEDICINE

AMSTERDAM
August 11 - 18, 1990
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Hotel OkuraAmsterdamiswithin close proximity to
Schiphol International Airport (15 minutes) and major high-
ways A4 and A10. The hotel is only 10 minutes from
Amsterdam'’ s bustling city centre.

Detailed information regarding hotel accommoda-
tion for participants and guestswill be availablein Novem-
ber 1989.

For further detailsof themeeting contact the Secr etariat
of the Joint M eeting

MrsLidy Schipmdlder-de Bruyn
Academic Medical Centre, G4-105
Meibergdreef 9

1105 AZ Amsterdam

The Netherlands

Tel: (020) 566 5781

Telex: 11944

Fax: 31-30-566 4440

Official Carrier
KLM Royal Dutch Airlines has been appointed Of-

ficia Carrier for the Joint Meeting. KLM officesall over the
world will meet your travel requirements.

ASSOCIATED COURSES

Dr David H. Elliott is preparing a modular pre- and
post-course, meeting the training recommendations of
DMAC and NATA on the Medical Aspects of Diving
Accidents and Illnesses. The plans are as follows:

Xth International Congress on Hyperbaric Medicine

Xth International Symposium of the Undersea and

Hyperbaric Medical Society
XVIth Annual Meeting of the European Undersea
Biomedical Society
Compressed Air Diving.
A practical coursein diving medicine for doctors, at
Den Helder with the Royal Netherlands Navy, 6-9 August
THEMES 1990.

The Medical Management of Decompression |lInesses.
Anadvanced seminar and review, at the Hotel Okura
Amsterdam, 10-11 August 1990.

Oxygen Toxicity
Deep Sea Diving
Shallow water Diving
Decompression Sickness
HPNS Mixed Gas Diving.
HBO Therapy An advanced course for doctors &t the Cattedra di
Technical Aspects of HBO Chambers M edicina Subagueaed | perbaricaand with the co-operation
Nursing Problemsin HBO Environment of the Italian Navy, 20-24 August 1990.
Free Papers
For additional information about thesecourses contact
The Meeting will be held at the
Dr. David H. Elliott, Courses Co-ordinator,

HOTEL OKURA AMSTERDAM Biomedical Seminars,

Ferdinand Bolstraat 333 7 Lyncroft Gardens,
1072 LH Amsterdam Ewell, Epsom,

THE NETHERLANDS Surrey KT17 1UR,
Tel: (020) 78 7111 ENGLAND.
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GLEANINGS
FROM MEDICAL JOURNALS

Thefollowing articleshave cometo the notice of the
editorial staff and these notesare printed to bring them to the
attention of members of SPUMS. They are listed under
various headings of interest to divers. Any reader who
COMes across an interesting article is requested to forward
the reference to the Journal for inclusion in this column.

DECOMPRESSION PROBLEMS

Cerebral perfusion deficitsin dysbaricillness

G H Adkissont, M A Macleod?, M Hodgsont, JJW Sykes!,
F Smith?, C Strack?, Z Torok?, R R Pearson*. Cerebral
perfusion deficits in dysbaric illness. Lancet 1989; ii:
119-121.

FromInstituteof Naval Medicine, Alverstoke, Hants
PO12 2DL*, Royal Naval Hospital,Haslar, Gosport?, Aber-
deen Royal Infirmary, Aberdeen?, and Admiralty Research
Establishment, Alverstoket.

Summary

Decompression sickness (DCS) is usually catego-
rised astype | (mild; peripheral pain, non-neurological) or
type Il (serious; neurological). Type Il is regarded as
predominantly aspinal cord diseasewithinfrequent cerebral
involvement. Cerebral perfusionwasstudied by injection of
*Tc-hexamethyl propyleneamine oxime and single photon
emission tomography in 28 diverswith confirmed incidents
of DCS and cerebral arterial gas embolism (CAGE). Cere-
bral perfusion deficitswere present in all 23 cases of typell
DCSandinall 4 cases of CAGE. No deficitswere present
in the single case of type | DCS. Type Il DCS should be
recognised as a diffuse, multifocal, central nervous system
disease.

Cerebral perfusion deficitsin dysbaricillness.
Lancet 1989 ; ii: 674-5.

(Letter) Wilmshurst P and Nunan T.O. From the
Department of Cardiology, St Thomas Hospital, London
SE1 7EH, England.

(Reply) Adkisson G.H. From the Institute of Naval
Medicine, Alverstoke, Hants PO12 2DL.

CARBON MONOXIDE POISONING

Hyperbaric and Normobaric Oxygen in Acute Carbon
M onoxide Poisoning
Lancet . 1989; ii: 799-800.

(Letter) JamesP.B. From Department of Commu-
nity Medicine, Wolfson Ingtitute of Occupational Health,
Ninewells, Dundee DD1 92Y, Scotland.
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OXYGEN TOXICITY

Biochemistry of reoxygenation injury.
L. Ernster. Biochemistry of reoxygenationinjury.Crit Care
Med 1988 Oct; 16(10): 947-953.

This paper summarizes current knowledge on the
biochemistry of oxygen toxicity in general and ischemia-
reoxygenation tissue injury in particular. The superoxide
radial, hydrogen peroxide, and the hydroxy! radical in cells
can be formed enzymically or non-enzymicaly. Primary
effectsof oxygen radicalsresultinlipid peroxidation, which
isbelieved to beinitiated by a perferryl radical. Secondary
effects are believed to be due to a disturbance in cellular
calcium homeostasis. Reactions and treatment potentials
are highly complex and their effects on cells, tissues, and
organism are difficult to predict. Treatment potentials
include superoxide dismutase, catalase, calcium entry
blockers, iron chelators, xanthine oxidase inhibitors, and
agentsto prevent leukocyteadhesion. Reoxygenationinjury
mechanisms during resuscitation from clinical death can be
studied in animals by evaluating the effects of
antireoxygenation injury therapies and by monitoring free
radical reactions.

Keywords
reoxygenation/ oxygen toxicity/ hydrogen peroxide.

IMMERSION

Theresuscitation of immersion victims.
A.D. Simcock. The resuscitation of immersion victims.
Appl Cardiopulmonary Pathophysio 1989; 2: 293-298.

This paper reviews the outcome of 150 victims of
drowning and near-drowning brought to a district general
hospital close to the sea. The pathophysiology of the
drowning processisreviewed. Patientsweretreated imme-
diately on arrival by a resuscitation team. Respiratory
difficulties were relieved as quickly as possible. Common
problems were hypoxia, hypothermia, acidosis and low
blood pressure. The apparently dead were assessed very
carefully. Theresultsshow an excellent prognosisfor those
patients who had not suffered cardiac arrest before arrival.
There were, however, two survivorsfrom the cardiac arrest
group. Survival ratesin thisgroup will only improveif the
hypoxiais relieved before cerebral damage occurs.

Keywords
near-drowning/ hypoxial cardiac arrest/ death.

SELECTED ABSTRACTS
Reprinted from the Program and Abstractsof the
UNDERSEA AND HYPERBARIC MEDICAL
SOCIETY ANNUAL SCIENTIFIC MEETING

6-11 June 1989
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PORTABLE CHAMBERS

Protocolsfor theuseof portablehyperbaricchamber for
the high altitude disorders.

R.L. Taber.

Department of Emergency Medicine, St. Luke's Hospital,
Denver, Colorado, U.S.A.

Despite a recent explosion in research on high alti-
tudeillness, descent remainsthe definitivetreatment. How-
ever, in apine settings of over 10,000 feet where these
problems arise, immediate evacuation is often impossible.
Recently, a portable, lightweight (7kg) hyperbaric bag has
been devel oped capable of withstanding a pressure of 2psi.
The bag’ s use has been reported anecdotally in the past few
yearsasameansof simulating descent and thereby acting as
a treatment modality. However, no work has been con-
ducted to determine the optimal length of time of treatment
in the bag to achieve resol ution of symptoms and to prevent
recurrence oncethe patient isout of the pressurized bag and
“returns’ to dtitude. Thiswas evaluated at the Himalayan
Rescue Association’ s altitude research clinic at 14,150 feet
in Pheriche, Nepal. At this altitude, inflation of the bag to
2psi effects a descent to 8,200 feet. By providing such
descent, dramatic improvements could be seen with the
symptoms of acute montain sickness (AMS), high altitude
pulmonary edema(HAPE) and cerebral edema(HACE). At
the clinic, patients were evaluated and diagnosed accord-
ingly andthosewith potentially fatal HAPEand HACE were
arranged for immediate evacuation. At times this was not
feasible and these patientswere put inthe bag. Repeat serial
observation of symptomsand recovery reveal ed that with 15
AMS, nine HA PE and seven HA CE patients, timeframes of
two, four and six hoursrespectively wererequiredto provide
resolution of the symptoms with no subsequent complica-
tions or deterioration. The author advocates the role of the
bag as an effective adjunctive and temporizing measure for
the treatment of HAPE and HACE.

PATIENT TRANSPORT

Transportation of the critically ill hyperbaric patient.
Brian A. Youn M.D.* and Roy A.M. Myers M.D.*

* Geisinger Medical Center Danville, P.A. 17822, U.SA.
* Maryland Ingtitute for Emergency Medical Service Sys-
tems, Baltimore, M.D., U.SA.

In the Department of Hyperbaric Medicine at the
University of Maryland, treatment of the critically ill venti-
|ator dependent pati ent with hemodynamic monitoring makes
up asignificant proportion of the patientstreated each year.
Because of the growing concern about transportation and
unique needs of the hyperbaric patient, we prospectively
evaluated transportationinthel CU/hyperbaricpatient. This
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study was a prospective pilot study of 20 transportations of
thecritically ill ventilator dependent patients with hemody-
namic monitoring to and from the ICU. The following
parametersweremonitored: heartrate, respiratory rate, tidal
volume, blood pressure, continuous pulse saturation and
pulmonary artery, central or intracranial pressuresif avail-
able. The pilot study revealed many problemsin utilizing
transport monitoring equipment for hyperbaric patientsprin-
cipaly due to size congtraints. In three of the 20 patients
monitoring detected ventilator malfunction (two patients)
and hypoxemia secondary to pneumothorax (one patient).
Inall three casesmonitoring led to corrective action. Moni-
toring during transportation of the criticaly ill hyperbaric
chamber patient isimportant to provide state-of -the-art care
of these patients. Although problems areinfrequent during
transportation, special monitoring may detect equipment
failure or patient distress that requiresimmediate attention.
Further data and special equipment recommendations will
be presented.

ANAESTHETIC VAPORISERS

Anaesthetic vaporizer performance under hyperbaric
conditions.

JM. Satterfield, G.B. Russell, JM. Graybeal and R.B.
Richard.

Department of Anesthesia, The Pennsylvania State Univer-
sity College of Medicine, Hershey, P.A. 17033, U.S.A.

Underseas projectswith prolonged hyperbaric expo-
sure present special anesthetic challenges when emergency
surgery becomesnecessary. Volatile anesthetic agentssuch
as isoflurane may offer particular advantages in such situ-
ations. The output of volatile anesthetic vaporizers at
hyperbaric pressures have not been rigorously studied.
Henry’'s Law dictates that atmospheric pressure does not
affect volatile anesthetic partial pressure (the factor deter-
mining anesthetic affect). Previous studies conclude that
vaporizer outputincreased under hyperbaric conditionswhen
compared to 1 atmospheric absolute (ATA). Isoflurane
partial pressuresfromaV apor 19.1 vaporizer (North Ameri-
can Drager) were measured by a Perkin Elmer 110 MGA
mass spectrometer at 1, 2, 3 and 4 ATA during varied
mixtures and flow rates of O2, N,O and air. Carrier gas
compositionand/or flow ratesdid not aff ect vaporizer output
of thevolatile agent. Vaporizer output increased linearly in
response to varied vaporizer dial settingsfrom 0.4 to 2.0%.
At >1 ATA vaporizer output was significantly less than
(p<0.5) that at 1 ATA. However, thevariation in output fell
within the normal clinical range of accepted vaporizer out-
put (x20%). Isoflurane can be delivered in a clinically
acceptable range at hyperbaric pressures with presently
available vaporizers.
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PAIN RELIEF FROM INCREASED PRESSURE

Analgesia produced by scuba diving.

Robert P. lacono M.D. and Laura K. Pomerenke M.D.
Dept. of Surgery, University of Arizona Health Sciences
Center, Tuscon, Arizona 85724, U.S.A.

Strenuous exercise, noxious stimuli and other forms
of stress are known to cause release of central endorphins.
Two patients with chronic pain due to spinal injuries expe-
rienced dramatic and consistent relief of symptoms with
scubadiving. The patients, aged 35 and 28, sustained spinal
injuriesduring military servicewithtransient paraparesis14
and 10 years respectively prior to presentation. Each had
undergone operative procedures for spinal decompression
and in one for Harrington-rod stabilisation, but devel oped
chronic back and leg pain which were resistant to both
conservative and surgical management. These patients,
however, experienced incidental pain relief with recrea-
tional scuba diving. In each patient pain relief occurred
immediately after ocean dives below 50 feet (2.5 ATA).
Analgesia persisted for an average of five hours with a
maximum duration of up to nine hoursafter surfacing. This
affect was reproduced on each occasion where diving pres-
sures reached 2.5 ATA or greater, and no habituation or
tolerance occurred following multiple successive days of
repetitive diving. Scuba diving was thus pursued by the
patients specifically for pain control. Scubadiving withits
pressure-induced stresses may be associated with activi-
ation of central endorphinsand provideyet another example
of human stress-induced analgesia. Inaddition, endorphin-
ergic mechanisms may be implicated in some of the thera-
peutic effectsof hyperbaric oxygen treatment, whichwill be
discussed in relationship to proposed models for further
investigation.

DECOMPRESSION SICKNESS

Responsesof decompr ession computer s, tablesand mod-
elsto"yo-yo" diving

M.H. Hahn,

Institut fuer Biophysik & E.M., Med. Einr. d. Uni, Mooren-
str. 5, D-4000 Duesseldorf 1, Federal Republic of Germany.

Edmondsdrew attention to ahabit of multiplerepeti-
tivediving, called “yo-yo” diving: emptying a 72 cuft tank
at about 120fsw, taking asurfaceinterval of 1-2 hours, going
for asimilar dive again a.s.o. for awhole day (eg. on Truk
Lagoon). Alsoinstrutorsbusy all day inteaching andtaking
exams may pile up similar profiles.

Most table reading rules do not forbid this, although
repetitive systems were obviously not designed with “yo-
yo” profiles in mind, let alone chamber testing of such
profiles. Edmonds aready lashed the fact, that the “low-
pass-filter” properties of monoexponential, parallel com-
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partment models, used in some decompression computers
yield no specific “punishment” for thiskind of diving.

The responses of various brands of ' 89-generation
decompression computersaswell astablerepetitivesystems
and published decompression model sto someidealized“yo-
yo" profiles are displayed.

Conservative aspects of dive computer decompression
algorithms.

P.A.Heinmiller.

ORCA Industries, Inc., 10 Airport Way, Toughkenamon,
Pennsylvania 19374, U.S.A.

Recent attention has been given to the fact that most
dive computers alow more repetitive diving and longer
multi-level divesthantheU.S. Navy tables. Littlenoticehas
been taken of the conservative simplicications made to
existingmodel swhenimplemented ascomputer algorithsms,
and to the effects of these modifications upon dive profiles.
The ORCA decompression a gorithm utilizesthe Workman
equations, in the form M =M_+“M * D, where M_ is the
maximum surfacing compartment pressure and 2M is the
increasein allowed compartment pressure with depth. The
conservative aspects come from the selection of constants
M, and M, and the computer’s use of the results of the
calculation. First, M_ values are selected that produce no-
decompressionlimitssimilar tothedoppler no bubblelimits,
rather than the symptom based limits of the U.S. Navy.
Second, theinclusion of slower compartments, inthe 120to
480 minute half-time range, produces less available dive
timethantables, beyondthethird or fouth day of anintensive
schedule. Third, the no-decompression limit is defined as
the time to reach the controlling compartment M_ at depth,
notincludingoutgassing duringascenttothesurface. Fourth,
the use of a*M of 1.0 in Workman's equations to simplify
computer processing produces decompression ceilings that
are 1.5 to 2.2 times deeper than the Navy model for similar
compartment pressures. Fifth, ascent ratesasslow as20feet
per minute, enforced by visual feedback, produce more
controlled ascentsinthefield. Finaly, inthelatest addition
to the algorithm, altitude modification of M produces ac-
ceptably conservative time limits at altitude without reduc-
tion of sea level limits. As aresult of these conservative
elements, over 1.5 million dives have been made on the
ORCA algorithm, with an overall field bends rate less than
that of the U.S. Navy tables.

Further selectionsof abstractsfromthismeeting will
appear in later issues of the SPUMS Journal. The next
Annual Scientific Meeting of the Undersea and Hyperbaric
Medical Societywill bethe Joint Meeting with the European
Undersea Biomedical Society and thelnternational Con-
gresson Hyperbaric Medicineto be held in August 1990in
Amsterdam. See page 205 for further details.



