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EDITORIAL

The first issue for 1991 continues discussion of the
subject of the leading article in the last issue for 1990 with
asurvey from the Diver Emergency Service (DES) based at
the Roya Adelaide Hospital covering the recorded calls
from its inception. Inspite of their best endeavours there
were times when staff shortages and other pressing matters
in the Intensive Care Unit made keeping accurate records
impossible. Therecordswhichwerekept show quiteclearly
what a useful, and indeed essential service, has been pro-
vided by DES to the divers of Australiaand overseas. The
sugestion that international co-operationisreally underway
with ameeting of those responsible for the various national
services is a good omen for the future. There is a great
opportunity for alarge and relaible data base to be built up
about diving accidents and their causes and the most effec-
tive treatments. Thankfully very few units, if any, see
enough divers with serious problems to build up a statisti-
caly vaid data base. International multi-centre co-opera-
tion will alow the building of such a data base.

Thethird instalment completes a study of 100 scuba
diving fatalitiesin Australiaand New Zealand. Thistimeit
is the contribution of equipment faults, not misuse, that is
studied. Onecanonly agreewiththeir conclusionthat“ more
attention should begiventodivingtrainingandtotrainingin
the use of diving equipment.”

The dangers of diving, even to shallow depths, in
dark, dirty and very cold water are clearly displayed in the
price of Tasmanian scallops. Good advice, and clear pic-
tures, about the usefulness of post mortem CT scans is
provided. Once again thereisneed of better diving training
to avoid such needless and avoidable tragedies.

Theinvestigation of Queensland scubadivers’ habits
is continued in the paper from Wilks and O’ Hagan about
their investigation into divers ability to perform simple
repetitivedivecalculations. Theresultsbear out the recom-
mendations of Edmonds and Walker that. training needsto
beimproved. But giventhecommercial imperativeto spend
aslittletimeaspossibleontraining new divers, for otherwise
thedive shop goesout of business, the only way that training
can be improved, which means moretimeis spent training,
isto raisethe price of diving courses. In anindustry which
hastoo many shops, for the potential market to supportina
way that allows areasonable return on the capital invested,
higher pricesfor diving courses will put many shops out of
business. Thequestioniswill it bethe cowboyswho operate
onthe smell of an oiled rag or will it be the saf ety conscious
operators who go to thewall ?

Those members who do “fit to dive medicals’ are
unlikely to agree entirely with the views of Gatehouse and
Wodak. Should remote possibilities of harm and the neces-
sary expensive investigations be discussed with every po-

tential diver ? Will thecommunity really bebetter off ? Will
thediveshopsbebetter off ? Opinionsfromdiving cardiol o-
gistsareobviously needed to inform thedebate. Thereisno
doubt that the lawyers will be involved more often in the
investigation of diving fatalitiesand will perhaps be assidu-
ous in shifting the blame, if any, away from their clients.
Whether thiswill be an advancein the understanding of the
causes of diving accidents and deaths is, at the very least,
debatable. We hope to publish acommentary on the recent
Victorian inquest into four diving deaths in a later issue.

More about the problems of new decompression
tables and of teaching trainee scuba divers how to use their
tables and how to recognise and avoid decompression sick-
ness are contributions from the 1990 Annual Scientific
Meeting. Thoseof uswhoonly occasionally carry tankswill
be glad of the information provided by Dr Barr and her
colleagues. Themessage seemsto beto get someoneelseto
carry your tank ! Andif you cannot managethat useadling.
Never use the commonest grip that is seen around every
diving boat. It isthe one which causes the problems. And
wewill al hopethat we never suffer from the physiological
alterations outlined by Gorman and Helps. While it may
protect thediver fromtheeffectsof air embolisminthebrain
to be aleukaemic, it is hardly likely to be a precaution that
will catch on.

The recommendations from the 1990 UHM S work-
shop on diving accidents make interesting reading as do the
collected statistics, published in NAUI News, of the Aus-
tralasian DES hyperbaric centres work load provided by
divers between 1980 and 1990. Another awaful warning
about the dangers of bolting for the surface completes our
reprinting from the literature.

Theprogrammefor the1991 Annual Scientific Meet-
ing to be heldinthe Maldivesis an interesting one and, now
that the Gulf war isover, it istimeto make arrangementsto
attend, as there are still places available.

The Annual General Meeting is to be asked to ap-
prove some changes to the Rules of theSociety to bring the
Rulesin line with the actuality of the Society's administra-
tion. The Society existsto serveitsmembersbut ontheother
hand it needs members who are willing to carry out these
aministrativefunctions. Dr John Robinson will beresident
overseasin the near future and will not be able to continue
as Secretary of SPUMS after the AGM. SPUMS needs
volunteersfor thisjob. Theorganisationthat isto beratified
at the AGM has markedly reduced the work load of the
Secretary and it isno longer the equivalent of a court order
for unpaid, unlimited, community service. It isunpaid but
thework loadislight except when writing the minutes of the
various committee meetings !
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ORIGINAL ARTICLES

SCUBA DIVING FATALITIESIN AUSTRALIA
AND NEW ZEALAND

PART 3. THE EQUIPMENT FACTOR

Carl Edmonds and Douglas Walker

Background

Inapreviousreport! it was determined that amongst
recreational Australian and New Zealand diving fatalities
duringthe 1980s, equipment faultscontributedin 35% of the
cases and equipment misuse in 35%. There was some
overlap between these, with some divers having faulty
equipment and also misusing that or other equipment.

Inthe Australian and New Zealand (ANZ) serieswe
only documented thefactorswhich materially contributedto
the divers death. Errors in technique, which indirectly
involved equipment (such as exhaustion of the air supply,
failureto ditch weights and some problems with buoyancy)
areerrors of judgement and recorded in an earlier presenta-
tion.!

Under the equipment “fault” category wereincluded
problems that have developed which could not have been
reasonably attributed to any action of the diver during that
dive. It was not considered an equipment fault if the diver
injudiciously chose the wrong equipment. This was in-
cluded under the “misuse” category.

In many cases the information about equipment
problems was imparted by the victim to his companions,
whereas in other cases it was observed by the companions.

Equipment testing was carried out by the Water
Police, Police Diversand Navy Diving units. Their reports
included bench testing of the diving equipment used by the
deceased, comparison with the national standardsfor com-
pressed air equipment, and were often supplemented by in-
water trials where an experienced diver of similar stature
employed the equipment in a simulation of the fatal dive
profile. Only if theabnormality wasobviousand of practical
relevance to the incident, was it counted as a contributor to
the fatality. Gas analyses were routinely carried out at
government |aboratories.

One hundred consecutive deaths, which complied
with strict requirements as regards data acquisition, were
assessed. The figures therefore represent both actual num-
bers and percentages of thetotal. The equipment problems
are detailed below.

Regulator problems (15%)

In 14 cases there was a significant fault in the regu-
lator and in oneinstanceit wasmisused. Thefaultswereas
follows:

Catastrophic failure 2
Increased resistance to breathing 4
Salt water inhalation 8

Thereislittle doubt that the regulators of the 1980s
cause much less resistance to breathing that those of previ-
ous decades, but they were still a significant contributor to
15% of the diving fatalities. In none of the cases was the
regulator reported to bein aneglected state before the dive.

Although the most obvious regulator problem was
with the sudden catastrophic failure, the commonest prob-
lem was the regulator producing, for avariety of reasons, a
large degree of salt water during inhalation. This malfunc-
tion, together with the increased resistance to breathing
noted in the other cases, was more likely to develop with
increased respiration such as during exertion. The associ-
ated panic, removal of the regulator and the need to surface
rapidly, were frequent observations preceding the death

Fins (13%)

In 13 casestherewasan absenceor lossof oneor both
fins. In 3 there was definite misuse, in that fins were not
worn or wereexcessivein boot size, and werethereforelost.
In another 10 casesone or both finswerelost. Whether this
was cause or effect of the accident is not known.

The loss of one or both fins (13%) was a difficult
problem to evaluate, as a cause or an effect of the accident.
The frequency of the observation in this serieswas surpris-
ing and did cause concernto us. Presumably very activeleg
movements, such as during panic and swimming in strong
currents, would be more likely to displace fins.

Finsmust beretainedif acurrent hasto benegotiated.
Finsarearea so necessary if thediver isnegatively buoyant
and trying to remain on the surface. Divers over-weighted
“to get down” are especially vulnerable to this dependency
on fins to ascend or remain on the surface.

Buoyancy compensator (12%)
In 8 cases there was a malfunction of the buoyancy

compensator (BC). In 6, two of whichwereasoincludedin
thepreviouseight, therewasamisuseof theBC. Themisuse
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involved such actions as gross over-inflation, producing the
Poseidon missile type ascent, or mistaking an emergency
CO, cordfor thedumpvalvecord. In2%thefeed hoseswere
not connected to the BC. Thefaultsincluded failuresin the
performance of the equipment, especially with the inflator
mechanisms.

The buoyancy problems related to technique were
describedin part oneof thisreport.? Thesegreatly exceeded
the frequency with which the BC malfunctioned or was
misused. It isevident that the BC isamajor contributor to
diving accidents, as technique problems with the BC were
present in 52% and malfunction or misuse in 12%, even
allowing for some overlap.

The problems with buoyancy compensators high-
lighted the observationthat using saf ety equi pment canitself
cause problems.24 Unfortunately it is not known, for com-
parison, how many divershave been saved by the use of this
safety apparatus. Thesefigures, cannot therefore, beusedto
denigrate the use of the BC, but could be used to encourage
more robust equipment and better training in buoyancy
control.

Scuba cylinder (9%)

In each of these casestherewasno actual fault inthe
equipment, but it was either inappropriately chosen or was
misused in some other way. The following analysis was
made:

Cylinder too small (28-42 cu ft)
Low air fills

Valve not turned on

Removed inappropriately

PN WwW

The scuba cylinder contributed to alow-on-air situationin
each of these cases, by the victim using either a cylinder
smaller than normal or a cylinder with less than customary
air pressure. Most of the 9 divers had contents gauges.

In the case of the small cylinder, not only wastherelessair
supply than that availableto the other divers, but when the
low-on-air situation devel oped the actual amount of reserve
air was much less than usual. In some of the cylinders,
holding only 28 cu ft, there was only a few breaths of air
availableoncethelow-on-air situation wasreached at depth.

Har ness (6%)

In 4 casesthere was a contributing fault (not permit-
ting release or not retaining equipment) and in 3 there was
misusein thewearing of the harness, such aswearing it over
theweight belt. The result was an entrapment which either
contributed to the accident or prevented rescue.

Mask (5%)

In 2 casestherewasafaultintheequipmentandin 3
there was misuse.

Problemswith masks contribute to panic. Onemask
was designed to inflate a space around the ear (as the diver
had a chronic tympanic perforation), but was unable to be
cleared of water. Othershbroke or leaked to an unacceptable
degree.

Protective suit (5%)

In 4 casesthe suit was considered to be so tight asto
have caused problems for the diver, either in restricting
respiration or in causing panic, and therewasoneinstance of
the carotid sinus syndrome.

Lines (4%)

In 3 cases there was clearly misuse, and in one there
was afault. The result was entanglement.

J Valve (2%) and Contents gauge (2%)

These were rare contributors, but problems were
encountered both from faultsin performance and explosive
“blow-outs’.

Absence of equipment (6%)

In some other instances, not counted above asequip-
ment misuse or failure, there were situations in which
equipment should have been worn and if it had, may have
helped to prevent thefatality. Thefollowingiscertainly an
underestimate, as negative datawas not recorded asreliably
as positive:

Absent equipment %
Buoyancy compensator 2
Snorkel 2
Compass 1
Wet suit 1

Other equipment

Problems with weights and weight belts were also
represented in our earlier report?, showing the difficulties
due to human judgement such as overweighting (45%),
failure to ditch weights (40%) and the belt being fouled or
unreleasable (6%).



It was impossible to determine the incidence of
problems with snorkels. These were not at al well docu-
mented in the case reports, even though there was some
indirect evidence of these as 8% died while snorkelling on
the surface. It was not possible to determine whether these
could be attributed to the snorkel design or misuse, or even
whether this was a major contributor.

Thereweremany other instancesinwhich equipment
was not used but could have been considered of possible
valuetothediver, butinwhichonewouldbehesitant tolabel
as contributing to the death.

Discussion

The analysis of some equipment problems due to
incorrect technique, wasreferred tointhefirst report.* Thus
theproblemswith air supply have been previously recorded.
The misuse of weight belts and many of the problems with
buoyancy that were clearly errors of judgement, have also
been recorded in that paper.

Itisimportant to realisethedifference between these
figuresandthosegivenintheUnited Statesby theNUADC5¢
and Australia by Project Sticky Beak.” Inthis ANZ series
only when equipment fault or misuseactively contributed to
thedeath wasit recorded. Problemswith diving equipment
arereviewed elsewhere8® There are many other problems
that are experienced in the field that are not evident in this
series. An exampleisthe diving computer, which was not
commonly used during most of the period under discussion,
but which has contributed to many problems since.

The reassurances given by the diving industry, re-
garding the reliability and sophistication of our current
equipment, are possibly not correct. In many instances the
misuse of equipment could be, at least partly, the responsi-
bility of the equipment designers and at other times purely
the responsibility of the diver himself.

When the equipment problems and misuse are com-
bined with the fatalities related to equipment related tech-
nigquest (out of ar situations, overweighting, buoyancy
control, etc.), itisevident that moreattention should begiven
to diving training and to training in the use of diving
equipment.
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WHAT PRICE TASMANIAN SCALLOPS?

A report of morbidity and mortality associated with
the scallop diving season in Tasmania 1990.

Margaret Walker

Introduction

The D’ Entrecasteaux Channel is a narrow strip of
water lying between Tasmania's southeast coastline and
Bruny Island. Itisanatural breeding groundfor many forms
of fishlife, especially the famous Tasmanian scallop. Prior
to 1969 the channel was heavily harvested for scallops by
commercial fishermen using dredges. Divers could aso
collect scallops, but asit was dangerousto dive closeto the
dredging operations so thiswas only performed to alimited
degree. In1969theareawascl osed because of theenormous
damage to the sea bottom caused by dredging, which re-
moves the top layer of sand and all weed and marine life.
After aperiod of recuperation, the channel was reopenedin
1982 and for three yearswas heavily dredged, beforeit was
again closed to scallop fishing in 1985.
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Figure 1 shows the location of the D’ Entrecasteaux Chan-
nel, where all the accidents occurred.

In 1990, after many years in which it was just not
legally possiblefor the average sport diver to obtain ameal
of scallops in Tasmania, the Department of Sea Fisheries
opened the channel for scallop fishing by sport diversonly.
For a short season of four weeks in the month of July, the
average sport diver could dive unmolested, and take up to
200 scallops per day for his own use, with a maximum
possession limit of 400. The area opened for diving ex-
tended from Oyster Coveinthenorthto Southport Bluff, and
consisted of fairly uniformly shallow water no deeper than
16 m. Most scallopswerefoundinwater lessthan 9 m deep.
(Figure 1)

Unfortunately, theweather wasunkind to thedivers,
with heavy rainfall washing tannin and other particulate
matter from the Huon River into the channel, reducing the
visibility to near zeroin most areas. Thewater temperature
wasaso very low, varying from 5to 9°C. Despite the poor
conditions, divers, enticed by the lure of fresh Tasmanian
scallops, turned out in their hundreds. Many wereinexperi-
enced, unqualified and/or unfit, and the local police and
Fisheries authorities were kept busy helping exhausted
divers, bordering on hypothermia, from the water.

Thereweretwo deaths directly related to diving and
three cases of decompression sickness (DCS) treated at the
Royal Hobart Hospital (RHH) Hyperbaric Medical Unit
during the four week season and these are reported here.

Case Reports
Casel

Jwas a 34 year old man, very fit and keen on sport.
Theday beforehisdiving accident, hehad been snow skiing,
but due to poor snow cover had decided to go diving the
following day instead. He was an experienced diver who
was said to be meticulousin his preparation and planning of
dives, and had completed three advanced diving courses.
Thedivetook placein water with amaximum depth of 11 m
and temperature of 9 degrees Celsius.. There was a cool
surfacewind. Thevisibility wasnear zero. Heworea9 mm
wetsuit and used full scubagear, which was|ater tested and
found to be in good working order. He and his buddy had
performed5dives, al of approximately 15 minutesduration,
but had not found many scallops. On his6thdivefor theday,
Jwent down alonewith atorchin onelast attempt tofill his
quota. Hisbuddy remainedintheboat, and very quickly lost
sight of J sbubbles. After 30 minuteshestartedto searchfor
J. Jwas found on the surface floating on his back, with
yellow froth coming out of hismouth. Hisregulator wasnot
inhismouth and hi sbuoyancy compensator wasnot i nflated.
Hismask and weight belt wereon. Histank contained 60 bar
of air. Jwasretrieved from thewater and cardio-pulmonary
resuscitation (CPR) was commenced and continued for 90
minutesbeforebeing abandoned. Hisbody temperaturewas
32°C, taken per rectum, on hisrecovery from thewater, and
had risen to 32.7 °C by the end of the resuscitation period.

Unfortunately, the autopsy was performed with no
special precautionsand no prior X-rays" despitethere being
aprotocol for post-mortem examination of divers? approved
by the RHH Administration, Radiology and Pathology De-
partments some four yearsearlier. This protocol wasintro-
duced by Dr Peter McCartney, Director of Diving and
Hyperbaric Medicine. The infrequency of such post-
mortems, a change of forensic staff, and the failure to
involve the Hyperbaric Medical Unit in the early stages of
the investigation, led to the protocol being overlooked.
However, the examination performed found that thetrachea



and bronchial tree contained thick yellow frothy fluid and
microscopically the lungs showed small areas of intra-
alveolar haemorrhage. Also, therewerevesselsinall organs
which were dilated and devoid of blood, suggesting air
embolism. The official cause of death was drowning and
hypothermia was suggested as a probable trigger.

Case 2

E was a53 year old man, apparently in good health,
who had no formal diving qualifications, but was said to be
an experienced diver. He had not dived for over 12 months.
On thefirst dive of the day, he and his buddy dived to 9 m
maximum depth for 20 minutes on hookah (surface air
supply). After depositing their scallops on the boat, they
descended for more scallops. This time they were on the
bottom for 10 to 15 minutes before surfacing. The water
temperature that day was 5 °C, the visibility near zero, and
there was a cool surface wind. They swam to the surface
together. The buddy then swam back to the boat, thinking
that E was following. However, on arriving at the boat, he
wastold that E had gone back down, so he returned to find
him. Hewas unableto see under thewater, sofollowed E's
air hose downtolocate himfloating unconscious, just above
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the sea bottom in 9 m of water, with hisregulator out of his
mouth. He ditched E's weight belt and took him to the
surface, where he put his own regulator in E's mouth and
swam with him to the boat. It was thought that he was
breathing at thistime. He was transferred to a Police Boat
where CPR was commenced and continued until a doctor
made the decision to stop.

ThistimeX-raysand CT scanwereperformed onthe
refrigerated body before autopsy 24 hours after death. The
CT scan showed air bubbles in the brain, heart, aorta and
blood vessels of the liver and mesentery (Plates 2-4). At
autopsy the diagnosis of massive arterial gas embolismwas
confirmed by opening the magjor vessels under water in the
approved manner.?  Microscopically, there were distended
and ruptured aveoli in the lungs, and distended empty
vessel swere seenin most organs. Therewasno extravascu-
lar gas. A myocardial infarction 3to4weeksold wasfound,
with severe generalised coronary disease. Information later
received from his General Practitioner revealed that he had
been seen earlier inthe year complaining of chest painsand
throat pains. Hewasfound to have an elevated cholesteral,
and was asked to return if the pains recurred, but did not
return for follow up.

Figure2 Post mortem CT scan of Case2. Air can be seen in the left ventricle (black area at the upper right of the
picture) and in the thoracic aorta (anterolateral to the vertebral body).
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Case 3

R was a 37 year old self taught diver, who had not
dived for 5 years. He was suffering from a
respiratory tract infection, but decided to dive anyway. On
the day of his dives the water temperature was 9 °C, and
visibility was zero. Heworea 7 mm wetsuit. Hedived on
scuba to approximately 8 m (no depth gauge was used) for
30 minutesgathering scallops, returned tothe boat, and after
a45 minute surfaceinterval performed asecond diveto 8 m
for 20 minutes. Following the second dive he attempted to
surface, but was pulled down by the weight of his scallops
and due to the poor visibility could not see his bubbles to
indicate which way wasup. He panicked and swam actively
to the surface finning vigorously. On surfacing, his nose
bled and he felt some pain in hissinuses. This settled, and
he felt reasonably well until about 3 hours later, when he
developed an ache across his anterior chest, pain in both
arms, tightnessin hisneck and vagueabdominal discomfort.
He had a marked feeling of dyspnoea but there was no
pleuritic pain. After 3 hours of worsening discomfort, he
presented to hospital for assessment.

His physical examination was normal, except for
some blood in the nasal passages, and there were no neuro-
logical signs. An ECG was normal, and there was no
pneumothorax on chest X-ray. Although hissignswere not
classical, he improved with 100% oxygen, and recompres-
sion to 18 metres of sea water (msw) produced complete
relief of all his symptoms, confirming the diagnosis of
decompression sickness. His chest discomfort recurred
overnight, and two daily oxygen soaks to 18 msw were
required before he remained symptom-free. Hehasdecided
not to dive again.

Case4

B was a 25 year old professiona sea urchin diver,
who had performed hisusual divesfor urchinstheday before
he presented for treatment. These consisted of a 30 minute
dive to 5 m on hookah followed 20 minutes later by a 70
minute dive to 16 m which included two bounces to the
surface, with no decompression stops. Two hourslater, he
developed pain in his left elbow and shoulder and

Figure 3 Postmortem CT of Case 2. Air (black lines) is shown in the blood vessels of the liver.
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Figure4 Post-mortem CT scan of Case 2.
Air isclearly shown, replacing blood in the cerebral blood vessels. Air isaso present in the cerebral ventricles.
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paraesthesiae in his left arm which lasted for two hours
before resolving. The next day he decided to do some
scallop diving, and dived to 5 m for 60 minutes. Twenty
minutes later, his symptoms of the previous night recurred
worse than before, and he presented to hospital for treat-
ment.

Physical examination was normal, and no altered
sensation could be detected in hisleft arm despite apersist-
ent feeling of “pinsand needles’ in thearm. 100% oxygen
produced significant relief of hissymptoms. Hewastreated
with recompression to 18 msw according to USN Table 6
with complete resolution of symptoms at depth. His left
shoulder painrecurred the next day, and two further daily 18
msw oxygen soaks were required to prevent their recur-
rence. Heremained well at his six week follow up appoint-
ment. He was advised not dive deeper than 10 m for three
months and to be very conservative with decompression
during hisworking divesin future.

Case 5

Cwasa29 year old qualified sport scubadiver, who
had completed several advanced diving courses. Hehad not
used hookah apparatus before, and wasdiving onhookah for
thefirst timethat day. The water temperature was 9 °C and
thevisibility so poor he could not see hishand when he held
itinfront of hisface. Heworea7 mm wet suit. He had no
depth gauge, but thought hehad dived to 18 mfor 45 minutes
after abrief visittothesurface. Hethen had a1 hour surface
interval followed by another diveto 18 mfor 60 minutes. His
surfaceair supply thenfailed, and ashewasunfamiliar with
the equipment and had no alternative air source, he ditched
his weight belt and made a rapid, uncontrolled ascent. On
arrival at the surface, he had ableeding nose, painin hisleft
ear, severepaininbotharmsand both hips, and hedevel oped
chest pain and dyspnoea. His symptoms persisted en route
to hospital, and became significantly worse on driving over
the hillstowards Hobart, where the road reached an atitude
of between 250 and 350 m above sealevel.

At hospital he was distressed and dyspnoeic but had
no clinical or radiological evidence of pneumothorax. He
was tender to palpation over both hips. Examination of the
earsrevealed aretraction pocket in the superior aspect of his
left eardrum (probably achronic problem), with erythemaof
thedrum. His Eustachian tube function was normal, but he
fell to the right after 5 seconds in the sharpened Romberg
test. There were no other neurological abnormalities.

Hissymptomsgreatly improved onrecompressionto
18 msw and he was treated with a USN Table 6. His hip
painwasimproved, although not abolished, and herequired
three further 18 msw oxygen soaks before his symptoms
completely resolved. His sharpened Romberg test was
normal at discharge. ENT review after treatment revealed
no Eustachian tube or vestibular dysfunction and no treat-

ment was required for the retraction pocket in the left
eardrum.

Discussion

Thecasesdescribed hererepresent acluster of diving
accidents associated with relatively shallow, cold water
diving in both experienced and inexperienced divers. That
it ispossible to develop decompression sicknessin water at
lessthan 2 ATA isnot well appreciated by theaveragediver
but is documented.® When hypothermiais al so present, the
risk of DCS is increased.* The risks of pulmonary baro-
traumaarewel | recognisedin shallow water. Recent articles
reporting diving accidents in Australia®® have emphasised
contributionsfrom both human and environmental factorsin
the aetiology of accidents, and both are relevant here.

Although the water was uniformly shallow, the ex-
treme cold and zero visibility made diving very hazardous.
Divingincoldwater requiresspecial precautions, especialy
when heat loss by conduction to the water is exacerbated by
evaporative cooling, after the dive, by asurfacewind. The
neoprene of wetsuits provides good insulation whilein the
water, but is idea for evaporative cooling once on the
surface, makingwindproof jacketsessential wherethereisa
surface wind. In the water described here, where the tem-
peraturewas 5 to 9 °C, a neoprene wetsuit of thickness 7 to
9 mm usually provides adequate thermal insulation when
immersion times are not prolonged for much more than 60
minutes.” In Case 1, hypothermia probably contributed
significantly as a result of prolonged immersion in 9 °C
water, despite a9 mm wet suit. Dry suits are required for
colder temperatures, such asin Antarctica, where the water
temperature is close to 0 °C.

It is documented, but unfortunately not well recog-
nised, that somediversmake avery poor assessment of their
thermal status and may deny feeling cold and continue to
divewhen their coretemperatureissignificantly reduced.®
In cool climatesit islikely that many divers have a signifi-
cantly reduced core temperature after a60 minute dive, and
they are certainly cold peripherally. Such cold stress can
then lead to decreased cognition, irrational behaviour, and
poor judgement, especially in making emergency decisions.
Cooling of thelimbsimpairs strength, coordination and the
ability to performfinemovementswhich may belife-saving,
such asditching aweight belt, inflating abuoyancy compen-
sator, or retrieving a dislodged regulator.*

For these reasons, trainee divers in cool climates
should be carefully taught about the risks of hypothermia
and how to prevent and treat it. Similarly, local medical
officers and paramedics should be familiar with techniques
for resuscitation and rewarming of hypothermic divers.*
This does not overcome the problem of educating the large
numbers of untrained divers who are currently diving in
Tasmania.
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Two of the diversin thisreport had no diving quali-
fication, although they were said to have had some experi-
ence years before. At present in Tasmania a scuba diving
qualification is not legally required to hire diving gear or
havetanksfilled, nor isit necessary to produce ascubacard
to purchase alicence to divefor scallops or other fish. Itis
unknown how many unqualified diverswerein the Channel
during the 1990 scallop season nor how many of them
suffered morbidity without seeking medical aid.

Two of the divers were qualified sport divers, who
had completed advanced diving courses, but had not dived
much duringthecold Tasmanianwinter. Thefit, intelligent,
qualified, but “out of practice” diver recurs frequently in
diving accident statistics. Itisimportant for qualified divers
to keep refreshing their knowledge and safety skills, espe-
cialy after aperiod of absence from the activity.

The fifth diver was a professional diver who devel-
oped DCSdueto poor diveplanningin hisworking divesthe
day before his scallop diving expedition. He did not seek
treatment and elected to continue diving the next day. It
seems surprising that a professional diver could ignore the
symptoms of decompression sickness and continueto dive.

Medical conditions which should have precluded
diving were found in these cases. Case 2 had coronary
disease and a recent myocardial infarction. Case 3 had a
current respiratory tract infection and a long lay-off time.
Case 5 had a chronic middle ear problem which had not
previously been addressed and although it is unlikely this
contributed to his accident, he suffered barotrauma to this
ear and developed marked disequilibrium with his DCS,
manifested by apoor Rombergtest. Prior tothisaccident, he
had never been seen by a doctor experienced in diving
medicine as his medicals had been performed by his local
General Practitioner.°

Diving technique faults were evident in these cases.
Poor dive planning and failure to make appropriate allow-
ancesfor thepoor conditions(e.g. limitingimmersiontimes,
avoiding repeated bounces to the surface and the use of
buddy lines) werecommonfaults. Divingalone, andin Case
5, diving with unfamiliar equipment and no alternative air
supply, whichlead to an out-of-air situation, panic and rapid
ascent, are serious diving errors. Only Case 2 had contact
with hisbuddy while underwater, due to the poor visihility.
None used buddy lines. Cases 1,3,4 and 5 dived alone, or
withaboat-boy only. Itisimportant toremember that buddy
divingisaspecific, planned procedure, andisnot just diving
witha“mate” inthesamearea. Similarly, safedivinginzero
visibility requires special techniques and knowledge, and
the action of Case 1 in taking atorch down for hislast dive
was probably counter-productive as all it would produce
would be glare reflected from the particulate matter in the
water.

Buoyancy problems were also evident. None of the
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diverstook into account the weight of the scallops, and the
effort required to swim to the surface with a full bag of
scallops and normal lead weighting. The three hookah
diversin particular had no buoyancy compensatorsto help
their ascent.

These cases serve as yet another reminder of the
potential dangers of poorly planned compressed air diving.
Adeguate physica fitness, a sound understanding of the
implications and limitations of scuba and hookah equip-
ment, and ahealthy respect for ahostileenvironment remain
essential for safediving. However, they continueto be hard
lessons for diversto learn.

Inview of themorbidity encountered amongst divers
in 1990, the Department of Sea Fisheries in Tasmania is
currently consideringwhether the D’ Entrecasteaux Channel
will be opened to scallop divers again in the future.
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QUEENSLAND SCUBA DIVERSAND THEIR
TABLES

Jeffrey Wilks and Vincent O’ Hagan

Introduction

Increasing emphasis is being placed on scuba diver
safety by the world's major certifying agencies.*? Though
Australian statistics show recreational diving to beincreas-
inginpopularity?, and that safety isimproving relativetothe
number of diversinthe sport*, there are still many unneces-
sary accidents occurring. In particular, divers' inability to
effectively plan divesusing their tables®® may placethem at
risk for out-of-air emergencies and decompression sick-
ness.’

Australian divers are not alone in having problems
with their divetables. In one American study 2,576 divers
were asked to complete five decompression problems simi-
lar to situationsthat might arise on charter trips.2 Only 49%
of therespondentssuccessfully completed all fivequestions.
In another study of 1,000 active certified divers only 20%
could correctly answer a single repetitive dive problem.®

Whilethereis growing evidence that many certified
diverscannot usetheir tablesto plan diving activitieswestill
know very little about the type of mistakes that are being
made in the use of tables. The present study examined
divers answerstotworepetitivediveproblemsinan attempt
to pin-point specific types of error.

11

Method

SAMPLING

A random sampleof 1500 certified diversin Queens-
land was drawn from the computer records of the National
Association of Underwater Instructors (NAUI). After re-
moving records where the address wasincomplete, or “ care
of” aresort or diveshop, thefirst samplewasreduced to 1373
divers. Astheresearch project had aparticularinterestinthe
Great Barrier Reef, a second sample of 192 PADI (Profes-
sional Association of Diving Instructors) diverscertifiedin
Central Queensland, was aso included in the study.

From atotal of 1565 questionnaires mailed to divers
throughout Queensland in September 1989, 291 were re-
turned unopened as divers had |eft their previous address.
Completed questionnaires were returned by 380 respond-
ents.

SUBJECTS

Of the 380 completed returns, 285 (75%) were from active
divers and 95 (25%) were from subjects who reported that
they had not dived since gaining their open water certifica-
tion. Active divers (who dive at least once a year), had an
average age of 28 years, with arange from 14 to 60 years.
Therewere 177 (62%) males and 108 (38%) femalesin the
final sample. Based on scales of occupational status devel-
oped at the Australian National University'® the sample
representsafull range of employment categories. Sixty-six
percent of the sample were single and only 25% had chil-
dren. Overall, the characteristics of this sample compare
well to profiles of active diversin other studies.**? Most
subjects (74%) had been certified for between one and four
years. The majority of divers surveyed do most of their
diving from commercia charter boats and are therefore
subject to the requirements set out under Queensland’ s new
Workplace Health and Safety Regulations.®® Theseinclude
logging each divein the same format as used in the present

FIGURE 1 TWO DIVE PROFILE

1 hour

50 feet

Residual Nitrogen Time
Actual Bottom Time
Total Bottom Time

42 minutes

40 feet

Residual Nitrogen Time =
Actual Bottom Time = 50 minutes
Total Bottom Time =
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study and having thedive profile checked by adive supervi-
sor.
DIVE PROFILES

Subjects were asked to complete two dive profiles
(Figures1 and 2). A separate question asked which tables
they used so that the marker could check answers with the
sametables. Inaddition, if subjects could not complete the
profiles they were asked to indicate their reasons for not
doing so. Finally, aseparate question asked subjectsif they
would beinterested in askillsand theory refresher courseif
one was offered by alocal instructor.

Results

Only 126 divers (44.2%) completed the first profile
correctly. Sources of error for the remaining 159 divers
included: adding afigurefor Residual Nitrogenintothefirst
dive (16 cases); incorrect calculation of Residual Nitrogen
for the second dive (2 cases); incorrect calculation of Pres-
sure Groups (12 cases) and what could be called “No
Understanding” of thetask. Thislast, andlargest group (129
divers or 45.3% of the sample), included subjects who did
not attempt the question, partial attempts, and those whose
answersweretotally incorrect but therationalefor theerrors
was not clear.

On the second profile, which asked divers to calcu-
late a Minimum Surface Interval between repetitive dives,
only 105 subjects (36.8% of the sample) obtained a correct
answer. Mainsourcesof errorincluded: 18 diversmisunder-
standing theideaof Minimum Surfacelnterval (confusing it
with the 10 minutes which is the minimum time between
separate dives for repetitive dive calculations); providing a
M aximum rather than aminimum surfaceinterval (2 cases);
confusing maximum no-decompression bottom times (es-
pecially with Residual Nitrogen time) and ending up in the
wrong repetitivegroup columns(7 cases); addingaResidual

SPUMS Journal Vol 21 No 1 January to March 1991

Nitrogen figureto thefirst dive (4 cases); trying to calculate
the minimum surface interval between dives using Total
Bottom Timefromthe second diverather than themaximum
no-decompression bottomtime (6 cases); andfinally, alarge
group who demonstrated no understanding of the task.
Again, this group (143 divers or 50.2% of the sample),
included subjectswho did not attempt thequestion aswell as
those whose answers were totally incorrect.

In addition to the specific sources of error described
above, Table 1 presents an overview of correct responses
according to divers' gender and length of time certified,
respectively. Ascan beseen, therewere morefemaleerrors
on both profiles, though the calculation of a minimum
surface interval between dives (Profile 2) was poorly per-
formed by both males and females. Table 1 also identifies
diverscertified for between 25 and 36 months as having the
lowest proportion of correct responses, though statistical
comparisons revealed no significant differences for dive
table performance based on either gender or time since
certification.

Asked why they could not complete the profiles, 74
divers (26% of the sample) replied that they could not
remember how to usetheir tables, 46 divers (16%) said they
did not have tables, and 14 divers (5%) indicated that they
could not be bothered to do the exercise. Onamore positive
note, 197 divers (69% of the sample) reported that they
would be interested to take a refresher course if one was
offered by alocal instructor. A larger proportion of women
(77%) than men (64%) expressed interest in taking a re-
fresher course.

Discussion

The effective use of divetablesislike knowledge of
asecond language: people becomerusty and forgetful if the

FIGURE 2 MINIMUM SURFACE INTERVAL DIVE PROFILE
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skill isnot practised. All certified diversin this study were
proficient with their tables at one time, or they would not
have received certification. Moreover, subjects apparently
do not consider that the problem liesin their initial training
since 60.4% of respondents rated their open water course as
excellent (38.2% rated it as adequate, and only 1.4% as
poor). It remains for future studies to determine whether
initial training with dive tables is indeed comprehensive
enough.

Just over one quarter of the sample (26%) admitted
that they could not remember how to use their tables. This
figure is probably very conservative since conversations
with diverswho did not return their questionnairesrevea ed
ahighlevel of embarrassment in not being able to complete
the two profiles. In an earlier Australian study, Knight®
commented ontheextenttowhichdiversrely ondivemasters
for their repetitive diving information. This reliance aso
emerged from written comments made by divers in the
present study. For example, “We aways dive with a dive
club. The divemaster calculates for us.” (Male, 35 years,
certified 15 months, 100% of diving on charter vessels, both
profilesincorrect). On the other hand, the fact that 69% of
the sample are interested to do a refresher course suggests
that many diverswould like the opportunity to beindepend-
ent. While certifying agencies do offer tailored refresher
courses, these programs need to be actively marketed and
more readily available to the diving public. The prices
divers say they arewilling to pay for refresher courses are
currently being investigated.

Most instructors are aware that the main source of
confusionand error when using flat divetabl esisaccounting
for Residual Nitrogen while calculating repetitive dives.**
Diversin the present study had many problemsin thisarea.
The recent introduction of circular tables such as the Dive
Time Calculator 11 (NAUI) and The Wheel (PADI) auto-
matically account for Residual Nitrogen. Instructors might
consider teaching with these new instruments as a way of
overcoming common dive table errors.

In Queensland, the recently legislated Workplace
Health and Safety Regulations® require diverstolog al of
their dives. Thisprovision offersdiversan opportunity ask
thedivesupervisor for assistanceif they havedifficulty with
their tablesand allowsthe supervisor, time permitting, to do
some brief remedial teaching. Only a minority of divers
have made the transition to using dive computers's, so
improving divers' ability to use their tablesis still critical.
Asmentioned above, encouraging refresher coursesand the
use of circular tables appear to be useful directions for
overcoming common dive table problems.
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AUSTRALIA’S“DIVER EMERGENCY SERVICE’
(DES) 008-088200

An analysis of recorded usage over a 35 month period
during 1987-1990.

John Williamson, Christopher Acott, Robert Webb, Roger
Capps, Fred Gilligan and Des Gorman.

Introduction

The Diver Emergency Service (DES) is Australia's
(and its near neighbours’) 24 hour, user-free emergency
consultativetelephoneservicefor divingmedical and diving
safety information.

Theservicewasbornin 1984, anditsoriginandlively
history to date have been described.?
We present adetailed report of the activities of DES over a
period of 35 months since April 1986, which follows two
previous overviews in the Journal .>2

Diving Emergency Service
Average calls per month (1987-1990)

Mumber of DES calls {average)

1990 {12}

1987 ()

1988 (8) 1989 (12)
Year (no. of months)

FIGURE 1. Theaverage number of incoming DEScallsper
month, expressed onayearly basis, over the 35 month period
examined. The steadily increasing usage of the Serviceis
shown. Note that records exist for only 3 months during
1987 and 8 months during 1988.
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Method

We have analysed each written record of DES calls
according to:-
Y ear, month, and time of day of call
Type of caller (diver, doctor, dive supervisor, etc.)
Location of caller, in Australia or beyond
Age of patient where recorded
Differential diagnoses over the ‘ phone’
Commonest presenting symptoms according to the
provisional diagnoses
Medica referrals and aero-medivacs
8 Specia features.

OO WNPRE

~

The advantages, disadvantages, lessons learned,
trends usage characteristics, and future needs identified
from this body of data are considered.

Results

Thetotal of DES callsrecorded inwriting from 1987
to December 31, 1990 (35 months total) was 467. This
approximates to 13 incoming calls a month.
USAGE TRENDS

Figure 1 showsthe increasing recorded usage of the
Service over the 35 month period.

Figure 2 shows that the busiest periods of usage
duringtheyear arethe Australian warmer monthsof October
to April.

Thedistribution of callsaccording to thetime of day

was:-
0800-1800 143 31%
1801-2300 58 12%
2301-0800 21 4%
Time not recorded 245 53%
OCCUPATION OF CALLER
Divers 223 48%
Medical Officers 107 23%
Dive Supervisors 40 9%
Friend or relative 17 4%
Rescue/First-Aid team 5 1%
Other 5 1%
Unidentified 70 14%
LOCATION OF CALLERS
WITHIN AUSTRALIA

Queendand 111 24%
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Diving Emergency Service
Average number of calls (1987-1990)

Number of DES calls
o
1

New South Wales 99
Victoria 81
South Australia 42
Western Australia 29
Northern Territory 16
Aust. Capital Territory 3
INTERNATIONAL
Papua/New Guinea 11
Sultanate of Oman 2
Fiji 2
New Zealand 1
Bouganville 1
Vanuatu 1
Christmas Island 1
UNKNOWN 62

Jan Feb Mar Apr May

Jun
Month

Jul Aug Sep Oct Nov Dec

FIGURE 2.
The number of incoming DES calls received, during the 35 month period for which written records exist, plotted on a
monthly average basis. The“quiet” months are the Australian winter months, while summer months are busier.

21%
17%
9%
6%
4%

2%

13%

Figure 3 showsthe 3 monthly totalsof callsreceived
from the most frequent user State (Queensland) from April

1987 to December 1990.

AGE RANGE OF PATIENTS

The vast majority of patients were between the ages
20-35 years. Theyoungest was 15 years, and the oldest 57

years. Both these patients had decompression sickness
(DCS).
DIAGNOSES

DECOMPRESSION ILLNESSES
Decompression sickness

210 45%
(1 life-threatening)
Barotrauma
Pulmonary
Cerebral arterial gas embolism (CAGE)
27 60%

(3 fatal, 2 near fatal)
Other pulmonary (e.g. surgical emphysema)

12 3%

Middle ear 17 4%

Inner ear 4 1%

Sinus 3 1%
Alternobaric vertigo 1

NEAR DROWNING SYNDROMES 5 1%

(2 life-threatening)
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Diving Emergency Service
Queensland calls (3 months) (1987-1990)

14+

Number of DES calls

271 19 198

AMJ MJ JAS OND JFM AMJ JAS OND JFM AMJ JAS OND
Months (3 month periods)

FIGURE 3
The number of incoming calls from Queendand during the 35 month period examined by thisreport. The callsare
grouped into 3-month blocks. Note that the Queensland usage during this period was well sustained. (AMJ = April,
May, June; MJ= May, June; JAS = July, August, September; OND = October, November, December;
JFM = January, February, March.)

MARINE ENVENOMATIONS
“lrukandji” sting
Stingray
Stonefish
Blue-ringed octopus
Shellfish alergy

PR ERPREPN

MISCELLANEOUS DIAGNOSES
Acute otitis externa 1
Hyperventilation 1

CALLS FOR ADVICE 52 11%
Thecommonest groupwasmedical colleagues, seek-
ing advice

NON-DIVING DIAGNOSES
18 4%
e.g. muscle and joint injury, respiratory tract infec-
tion, gastroenteritis and acute abdomen

DIAGNOSES UNKNOWN

109 23%

MEDICAL URGENCY AND/OR COMPLICATIONS

Most callsinvolved medical situations which could
be attended to in a relatively unhurried manner. However
some could not.

CAGE

27 calls al treated asrelatively urgent.

Two deaths occurred subsequent to DES contact, but
both patients were comatose from their appearance on the
surface, and a third desth was dead on the surface.

Two other cases were in a dangerous condition, but
survived with good first-aid, and rapid recompression.

DCS
One call, a patient with life-threatening pulmonary
DCS, which responded to urgent recompression.

NEAR DROWNING
Two caseswereinacritical condition, both survived.

LOST BUDDY
An urgent situation!
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NON-DIVING RELATED MATTERS
One septicaemia and one carbon monoxide poison-

ing

MULTIPLE PATIENTS
Two callsinvolved more than one patient each.

COMMONEST PRESENTING SYMPTOMS

DECOMPRESSION SICKNESS
There were 202 cases where the presenting symp-
toms had been recorded

Pain 112 55%
Paraesthesiae, numbness 63 31%
Headache 40 20%
Dizziness, vertigo 30 15%
Lethargy, fatigue 25 12%
Nausea 16 8%
Weakness of muscles 15 8%
Visual disturbance 11 5%
Skin itch and/or rash 10 5%
Poor higher mental function 6 3%
“Chokes’ 3

Tinnitus 3

Abnormal conscious state 2

Speech affected 1

The commonest presenting symptom groupings in
DCS cases were joint pain and paraesthesiae followed by
headache and dizziness.

CAGE
Therewere 18 survivorsin whom no DCS coexisted

Collapse on the surface 5 27%
Impaired vision 4 22%
Respiratory distress 3 17%
Hemi- or para-plegia 3 17%
Dizziness 2 11%
Pain 2
Paraesthesiae 2
Haemoptysis 1
Headache 1
Vomiting 1

OTHER PULMONARY BAROTRAUMA
There were twelve patients with pulmonary baro-
trauma without CAGE

Chest pain on surfacing 5 42%
Haemoptysis 5 42%
Surgical emphysema 4 33%

(voice changein 2)
Pneumothorax,pneumomediastinum 2
Acute dyspnoea 1

The presenting symptoms of all the other diagnoses
listed in this report were medically predictable, and unre-
markable from a diagnostic point of view.
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MEDICAL REFERRALS AND AERO-MEDIVACS

Hyperbaric referral details are available from 160 of
therecorded DES callsduring theperiod examined. Patients
were referred to the following hyperbaric units for assess-
ment:-

Townsville 57
Alfred Hospital, Melbourne 32
Prince Henry Hospital, Sydney 25
Royal Adelaide Hospital 14

HMAS PENGUIN, Sydney
Royal Darwin Hospital
Fremantle Hospital, W.A.
Royal Hobart Hospital
HMAS STIRLING, W.A.

B~ ~ 0 ©

34 air retrievals were recorded. They were to:-
Townsville 17
Prince Henry Hospital
Royal Adelaide Hospital
Alfred Hospital
Royal Darwin Hospital
Fremantle Hospital
HMAS “Penguin”

R R, PFPDNWOWO

It was not recorded which of the air retrievals em-
ployed portable recompression facilities.

SPECIAL FEATURES

The three deaths in the serieswere all CAGE cases.

Two near drowningsand 1 DCS (* Chokes”) had life-
threatening illnessesrequiring resuscitation and critical care
medicine.

Thelongest aero-medical retrieval wasfrom Christ-
mas Island to Townsville (approximately 4,500 kms).

Thefurthest away DEScall wasfromthe Sultanate of
Oman.

Discussion

Although from the inception of DES at the Royal
Adelaide Hospital an attempt was made to keep a written
record of every call that it received, thisdid not happen. Two
major practical difficultiesinterfered with thisbest of inten-
tions. First, theservicehad to belocated withinthelntensive
Care/Retrieval Centre at the RAH, where the 24 hour cover
with the necessary communication skills already existed.
The work load of this busy Unit mitigated against the staff
having adequate time to spend on keeping records of DES
calls, which may be protracted. Second, DES offers a
serviceto international callersoutside Australia (1SD 61-8-
223 2855). Thisinternational access telephone is separate
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from the DES “008" number, is not free of charge, and is
used by the RAH Intensive Care medical staff to handle
international retrieval, emergency and consultative needs
that range far beyond diving medical matters.

As aresult the early written records on which this
report isbased areincomplete covering 3 monthsin 1987, 8
months in 1988, and only become reasonably complete in
late 1989. However the data that is available is objective,
accurate, and sufficient for valid analysis.

On13th September, 1990, the CommunicationsCen-
treof St John Ambulancein South Australiaagreed to accept
the DES telephone interconnector link. From that time
records have been precise,and the speed and reliability of
connecting DEScallerstothediving medical officer onduty
has been much improved. This has been enhanced by the
expert back-up received from Telecom Australia, for DES
servicing requirements.

USAGE OF THE SERVICE

The increasing usage of the Service by the nation
during the period reported is shown in Figure 1. Figure 2
shows that there is an annual variation in usage, with the
Australian summer months being busiest.

Most callers use the service during “office” hours.
However, aswith al medical practices, “after hours’ usage
issignificant. Thereisapreponderanceof moreurgent calls
during the 1800-0800 period. Interestingly, theincidence of
nuisancecallersisremarkably low for auser-freeservice. Is
it possiblethat the DES number isnot widely known outside
diving circles ?

THE CALLERS

Not surprisingly nearly half of thecallersweredivers.
The great majority were recreational divers, but some aba-
lonedivers, and afew professional diverswererepresented.

Usage of the Service by medical colleagues seeking
advice concerning diving medical examinations, and clini-
cal decision making related to diving is steadily increasing.
This is to be commended and encouraged. Likewise calls
from would-be divers querying the compatibility of diving
with particular conditions (diabetes, asthma, ileostomy,
etc.) ison the increase.

In general, taking amedical history from afriend or
relativeisless satisfactory than speaking to the diver, when
thisiseasily possibleandit frequently is! Oftenitisobvious
that the diver had been unwilling to phone the DES, and the
friend or relative, has initiated proceedings.

Unusual callersincluded afiremanwith carbonmon-
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oxide poisoning, a pilot concerned about recent aviation
decompression, occasional angry patients wanting to know
why they were failed by their doctor for a diving medical
examination, and aworried diver phoning to say he had | ost
hisbuddy ! Fortunately the buddy was safe.

OUTGOING DESCALLS:

Incoming DES calls that involve a diving medical
emergency frequently result in the DES doctor on call
making 3 to 5 outgoing calls immediately following the
initial DES contact. Thesewill beto the hyperbaric facility
nearest to the problem site, followed by further calls to the
nearest medical facility, to the people initialy involved,
back tothe dive siteand then possibly back to the hyperbaric
facility which will manage the problem.

Consequently although the records show only an
average of 13incoming DES calls per month, the number of
calls, both incoming and outgoing, actually made to and by
DES would number more like 40 per month, during the 35
monthsexamined. Therecordsusedfor thisreport dealtonly
withincoming calls. Atthetime of writing (February 1991)
the frequency of incoming DES calls has increased to
between 1 and 2 daily.

WHERE DO THE CALLERS COME FROM ?

This data is of particular current interest. Clearly
Queensland dominates overall during the period examined.
However the State-based DES call frequency varies from
month to month. For example during 1990, Victoria made
themost callsinMarch, and New South Walesin November.
Western Australians may perhaps tend to call their local
hyperbaric facility morethan other States, although they are
never discouraged from using the DESfirst. Itisof interest
that the usage pattern, month by month, by Queensland
divers and doctors fails to show the same summer/winter
variation revealed by the national figures (Figure 3).

DES has long provided a service for diving in New
Guinea, and the South-West Pacific, however itsfunctionin
the Indian Ocean is less well known.

DIAGNOSES

The predominant incidence of decompression sick-
ness reflects our current understanding.®

The overwhelming dominance of neurological DCS
in this series may reflect self selection by callerswith more
serious and protracted symptoms. However, the concept
that the human central nervous system is a prime target for
the effects of DCS® now has wide medical acceptance.
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Of noteistherelatively commonincidenceof pulmo-
nary barotrauma (9% of all diagnoses), two thirds of whom
(including al the deaths in this series) had CAGE. Refer-
ence has been previously make to the need to abandon the
long held myththat thesedangerouseventsarerareindiving.

Also asthedatashows, diverscan still drown, and/or
suffer marine envenomations. Once again the “Irukand;ji”
sting (asmall tropical jellyfish of the Carybdeidae family)*
has (understandably) been confused with DCS ®. Divers
should remember the availability of the user-free Marine
Stinger Hotline - 008-079909, a 24 hour service for expert
medical advice concerning marine envenomations. How-
ever divers are not expected to make difficult differential
diagnoses, and should continue to use the DES when in
doubt.

Non-diving related diagnoses may al so beimportant
for the health and safety of the diver, and the differential
diagnosis and subsequent appropriatereferral of these cases
are DES functions.

PRESENTING SYMPTOMS

Thisdataisvaluable because of itsrelative objectiv-
ity, and itsimmediate nature. Not often in medicine can a
doctor obtain such early history as is made possible by the
DES.

Wewish to call attention again to the prominence of
neurological symptomsinthe DCSseries. Pulmonary DCS
(“chokes”) is of serious prognostic significance, both
cardiovascularly and neurologically, for it may be promptly
followed by spinal DCS. Respiratory distressmay occur in
both DCS and pulmonary barotrauma. As this series both
diagnoses co-existed in 5 cases.

Thisseriesagain showsthat convulsions (fitting) are
not thecommonest presenting symptom of CAGE. Collapse
(i.e. acute loss of muscle power with variable sensory 10ss)
and visual impairment are more common. Such collapse
may be accompanied by retention of awareness by the
patient. Attendantsmust mind what they say inthepatient’s
hearing, and continue to talk to him or her during transport
and treatment ! One case occurred with co-existent CAGE
and pneumothorax.’

Haemoptysi sappeared to be morecommonly associ-
ated with pulmonary barotrauma, not involving clinically
detectable gas embolism, which commonly presented with
chest pain.

DIVING PRACTICE AND ERROR

While the incompl ete nature of many of the records
did not permit aquantitative analysis of the dive profiles of
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theDCSpatients, it was obviousthat thediving of many was
outside even mildly conservative guidelines. Diving too
deep for toolong and/or too often (repetitive diving), and/or
ascending too fast were the prime determinants of DCS.
Rapid ascents carry additional serious potential penalties.

Of the288 diving-related medical callsrecorded, itis
salutary to notethat 21 (7%) of these were associated with a
rapid ascent. Threeof thesedeveloped CAGE. Theremain-
der (18) had symptoms of DCS. The ascents came under a
variety of different names, such as “rushed”, “panicked”,
“emergency”, “excessively rapid’, “uncontrollable” and
“runaway” ; one of them was even listed as*“ multiple rushed
ascents’ ! Inexperience featured amongst thisgroup. Five
of the divers recorded running out of air. Another diver
phone for advice following his rapid ascent and remained
well.

The dangerous diving practice of making multiple
ascents also featured in the dive profile of at least 5 of the
DCS cases in this report.

Six DCS patients admitted to being exposed to alti-
tude following their diving, and at the time of onset of their
symptoms (4 flying, 2 crossing mountains by road).

PARTICIPATING HYPERBARIC UNITS

Athirdof therecordedreferrals, and half theretrievals
involvedthe TownsvilleHyperbaric Unit. Thegeographical
situation of this recompression chamber makes it one of
Australia’ s most used facilities by divers, and for diving
retrievals.® Thischamber also actsasthereferral facility for
much of the South-West Pacific region, and at present isthe
only chamber between Darwin and Sydney; so diving
retrievals are especially common to there. However all the
Australian Units (Royal Darwin Hospital, Townsville Gen-
eral Hospital, Prince Henry Hospital, HMAS PENGUIN,
Alfred Hospital, Royal Hobart Hospital, Fremantle Hospi-
tal, HMAS STIRLING) together with thetwo New Zealand
Units (HMNZS PHILOMEL at Auckland, and the
Christchurch Unit) haveco-operatedwonderfully with DES,
and the Hyperbaric Medicine Unit at the Royal Adelaide
Hospital, to the great benefit of divers everywhere.

FUNDING OF THE SERVICE

This has been previously described.! Some of the
usua funding sources were interrupted during much of
1990, and the Australian Patient Safety Foundation pro-
vided on-going financial support for DES during that time.

Perhaps as a result of these events, temporary but
unfortunaterumours, withnobasisinfact, beganinlate 1990
that DESwasfinancially destituteandinimminent danger of
collapse! Asour data shows, during all thistime the DES
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maintained its unbroken 24 hour service to divers and
doctors. This rumour has now been dispelled, and the
financial needs of DES are securely provided for, irrespec-
tive of future development.

THEPRESENT AND FUTUREROLE, FUNCTION,AND
RESPONSIBILITIES OF DES

The Australian Diver Emergency Service (008-088-
200) continues to provide a valuable “safety net” for all
Australian (and beyond) diving. It existsand operatesonthe
fundamental principle that in the event of adiving medical
emergency the first essential requirement, following the
ABC of resuscitation, is to make contact with a trained
diving medical physician.

Thisfacility can only be provided 24 hours aday, 7
days aweek by aservice such asthe DES. The round-the-
clock functions of such personnel, areto correctly diagnose
the problem, offer relevant medical advice and choose the
appropriate response to deal with the problem. This may
involve immediate referral to the nearest medically staffed
Hyperbaric Unit to the problem site. Excepting retrieval
activitiesto the Royal Adelaide Hospital Hyperbaric Medi-
cineUnititself, DES roleisnottoinitiateretrieval activities
(ground or air) to any Hyperbaric Unit. That decision can
only be intelligently and efficiently made by the Units
themselves. Immediatereferral by DESdoctorsto aHyper-
baric Medical colleague, following emergency medical ad-
vice, is appropriate and demands excellent communication
facilities. The Communication Centre of St John Ambu-
lance, in South Australia provides just that.

Naturally itisessential that the diversknow the DES
telephone number ! An*“aide memoire” to thishasrecently
been suggested. &

The DESdataasit accumulates and is anonymously
analysed, is combined with that from the Diving Incident
Monitoring Study (DIM S)” and constantly fed back todivers,
and diving training establishments, in order to improve the
safety and enjoyment of al diving. The vehicle for such
diver feedback is the DES Newsletter “Divesafe’?, while
diving medical physicians are reached through the pages of
this Journal. The continued support and participation of
divers and doctors is essential to thisaim.

INTERNATIONAL DES

As can be seen, the international role of DES is
significant and, despite the cost of international access to
callersvia61-8-223-2855, continuesto bepatronised. These
calls can be expected to increase in number in the future.

In February 1991 a meeting will be held in North
Carolina, USA to initiate the organisation of the world's
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diving emergency telephone services into a co-operative
unit that will simplify their world use, irrespective of the
nationality and thelocation of thediver inneed. DES(along
withtheNew Zealand Service) will beaninaugural member
of this enterprise and will be represented at the North
Carolina gathering.
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THE RESPONSIBILITY OF DOCTORS PERFORM -
ING “FIT TO DIVE” ASSESSMENTS

Michael Gatehouse and Tom Wodak

A doctor providing a medical service, be it advice,
clinical or surgical treatment, isenteringintoalegal relation-
ship with a patient which creates contractual rights and
obligations and gives rise to a duty of care.

Whilethe doctor isentitled to be paid for the service
provided, the patient is entitled to expect that the service
deliveredwill accordwiththeappropriateprofessional stand-
ard.

Wewishto consider what constitutesthe appropriate
standard, in the context of an assessment by a hyperbaric
doctor of the fitness of a candidate for an entry level diving
course having regard specifically to the latent condition of
patent foramen ovale (PFO).

A doctor must act in accordance with the practice
accepted as proper by aresponsible body of medical practi-
tioners with commensurate experience and qualifications.
What constitutestherequisite standardin particular circum-
stances will be determined by a court having regard to the
skill, training, qualifications and experience of areasonable
body of peersof the doctor whose conduct isunder scrutiny.

An entry level diving medical has a number of well
established and essential ingredientswhichinclude, amongst
other things, consideration of the age, cardiovascular status,
respiratory function, patency of the Eustachiantubesandthe
circulatory system of the candidate. There can be no doubt
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that a hyperbaric doctor who conducts an examination
without regard to one or more of the universally accepted
ingredients has failed to meet the requisite standard of care
appropriate to such an examination.

PFO, and specifically the implications to a person
who hassuch alatent condition and whoisor hasaspirations
of becoming adiver, is the subject of on-going debate and
research. At present there are no clear and established
guidelines for use by hyperbaric doctors.

We do not believe that sufficient is known of the
implications PFO holds for divers to justify candidates
undergoing expensive and potentially hazardous
echocardiography. However there is the question of what
the candidate should be told about PFO.

Englishand Australian courtshaveruledthat theduty
of care owed by a doctor to a patient does not extend to
requiring the doctor to warn and advise the patient of every
conceivable potential risk of aproposed treatment or proce-
dure, irrespective of the grave and serious nature of the
consequences which could follow. Inarecent English case
apatient requiring vital spinal surgery was not informed by
the surgeon of a remote, but nonetheless known, risk of
quadriplegia associated with the procedure. Unfortunately
the patient was rendered quadriplegic. Evidencewas heard
from experienced surgeons whose practice it was not to
inform their patients of that particular risk. Ultimately the
court found that the surgeonin question had not breached his
duty of careto the patient by failing to give such awarning.

If a patient asserts a breach of duty on the part of a
doctor, it is incumbent on the patient to establish, on the
balance of probabilities, that, had such warning been given,
he or she would have accepted and acted upon that advice.
For example, the patient would have refrained from under-
going the procedure as a consequence of having been so
warned.

It is our view that PFO, and its consequences for a
person with that congenital abnormality who dives, iswell
understood by the general body of hyperbaric doctors. This
makesit incumbent upon adoctor, conducting anentry level
diving medical examination, to providethe candidatewith a
sufficient understanding of the condition, anditspotential to
causeinjury and disability, to enable the candidate to make
an informed decision whether to undergo investigation for
PFO or to take up or to continue diving.

Our conclusion is based on two factors. Firstly to a
non-diver, and indeed to those who dive or practice hyper-
baric medicine, sport diving is arecreation associated with
medical risks beyond those encountered in many other
sportingandrecreational pursuits. Thehealth of participants
in sport diving is of far more critical consideration thanitis
in, for example, tennis, skiing or sailing.

Secondly, there is a marked distinction between the



22

circumstances of acriticaly ill patient seeking advice con-
cerning alife saving procedure and those in which a person
is contemplating taking up a new recreational activity. A
court is more likely to sympathize with a position of a
medical adviser seeking to assist a critically ill patient,
wheretimeisof the essence, than with adoctor consulted by
aprospective diver.

Itislargely for thesereasonsthat we haveformed the
view that a doctor performing an assessment of fitness to
dive ought to inform the candidate about PFO, the implica-
tions the latent condition has for divers and the technique
availablefor itsdiagnosisand therisksassociated withit. In
so advising the patient the hyperbaric doctor greatly in-
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creasesthe probability that the obligationimposed upon him
by the law will be discharged.
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THE PATHOLOGY OF AIR EMBOLISM OF THE
BRAIN IN DIVERS

Des Gorman and Stephen Helps

Introduction

The conventional pathophysiological model of air
embolism of the brain circulation does not fit either animal
or human data well. A revised model isproposed, based on
bubbles precipitating deleterious effects in blood vessels
and in blood constituents.

Aetiology

Bubbles can enter the brain arteries of divers either
after pulmonary barotrauma or in decompression sickness
(DCS).x6

Pulmonary barotraumaislargely seeninnovice and
trainee divers’ and occurs in 1:2,500 free/buoyant-ascents
performed by submarinersin training.2° The latter occurs
despite these candidates having anormal chest X-ray and a
spirometric ratio of FEV to FVC of greater than 75%.

Thelung vesselsact asafilter for venousbubblesin
DCS,*** but bubbles can overload this mechanism and can
also by-passit via shunts such as a patent foramen ovale.*
5 Arterial gas embolism (AGE) may underlie much of the
brain damage in DCS.

The incidence of AGE of the brain in Australasian
divers and trainees is unknown.

Bubbledistribution

Bubbles distribute in large vessels in accordance
with blood flow and their buoyancy relativeto blood, andin
small vesselswith flow alone.*>*® Indiversthisdistribution
and the invariable upright posture on ascent explains the
preponderance of brain involvement.®® Bubbles entering
one carotid system tend to distribute ipsilaterally and the
middle cerebral artery is primarily affected.8916

These bubbles usually do not become trapped and
pass through the arteries, arterioles and capillaries to the
veins; 13417 to be collected in jugular vein air traps intro-
duced into experimental animals.*>"? This passage of
bubbles is promoted by the relatively large calibre of the
venous end of capillaries, the hypertension and vasodilata-
tion that follow embolism of the brain-stem vasomotor
centres and the local vasodilatory response to bubbles.¢7

Indeed, bubbleswill only becometrapped whenthey
arelargeenoughto occupy several generationsof branching
arterioles such that net surface tension pressure exceeds
cerebral perfusion pressure.’*141” Thevessel sat thejunction
of the grey and white matter may be predisposed to such

trapping.®

Effects of bubble trapping

Very large bubblesor bubblesinahypotensivediver
may be trapped to block flow in aregion of the brain; the
degree of ischaemia and the development of an infarct is
dependent upon the adequacy of the collateral circula
tion.2181921-24 Most of these larger bubbles will however
only be trapped temporarily and will eventualy be dis-
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placed by blood that advances progressively with cardiac
systole.’#141617 Sych interruptions of flow are poorly toler-
ated and even after flow is restored brain function may
remain suppressed.® Also, if redistribution of bubblesdoes
not occur within 20 minutes of embolism, vessels may
collapse so that subsequent reperfusion will require ex-
tremely high pressures.*’

Effects of bubbletransit

Fortunately most bubbles pass through the brain
circulation and do not become trapped.’314151720 During
bubble passage local brain function is lost, but returns as
bubbles clear.?6*° These mobile bubbles damage endothe-
lial cells,*% perhapsby stripping them of surfactants, cause
apersi stent vasodil atation,¢2> whichmay itself bearesult of
the endothelial damage, but is not indicative of
vasoparalysis,*® and activate platel ets and leucocytes both
to aggregate and adhere to vessel walls, 25293437

The accumulation of leucocytes is rheologically
important* and making animals leucocytopenic, but with
normal red blood cell and platelets, prevents the typical
declineincerebral blood flow seen after AGE of the brain.®
This endothelial damage will aso potentiate leucocyte
adherenceand probably underliestheimmediate but tempo-
rary (several hours) increasein extravasation of fluid across
the blood-brain-barrier into the brain interstitium,23323%-42

Theflow of thisincreasingly viscousblood*through
these damaged vessel sconsequently decreases even though
bubbles may no longer be present,'¢? and may eventually
become inadequate for neuronal function.?62%%4 This can
explainthetypical history of AGE indivers; sudden lossof
brainfunction, early recovery and perhapsadeterioration or
relapse within several hours* A sudden relapse, particu-
larly if it involves an originally affected area of brain, may
also be due to re-embolism.®

AGE andDCS

The pathological consequences of AGE will aso
depend upon whether the diver has DCS or significantly
increased tissue insert gas tensions.*® DCS may even be
precipitated by AGE (Typelll DCS).** The outcome after
AGE of the brain consequently worsens with increasing
dive duration/depth.*

Summary

Arterial gas embolism of the brain is not a simple
mechanical occlusiveevent. Much of thebraindysfunction/
damage is due to the effects that bubbles have on blood
vessels and on the blood itself.
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THE BS-AC '88 DECOMPRESSION TABLES

Greg Adkisson

The British Sub-Aqua Club 1988 (BS-AC '88) De-
compression Tables were introduced, after numerous de-
lays, into genera usagein the latter months of 1988. | was
first introduced to them by a patient | was treating for an
episode of neurological decompression sickness (DCS).
Beforel create thewrongimpression, | should state that the
patient was not using the new tables, but had completed his
dive in accordance with the older RNPL/BS-AC tables of
1972.

Thedivein questionwasto 26 mfor 31 minuteswith
appropriate decompression conducted for 5 minutes at both
10mand5mdepths. Asl monitored thispatient’ sextended
RN table62treatment, | had achancetoreadthroughthenew
tables. | wassurprisedtofindthat usingthenew tables, while
thedefinitionsweredlightly different, amorelenient dive of
27 m for a bottom time of 32 minutes could have been
performed and would require only a 1 minute decompres-
sion stop at a depth of 6 m. | examined them further and
noted that, for the same 10 minutes of decompression, the
allowable bottom time would have been 43 minutes. | was
fascinated.

Call me old fashioned, call me conservative, but this
notable reduction in decompression regquirement or, con-
versely, increase in available diving time, seemed just too
goodtobetrueso | wentlooking for the magic formulaupon
which these changes were based. | found myself, within a
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very short time, embroiled in controversy with the BS-AC.
| had the pleasure of several lengthy discussions with the
author of the tables, Dr Tom Hennessey, but | find myself
still in search of the magic formula and remain as firmly
against their general use now as | have been since the first
day | read them. | have been asked hereto comment on the
format, design, agorithms and testing of these tables.

The BS-AC givesfour basic reasonsfor introducing
new tables in their BS-AC ' 88 Decompression Tables In-
structor’ snotes. Sincetheintroductionof theRNPL/BS-AC
tables, “the pattern of diving has changed, the possibilities
availableto sports divers have devel oped, much experience
hasbeen gained in the use of thetablesand understanding of
decompression hasimproved”. To quote DIVER, themaga-
zine of the British Sub-Aqua Club, August 1988, “it has
become increasingly clear that the RNPL/BS-AC table is
insufficiently flexible for the patterns of diving required by
diverstoday”.

It is my persona opinion that, despite other objec-
tives, the single most important factor in theintroduction of
anew set of tablesisthat they must not increase the risk of
DCS and other accidents in the genera diving population.
Theintroduction of anew set of diving tablesisno easy task
and for acceptance in the commercial diving world one of
two conditions must apply. The tables must be more
conservativethan previousversionsor must haveundergone
extensive testing and evaluation prior to their use. Whileit
islaudablethat theBS-AC would desireto giveitsmembers
greater flexibility in their diving, it must also accept the
responsihility that any new tables it introduces should be
safe and well tested.

Testing and evaluation of the BS-AC ' 88 tables

To my knowledge, the BS-AC’ 88 tables have never
beentestedinany typeof controlled situation. Dr. Hennessey
maintains that the BS-AC ' 88 tables are more conservative
and provide a “greater margin of safety than the classic
military-basedtables’. Thisisdespitesignificant reductions
of in-water decompression requirements and with an em-
phasis placed on decompression stop and repetitive diving.
When asked about the lack of testing, Dr. Hennessey has
arguedthat actual in-water testingwould beimpossibleto do
across the range of the tables. He saysthat limited testing
might be conducted, but would not be statistically valid, and
relies on unproven theoretical considerations to claim that
thetablesare more conservative than their predecessorsand
do not, therefore, require testing.

Comparisons of BS-AC ’'88 and established tables

Admittedly, it is difficult to do straight across com-
parisons of diving tables. The wide variation of designs
makes exact comparisons impossible but | believe that
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general comparisonsare not only possible but prudent. The
gold standard for tables within the diving community for
years has been the U.S. Navy standard air decompression
tables. In England, the standard isthe RN table 11. Either
of these tables, properly used by experienced divers, pro-
duce very low levels of DCS. Severa navies, notably
Canada, Sweden and the Netherlands have produced new
diving tablesin an attempt to minimize therisk of DCStill
present in the US and RN tables.

In 1968, the Roya Naval Physiological Laboratory
(RNPL) at Alverstoke, England, produced a set of Air
Diving Tablesfor the samepurpose but they never cameinto
general use. It is interesting to note, however, that these
tabl es, designed when DrsHempl eman and Hennessey were
working together, are arranged in a similar fashion to the
new BS-AC'88 tables. The similarity stops quickly, how-
ever, asthe 1968 Air Diving Tables are far more conserva
tive than their latter day cousins.

The preceding is important because the BS-AC ta-
blesaresaidtobebased onoriginal RN tabledatabut aresaid
to benefit fromtheexperienceand knowledgeacquired since
they werefirst published. Additionally, itissaidthat distinct
changes were made in the underlying principles behind the
design of thetablesand theway inwhichthey areto beused.
It isdifficult for me to understand how tables can be based
on same data but with “distinct changesin principles’.

Tomy knowledge, Dr Hennessey hasnever revealed
thealgorithm uponwhichthe BS-AC’ 88 tablesare based. |
have heard numerouslecturesabout new, improved theories
and, indeed, continueto betold that the new tablesare more
conservative than their predecessors. | have yet to be
convinced.

If one takes a sample of dives conducted at various
depths and times, the observation is that the BS-AC '88
tablesadvocate amarkedly reduced decompression require-
ment in comparison to any other table. For comparison |
have chosen the 1972 RNPL/BS-AC table, the USN table,
RN table 11 and the new SAA table. Any number of
examples might be selected to compare these tables on
equivalent or near equivalent dives, either assingledivesor
inthemorelikely context of repetitivediving. Thereduction
in decompression requirements is particularly significant
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for repeat dives, afactor involvedin 63% of U.K. recompres-
siontreatmentsin 1988. Several examplesarelisted below.
My conclusion is that many dives advocated by these new
tables allow so little decompression time that they must be
regarded as highly dangerous.

Itiswell known that the U.S. Navy Tables, particu-
larly inthe deeper ranges, carry a5% or greater risk of DCS,
especially when pushed to the limits. It must also be
remembered that the USN tables are acombination of tested
tables plus years of adjustment based on empirical diving
experienceof hundredsof thousandsof dives. They werenot
designed for sports diving use and the risk of DCS was
balanced against operationa requirements. The US Navy
trains its divers carefully in the use of these tables and
emphasi zestheimportance of stayingwithin clearly defined
limits.

In the first example (Table 1) the USN table allows
for theleast total decompressiontime of any tableexcept for
BS-AC’88. For that reason, | have selected thesetwo tables
for amorein depth comparison. It hasbeenarguedthat these
two tablesaretoo different in their design to allow adequate
comparison but, indeed, the same comparison may be con-
ducted with any of thetables| havelisted and theresultsare
thesame. Asadiver goesdeeper, goeslonger or goes more
often, three significant factorsin the development of DCS,
the decompression required by the BS-AC ' 88 tables be-
comes dangerously lean.

It has also been argued that sports diving is so
different frommilitary divingthat amilitary tableshould not
be used for comparison. The argument is that a military
diverismorelikely todoa“ squareprofile” divethanasports
diverwhoislikely todoamulti-level dive. Thishasnot been
my experience in over 10 years of treating accidents, but it
isamoot point. Any tableintroduced into general use must
alow for all types of diving that are likely to be conducted.

Table 2 shows a comparison of decompression re-
quirements on a series of divesusing BS-AC 88 and USN
tables. The reduction in decompression requirements is
argued to be possible on the basis of amore efficient table.
Onasingledive, adiver may get by withtheseemingly small
reduction in times but the danger becomes more apparent
when onelooksat therepetitivedivespossiblein 90 minutes
time.

TABLE 1
DECOMPRESSION TIME REQUIRED BY VARIOUSTABLES

Dive RNPL/BSAC USN

26m/32min 10 min 8:30 min
39m/25min 30 min 12:10 min
40m/25min 30 min 18:20 min
42m/23min 30 min 18:20 min

RN BS-AC'88 SAA
10 min 4 min 10 min
20 min 11 min 27 min
20 min 14 min 27 min
20 min 11 min 47 min
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TABLE 2

DECOMPRESSION TIMESFOR VARIOUSDIVES

Dive USN BS-AC'’88
33 m/40 minutes 24:50 23:00
36 m/30 minutes 16:00 13:00
39 m/30 minutes 23:10 20:00
TABLE 3

DECOMPRESSION TIMESFOR REPETITIVE

DIVES
Decompression Time

1st dive USN BS-AC’88
39 m/30 minutes 23.10 20.00
Surface interval 90min
2nd dive
18 m/39 minutes 27:40 10:00
30 m/16 minutes 27:00 10:00
42 m/10 minutes 46:20 11:00

Let usfollow aseriesof divesbased on afirst diveto
39 mfor 30 minutes. (Tables3 and 4).

Thethird diveislisted to highlight one of the design
flawsinthe BS-AC 88 tables. Itisgenerally accepted that
the risk of DCS increases significantly if a diver does a
repetitivediveto adepth deeper than hisor her original dive.
Thisis allowed by the BS-AC ' 88 tables but would not be
allowed on the USN or most other tables.

If this example is continued, listing the 30 m/16
minute dive as the 2nd dive, aroutine 3rd dive might be to
18 mfor 30 minutes (Table4). During theday’ sdiving, the
USN tablewould have required atotal decompression time
of 65 minutes 10 seconds. The same dives, conducted
according to the BS-AC ’* 88 tables would require adecom-
pression time of just 35 minutes. This is an impressive
reductionasthisisthekind of diving after whichweoften see
very serious neurological DCS.

| wouldfeel more confident if therewassomedegree
of testing to verify such aschedule but, in the same way that
| believe unwitting divers are being used to prove the tables
on which the agorithms in the majority of decompression
computersare based, | consider it difficult to justify issuing
new tables which, to the best of my knowledge, are com-
pletely untested. Had these new tablesbeen proposed for US
or Roya Navy use, they would have required ethical ap-

27

TABLE 4

DECOMPRESSION TIMESFOR A THREE DIVE

SEQUENCE

Decompression Time
1st Dive USN BS-AC’88
39 m/30 minutes 23.10 20.00
Surface interval 90 minutes
2nd Dive
30 m/16 minutes 27.00 10.00
Surface interval 90 minutes
3rd. Dive
18 m/30 minutes 15:00 5:00
Total required 65.10 35.00

proval prior to extensive controlled trials. Time aone will
tell if theBS-AC’ 88tablesareinherently safe or dangerous.
My greatest concern is that these tables are designed to
promote what | view to be dangerous diving practices.

Design Consider ations
DECOMPRESSION DIVING

The BS-AC '88 tables are designed to promote
decompression stop diving. The instruction manual states
“It can easily be seen that use of the BS-AC ' 88 tableswill
introduce a new approach to sport diving in the BS-AC”.
Thefirst major changewill bethat “ Decompression Diving”
will be seen to be inevitable, and “Decompression Stop
Diving” will become preferable.

Many of the tables are deceptively conservative in
their approach. Anexampleof thisisafirstdiveon Table A
to 18 m. The allowable bottom time is 50 minutes. If one
looks closer, however, it is noted that a diver may gain an
additional 17 minutes of diving time for a single minute of
decompression at 6 m. If a diver is willing to spend 3
minutes, the trade off is an additional 27 minutes. This
approach seemstotempt adiver away fromthesafer practice
of no stop diving into the realm of decompression stop
diving.

REPETITIVE DIVING
The tables are designed specifically with repetitive

diving in mind. This was one of the goalsin “increasing
flexibility”. The BS-AC will allow any number of dives a
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diver cares to make in a 24 hour period while most tables
recommend a limit of 3 dives. Also, and perhaps more
significantly, theBS-AC’ 88 tablesallow repetitivedivesto
depths deeper than the original dive, a practice known to
increase the risk of DCS.

FLYING AFTER DIVING
Thisis confusing so hang on!

The BS-AC manua states that adiver may fly in“a
normal commercial aircraft with apressurised cabinif their
current tissue codeisB. Themaximum timethiscantakeis
4 hours.” If a diver wishes “to fly in an unpressurised
aircraft, probably aprivate aircraft or ahelicopter, thenthey
must wait until they reach code A. The maximum timethis
can take is 16 hours.”

A commercid airliner normally pressurisesitscabin
to an altitude of 8,000 feet so a diver with atissue code B
(someresidua nitrogen load) is exposed to areduced pres-
sure of approximately 0.75 of an atmosphere. Helicopters
and commercial airlinersthat do not pressurise their cabins
arerestricted from flying at altitudes greater than 8,000 feet
and normally fly about 2,000 feet. This is based on the
partial pressure of oxygen rather than pressure require-
ments. Pressureisonly slightly reduced from atmospheric.

What thisboilsdown toisthat it isnormally safer to
fly in an unpressurised craft than a pressurised one and the
reguirement to have less nitrogen in your system makes no
sense. Theonly situation in which it might apply isthat of
an unpressurised private aircraft that flies above the recom-
mended 8,000 foot level. Here oxygen partial pressure is
reduced bel ow the equivalent of 16% at sealevel and no one
will be thinking clearly!

This particular contraindication was discussed with
the BS-AC and, hopefully, they have seen fit to modify the
rule.

ASCENT RATE AND BOUYANCY CONTROL

Thisisan areain which | am in complete agreement
with the BS-AC. Ascent rates by most divers, in most
situations, aresimply toofast. | believe, asdoesDr Hennessey,
that too fast an ascent addsto therisk of DSC. An old study
by Spencer on the rates of ascent showed divers routinely
exceeding therecommended limitsand in some casesreach-
ing 118 feet/minute. My problem is in the degree of
accuracy expected of BS-AC divers. A high degree of
buoyancy control is necessary to follow theruleslaid out in
thenew tables. Controlled ascents can bedifficult under the
best of circumstancesand it takes practice, experienceand a
constant degree of vigilance to maintain controlled rates of
ascent.

Ondivingholidays, diverswill betrained and putinto
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thewater with minimal experienceand | do not believethey
will beabletomaintain suchadegreeof accuracy. Evenwell
trained and experienced diverswill havedifficulty. It canbe
argued whether these rates are critical but if it achievesthe
desired goa of slowing divers down the rule makes sense.

General Layout

Thetableswere designed to minimize the number of
required calculations and alow for greater flexibility in
one' sdiving. Thelayout of theBS-AC '’ 88 tablesisconfus-
ing at first, particularly to someone trained with different
tables but is easy to use once one gets familiar with them.

| would not say, however, that there are fewer cal cu-
lations. Thefirst thing onemust do isto calcul ate the actual
bottomtimeallowed by subtracting out theascenttimetothe
first stop. If you forget to do that on the surface, hopefully
one will bethinking clearly enough at depthto doiit. If you
overstay your planned time, it is a good idea to have a
submersible dive table with one. | tried to memorise the
tables but just could not manage it. If one overstaysone's
timelimit and doesnot have, or cannot read, thesubmersible
table, therulesaysthat a“ safety stop” of 3minutesat 6 mwill
be “adequate in the majority of occasions.” | hopeyou are
in the “mgjority” if it ever happens to you.

Summary

Dr William Shane, asenior NOAA diving physician
was quoted in an old Undercurrent article as saying “The
truth isthat every time anyone dives with a decompression
meter (and on most tables, for that matter), heor shebecomes
ahuman experiment. 1nessence, most timeswediveweare
exploring unknown physiological terrain. Under these cir-
cumstances, caution, and not acavalier approach, should be
our guide”.

Itismy belief that the price of the freedom sought by
recreational diversisalready far too high and that these new
tablescould well makethepriceevenhigher. To paraphrase
Dr Shane' sconcludingremarks, “ Today | amat aconference
in Palau, the temperature is 84°and the seasarecalm. | am
going diving. However as | do, in contrast to most sport
divers, believe | have some slight idea of the risk”.

Dr Greg Adkisson isa medical officer inthe U.SNavy. He
had recently completed exchange service with the Royal
Navy when this paper was presented.

Dr Adkisson's address is 4170 Jackdaw Street, San
Diego, California 92103, U.SA.
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PADI TEACHING ABOUT DECOMPRESSION
SICKNESSAND HOW TO AVOID IT

Drew Richardson

Summary

The population of recreational scuba diversisat an
all time high, numbering in the millions. This year more
entry level divers will be certified than ever before. The
ability to produce a safe diver relies on the effectiveness of
presenting therisksand how to avoid them to that diver, and
subsequent demonstration by the student of mastery of this
information. This is paramount to the reduction of the
incidence of decompression sickness (DCS) inthefield. In
1990 approximately two-thirdsof the new entry level divers
will be certified by PADI Instructors using an instructional
system. The mechanism and philosophy of transferring
information about decompression sickness, decompression,
dive tables, ascents and computers to students and how
PADI ismeetingtheresponsihility of preparing todaysdiver
to avoid the hazards of DCSinto the 1990'sis outlined.

Introduction

PADI is an international diver training association
with headquartersin the United Statesand local areaoffices
locatedin Australia, Canada, Switzerland, Japan, New Zea-
land, Saudi Arabia, Norway and Sweden. PADI’s 28,000
members teach diving in over 80 countries internationally.

Our goal isto promote the training and education of
thegenera publicinthetechniquesof safescubadiving. To
do this we have established standards for the training of
students in skin and scuba diving from entry level through
the scuba instructor training.

Our methods of diving instruction are based on
progressive training in the classroom, pool and open water.
In 1989 PADI memberstrained and certified approximately
400,000 scuba divers. This represents approximately 70%
of the U.S. market and an estimated 50% of the global
marketplace. 1n 1990 this number is expected to increase.

PADI International believesthat training and educa-
tion are the cornerstones to diver safety. PADI is not
interested in promoting a diving activity that might lie
beyond the borders of safety. Our programs shape the
thoughts, attitudes and behaviour of asignificant portion of
the diving community.

PADI Instructors teach entry level divers with an
instructional system of diver education that is produced in
metric and imperial versionsand istranslated into avariety
of languages e.g.: Dutch, English, French, German, Italian,
Japanese, Spanish and Swedish.
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The ability to produce a safe diver relies, in part, on
the effectiveness of presenting the associated risksof diving
and how to avoid them to that diver, and subsequent demon-
stration by the student of mastery of this information.

In consideration of decompression education, thisis
paramount to the reduction of the incidence of decompres-
sionsicknessinthefield. A presentation of the mechanism
and philosophy utilized intransferringinformation concern-
ing DCS, decompression, dive tables, ascents, and dive
computers to entry level diving students will follow. An
outline of how PADI meets the responsibility of preparing
todays divers to avoid the hazards of decompression sick-
ness will be discussed.

The PADI System of Diver Education

Whenwedesigninstruction and training programsat
PADI Headquarters, many factors are taken into account.
PADI standards and educational materials are based on
considerations of student safety, learning, and enjoyment in
addition to prudent instructor conduct. The safety of the
diving publicisconsideredfirst and foremost. Our goal isto
train individuals who after completion of training have the
skills and confidence to enjoy safe scuba diving without an
instructor present.

Thedesign of the PADI system of education follows
atechnol ogical approach. Instructional technology emerged
from the fields of psychology, neuro-physiology, systems
design and computer science. The U.S. aerospace industry
has used an instructional technology design approach to
educationfor 20yearsbecauseof itsability toteach hightech
skillsefficiently inanenvironment of high costsand govern-
ment accountability.

The technological approach to diver education is a
process of planning instruction in consideration of bringing
forth all the necessary conditions of learning. In education
today, the most modern and effective means for providing
training involves a systems approach. The PADI Modular
Scuba Course, our entry level training system, utilizes this
technological approach to education.

TheModular Scuba Course

Thedesign of theModular ScubaCourseisaobjective
driven using measurable performance regquirements as cri-
teriafor success. Assessmentitemsarederived directly from
theobjectivesand performancerequirements. Theseassess-
ment items constitute our exercises, quizzes, exams and
Knowledge Reviews.

A PADI instructor is a manager of instructional
resources and uses the Modular Scuba Course system,
adapting it to the needs and abilities of the student. Student
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comprehension and mastery of information and motor skills
are consistently measured.

PADI’s educational approach isfounded on the be-
lief that maximizing effectiveinstructionrequiresmorethan
simply dispensing information.

Our systems approach takes into consideration how
peoplelearn and the proper guidance and preparation neces-
sary that will alow virtually anyone with reasonable abili-
tiesto deliver effective instruction. However, theinstructor
must first have ahigh level of diving knowledge and know
how to use this system, in addition to having expertise in
dealing with student problem diagnosis. Our instructor
development training process accomplishes the necessary
development and training of these skills.

The Modular Scuba Course underwent a 10 month
evaluation before receiving recommendation for college
credit by the American Council on Education (ACE). PADI
istheonly diver training agency ever to receivethis prestig-
ious recommendation. ACE recommendation is based on
theeducational validity of our programsand our administra-
tive capability to execute the educationa goals we claim.
We believe the ACE recommendations testify to the high
educational quality PADI programs.

Component Parts

ThePADI Modular ScubaCoursesystemincludesin
part the PADI Open Water Diver Manual, The Open Water
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Diver Course Instructor Guide, Modular Lesson Guides,
Quizzes and Exams, Audiovisua program and the Recrea-
tiona Dive Planner.

The PADI Open Water Diver Student Manual is a
teaching aid that approaches material at the samelevel and
complexity as is discussed in class. It is important to
understand its four unique characteristics.

Thefirst isacontrolled presentation of material. A
carefully planned sequence of stepsleadsthediving student
from a present state of knowledge to predetermined educa-
tional objectives.

The second is an incorporation of managed rein-
forcement. Learningisnot | eft to chance, thelearner actively
participates by continually responding to questions. Imme-
diate instructional feedback and correction is provided.

The third is a self-paced design. The learner can
control reading pace and learning rate. The course is
thereforeableto accommodate studentswith awiderange of
backgrounds.

Thefourth characteristicislearning efficiency. Div-
ing information pertinent only to the obj ectivesis presented.
This programmed instructional approach assuresincreased
student motivation and maximizes learning retention.

The other component partsenrich theinstructionand
combine to form the PADI Learning Pyramid. (Figure 1)
Key divinginformationisreiterated at least 7 different times

FIGURE 1

THE PADI LEARNING PYRAMID

Essential information isreiterated seven different times using a variety of media

Administer Final exam

Review Quiz

| Administer Quiz |

Instructor el aborates

Show Audiovisual in class

Student completes Knowledge Review (at home)

Student reads text and answers exercise questions (at home) |

Maximum effectivenessis achieved only if the entire system is used as designed
TO OMIT A COMPONENT RISKS OMISSION OF ONE OR MORE “LEVELS’ OF THE
PYRAMID
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using avariety of delivery methods. The student will read
about decompression in the manual and complete the exer-
cises in the book. The student will then complete the
Knowledge Review at the end of the chapter. The student
will then seean audiovisual tapereinforcing key points. The
instructor will then deliver alecture with overhead support
elaborating on the concepts of decompression and answer
guestions. The student isthen tested on recall and adminis-
tered a quiz. The quiz is graded and reviewed with the
student. Finally, at the completion of the course, the student
is tested by a final exam to demonstrate mastery of this
information. Advancement from one step to the next is
determined by performance. The student progresses only
when he demonstrates he has met objectives. Certification
isbased on demonstration of meeting all objectives, not how
many hours he sat in class. This sequence assures that no
important objectives or content is omitted while accommo-
dating various student learning styles.

Decompression teaching

How does the Open Water Diver Manua guide
students towards mastery of decompression information ?

The topical section on decompression sickness be-
ginswith clear student objectives that organize the instruc-
tioninto relatively small sequentia stepsasreflected in the
body of thetext. The exercisesthat follow each section are
based on the concepts of practice and reinforcement.

The objectives for decompression sickness an entry
level PADI diver must master are stated in the Open Water
Diver manual asfollows:

“After reading this section on decompression sick-
ness, you will be able to:

1 State the two primary factors that influence the
absorption and elimination of nitrogen in adiver.

2 Name the condition that occurs when established
depth and/or time limits have been exceeded, pro-
ducing bubblesin the body during ascent.

3 List nine secondary factors that can influence the
absorption and elimination of nitrogen from the
body.

4 Identify eight signs and symptoms generally associ-
ated with cases of decompression sickness.

5 Statethe necessary treatment for adiver suspected of
having decompression sickness.

6 Outlinethefirst aid procedure for assisting someone
with decompression sickness.

7 Explain how to prevent decompression sickness.”

The text clearly describes the cause and effect of
decompression sicknessincluding symptoms. For example,
the student is informed that “In the most severe cases (of
DCYS) unconsciousness and death can result”. Perhaps most
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importantly, thestudent must demonstratemastery of knowl-
edge on how to prevent DCS.

Inthetopic section under Dive Tables, theentry level
student ispresented with the following objectivesto master.

“ After reading this introduction on dive tables, you
will be ableto:

1 State the primary use of dive tables.

2 Explain why the maximum limits listed on dive
tables should be avoided.

3 Define repetitive dive.

4 Explain what is meant by no-decompression diving

and decompression diving.

5 Explain why a diver’s body nitrogen level is higher
after arepetitive dive.

6 State one reason why the Recreational Dive Planner
distributed by PADI is different from other dive
tables.

7 Define bottom time.

8 Apply the nine general ruleswhen using the Recrea-
tional Dive Planner.

9 State the maximum depth limitation for all recrea-
tional diving.”

Throughout this section the student is encouraged to
diveconservatively. Anexample, isfoundinthefollowing:

“Be aware that although dive tables give you maxi-
mum limits, you need to dive conservatively, avoiding the
maximum limits. Thisisespecially trueif any of thefactors
that contribute to decompression sickness (vigorous exer-
cise, cold, older age, etc.) apply toyour situation. Takeextra
precautionsto not allow yourself to become dehydrated, for
example, especially after several days of diving. Because
people differ in their susceptibility to decompression sick-
ness, no dive table can guarantee that decompression sick-
nesswill never occur, even though you divewithinthetable
limits. It is always wisest to plan dives well within table
limits, especially if any contributing factors apply.”

This section also encourages an attitude towards
slow ascent with asafety stop at theend of adive. The PADI
S.A.F.E.Diver (Slowly Ascend From Every Dive) philoso-
phy is emphasized throughout. The diver learnsto treat an
ascent rate much likean no decompressionlimiti.e. toavoid
reaching or exceeding it and to ascend slowly and take a
safety stop for 3 minutes at 15 feet or 5 meters.

The specific student objectives for safety stops are:

“ After reading this section on safety stops, you will
be able to:

1 State the depth and time of a safety stop.
2 Explain the purpose of a safety stop.
3 Describe the three recommended situationsin which
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a safety stop should be made.”

Additional information about decompression.

There are many other related areas of discussion
regarding decompressionintheModular ScubaCourse. For
example, dive computers are discussed and the student is
instructed to dive within the computer limits and always
back up the dive plan with atable.

Entry level PADI diversareinformedthat divetables
and computers are mathematical modelsthat approximatea
physiological process and no matter how well designed or
tested, they only approximate how the body absorbs and
eliminatesnitrogen. Diversareal so advisedtoavoid decom-
pression dives.

PADI hasalso adopted astrong position oninsisting
that divers be conservative with regard to multi-day repeti-
tivediving. The following warning appears in the student
manual and onthe Recreational DivePlanner (RDP). “Since
little is presently known about the physiological effects of
multiple dives over multiple days, you are wise to make
fewer dives and limit your exposure toward the end of a
multi- day dive series.”

Rulesfor flying or driving to atitudesafter flying are
also presented and must be mastered by the student.

Therulesof usefor the RDP reflect the conservative
nature of our instructions. Recently, concern for deep
repetitivediving emergedinthescientificcommunity. PADI
has printed the following additional rule on the RDP and
educational materials to discourage this activity. “Limit
repetitive dives to depths less than 100 feet/30 meters.”

Instructor Education

The introduction of the RDP has made two major
contributions:

1 anincreased emphasisfor dive planning and control,
2 a heightened decompression awareness educational
campaign.

PADI haslaunched adecompression education cam-
paign in its educational system as outlined, and also to our
instructor members through our professiona journals and
training materials.

For examplein 1990 we are teaching our instructors
inthe PADI update seriesto heed thefollowinginformation:

A Make sure all of your students know that:
1 Even when tables are adhered to, divers have a
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statistical chanceof contracting decompression sick-
ness due to:
a Biological variability. Each individual on
thisplanet is different, hencethereisagreat deal of
biological variability.
b I mprecise decompression theory knowledge.
In the real world, we actually know little about the
dynamics of decompression; including bubble for-
mation, etc.
C Medical conditions. Just asthereis variabil-
ity between individuals, each individual has some
amount of variability from day to day based on their
medical condition.
d Environmental conditions. Some environ-
mental conditions (like cold water) can contributeto
the likelihood of getting decompression sickness.

2 They can create their own trouble, by ignoring:
a Their training.
b Their table or computer.
c Accepted safety rules.
d Their dive pattern. For example, inappropri-
ate dive patterns include “ Sawtooth Dives’ down,
up, down, up, down, etc. and “Bounce Dives’, mak-
ing ashort deep dive just prior to or just after along
shallow dive.

B Asdiving professionals, we need to foster a greater
awareness of the importance of taking responsibility for
diving intelligently. Divers should be advised that when
diving, DCSis always a possihility.

C To help divers decrease their chances of contracting
DCSwhilemaking repetitivedivesonmulti-day trips. Have
divers:

Stay well withinthelimitsof their table or computer.
When possible, wait 24 hours after adiveto fly.
Limit the depth of their first dive to 130 feet.

Limit repetitive divesto 100 feet or shallower.

Follow S.A.F.E. philosophy: Maintainneutral buoy-

ancy, rise slowly (no faster than 60 feet/min. Treat

thislimit like an NDL) and make a safety stop at 15

feet for 3 to 5 minutes at the end of each dive.

6 Take aday off on day three or four when on amulti-
day divetrip (thisisaDivers Alert Network (DAN)
recommendation).

7 Avoid making deep dives after shallow dives at any
time during the multi-day excursion.

8 Begineach diveat thedeepest level and movesowly
shallower asthe dive progresses (avoid “ saw-tooth”
and “bounce” diving)

9 Heed all rules and warningsfor the RDP, regardless
of the computer or table you use (the rules and
warnings are generic and NOT RDP specific). Fol-
lowing RDPrulesand warningsisawaysimportant.

Conclusion

a b wNPE

Tables 1 (Certification Trends From 1978 To 1987),
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2 (Number Of Fatalities Per Y ear 1970 to 1985) and Figure
2 (University Of Rhode Island Fatality Statistics)present
data serving as an indicator that we are on theright track in
diver safety and education. Interms of reducing the occur-
rence of decompression sickness, the number of reported
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of divers a relatively stable occurrence of DCS may be a
positive sign for the safety of scubadiving.
Decompressionishighly complex. PADI iscommit-
ted to decompression awareness and education. The more
we learn about it the more definitive answers evade us.

TABLE 1

CERTIFICATION TRENDS 1978 - 1987

1978
PADI 70,000
All other agencies 150,000
Total 220,000

cases appearsto stay between 500 and 600 cases reported to
DAN in the USA annually.

While the total number of dives being made is not
known, it is likely to be increasing in proportion to the
number of certificationsissued. However, we can say that
thereareat|east 1,200,000 divesannually. Thisiscalculated
by multiplying 300,000 new divers in the U.S. by the
required 4 training dives giving a minimum of 1,200,000
dives. Assuming that thereis no other diving of any kind,
that isexcluding active divers, thisgivesaworst case DCY
diveincidence of 0.05%. Inview of theincreasing number

TABLE 2
NUMBER OF FATALITIESPER YEAR 1970 - 1985
Data on non-occupational scuba diving fatalities compiled

by the University of Rhode Island National Underwater
Accident Data Center Underwater Safety Project.

Y ear Number of fatalities
1970 110
1971 112
1972 119
1973 125
1974 144
1975 131
1976 147
1977 102
1978 116
1979 130
1980 109
1981 103
1982 74
1983 110
1984 70
1985 76

1980 1983 1987
130,000 190,000 340,000
110,000 120,000 135,000
240,000 310,000 475,000

There are many variables to consider and divers need to be
trained to take responsibility for themselvesto avoid creat-
ing their own trouble.

PADI will continue to train divers to control their
diveplanning in consideration of their trainingin additionto
keeping strong warnings and cautions on a variety of our
educational materials.
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TANK CARRIER'SLATERAL EPICONDYLITIS:
CASE REPORTSAND A NEW CAUSE FOR AN
OLD ENTITY

Lori L. Barr and Larry R. Martin

Introduction

Lateral epicondylitis isacommon injury which may
bedifficult totreat. Whiletheinjury isclassically associated
with tennis playing, a number of other causes have been
reported.t? However, the entity has not previously been
associated with the carrying of compressed air tanks. We
report five cases of lateral epicondylitisrelated to the carry-
ing of compressed air tanks during dive-related activities.

M ethods

After an episode of acute elbow pain wasnoted in a
research diver during intensive periods of lifting and carry-
ing compressed air tanks, theauthorsperformed aretrospec-
tive literature search to review the causes of lateral epi-
condylitisand to evaluate the likelihood of cause and effect
between theassociation. Duringtheyear between presenta-
tion of thefirst case and the present time, four other cases of
tank carrier’s lateral epicondylitis were discovered. We
present five cases for consideration.

Casel

This 46 year old male has a twelve year history of
intermittent pain localized to the lateral aspect of the right
elbow. Whilethe majority of hisyear is spent in asupervi-
sory position, two months per year involve intensive re-
search diving trips. These activities require lifting and
carrying of equipment (A180 compressed air tanks) over
rough terrain for at least fifty yardstwice aday. He hasno
history of other predisposing factors for lateral epicondyli-
tis. The paintypically occursduring hisresearch divetrips
and lasts one to nine months after returning to his sedentary
lifestyle. The pain occurs during rest and is not associated
with grip weakness. He experienced athree year pain free
interval approximately eight years ago. Since the last
episode, he has been pain free for eleven months.

Over the course of the illness, he has consulted
severa physicians. He hastried the entire spectrum of non-
steroidal anti-inflammatory agents with variable success.
During medical therapy, he experiences a decrease in rest
pain but suffers from gastrointestinal side effects. Hefeels
that after hislast trial with Feldene (piroxicam), 20 mg daily
for one month, hisreturnto apain free state wasmorerapid.

Physical examination was significant for point ten-
dernessover thelateral epicondyleaggravated withresistive
wrist dorsiflexion. Noclinically apparent evidenceof swell-
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ing or discolouration was present. No grip weakness was
dicited. Radiographic examination was negative. Ultra
sound examination was positive for thickening of the right
common extensor tendon.

Case?2

This 34 year old male diveinstructor complained of
pain the day after he was required to carry ten to twenty
compressedair tanks(A 180, A 150) fromthediveshoptothe
local college pool used for certification classesviaastation
wagon. He typically teaches large classes of five weeks
duration four times per year. The onset of pain occurs the
day after thefirst pool session and lastsfrom daysto weeks.
Hehasexperienced no gripweakness. Although hehastried
taking aspirinfor hispain, no objectiverelief hasbeennoted.
Hefeelshehasmodified hislifting techniqueto compensate
for the pain. Physical examination was positive for point
tenderness over the lateral epicondyle without grip weak-
ness. No radiographic examination was performed.

Case3

This33year old malehad aoneand ahalf year history
of fencing when he began working for alocal marine park.
Hisjob consisted of extensive scrubbing of sides of aquari-
umsand carrying 11 tanksto befilled each week. Hewould
carry the tanks from a dive locker to a pick-up truck, load
themand drivetothelocal dive shop wherehewould unload
them, wait whiled they werefilled, carry themto the pick-up
truck, load them and then unload at the other end and carry
them to the storage. This involved lifting each tank eight
times. After nine months, he developed right lateral elbow
pain. He did not seek medical attention. Instead, his pain
wasrelieved by cradling thetanksinstead of carrying the by
the valve stems and stopping the scrubbing motion he was
using. The pain lasted for less than one year and did not
interferewith fencing. He hassince changed jobsand isnot
required to clean aguariums or lift tanks. He has been pain
free for one year.

Case4

This 40 year old female was in her normal state of
health until she played tennis for the first time three years
ago. Sheis 155 cm tall and right handed. After playing
tennisfor oneafternoonwith her brother, shenoticedthat her
right elbow was occasionally painful. Aside from this
isolated attempt at tennis, her history was negativefor other
racquet sports, golf or occupational predisposition to elbow
injury. Three monthslater, she began taking ascubadiving
classfor openwater certification. Atthepool sessions, each
diver was required to participate in the loading and unload-
ing of theforty tanks (A 180) usedfor class. Specificaly, the
tankswerepassed from onediver to thenext whilethedivers
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stood in aline between the two points where the tanks were
being transported.

Three weeksinto the class, the patient awoke with a
sharp painin her right elbow joint whichfeltlikeahot poker.
The following day she sought medical attention. Physical
examination revealed exacerbation of lateral pain and grip
weakness with right wrist dorsiflexion. She was started on
passive therapy including anti-inflammatory agents and
splinting. However, her pain and grip weakness continued
to increase and by the time of her check out dives, the pain
was incapacitating. Her doctor injected the area with a
steroid/lignocai ne mixture which temporarily provided re-
lief.

After the course, the patient chose to purchase A150
and A160tanksfor her personal use. Shecontinuedtoliftthe
tanks by the valve stem and began using her left hand more
than her right due to her disability. Consequently, her left
elbow became symptomatic within nine months of the start
of her right elbow pain. Radiographic examination was
negative. Her orthopaedic surgeon operated on the right
elbow oneyear ago. Shehasbeen painfreeontheright since
that time. Her left elbow was operated on six months ago.
She still experiences some pain on the left as she is well
within the expected time framefor post operative recupera-
tion.

Case5

This 48 year old research diver averages approxi-
mately fifty dives per year but otherwise lives a sedentary
lifestyle. Hisjob aso requiresthat he drive long distances
and much of histime is spent working at a computer. His
history was significant for playing golf as a hobby.

Four years ago, he developed agonizing dull painin
the left elbow. For one year he endured the pain which
occurred even with simple activities such aslifting a coffee
cup. When hisgrip weakness became severe enough that he
feared a diving mishap might occur, he sought medical
attention. Physical exam was positive for limited range of
motion of the left shoulder, grip weakness and left lateral
epicondylar pain. Hisdiagnosisof lateral epicondylitiswas
followed by a six month trial of various anti-inflammatory
agentswhich gave him no relief. He endured atotal of five
cortisone shots in the left elbow which were effective for
approximately three days after injection. Passive splinting
of the elbow did not decrease the pain.

MRI examination of the left shoulder revealed nerve
impingement and surgery wasrecommended. Hedecidedto
have the left elbow operated on at the sametime. Surgery
occurred approximately eighteen months ago and he has
been pain free since. The patient also has a history of right
medial epicondylitis which has been present for four years
but which has gradually worsened since his left arm pain
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became disabling. He plansto undergo surgical therapy for
his right medial epicondylitis during the coming year.

Discussion

Lateral epicondylitisisacommoninjury whichinthe
chronic state, can be difficult to treat. The injury usually
presentsin the fourth decade of life.? The patient may have
a history of racquet sports, golf, throwing sports or an
occupationwhichrequireslifting such asbaggagehandling.*

Patients complain of pain along the lateral aspect of
the elbow which extendsinferiorly.> They may experience
grip weakness or aggravation of the condition with agrip-
ping activity. In acute epicondylitis, the patient is usually
able to identify the motion with which the injury was
associated. However, since the damage is cumulative,
patients presenting in the chronic state may not be able to
relate the pain to a specific activity. Patients often do not
seek medical attention until the pain has affected their
lifestyle for several months.

On physical examination point tenderness along the
lateral epicondyle is elicited with resistive wrist dorsiflex-
ion.t Radiological examination of the elbow is usually
negative. Occasionally, abonespur isnoted alongthelateral
epicondyle in chronic cases (less than 10%). In Case 1,
elbow ultrasound revealed thickening of the symptomatic
common extensor tendon with certainty. Increased use of
ultrasound may aid in a more rapid diagnosis of muscu-
loskeletal injury in the future.

Pathol ogically, thereisinflammation of thecommon
extensor tendon as it inserts along the lateral epicondyle.’
Often, atear isidentified through the extensor carpi radialis
brevisportion of the common extensor tendon. Granulation
tissue and fibrosis are often identified. Thereisanincrease
in the number of subtendonous free nerve endingsin symp-
tomatic patients.

Treatment of acutelateral epicondylitiscentresaround
cessation of the offending activity and the use of non-
steroidal anti-inflammatory agents.

The majority of patients with acute epicondylitis
respond to conservative management and return to anormal
lifestyle. However, some patients develop chronic epi-
condylitis since damage to the common extensor tendon is
cumulative. When symptomsare persistent and debilitating,
subtendonous injection of a combination of steroids with
lignocaine into the area of tenderness may provide relief.
While someauthorsfeel that steroid injection contributesto
injury, alarge series has not shown any significant increase
inmorbidity after repeated steroidinjections.® Most patients
requiremorethan oneinjectionto achieverelief. Other non-
invasive measures include plaster splint immobilization of
the involved wrist in dorsiflexion and limitation of hand
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activity.

A small percentage of patients will require surgical
treatment. Indicationsfor surgery vary but if the patient has
had symptoms for over one year or has failed conservative
treatment and has sufficient discomfort to cause incapacity
then he is usually considered a candidate. While some
surgeons advocate radical resection of the synovium or
completeexploration of theelbow joint,amoreconservative
approach includes excision of the tear which isidentifiable
in the majority of cases or resection of the area of obvious
degeneration. One group performed all surgery under local
anaesthesia so the site of tenderness could be better local-
ized. Surgery is highly successful for relief of symptoms.
Patients usually resume normal activity within a year of
operation.

Since injury to the common extensor tendon of the
forearm is a cumulative phenomenon, it is important to
identify all factors contributing to the development of the
condition. The medical literature has not previously noted
that the carrying of compressed air tanks associated with
scubadiving activitiesmay predispose patientsto the devel -
opment of both acuteand chroniclateral epicondylitis. This
is not surprising when one considers that the mechanism of
injury (aweightload ontheforearmwithwrist pronationand
dorsiflexion) is the exact mechanism required for tank
handling.

Conclusion

Although a number of factors have been previously
implicated in the formation of lateral epicondylitis, the
carrying of compressed air tanks has not been associated
with this entity. The authors report five cases of latera
epicondylitiswhere periodsof intensivetank carrying either
caused or contributed to the disease. Both research and
recreational divers are at risk for the development of the
condition.
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TANK CARRIER’SLATERAL EPICONDYLITIS:
A BIOMECHANICAL RATIONALE FOR INJURY
AND PREVENTION

Lori L. Barr, Denis Brunt and Larry R. Martin

Introduction

Five cases of latera epicondylitis, in which the
carrying and lifting of compressed air tanksled to injury of
the common tendon affixing the extensor muscles of the
forearm to the lateral epicondyle, have been reported.t The
following experiment was performed to investigate the
biomechanical effects of tank lifting on the forearm and to
determine whether hand position could be altered to reduce
the amount of muscle activity during lifting.

Materials and Methods

Four subjects ranging in ages from twenty-eight to
forty-five years were asked to lift an A180 compressed air
tank filled to capacity (3,000 PSI). Three of the subjects
were healthy volunteers with no arm symptoms (subjects 1
- 3). One subject was symptomatic for chronic lateral
epicondylitisand will bereferred to as Subject S. Subject 1
was152.5cminheight, subject 2167.5cm, subject 3170cm
and subject S 167.5 cm.

Surface electrodes were applied unilaterally to the
skin overlying the common extensor muscle group of the
forearm and the ipsilateral biceps brachii muscle. Each
recording electrode consisted of two silver-silver chloride
one centimetre diameter electrodes embedded in an epoxy-
mounted pre-amplifier system. Theelectromyographic sig-
nal was high passfiltered (40 Hz), further amplified, RMS
processed and low passed filtered (400 Hz). Processed
signals were sampled on-line at a rate of 1000 Hz for one
second.

The experiment was started with the compressed air
tank lying on its side on the floor. Subjects were asked to
begin the experiment with bent knees, without raising the
heels from the floor, and to pull the tank into a neutral
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carrying position next to their side as rapidly as possible
without ajerking motion (Figure 1).

Figure 1. The position for lifting used in this study.

Random sequencing was used to perform sixteen
separate lifting trials using four hand grips. The first grip
(split hold grip) consisted of grasping the tank by the on/off
knob and having the valve neck located between the index
and middlefingers (Figure2). Thesecond grip (singlegrip)
consisted of grasping thetank valve by the on/off knob with
all fingerslocated on the knob side of the valve (Figure 3).
The Tank Handle? (Figure 4) was utilized because of the
doping ding design for the third hold (dling grip). The
Standard Tank Carrier No. TA-10° (Figure 5) was utilized
for the classic baggage-style handle design for the fourth
hold (H grip).

Data analysis consisted of normalization to the split
hold grip RM Sdatawhichwasgiven avalue of one (Figures
6 and 7). The datais described according to percentage
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Figure3. Singlegrip

change in muscle activity (RMS) between the different
groups.

Results

Analysis of the electromyographic activity revealed
abiphasic curve with peak activity of the common extensor
muscle group in early lifting which decreased when the
neutral carrying position was achieved. The peak activity
for the biceps muscle was achieved in the neutral carrying
position after adelayed onset. Withtheuseof thesinglegrip
therewas more activity in both the extensor musclesand the
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Figure 4. Thetank handle

biceps when compared to the split hold. However, both the
extensor muscle group and the biceps demonstrated a dra-
matic decreaseinactivity withtheuseof either thesling tank
carrier or the H style tank carrier.

In normal subjects, use of thesling grip resultedina
45% decrease in extensor muscle group activity and a61%
decrease in biceps activity. With the use of the H grip, the
extensor muscle group activity decreased 33% and the
biceps activity decreased 52%. The H strap was least
effective in the shorter subject who demonstrated only a
10% decrease in the extensor muscle group activity and a
13% decreasein thebiceps. Inthe symptomatic subject, the
dlingstrapwaslesseffectivethantheH strapwithonly a17%
decrease in extensor muscle activity and a65% decreasein
biceps activity.

Discussion

The biomechanical actionsimplicated in the forma-
tion of lateral epicondylitis are the combination of wrist
pronation with dorsiflexion. In this position, the extensor
muscle group functions as a forearm flexor. The most
extreme example of this motion is seen in mgjor league
baseball pitchers as documented by slow motion photogra-
phy of the pitch.* Decreased degrees of pronation and wrist
dorsiflexion arecombined in avariety of sportsand occupa-
tional activities® It iswell-documented that tennis players
who are not properly conditioned and abuse their arm are
more likely to develop lateral epicondylitis than those who
are pre-conditioned.t

It isthe combination of unconditioned forearmsand
over use during divetripsthat predi sposes both recreational
and research diversto the formation of lateral epicondylitis.
Our experiment demonstratesthat wrist dorsiflexionis nec-
essary in order for the average person to carry an A180 tank
by their side. Shorter subjects may require elbow flexion to
keep the bottom of the tank off the ground (Figure 8).
Depending on the tank hold used, thereisavariable amount
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Figure5. Standard Tank Carrier

of pronation required for tank lifting.

We have shown that both the common extensor
muscle group and the biceps muscle group demonstrate
decreased activity when carrier straps are utilized for tank
handling because of less pronation. The exact reason why
the dling strap was dlightly more effective at decreasing
muscle activity than the H style strap isuncertain. Perhaps
the strap slope allowsfor better distribution of theweight to
all of the muscle groups of the forearm.

Physiciansinvolvedin scubadiving activities, either
as a consultant or as adiver should be aware of the risk of
cumulative epicondylar injury which may be caused by
improper tank handling.t A pre-dive training program
involving both isometric and weight-bearing exercise com-
bined with the active use of tank carrier straps during dive
excursions may decrease the risk of injury.®

Conclusion

We have demonstrated abiomechanical rationaefor
the formation of lateral epicondylitis with the carrying of
compressed air tanks. Lifting the tank requires both wrist
dorsiflexion and pronation of varying degrees dependent on
subject height and the grip used. These are the mechanisms
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Figure 8. showing typical tank carrying posture.
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which predispose humans to the formation of lateral epi-
condylitis. The use of tank carrier straps decreases the
amount of activity of the forearm extensors and the arm
flexors because less pronation is required. We recommend
that dive physiciansrecognize tank carrying as apredispos-
ing factor toward the formation of lateral epicondylitis.
Active encouragement of patients to precondition the arm
prior todiveexcursionsandtheuseof tank carrier strapsmay
decrease long term disability.
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SPUMSNOTICES

1991 SPUMS ANNUAL SCIENTIFIC MEETING
PROGRAMME

Session 1
Sunday 2nd June Chairman Des Gorman
1600 - 1730

SPUMS Executive meeting
1730 - 1800

Break

Introduction and key-note address

1800 - 1815 Des Gorman
Introduction and welcome
1815 -1845 Geoff Skinner

Housekeeping and diving arrangements
1845-1900
Break

1900-1945 Glen Egstrom
The state of the art in recreational diving equipment
and the impact of changing equipment configura-
tions on diving instruction and performance
1945-2000
Discussion

Session 2
Monday 3rd June Chairman Tony Slark
Fitnessfor diving

1600 - 1630
The PADI diving medica
1630 - 1645
Discussion
1645 - 1715 John Knight
The SPUM Sdivingmedical submissionto Standards
Australia
1715- 1730
Discussion
1730 - 1800
Break

Drew Richardson

1800 - 1845 Glen Egstrom
The mechanical, physiologic, methodologic and
psychologic aspects of adequate preparation for div-
ing

1845 - 1900
Discussion

1900 - 1945 Andy Vede
Lung function testing and diving fitness

1945 - 2000
Discussion

Session 3
Tuesday 4th June Chairman John Robinson
Open session

1600 - 1630 David Davies
A clinical review of the Hyperbaric Unit, Fremantle
Hospital 1990
1630 - 1645
Discussion
1645 - 1715 Chris Acott
A clinical review of the Hyperbaric Medicine Unit,
Royal Adelaide Hospital 1990
1715- 1730
Discussion
1730 - 1800
Break

Buoyancy control devices

1800 - 1845 Glen Egstrom
Biomechanics of buoyancy control devices and the
impact upon ascent rates

1845 - 1900
Discussion

1900 - 1920 Terry Cummins
NSQC buoyancy control instruction

1920 - 1930
Discussion

1930 - 1950 Chris Acott
DIMS; buoyancy control device incidents

1950 - 2000

Discussion
Session 4
Wednesday 5th June Chairman Chris Acott
Open session
1600 - 1630 Drew Richardson

An overview of the recreational diving industry
1630 - 1645
Discussion
1645 - 1715 Terry Cummins
A training agency perspective on DES funding and
other topical issues
1715- 1730
Discussion
1730 - 1800
Break
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Diving emer gency procedures

1800 - 1845 Glen Egstrom
Theimpact of equipment on the effective execution
of air sharing techniques and other loss of control
situations

1845 - 1900
Discussion

1900 - 1930 Peter Sullivan
A tria of in-water oxygen therapy in Antarctica

1930 - 1945
Discussion

Session 5
Thursday 6th June Chairman John Knight
Decompression procedur es
1600 - 1630 Ray Rogers and
Drew Richardson

The RDP and the PADI experience 1990-1991
1630 - 1645

Discussion
1645 - 1715 Glen Egstrom
Dive computers, tables and decompression proce-
dures
1715- 1730
Break
Diving accident investigation
1800 - 1845 Glen Egstrom

Equipment and diving accident investigations
1845 - 1900

Discussion
1900 - 1945 Douglas Walker
The adequacy of diving accident investigation in
Australasia
1945 - 2000
Discussion
Session 6
Friday 7th June Chairman Des Gorman
Reportsfrom other meetings
1600 - 1610 David Davies
Indonesian Society of Hyperbaric Medicine, 1990
1610 - 1620 Andy Vede

Underwater and Hyperbaric Medicine Society, Eu-
ropean Undersea Biomedical Society, International
Congress on Hyperbaric Medicine, combined meet-

ing, 1990
1620 - 1630 Des Gorman
International DAN network meeting, 1991
1630 - 1640 Andy Veale

Australian and New Zealand Thoracic Society meet-
ing, 1991
1640 - 1650
Discussion
1650 - 1700
Break

Annual General Meeting
1700 - 1830 Annual General Meeting
Conference Banquet

1930

MINUTES OF SPUMSEXECUTIVE MEETING
(TELECONFERENCE) HELD ON SUNDAY NO-
VEMBER 11
at 1000 Eastern Summer Time

Present

Drs Gorman (President), Acott, Knight (Editor),
Robinson (Secretary), Barry (Treasurer), Slark and
Williamson.

Apologies
Drs Davies, Chapman-Smith and Wallner.

1 Minutes of the previous meeting

These had been distributed andwere taken as a true
record. Proposed Dr Gorman. Seconded Dr Barry

2. Business arising from the minutes

21 AGM 1991

Dr Rasheed hasnot responded to our invitation to
open the meeting. No further information has been
received about fundingfrom AIDAB. Latest costingsfor
Kurumba Village, Maldives, have been distributed and
wereconsideredtobegoodvalue. Scientific Programme:
Dr Gorman informed the meeting that planningwasat an
advanced stage and he will be able to present thisto the
next meetingin February, and, thereafter, call for papers.

22 AGM 1992

Dr Williamson advised no further discussions
had taken placewith Dr Pichon. Dr King hasbeen away
and unable to assist at thistime. Dr Robinson reported
that we may have exclusive use of Quicksilver at acost
comparable to previous dive packages, but only by
offering a 3 day dive package compared to the usua 5.
Thisproposal wasagreedto, further, it was suggested by
Dr Knight that on dive days we have a mini lecture
programme compared with a more intense programme



on other days. All present agreed to this. Dr Robinson
will speak to Geoff Skinner and instruct him to proceed
accordingly.

23 AGM 1993
No further information.

24  HAWAII

At therequest of Geoff Skinner information was
circulated about Kona as a possible future conference
venue. Discussion wasdeferred till February but it was
thought to be an option for 1994.

25 PADI MEDICAL STATEMENT.

Dr Gorman’ sdraft was discussed. The Commit-
tee approved the draft but added a stronger emphasis
should bemade asto the compul sory nature of thediving
medical. It needsto be clear SPUMS will not compro-
mise onthispoint. Dr Barry added L eukaemianeed not
necessarily be an absol utecontraindication. It wasnoted
by Dr Williamson that with advances in understanding
absolute contraindications could become relative. Dr
Slark felt that no medical should proceed if it was
overwhelmingly obvious it would fail. These points
were agreed and Dr Gorman will writeafina letter and
send it to PADI.

26 HYPERBARIC SOCIETY

Dr Williamson advised therewill beameeting in
Adelaideon the23rd of November. Thereisatotal of 14
peopleinvolved. After discussionitwasagreedit should
beastanding Committee of SPUMS. Thenewly formed
Australian Hyperbaric Medicine Society should report
to SPUMS and have their proceedings published in the
SPUM S Journal. Thecommitteewill involveonly those
members engaged in full time Hyperbaric Medicine,
which, infact meanslargely clinical directorsof units. A
teleconference is to be held soon and it was agreed
SPUMS will fund this.

2.7 AUSTRALIAN-CANADIAN MEETING

Dr Gorman reported a private conversation with
Carl Edmonds. It seems this meeting was organised in
Canada with no local input. A token Australian repre-
sentation wasinvited but they had no organisational role.
It was agreed there was no point pursuing the matter
further.

28 COFFSHARBOUR MEETING
There was nothing further to report.

29 STANDARDSASSOCIATION MEETING

A meeting hasbeen arranged for November 24 at
Carl Edmond’ shouse. Attendingwill be John Knight as
Chairman, John Williamson, Chris Acott, Bob Thomas
and Carl Edmonds. Dr Gorman inquired as to how
decisionswereto bemadeand wasadvised it had already
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been decided by consensus. Dr Knight will report to the
next meeting.

2.10 SCIENCE CENTRE FOUNDATION

A letter from Ruth Innal had been circulated.
There was much discussion about the Foundation’srole
in SPUM’S affairs. The mgjor problem is continuing
highcosts. Thereisnodoubt thesehadtobereduced. All
agreed a permanent address necessary. Whether this
involved using the Foundation as aletter box or getting
anew addressremained to bedecided. Dr Knight said he
wouldinvestigatethepossibility of using The Australian
College of Occupational Medicine. The Committeefelt
this was a promising suggestion. It was felt if we are
going to change address it should be soon. Opinion
seemedtofavour Dr Barry’ ssuggested reorganisation. It
was decided Drs Knight, Barry and Robinson, as those
most involved with running the Society, should have a
separatelink up and resolvethisissue. Thiswas agreed
by al, the outcomewill be reported at the next meeting.

General Business

31 SPUMSJOURNAL.

Instructions to authors: John Knight advised
these had been amended and will appear in the next
journal. Theme Issues he felt were difficult to organise
at thispoint duetoalack of material. Therehad beenone
Guest Editor sofar. Hethought intime Leading Articles
may bepossible. JohnWilliamsonand John Knight have
been in communication frequently and established a
good working relationship concerning the Journal. John
Williamson informed the Committee that RAH has an
extensive range of educational courses that are in in-
creasing demand. It was recommended these be adver-
tised again in the Journal .

32 DESPHONE

ChrisAcott spokeand stated that whilethe Agen-
cies continued to support the Service, by way of alevy,
no payment had been received thisyear. Thiswas due,
inpart, to someuneaseabout the Trust Fundwording. He
expected this to be resolved by consultation with the
Agencies themselves. Chris drew the Committee’s
attention to amovein Queensland to establish aseparate
DES service in that State. This move was strongly
opposed by all members of the Committee who felt this
caused confusion, was against movesto link up with the
DAN and European Service, and resulted in splitting of
Agencies funds. It was suggested a policy statement
should be submitted to the Journal. John Williamson
mentioned that Tom Heron, whoisaprimemover inthis
matter, had little diving experience and no medical
background. 1t was hoped education might help resolve
thisissue. Insertionof aleadingarticleinthenextjournal
was discussed, but it was decided to defer this till the
March issue so as not to inflame the situation.
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3.3 DIMS
ChrisAcott said 121 incidents had been reported
and were being currently analysed.

4 Correspondence

Dr Gibbs: A letter critical of the awarding of our
Diploma was read. This matter has already been fully
discussed in the Journal and it was felt unnecessary to
discuss it further. The Secretary will write indicating the
appropriate avenue for the doctor to seek this qualification.

5 Business without notice

51 DIVING DOCTORS

Dr Robinson reported that many complaints had
been received about this list. These were mainly con-
cerningomissionfromthelist. Infuturethelistwill only
include financial members of SPUM Swith an appropri-
ate diving qualification or six months experience in a
hyperbaric unit. A statement will appear in the next
Journal to that effect.

5.2 FUTURE MEETINGS
Dr Robinson requested as much notice as possi-
ble for items on the Agenda.

M eeting closed at 1150.

SECRETARY'SNOTICES

NOMINATIONS FOR THE EXECUTIVE
COMMITTEE

Nominationsfor theExecutive Committeeof SPUM S
should be in the hands of the Secretary by the fourteenth of
April 1991.

Besidesthe office sought nominations must bear the
names and signatures of the proposer, seconder and nomi-
nee. A member may nominate for more than one position.

A nomination form was enclosed with thelast Jour-
nal.

ANNUAL GENERAL MEETING 1991

The Annual General Meeting will be held during the
Annual Scientific Meeting at the Karumba Village Resort,

Republic of Maldives, June 1-8 1991.

Members wishing to have matters placed on the
agenda of the AGM must notify the Secretary in writing, in
theform of amotion, before 14th April 1991. Mattersnot on
the agenda cannot be discussed at the AGM (see Rule 8).

LIST OF AUSTRALIAN MEMBERSWHO DO
DIVING MEDICALS

In the future the of list of members who do diving
medicalswill only includethenamesof thosewho havedone
theappropriatetraining (RAN basic course, Royal Adelaide
Hospital basic course, Diving Medical Centre Brisbane
medical examiner course or equivalent).

Asitislikely that the records held by SPUMS could
be out of date it has been decided that member swishingto
be on thelist shall submit to the Secretary the following
information. Name, date and place of training, the address
wherediving medical saredone (including postcode) andthe
telephone number (including area code) to be rung to book
medicals.

Without all this information names will not be in-
cluded onthelist.

NOTICE OF INTENTION TO ALTER THE RULES
OF THE SOUTH PACIFIC UNDERWATER
MEDICINE SOCIETY INCORPORATED

The Executive Committee of SPUMS has given
notice of itsintention to move two motionsto alter therules
of the Society at the 1991 Annual General Meeting(SPUMS
J1990; 20 (3):143). Noticeisnow given of athird motion
to be moved at the sametime. The motions will then have
to be passed by athree fourths majority of the full members
and lifemembersinapostal ballot. Thisrather cumbersome
arrangement is necessary because the Corporate Affairs
Office, Victoria, requires motions to alter the rules to be
presented to a meeting.

Themotionsnow seek to add an Education Officer to
the Committee , to enable members resident outside the
South Pacific, specifically North America, to form alocal
branch of SPUM S and to alter the procedure for registering
membership to conform with what actually happens.

Motion 1.

“That rule22 (a) bealtered by insertingthewords* an
Education Officer,” after the words “the Editor of the Jour-
nal,” and inserting theword “the” before the words “ South
Pacific Underwater Medicine Society” and inserting the
word “Incorporated” after these words.”

Rule 22 (a) would thenread (withtheadded wordinginbold

type)
“The Committee shall consist of aPresident, Imme-
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diatePast President, aSecretary, aTreasurer, Public Officer,
the Editor of the Journal, an Education Officer, a repre-
sentative appointed by the New Zealand Chapter of the
South Pacific Underwater Medicine Society | ncorporated
and three other membersof the Association entitledtovote.”

Motion 2.
“That rule41 (b) beatered by deleting thewords*“in
the South Pacific ared’.”

Rule 41 (b) would then read

“A regional branch of the Association may be estab-
lished at any place to further the objects of the Association
in that place.”

Motion 3.
“That rule4 be altered by deleting paragraphsato h,
and substituting paragraphs ato f below.”

Rule 4 reads
“(a) Any person seeking full membership or associate
membership or corporate membership may apply for
membership in the form set out in Appendix Onewhich
shall, after it is completed, belodged with the Secretary
of the Association.

(b) Assoonasitis practicable after the receipt of a
nomination, the Secretary shall refer the nomination to
the Committee.

(c)  Uponanominationbeingreferredtothe Commit-
tee, the Committee shall determine whether to approve
or to reject the nomination.

(d)  Uponanomination being approved by the Com-
mittee, the Secretary shall, with aslittle delay as possi-
ble, notify the nominee in writing that such a person is
approved for membership of the A ssociation and request
payment within the period of 28 days after receipt of the
notification of the sum payable under these Rules asthe
entrance fee and for thefirst year’ sannual subscription.

(e)  TheSecretary shall, uponpayment of theamounts
referred toin sub-clause (d) withinthe period referred to
in that sub-clause, enter the nominee’'s name in the
register of members kept by him and, upon the name
being so entered, the nominee becomes amember of the
Association.

() A right, privilege or obligation of a person by
reason of his membership of the Association -

(i) isnotcapableof beingtransferred or transmit-
ted to another person; and

(i) terminates upon the cessation of hismember-
ship whether by death or resignation or other-
wise.
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(@9  TheSecretary shall asoinscribethe name of any
life member or honorary member in the register of
membersand shall deletethenameof any person ceasing
to beamember from theregister immediately after such
person ceases to be a member.

(h)  The Committee shall be under no obligation to
give any reason for its decision not to accept an applica
tion for membership of the Association.”

The words to replace the paragraphs above are:-

“(@ Any person seeking full member ship or asso-
ciate membership or corporate membership may
apply by writing to SPUMS Membership C/o Aus
tralian College of Occupational Medicine, P.O.Box
2090, St Kilda West, Victoria 3182.

(b)  When the completed application form, with
thesum payableunder theseRulesastheentrancefee
and for the first year’'s annual subscription, isre-
ceived by the Treasurer theapplicant’smember ship
shall commence.

(c)  Upon natification by theTreasur er that mem-
ber ship hascommenced theEditor (or theSecretary)
shall enter the applicant’s name in the register of
member s kept by him.

(d)  Aright, privilegeor obligation of a person by
reason of hismember ship of the Association -

) is not capable of being transferred or trans-
mitted to another person; and

(i)  terminatesupon the cessation of hismember -
shipwhether by death or resignation or non-payment
of subscription or otherwise.

(e)  TheEditor (or Secretary) shall also inscribe
thename of any lifemember or honorary member in
theregister of membersand shall delete the name of
any per son ceasingto bea member from theregister
immediately after such per son ceasestobeamember.

()] The Committee may reject any new member
at itsnext meeting and shall beunder noabligationto
give any reason for its decision not to accept an
application for member ship of the Association.”

Theexplanation of theinclusion of the Editor
in paragraphs ¢ and e is that, a present, the Editor is
responsiblefor keepingthelist of membersupto date. Itis
possible that at some future time this task might be taken
over by the Secretary.

John M.P.Robinson
Secretary of SPUMS.
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LETTERSTO THE EDITOR

COSTS OF ANNUAL SCIENTIFIC MEETING.

For theinformati on of memberswe reproduce bel ow
thetext of aletter sent by Allways Travel to amember who
wroteto the Secretary of SPUM S pointing out that histravel
agent could offer a cheaper fare to the Maldives.

Allways Travel Service
168 High Street
Ashburton

Victoria 3147

25 January, 1991
Dear Sir

| have recently received a copy of your letter to the
Secretary of SPUMS in relation to this year's SPUMS
meeting in the Maldives and feel there are certain matters
you have brought to his attention that require immediate
clarification.

Allways Travel Serviceworksvery hard at securing
the best possible hotel rates and air fares for the SPUMS
group and it is aways our intention to keep costs at a
minimum.

Y our letter prompted me to phone the group depart-
ment at Singapore Airlinesin order to air your views and |
was given this response which | will detail in point form.

1 The airline package you are referring to has limited
availability and on each departure Singapore Airlines will
only accept up to ten people. Once the ten seats have been
sold, thepackageisconsidered full, and anyoneel sewishing
tobook arerequested to pay amoreexpensiveair fare. They
will notfill anaircraft of passengerstravellingoncheapfares
dueto the very low profit margin involved.

2 The flights to the Maldives continue on to various
European cities and Singapore Airlines will not release a
large number of seats, at a substantially reduced rate, for a
group terminating their travel arrangementsin Mae. The
reason, of course, isthat it isfar more profitable for them to
protect the bulk of their seatsfor their passengerstravelling
through to Europe.

3 Wearevery fortunate to have secured the number of
seats we have.

Our cost for this years meseting is $1,860.00 which
includesreturnair fares, seven nightsaccommodation, break-
fastsdaily, twoeveningmeal sandtransfers. Thispriceisnot
subjecttoair fareincreases. TheSingaporeAirlinespackage
is $1,849.00 and offers the same as our package with an

additional four evening meals. This price is subject to
increasesand | believewe have secured avery good pricein
comparison.

| should point our that alot of hard work is put into
the organisation of the SPUMS meetings to ensure that
reservations are handled efficiently, the diving is handled
with safety and care, the Conferenceisrun successfully and
the non diving programme is varied and interesting.

| believe it is of great assistance to al members to
havethestaff of AllwaysTravel inattendanceeachyear with
queries and generally oversee arrangements for the group.

These advantages would not be made availableif all
members were to book independently. Individual travel
would also mean you would have scattered arrivals and
departureswhich would be adifficult situation when organ-
ising the actual meetings.

| trust | have responded adequately to all points set
out inyour letter and | would be more than happy to answer
any further queries you may have.

Adrienne McKeone
Group and Convention Manager
Allways Travel

THE MALDIVE MYSTERY

GPO Box 1317
Hobart, Tasmania 7001

January 16th 1991
Sir

| have just read Thor Heyerdahl's “The Maldive
Mystery”, published by George Allen and Unwin, and
recommend it to the members going to the Maldives as a
useful update on the Maldives from the cultural and ethnic
point of view.

Somemembersknow of my interestin marinearche-
ology. | haveto report an interesting correspondence with
the Maldives Deparment of Linguistic and Cultural Studies
touching topics mentioned in the book.

Peter McCartney

Editor's note
A review of this book appears on page 49.
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DivEvac

DivEvac
5th Floor, Heerengracht, 87 Korte St
Braamfontein, Johannesburg
South Africa
21 December 1990

Dear Sir,

We would like to introduce you to DivEvac.

DivEvac is a 24-hour multi-network system de-
signed to service all recreational scuba divers throughout
South Africa, neighbouring countries and Indian Ocean
Islands, in the case of adiving accident or when in need of
diving medical advice.

DivEvac's Operations Centre, based in Johannes-
burg, aready has an emergency evacuation plan for each
knownlocal diving areaand hashighly trained medical staff
(Doctors, ICU Nurses and Paramedics) capable of dealing
with diving related incidents. It has many air ambulances,
fixed-wing aircraft and helicopters, based around major
spotsin South Africa, i.e. Durban, Johannesburg and Cape
Town, which ensure therapid arrival and immediate access
to the injured diver wherever he may be. Thediver isalso
guaranteed accessto the appropriate medical facility and all
the evacuation and medical expenses arising from the rec-
reational Scuba Diving incident, are covered provided he/
sheisamember of DivEvac.

DivEvac hasfully equipped recompression facilities
on a 24-hour standby, manned by expert personnel and is
instituting facilities at many of the major diving spots.

In addition:
1 DivEvac provides responsible travelling compan-
ions for minors who are in the company of the diver at the
time of the incident, to see them home safely after the
accident or injury has occurred, if left unattended.

2. DivEvac will cover policy holders for medical and
transportation costs of any recreational scubadiving related
incident outside DivEvac's area of operation, provided
DivEvacisinformed of thedestination prior to thedeparture
of the scubadiver (up to R50,000).

3. DivEvac also works in close collaboration with all
other rescue servicesthroughout Southern Africato ensure
the maximum protection of the recreational scuba diver’s
needs. DivEvac coversthepolicy holder inthecaseof anon-
diving related incident, such as a car accident, etc., but for
evacuation only and not the hospital medical costs.

We would kindly appreciate any materials or infor-
mation that you may offer usto enhanceour service. Weare
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aiming to commence our own diving accident statisticsdata
and would like to read your references as well, i.e. your
statistical reports, and to share ours with you in the future.
We have done 12 treatments during 1990 and are very keen
to compare our services with others and to learn more.

Please send us moreinformation on your services, as
we ultimately would like to liaise on an international basis,
to ensure our clients are furnished with the necessary emer-
gency number and cover, should they travel internationally.

Bridget Scott
DivEvac
Medical Rescue International

LOW PRESSURE GASALARMS

Hyperbaric Medicine Unit

Department of Anaesthesia and Intensive Care
Royal Adelaide Hospital

North Terrace

Adelaide, South Australia, 5000

28/2/91
Sir,

TheHyperbaric Unit of the Royal Adelaide Hospital
hasfitted anew |ow pressure oxygen alarmto itsrecompres-
sion chamber. The problem was to acquire an alarm that
could cope with a range of oxygen supply pressures to
accommodate either high pressure through areducer at 10-
16 bar or reticulated liquid oxygen (V.1.E.) at 6-8 bar.

Existing alarmsweregenerally expensive, bulky and
very limited in function. As we were not happy with the
available choiceswe decided to set down the design param-
eters for a more suitable low gas pressure alarm, in this
instance for oxygen.

The alarm was required to perform the following
functions.

1 Power should be supplied from aswitch on the panel
that would normally be on before adive.

2 The sampling point must beimmediately adjacent to
the hull penetration point for the oxygen supply to the built-
in breathing system (BIBYS).

3 Thedisplay must havelightsfor power, highpressure
and low pressure warnings, plus an audible and visible low
pressure alarm.

4 Thewarningaudiblealarmandthelight settingsmust
be easily adjustable.
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5 The display panel of the proposed alarm must be
compact enough to fit on the limited space of the existing
control panel.

The satisfactory unit supplied utilizes a transducer
which feeds to a solid state integrated circuit controller,
having aremote LED display for flush panel mounting.

Advantages of this system are that the three compo-
nent partsare small and joined only by wiring, which makes
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fitting the systemto existing chamber pipe-work and control
panels easier. During the last three months the unit has
functioned trouble free.

Wecanrecommendthislow gaspressureaarm. Itis
availablefromMicroscan (phone08276 4691) for $A650.00
ex Adelaide.

R.Ramsay
S.Goble
Senior Hyperbaric Technicians

BOOK REVIEW

“TheMaldive Mystery”
by Thor Heyerdahl
George Allen and & Unwin, 1986

Themodern Maldivenationdatesitshistory fromthe
conversionto Islamin 1153 A.D.

However, the question remains, wheredid theinhab-
itants of this group of 1200 islands come from originally?

In 1982, Thor Heyerdahl was sent a photograph of a
stone statue discovered inthe Maldiveislands, representing
the upper part of a person with long ears.

“The Madive Mystery” is an account of his subse-
guent investigations, archeological digs and extensive re-
search into this fascinating puzzle.

With hiswide experience of reed boats and excellent
recall of ancient masonry walls, seen in scattered locations
around theworld, and hisknowledge of currentsand seafar-

ing, he was the ideal person for this task.

However, when the participantsto the 1991 SPUMS
Annual Scientific Meeting in the Maldives travel by boat
from Maleto the resort island, they should note the arched,
incurved prow ending in a fan shape, on the ferries. The
Maldiveldlanderssay, “Itisonly for beauty”, “it hashasno
practical purpose’, “itisan old tradition”, it has no practi-
cal purposeand can bedetached whenit disturbsour work” .
Thor Heyerdahl immediately noted that thisin stylized form
resembled the typical shape of the bow of the elegant reed
ships, shared by the world's three oldest civilizations;
Egypt, Mesopotamia and the Indus Valley.

We recommend this book with its fascinating theo-

riesto all SPUMS readers.

Drs. Penny and Peter McCartney
Hobart, Tasmania

ARTICLESOF INTEREST REPRINTED FROM OTHER JOURNALS

FINAL SUMMARY OF RECOMMENDATIONS
ISSUED FROM 1990 DIVING ACCIDENT WORK-
SHOP

Editor of Pressure’s Note

The March/April 1990 issue of Pressure presented
thedraft recommendations of the Diving Accident Manage-
ment Workshop held at Duke University Medical Centrein
January. Since then, all workshop participants have re-

viewed thedraft. Thisreview resulted intherevised recom-
mendations below. In the future, to ensure that the recom-
mendations published in Pressure represent the final con-
sensusof workshop parti cipants, wewill not publishUHMS
workshop recommendations until the workshop report has
been sent to the printer.

1 The increasing complexity of diving equipment, for
example, decompression computersanddry suitsinaddition
to some diving techniques such as enriched oxygen breath-
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ing mixtures, requires skills beyond the minimum that are
learned during a basic diving course. The workshop group
suggests that additional training in the use of each of these
typesof apparatus may benecessary sothat adiver canreach
aspecifiedlevel of skill inorder for thisequipment tobeused
safely. There is a need to continue to emphasize the
importance of training diversin middle ear pressure equili-
bration in order to prevent inequalities of middle ear pres-
sure (and hence inner ear barotrauma) during descent.

2 It hasbeen suggested that somedegreeof preparation
for a dive trip and adaptation to the environment may be
necessary to ensuretotal diving safety. Although theissues
have not been well worked out scientifically, an analogous
situation would be that of a skier, who should optimally
prepare for a ski trip with some leg exercises in order that
injury may beminimized. Examplesin diving might bepre-
hydration prior to a dive, attention to current diver health
status, exercise training before dive trip, etc. It is recom-
mended that hydration be vigorously maintained during
diving operationsor leisuredivingtrips. Beveragescontain-
ing acohol or caffeine promote diuresis and should be
avoided. Direct sun exposure should be minimized.

3 Intermsof first aid and treatment of dysbaric diving
casualties, the following measures are recommended:

DELAYS

One of the biggest factors related to ultimate thera-
peutic success is to minimize the time between onset of
symptoms and therapeutic recompression. It is suggested
that part of the initial process of taking care of the patient
includeimmediate contact withtheappropriate EM Ssystem
inorder to expeditetransport. Anyoneresponsiblefor adive
should be familiar with mechanisms for evacuation of a
diving casualty to a sophisticated hospital facility with
minimum delay and then to the nearest appropriate recom-
pressionfacility. Recreational diversneedtobeawareof the
difficulties which can occur when diving in area where
facilities for assessment and treatment of decompression
illnessarenot readily available. Diversshouldreceivebetter
training on symptom recognition and the need for early
treatment.

OXYGEN

Paul Bert* first reported that the signs of bends in
experimental animalscould beameliorated using surfaceO,.
The use of oxygen in the period prior to recompression has
areasonable rationale. First, the increased tissue oxygen
tension is likely to hasten inert gas elimination and bubble
resolution, even prior to therapeutic recompression. Sec-
ond, some patients with dysbaric disease have associated
pulmonary pathology, such as “chokes’, or aspiration of
water or vomitus, all of whichmay leadtoarterial hypoxemia.
Supplemental O, may also ameliorate tissue hypoxiadue to
the effects of gasbubbles. Pre-hospital oxygen administra-
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tion is not detrimental and there is no reason to withhold it
from adiver with symptoms of decompression illness.

It issuggested that an inspired oxygen concentration
as close to 100 percent as possible be administered to any
injured diver. It is recommended that al dive boats be
equipped with an apparatus that can deliver close to 100
percent inspired oxygen concentration to a spontaneously
breathing patient and as high a concentration of O, as is
feasible to an apneic patient, concomitant with the training
and level of skill of the rescuer. A demand valve or bag-
valvewith atightly sealing oronasal mask isone of themost
efficient devicesto accomplishthis. Oxygenadministration
should be continued from the time of accident isrecognized
until the patient reaches a facility for definitive diagnosis
and treatment. It isfurther suggested that dive instructors
and divemasters, who areresponsiblefor conducting dives,
betrainedintheuse of oxygen with thesetypesof apparatus.
The absence of anindividual trained in oxygen administra-
tion should not preclude equipping a given dive boat with
oxygen apparatus. The presence of O, on a boat should be
reserved for suspected diving accidents and should not be
used as an excuse for deliberately omitting decompression
and using O, to treat the consequences.

FLUIDS

Immersion and cold results in loss of intravascular
fluid volume due to diuresis. The clinical experience of
many of the participants suggests that patients with gas
bubbledisease are dehydrated. Therefore, fluid administra-
tionto an end-point of adequate urineflow isrecommended.
Indiverswith neurological DCS, intravenousfluid adminis-
tration is preferred, since the optimal balance of water and
electrolytes may be most easily attained. |sotonic electro-
lyte containing solutions (e.g., normal saline, Ringer’s) are
preferred. Inother setting (e.g., stroke) thereisevidencethat
the intravenous administration of glucose-containing solu-
tions may worsen neurological function, therefore glucose
should be avoided unless symptomatic hypoglycemia is
suspected. Hypotonic fluids (e.g., dextrose in water, half
normal saline) may promote edemawithinthe CNSand are
not recommended. 1n the awake patient, who is not nause-
ated or vomiting and whose airway reflexes are intact, oral
administration of fluids is recommended.

HEAD-DOWN POSITION

There was no clear cut consensus on the value of
head-down position. Anecdotal reports suggest that symp-
tomsof arterial gasembolism can sometimesimprovewhen
the patient is placed in steep Trendelenburg position. Ani-
mal experimentation supporting the traditional recommen-
dation of head-down position has been done by Atkinson?
with embolized (open skull) cats, showing disappearance of
thebubblesinthedirection of arterial flow whentheanimals
were placed in steep Trendelenburg position. However,
morerecent animal work (e.g., presented by Dr. Dutkaat this
workshop) suggeststhat prol onged head-down position may
be detrimental, possibly because of extravasation of addi-
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tional fluid into the brain due to the higher intravascular
pressures.

Thepossihility that head-down position may prevent
cerebral AGE intheevent of ongoing embolization fromthe
lungs or trapped gas in the pulmonary vessels or heart is
negated by some studies showing only a minor effect of
buoyancy in determiningwheregasbubblesaredistributed®.
Nevertheless, Dr. Gorman anecdotally reported a small
percentage of patients who abruptly worsened after arterial
gas embolism when they were allowed to sit upright.

While a brief (less than 10 minutes) head-down
position might conceivably facilitate the clearance of bub-
bles from the cerebral circulation after AGE, it seems
prudent thereafter to keep the patient in the supine position
rather than in prolonged head-down or head-up position.
Head-down positionin theinitia treatment of AGE should
be secondary to maintenance of an adequate airway, oxygen
administration and rapid transfer to a hyperbaric chamber.
Head-down position has no role in the treatment of DCS.
Unconscious patients should be kept in the lateral decubitus
position to minimize the risk of aspiration of vomitus.

PRESSURE

The vast mgjority of dysbaric dive accidents can be
managed at a maximum ambient pressure of 2.82 ATA,
using U.S. Navy Table5or Table 6. Inasmall percentage
of casesobserved inthe U.S. Navy and commercial diving,
further compression to 6 ATA has resulted in immediate
benefit. This benefit may conceivably be realizable only
when hyperbaric chambersareavailable on dive stationsfor
prompt recompression therapy. For cases refractory to
compression to 2.82 ATA (a small percentage of cases) a
chamber capable of compression to 6 ATA with thefacility
to administer mixed gases(e.g., 50-50 N-O,) should idedl ly
be used.

MONOPLACE CHAMBERS

While the use of monoplace chambers in the treat-
ment of diving accidents can be less than ideal, one should
not preclude their use since access to a suitable monoplace
chamber isoften morereadily availablethan to amultiplace
chamber. Ideally, the use of a monoplace chamber for the
treatment of adysbaric accident should be supervised by an
individual competent and experiencedinthemanagement of
diving accidents. The monoplace chamber should also have
a system such that air may be administered via BIBS mask
in an oxygen atmosphere or vice versa. therefore, at least a
standard U.S. Navy Table 6 may be administered. The
patient should be carefully screened for pulmonary baro-
trauma, or conditions that might predispose to pulmonary
barotrauma (particularly tension pneumothorax), prior to
therapeutic recompression in a monoplace chamber. If
pneumothorax exists, or there is pulmonary pathology that
might predispose to barotrauma, prophylactic chest tube
placement by individuals skilled in placement and manage-
ment (with one-way valve or underwater seal) may be
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considered prior tocompression. A transportablemonoplace
chamber should havetransfer-under-pressurecapability into
amultiplace facility.

Certain typesof diving operations have aprocedural
requirement specifying recompression chamber availabil-
ity. Monoplace chamber use in this setting may preclude
safe treatment of some types of diving accidents. If a
monoplace chamber is used to fill this role, the procedure
should specifically address monoplace chamber specifica
tions and the conditions under which it may be used.

INERT GAS

Clinical successisachieved in a high percentage of
diverswith dysbaric injury after air diving by using air and
oxygen as treatment gases. In a small number of cases
success has been achieved by switching the breathing gasto
heliox (HeO,) after atrial with air. Theoretical considera-
tions would predict that nitrogen bubbles in tissue, but
perhaps not in blood, would shrink faster when HeO, is
breathed. Experimental support has been provided by in
vivo observation of bubble size while breathing various
gases, indeed revealing more rapid shrinkage of nitrogen
bubbles in some tissues during HeO, breathing’. A canine
study using pulmonary hemodynamics as an end-point
showed no advantage of HeO, over air breathing at 1 ATA
intreating DCS after air diving®. Inthisstudy HeO, breath-
ing resulted inan 11 percent increasein pulmonary vascular
resistance. A study in guinea pigs showed slower recovery
from tachypneawhen the animal swere precompressed with
HeO, versusair. The adverse effects of HeO, breathing in
theselatter two studiesare perhaps explained by the particu-
lar model, which waspredominantly ameasureof theeffects
of venous gas embolism (intravascular bubbles). However,
no deterioration has been recorded as aresult of switching
thebreathing gasfromair to HeO, inthetreatment of human
DCS. Indeed, some European commercial dive operations
do use HeO, for bends occurring as a result of air dives.
Neverthel ess, thenumber of clinical observationsin humans
istoo small to draw any conclusions and there is as yet no
definitive scientific evidence unequivocally supporting the
useof HeO,. Therefore, whileHeO, use appearsto causeno
harm in humans, its use cannot be generally recommended
at thistime for the treatment of air DCS without additional
discussion or until further experimental work has been
performed.

Therewasdiscussionamong participantsinthework-
shop about thereverse situation, theuse of air to recompress
divers who have suffered DCS after HeO, dives. The U.S.
Navy experience is that air and 100 percent O, have been
equally effective in treating both HeO,-induced bends and
air-induced bends’. However, this experience has been in
HeO, divesof 300 fsw (91 msw) or less, andin Type 1 DCS
arising after surfacing from saturation dives. Experience
from commercial divinginthe Gulf of Mexico a so supports
the use of therapeutic air tables (e.g., U.S. Navy Tables 6,
6A, 7) after HeO, bouncedives. Othershave observed acute
deteriorationinclinical conditionwhenswitchingthebreath-
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ing gas from HeO2 to air at depth. Severe clinical deterio-
ration of adiver recompressed onair totreat DCSafter a600
fsw (183 msw)/30 minutedive hasalso beenreported®. This
typeof adverseeffect of airisbelieved tobemost likely after
deep bounce dives or saturation dives in which HeQO, is
breathed throughout the entire decompression.

No globa recommendations are made on the use of
HeO, versusair for treating HeO, diving operationsin which
decompression time is not excessive, air/O, recompression
appearsadequate. For DCSassociated with HeO, saturation
dives or extremely deep bounce dives, some participants
believe that HeO,/O, recompression may be most prudent,
particularly inthe event of DCS occurring before surfacing,
or if significant amounts of decompression time have been
missed or serioussymptomsoccur. Inadditionto considera-
tions of gas diffusion, the use of HeO, will allow returnto a
greater ambient pressurethanair or nitrox. Intheexperience
of theU.S. Navy, casesof Typel DCSarising after surfacing
from saturation dives in which no decompression time has
been missed, have not shown any signsof clinical deteriora-
tion when recompressed in air, and the U.S. Navy continues
to use that option.

Inert gas considerations are most relevant when the
depth of recompressionisgreater than 60 fsw (18 msw, 2.82
ATA) or saturation treatment isused. Otherwise, themain-
stays of treatment are pressure and oxygen. The inert gas,
breathed for only brief intervals during standard oxygen
therapeutic tables (e.g., U.S. Navy Table 6), is a secondary
consideration.

ANTICOAGULANTS

There is no scientific evidence at the present to
support the use of any anticoagulants, including aspirin, in
thetreatment of divinginjuries. Someformsof decompres-
sion sickness, for example, inner ear DCS and spinal cord
DCS, may have associated hemorrhage, which could be
worsened by the administration of anticoagulants.

FOLLOW-UP HYPERBARIC TREATMENT

It is recommended that after the initial hyperbaric
treatment, follow-up treatments be administered on adaily
or twice daily basis until there is no further stepwise im-
provement in the patient’s clinical condition.

4 It is recommended that a consensus on terminology
and disease classification be developed in order to remove
one possible impediment to multi-centre trials.
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PROJECT SA.F.E.R. DIVERS- PROVISIONAL
REPORT

Hans W. Telford

Project S.A.F.E.R. Divers (acronym for “ Statistical
Analysis File of Emergencies for Recreational Divers’),
launched in January 1990, isintended to provide statistical
information on Decompression Sickness and Arterial Gas
Embolism cases from 1980 to 1990 as well as correlate
expert opinion on the causes of these accidents. To obtain
thisinformation, aseriesof questionnaireswere sent to each
Hyperbaric facility operating through the Diving Emer-
gency Service (DES) Network in Australia and New Zea-
land.

Many of the Hyperbaric Units that operate through
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the Diving Emergency Service expressed difficulty in ob-
taining the statistics as many did not have the luxury of
computerized datanormally accessible at thetouch of akey
stroke. Also, time was a critical factor, many reports were
not completed and forwarded until September and October,
1990. For future access, it is hoped that the central co-
ordinating point of the Diving Emergency Service (Royal
AdelaideHospital) could provideafull databaseserviceand
produce accurate statistics for the 1990’ s and future years.
Thiswill obviously require extensive cooperation between
all DES operations.

At first glance, there appearsto be adisturbing trend
towards an ever increasing number of DCS. cases being
treated with each progressing year. Most cases reported,
involve certified recreational scubadivers (average approx.
90%). Itistruethat therecreational scubadiver certification
numbers have boomed, particularly inthe 1980’s, resulting
in more scuba divers frequenting the waters. Itisalso true
that the scuba diving training associations have imple-
mented a number of changes to their respective training
standardsin the 1980’ sto make the sport safer (e.g. changes
todivetables, safety stopsand general procedures). It seems
that students involved in scubatraining are rarely involved
in DCS. accidents, as they are largely controlled by their
instructorswhomonitor depth/timelimitationsclosely. Once
certified, the“ student” diversthen build up their experience
by planning and making regular dives in accordance with
their training. If involved in charter boat diving or club
diving, these dive activities are largely co-ordinated and
controlled by qualified divemasters.

Then, if diving is safe, why do these accidents occur ?

The U.S. Navy tables (or their derivatives) were
commonly used by recreational sport diversin the 1980's
being taught by the major training agencies. These tables
were “modified” to include “safety factors’ or “fudge fac-
tors’ inorder to maximizethe safety of thediver using them.
Much attention was also paid to “predisposing factors’ to
DCS, but probably the greatest cause of DCS. is due to
repeated exposure, i.e. repetitive diving. Many divers may
not be aware that repetitive diving is tiring and sometimes
leads to chilling. It certainly drains the energy resources
(everybody hasfelt hungry andtired after adive). Combine
thiswiththedehydration effectsof continually breathing dry
compressed air, the effects of spending time out on a boat
(seasickness, heat exposure etc), and the diver would cer-
tainly beincreasingly predisposed to DCS. - more than what
the individual may think.

Divetablesinthelate1980' sand 1990’ shaveevolved
somewhat to reduce “bubble-forming” dives, however itis
vitally important, that whatever divetable isused, it hasto
be used conservatively - and particularly so for repetitive
diving ! Those adjusted dive time limits calculated for
repetitivedivesmust beplannedfor very carefully - youmay
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havebeenfitandready, physically and mentally onyour first
dive- but do you feel the sameway for your repetitive dives
? Remember - there can never be a‘perfect’ dive table that
getsyouout of troubleevery time. Thelatest tablestakeinto
account many factors - however they do not take into
account the many physiological changesthat our bodies go
through day after day.

It appearsthat most diving accidentsareattributed to
human error - that el ement that seemsto affect everythingwe
do. Some peoplecall it “Murphy’sLaw”. Wetake*calcu-
lated risks' in just about everything we involve ourselves
with; however the ‘calculated risk’ is usually a rational
decision based on our own experiences and knowledge of
thepotential dangers. But, astheold saying goes, “ accidents
can happen” - dl it takesisasplit-second of wrongtimingin
some cases - doing the wrong thing at the wrong time- and
we certainly hear of theresulting accidentsviamediasensa-
tionalism. Some of the decisions we make may not have
been rational in hindsight, nor were they really based on
knowledge or technique, (or lack thereof) - many of ushave
beenthere- yet someof ushave' escaped’ theconsequences.
Some suffer the consequences and worst of all - don’'t admit
it (isn't denia the real number one symptom of DCS.?)

The signs and symptoms of DCS. are taught at the
basic level to dl divers. In spite of this, most diverswould
only admit to the possibility of having CD.C.S. if the pain
was profound or disabling, and, even then, only if the dive
profilewas severe. Modern research hasshown that therisk
of DCS. existson almost all dives. Thebelief that “1 cannot
be bent at the dive was safe and according to the tables”
seemsto bewidespreadinthediving community, but heldto
be misguided by the hyperbaric medical profession. The
truth is that even severe DCS. can be pain free. The
symptomscould belossof feeling or an abnormal sensation.

How do you avoid getting Decompression Sickness ?

Well the honest answer may be - don’t dive! How-
ever, aswe have asizeable recreational diving industry ( it
isconservatively estimated that 500,000 divestake placein
theCairnsareaa oneeachyear), it may not bepractical. The
following recommendations are provided:

* Understandfirst of all what Decompression Sickness
really is. How and why it is caused. If you have
forgotten or you have not kept up to date with the
|atest research - do so.

* Beready and prepared (physically and mentally) for
the dive - how you feel for the diveisvitally impor-
tant for your safety in the water. Avoid being over
weight, and drinking  acohol prior, between and
after dives. It is always a good idea to drink non-
acoholic fluids (water, juice etc) after a dive to
replenish lost fluids.

* Use dive tables and/or dive computers conserva
tively. Don't put absolutetrust inthem. Never dive
them to the limit and avoid dives that require staged
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decompression stops.

* Commence your dive to the deepest point first and
work your way gradually towards the surfacein a
step-ladder fashion, always ascend slowly no faster
than 18 metres per minute (ideally 9to 10 metres per
minute) - you really should avoid bounce diving or
making “yo-yo” dive profiles.

* Perform a safety stop prior to surfacing at a depth
range of 3to 6 metres (5 metresisusually best) for a
period of 3 to 5 minutes. This is not an actua
decompression stop, but a precautionary one.

* Limit the number of your repetitive dives. Always
make your repetitive dives shallower than the last.
Avoid repetitive dives in excess of 30 metres (100
feet). NAUI defines a repetitive dive as any dive
made within between 10 minutes and 24 hours of a
previousdive. NAUI aso recommends aminimum
of 1 hour for your surfaceinterval timebetweendives
and only dive when you feel well enough to do it
safely. If involved in extended charters, it isalways
best to give yourself a“day off” diving and do some
sight-seeing on land if possible. Consider al dives
shallower than 12 metres (40 feet) as 12 metre dives
when planning repetitive dives.

* When flying after diving, alow yourself at least 24
hoursnon-diving relaxing activity prior to theflight.

* Remember - the human error factor. We are dl
human and we do make mistakes at times. However,
we can go along way to minimize these. Know and
understand your limitations - if it doesn’t feel right -
don'tdoit. Knowledgeisstrength and experienceis
a powerful teacher.

It isimportant to note that the most common symp-
tom of decompression sickness is general weakness. leth-
argy and fatigue - not joint pain aswas once believed !!! It
isalsoimportant that if any Decompression Sickness symp-
toms are being experienced, that you should contact the
Diving Emergency Serviceright away. Don'tlet egogetin
the way of obtaining treatment early. Instructors must also
be aware of the danger of too many multiple ascents during
asingle dive. For example, NAUI recommends Octopus
Assisted Ascent training to be staggered to allow for exam-
ple, one student to act as donor on one dive and recipient on
another separate dive ( and vice-versa). Most training
activities which may involve repeated ascents during a
singledive(e.g. Controlled Emergency Swimming Ascents,
Buoyancy Control etc) can be planned to minimize these
problems. Careful planning and common sense can go a
long way to prevent problems.

| wish to extend a very special thanks to the people
listed below. Their involvement and assistance in this
projectisgreatly appreciated. A NAUI Certificateof Appre-
ciation has been sent to: Dr Robyn Walker (Townsville
Genera Hospital, Townsville, Queensland), DrlanUnsworth
(Prince Henry Hospital, Sydney, New South Wales), Lieu-
tenant Commander Michael Loxton (HMAS PENGUIN,
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Sydney, New South Wales), Dr Carlos Scheinkestel and Dr
David Tuxen (Alfred Hospital, Melbourne, Victoria), Dr
Peter McCartney (Roya Hobart Hospital, Hobart, Tasma-
nia), Dr Chris Acott (Royal Adelaide Hospital, Adelaide,
South Australia), Dr Dylan (H.M.A.S. STIRLING, Perth,
Western Australia), Dr Harry Oxer (Fremantle Hospital,
Fremantle, Western Australia), Surgeon Lieutenant. Chris
Strack and Dr Des Gorman (RNZ Nava Hospital, Naval
Base, Auckland, New Zealand).

Hans W. Telford is the Training Director of NAUI
Australia. His address is P.O.Box 183 Capalba, Queens-
land 4157, Australia.

This paper was first publishedin NAUI News 1990;
10 (6 November-December): 5-8.

PANIC ASA CAUSE

Forty-two-year-old Fredrick Swatman and his wife
Barbara Ann, of Redmond, Washington, got certified last
June.

On November 19, the Swatmans and afamily friend
decided to dive near the Keystone Harbor ferry dock on
Whidbey Island, in Puget Sound. Their first dive about 10
am. had them admiring octopi.

“Usually it'sasafearea’, Mrs Swatman said. “The
first divewas mild. But when we went down asecond time
the current wasvery turbulent. Weweretryingto hold onto
each other. | wasn't used to theturbulence, and | think | got
apanic attack. My chest froze. | couldn’t breathe.”

“1 bolted for the surface. | was drowning. My
husband saw meand caught upto me. Hegot behind meand
got my regulator in my mouth. Then the current pulled us

apart.”

Mr Swatman was pulled out of the water by aboater
andtakentotheferry dock wherehewastreated by paramedics
beforebeing flownto Seattle. Mrs. Swatmanwaspulled out
of thewater by aboat crew fromanearby ferry. She, too, was
flown to Sesattle. Both Swatmans were placed in Virginia
Mason hospital hyperbaric chamber. She survived. Her
husband did not.

“Hewasawonderful man”, Mrs. Swatmansaid. “He
was very special and he saved my life.”

Originally published in the Seattle "Times'. Re-
printed by kind permission of the Editor, from
UNDERCURRENT.February 1990, p. 11.

The address for UNDERCURRENT is P.O. Box
1658, Sausalito, California 94965, USA,
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GLEANINGSFROM MEDICAL JOURNALS

Thefollowing abstracts have cometo the notice of the editorial staff. They are printed to bring them to the attention
of members of SPUMS. They are listed under various headings of interest. Any reader who comes across an interesting
articleis requested to forward the reference to the Journal for inclusion in this column.

BAROTRAUMA

Sahni TK, Lamba PS and D’ souza J.
L ocalized obstructive pulmonary emphysemaduring diving
training. Med J Armed Forces India 1989; October

A case of localized obstructive emphysemain a23-
year-olddivingtraineeisreported. Clinical presentationand
radiological features were the key to the diagnosis. The
mechanism of devel opment of this condition during diving
due to pressure changes, along with its implications are
discussed.

DECOMPRESSION SICKNESS

Weathersby PK, Survanshi SS and Nishi RY.
Relative decompression risk of dry and wet chamber air
dives. Undersea Biomed Res 1990; 17(4): 333-352

The difference in risk of decompression sickness
(DCS) between dry chamber subjects and wet, working
diversisunknown and a direct test of the difference would
be large and expensive. We used probabilistic models and
maximum likelihood estimation to examine 797 dry (and
generally resting and comfortable) and 244 wet (and gener-
ally working and cold) chamber divesfrom the Defence and
Civil Institute of Environmental Medicine, supplemented
with 483 wet (working, cold) dives from the Navy Experi-
mental Diving Unit. Severa analyses considered whether
dry and wet datawere distinguishabl e using several models,
whether models obtained from one set of exposure condi-
tionswould correctly predict the occurrence of DCSin the
other condition, and whether asinglewet-dry risk difference
parameter was different from zero. Although the two
conditions may not produce identical risks, immersion ap-
pears to change relative risk of DCS by less than 30% and
certainly involvedlessthan adoubling of DCSrisk. Uncon-
trolled differencesin exercise and temperature stresses una-
voidably complicate interpretation. Several methods are
presented to extrapolate results from dry-test subjects in
decompression trial to expected at-sea performance.

From

Naval SubmarineM edical ResearchL aboratory, Box
900, Naval Submarine Base New London, Groton, Con-
necticut 06349-5900, Naval Medical Research Institute
Bethesda, Maryland 20814-5055 and Defence and Civil
Institute of Environmental Medicine Downsview, Ontario,
Canada M3M 3B9.

Lee HC, Niu KC, Chen SH, Chang LP and Cho SH.
Therapeutic effect of type |l decompression sickness. A
comparative study between United States Navy treatment
table 6A and modified treatment table 6A1. J Hyper Med
1988: 3(4): 235-242

Before 1982 the standard procedure at our facility
was to treat type |l decompression sickness (DCS) with
United States Navy (USN) treatment table 6A rather than
table 6. However, we were sometimes confronted with
recurrences during ascent from 165 to 60 ft, which could
necessitate shifting to the lengthy USN treatment table 4.
Therefore we modified USN treatment table 6A (the modi-
ficationwetermtable 6A 1) by extending the bottom timeup
to 60 min and adding 3 more stops (120 ft for 1 min, 80ft for
8 min, and 70 ft for 15 min) from 165 to 60 ft so as to
minimize recurrences during treatment. Using data col-
lected from 1982 through 1986, we conducted a retrospec-
tive study of 128 cases of type Il DCS which received
treatment on either table6A or modified table6A 1, followed
by several courses of hyperbaric oxygen (HBO) therapy if
residual symptoms existed. Theclinical outcome revealed
acurerateof 21 out of 31 (67.7%) inthe6A group and 74 out
of 97 (76.3%) in the 6A1 group (P> 0.05). Among those
cases responding completely to the first recompression, the
cureratewas8 out of 31 (25.8%) inthe 6A group asopposed
to 49 out of 97 (50%) in the 6A1 group (P< 0.05). The
recurrence rates for 6A and 6A1 were 5 out of 31 (16.1%)
and 4 out of 97 (4.1%), respectively (P< 0.05). This
suggested that our modified table6A 1 not only improved the
cure rate but reduced the possibility of recurrence during
treatment travel from 165 to 60ft.

DROWNING

Simcock AD.
Theresuscitation of immersionvictims. Appl Cardiopulmo-
nary Pathophysiol 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. Patientsweretreatedimme-
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
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patients who had not suffered cardiac arrest before arrival.
There were, however, two survivorsfrom the cardiac arrest
group. Surviva ratesin thisgroup will only improveif the
hypoxiaisrelieved before cerebral damage occurs.

HEARING DETERIORATION IN PROFESSIONAL
DIVERS

Molvaer Ol and Albrektsen G.
Hearing deterioration in professiona divers. an epidemio-
logic study. Undersea Biomed Res 1990; 17(3): 231-246

Hearing acuity was measured in 116 professional
divers. After approximately 6 yearsthey were retested. At
most frequencies, the divers had higher hearing thresholds
than otologi cally normal subjectsat the sameage, both at the
first and at the final examination. The divers hearing
deteriorated faster than that of the otologically normal sub-
jects. Theyoungdivers' hearingthresholdswerelower than
in unscreened non-divers at comparable age, but the gap
closed gradually with increasing age. Accordingly, the
divers' hearing deteriorated faster than that of unscreened
non-divers. Some of the divers had suffered permanent
hearinglossfrom acutebarotrauma. Consideringtheregular
noise exposure during commercial diving, this must have
contributed significantly to the observed hearing deteriora-
tion.

From

Norwegian Underwater Technology Centre, Bergen,
Norway and Section for Medical Informaticsand Statistics,
University of Bergen, Bergen, Norway.

NITROGEN BUBBLES

Hyldegaard O and Madsen J.

Influence of heliox, oxygen, and N.0-0, breathing on N,
bubbles in adipose tissue. Undersea Biomed Res 1989;
16(3): 185-193

Bubbles in rat adipose tissue were studied at 1 bar
after decompression from an exposure to air at 3.3 bars
(absolute) for 4 h. During air breathing the bubbles grew
throughout the observation period. During heliox (80:20)
breathing they shrank and eventually disappeared from
view. If the breathing gaswas changed from heliox back to
air or to N,O-O, (80:20) while the bubbles still had an
appreciable size, they started growing again. If the change
to N,O was done after or a few minutes before a bubble
disappeared from view, it did not reappear. During breath-
ing of 100% O,, most bubbles containing N, initially grew
and then maintained their size for awhile before diminish-
ing. However, some bubbles did not start shrinking during
the 2-3 h observation period. The relevance of the findings
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to heliox treatment of CNS decompression sickness after air
divesisdiscussed.

From
Instiute of Medical Physiology C, University of
Copenhagen, Denmark.

NITROGEN NARCOSIS

Rogers WH and Moedller G.

Effect of brief, repeated hyperbaric exposures on suscepti-
bility to nitrogen narcosis. Undersea Biomed Res 1989;
16(3): 227-232

We investigated the effect of brief, repetitive expo-
sures to 5.5 ATA (148 fsw) in a hyperbaric chamber on
adaptation to nitrogen narcosis. A standing-steadinesstask,
which measuresbody sway, wasadministeredto 2 groupsof
3 chamber-qualified men at 5.5 ATA and 1.3 ATA [10 fsw
(control)] on each of 12 successive daysto determineif an
initial performancedecrement at 5.5 ATA would beamelio-
ratedwithtime. Standing steadinesswassignificantly worse
at5.5ATA thanat 1.3 ATA acrossall 12 exposures. There
wereal so changesin standing steadinessfrom day to day, but
these changes occurred in both the test and control depths.
There was no day-x-depth interaction that would have indi-
cated that theinitial performancedecrement at 5.5 ATA was
reduced withrepetitiveexposures. Theseresultsaretakenas
evidence that there is little or no behavioral adaptation to
nitrogen narcosisinresponseto brief, repetitiveexposuresto
narcosis-inducing hyperbaric air.

SATURATION DIVING

Vaernes RJ, Klove H, and Ellertsen B.
Neuropsychologic effects of saturation diving. Undersea
Biomed Res 1989; 16(3): 233-251

Neuropsychologic status of saturation divers was
assessed before and after 300-500 msw dives (deep satura-
tion diving -DSD group) and before and after 3.5 yr of
ordinary saturation diving (saturation diving - SD group).
Average baseline results showed the divers to be dightly
superior to nondiving controls. Mild-to-moderate
neuropsychol ogic changes (>10% impairment) were found
in measures of tremor, spatial memory, vigilance, and auto-
matic reactivity in 20% of the divers after deep dives (DSD
group). Oneyear postdiveno recovery wasobserved except
for avigilance test. In the SD group, 20% of the divers
showed>10% impairment after 3.5 yr of ordinary saturation
diving. Significant reduction in autonomic reactivity was
aso found and there was a relationship between low auto-
nomic reactivity before saturation diving and number of
>10% impairments. For the whole group (DSD + SD
divers), negative correlations were found between satura-
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tion experience and results on memory and complex
visuomotor tests. Y earsof diving fromfirst tolast examina-
tionwaspositively correlated with number of >10% impair-
ments and with reduction in autonomic reactivity. No
similar correlationswere found to dive variabl es after about
3 yr of air diving. The mild-to-moderate changes seen in
some divers, therefore, seem to be the effects of saturation
diving. Since one deep dive may cause an effect similar to
the effect of 3.5 yr of ordinary saturation diving, there is
reason to believethat repeated deep diving may |ead to more
pronounced neuropsychologic impairment.

From

The Norwegian Underwater Technology Centre
(NUTEC) A/S and Department of Clinical Neuropsychol-
ogy, University of Bergen, Bergen, Norway.

ABSTRACTSFROM THE UNDERSEA AND HY -
PERBARIC MEDICAL SOCIETY ANNUAL SCIEN-
TIFIC MEETING 1989

GASUPTAKE

Non-exponential uptakeand elimination of inert gasina
dog model.
IngleRM and Novotny JA. Undersea Biomed Res 1989; 16
(Supp): 98

Inert gaskinetics have been assumed to be exponen-
tial since 1900, though recent dive tables have dropped this
requirement to better fit clinical experience. We present
high quality tissue inert gas uptake and release measure-
ments for Xe-133 in a dog model and show that a single
hyperbolic equation provides a better fit to the data than
multiple exponentials. We show then that the form of the
Michaelis-Menten equation holdsfor inert gaskinetics, and
discussthesignificanceof thisfinding for predicting decom-
pression sickness.

Hyperbaric MedicineDivision, School of Aerospace
Medicine, Brooks AFB, Texas 78235, and Diving Medical
Department, Naval Medical Research Institute, Bethesda,
Maryland 20814, U.SA.

DECOMPRESSION SICKNESS

Direct comparison of theeffectsof He,N,, and wet or dry
conditions on the 60 fsw no-decompression limit.
Thalmann ED, Survanshi SS and Flynn ET. Undersea
Biomed Res 1989; 16 (Supp): 67

A series of 256 man-diveswas doneto adepth of 60
fsw to determine the no-decompression (no-D) times under
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four setsof conditions: Air-Dry, HeO,-Dry, Air Wet, HeO,-
Wet. HeQO, divesused 21% O, and on dry divesthechamber
was compressed on breathing gas. Exercisewas performed
for half thetimeat depth (10 minuteswork, 10 minutesrest)
on ahicycle ergometer. Dry workload was 125 watts; wet
was 100 watts where the divers wore quarter inch full
wetsuits in 60°F water. Results are given as man-dives/
cases of decompression sickness (DCS). Times are exclu-
sive of the 2-3 minute descent times. Analysis of results
using the method of maximum likelihood showed that dry
HeQ, diveshad the highest chance of DCSof any condition,
probably due to significant gas absorption through skin.
Wet air diveshad asignificantly higher change of DCSthan
dry air dives. Onwet divesno significant affect of Hevsair
was shown but the large confidence limits suggested insuf-
ficient data rather than absence of an affect. While wet
exercise invokes a higher decompression stress than dry
exercise on air, the advantage of HeO, over air for no-D
dives remains to be demonstrated.

Actual Time at 60 fsw (min)

70 8 90 100 110 120
Air-Wet 14/1 212 13/2
Air-Dry 10/0 10/0 20/0 20/1
HeO,-Wet 18/1 9/0 17/0 10/0 9/0 12/2
HeO,-Dry 18/1 20/0 10/3 20/5 5/3

Naval Medical Research Institute, Bethesda, Mary-
land 20814-5055, U.S.A.

Estimating risk in multi-level sport diving.
Wachhol CJ, Bensen CV and Vann RD. Under sea Biomed
Res 1989; 16 (Supp): 36

Sport divers often dive a multi-level profile in the
course of normal dive excursions. Althoughthe U.S. Navy
Standard Air Decompression Tables assume “square” pro-
files, new dive computers and tables allow for multi-level
dive planning. During a recent DAN benefit trip, Suunto
decompression meters with a retrievable 20 hour memory
were used to monitor the profiles of 54 dives. No attempt
was made to regulate the dive profiles and nearly all dives
were observed to be multi-level. Doppler was used to
measure precordial bubblesfollowing each dive. Although
many of the divesrecorded exceeded the no-decompression
depth/time limits, no divers reported DCS symptoms and
bubbles were heard in only one diver. The potential DCS
risk was estimated for each dive using athree-tissue bubbl e/
diffusion barrier model with parameter values determined
using maximum likelihood (Vann, UHP 9:165-182, 1987)
from the decompression trials for the U.S. Navy Standard
Air Trias (Des Granges, NEDU Report, 5-57). Theserisks
are: meanrisk: 4.7/10K dives, range: 0-7.2/1K. Repetitive
dive profilesof asimilar nature can haverisks 10-100 times
higher.
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Divers Alert Network (DAN), Hyperbaric Center,
Duke University Medical Centre, Durham, N.C. 27710,
U.SA.

DEEP DIVING

Long term neurological health effects of deep diving
Todnem K, Nyland H, Riise T, Skeidsvoll H and Aarli
J.A.Undersea Biomed Res 1989; 16 (Supp): 38

Thirty four deepdivers, meanage 32.6 (24 - 42) years
were examined oneto seven years after their last deep dive.
Each had had one to four deep dives, mean depth 368 (190
- 500) msw. The breathing gas was heliox; in one dive
heliox/trimix. In addition to the deep diving, their mean
diving experiencewas 10 (0 - 20) years, with amean of 482
(0 - 1610) days of air diving and 319 (0 - 700) days in
saturation. Thecontrol group consisted of 74 men, meanage
32.8(20- 46) years, who never dived. Theprotocol included
a clinical interview, a neurological examination and
electroencephalography (EEG). Twenty divers had been
treated for decompression sickness, seven had been uncon-
sciousin connection with diving, six had had focal cerebral
symptoms, and five had had spinal symptoms. Twelve
divers had quit diving. Nine divers reported previous
neurological symptoms, as compared to three in the control
group (p<0.002). Four divers had episodes of cerebral
functional disturbances (p<0.009); two of them had sei-
zures, one had transitory cerebral ischemiaand one had had
an episode of transitory global amnesia. In addition, the
divers reported more symptoms from the central nervous
system (p<0.003), theautonomic nervoussystem (p<0.007),
and the peripheral nervous system (p<0.007). They aso
have more abnorma findings from the sensory system
(p<0.045) and co-ordination disturbances (p<0.038). There
was no significant difference in the findings from crania
nerves (p=0.4) and the motor system (p=0.4). 17.5 per cent
(p=0.69) of the divers and 5.4% of the controls had an
abnormal EEG, which is not statistically significant.

Department of Neurology and Section for Medical
Informatics and Statistics, University Hospital of Bergen,
5021 Haukeland Hospital, Bergen, Norway.

HYPERBARIC OXYGEN THERAPY

Predictive value of TCPO, measurements in HBO for
prescribing HBO therapy in chronic vascular wound.
Wattel FE, Mathieu D and Coget JM. Under sea Biomed Res
1989; 16 (Supp): 23

Many non healing tissues are hypoxic. In such an
environment, the norma wound healing sequence is dis-
rupted. Theadjunctiveuseof HBO can providethesubstrate
necessary to initiate and sustain the healing process. But
unfortunately, specific oxygen dose regquirements for indi-
vidual patientshavenot been defined. Weundertook astudy

SPUMS Journal Vol 21 No 1 January to March 1991

to evaluate the usefulness of transcutaneous oxygen meas-
urements (TcPO2) at different oxygen pressuresin chronic
vascular wound management.

During a twelve month period, 20 patients were
included (chronic arterial insufficiency ulcersin 9 cases,
diabetic foot lesions in 11 cases). TcPO2 measurements
weretaken in three succcessive conditions. patientsbreath-
ing at first normal air, then normobaric pure oxygen and, at
last, 2.5 ATA hyperbaric pure oxygen. HBO thereapy,
initiated twice aday, consisted of pure oxygen 2.5 ATA, 90
min. Complete healing was observed in 15 of 20 cases
(average length of HBO sessions. 46).

Thedistal TcPO, valueat 2.5 ATA pureoxygenisa
reliabletest to predict final outcome (healing or no change),
when these values were not different in normal air and in
normobaric oxygen.

Distal TcPO, Healing No Change
Air 32+31 NS 12+4
1ATAQ, 75+ 70 NS 18+ 10
25ATAO, 635+388 p=0,003 45+20

In hyperbaric oxygen whenthedistal TcPO, valueis
less than 100 mm Hg, al patients showed either improve-
ment or aggravation, and when the valueis higher than 100
mm Hg, wound healing is achieved with all patients.

C.R.O.H.B. Hopital Calmette, Centre Hospitalo-
Universitaire, BdduProfesseur Leclercq, 59037 Lille Cédex,
France.

Theuseof hyperbaricoxygen for thetr eatment of aseptic
bone necrosis. a case study.

Neubauer RA , Kagan RL and Gottlieb SF. Undersea
Biomed Res 1989; 16 (Supp): 23

Although indigenous to divers as a late sequel of
decompression illness with no apparent temporal relation-
ship, aseptic bone necrosis (ABN) also has been reported as
an idiopathic condition, a conseguence of various diseases,
and acomplication of various physical and chemical thera-
peutic procedures. The case presentation isthat of awhite
male, age 41, with aseptic necrosis of theright hip and pain
inthe hipsand right shoulder. Pain beganinApril 1986, and
disability progressed to the need for crutches. Ten years
previously he had Type | DCI resulting from a 65-70 foot
dive. As ateenager he had large doses of steroids for a
platelet dysfunction. Diagnosiswas corroborated by ortho-
pedic evaluation, x-rays, bone scans, and magnetic reso-
nanceimaging (MRI). Hip replacement wasimminent, but
the patient selected hyperbaric oxygen therapy in lieu of
surgery. He received 108 treatments (2.2-2.4 ATA, 90
minutes each). All symptomatic evidence of the disease
disappeared and has not returned to date, approximately one
year after the last treatment. The patient is back jogging,
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scuba diving, and coaching track while still practicing law.
Thisisthefirst casewhen evidence of clinical improvement
was substantiated by MRI. It is recommended that pro-
longed andintensive HBOT beconsidered asalogical, safe,
effective, non-invasive, and cost saving approach to the
treatment of ABN.

Clinical Baromedical Center, Lauderdale-by-the-Sea,
Florida 33308, and Department of Biological Sciences,
University of South Alabama, Mobile, AL 36688, U.S.A.

Hyperbaric oxygen asan adjuvant in penilere-implan-
tation: acasereport.

McGough EK, Gallagher TJ, Hart Jand Plumley D. Under-
sea Biomed Res 1989; 16 (Supp): 80

Hyperbaric oxygen therapy (HBO) has been recom-
mended for the treatment of ischemic tissue and various
grafts. The use of HBO as an adjuvant therapy for surgical
re-implantation of an amputated penis has not been previ-
ously described. A 29 year old man with a self-inflicted,
penile amputation was transferred to the University of
Florida. The penishad been amputated, with apocket knife,
approximately 2 cm from the base. Five hours after the
amputation, amicrovascul ar re-anastomosiswasstarted. At
the completion of surgery, the peniswasdusky and viability
wasconsidered marginal. A continuousepidural anesthetic
was maintained for three daysto provide a sympathectomy
and to increase blood flow, which had a minimal affect on
the appearanceof the penis. Onthefirst post-operativeday,
HBO, using amodified US Navy Table 5 twice aday, was
started for atotal of ten treatments. After two days, thetip
of the penis became pink and sensation to light touch
developed. Over the next several days, the skin on the shaft
of thepenisnecrosed, whichrequired two skingrafts, but the
remainder of the penis remained viable. Five months after
treatment, the patient had normal voiding and erection.
Becauseof thereported poor survival of penilegraftsand the
importance of re-attachment, any therapy that increases
graft survival is indicated. Of 47 reports of penile re-
implantation in the English literature, none have reported
the use of HBO or sympathectomy as adjuvant therapy.
Continuous epidural sympathetic block improves arteria
profusionand HBOimprovesoxygenation, reduces, edema,
and enhances vascular regeneration.

Depts of Anesthesiology (Div. of Critical. Care
Med.), Surgery, and Urology, University of Florida, Col-
lege of Medicine, and Jerome Johns Hyperbaric Facility,
Shands Teaching Hospital at University of Florida,
Gainesville, FL 32610-0254, U.S.A.

Hyperbaric oxygen therapy in burn patientswith adult
respiratory distress syndrome.

Ray Carolyn S, Green B and Cianci P. Under sea Biomed Res
1989; 16 (Supp): 81
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Hyperbaric oxygen (HBO) is currently utilized as
adjunctivetherapy for thermal burns. Pulmonary capillary
endothelial and alveolar epithelial damage can be toxic
manifestations of high inspired oxygen pressures. Ininha
lation injuries with an associated capillary leak syndrome,
HBO could enhance lung tissue injury.

Of 18 patientswithamean burn of 55%, 14 survived.
Ten patientsreceived HBO, eight did not. Five HBO and 5
non-HBO treated patientswere on ventilators. Therewere
no significant differences in the treated vs. non-treated
group in age, per cent of burn, number of days hospitalized,
maximum oxygen concentration, averageFl O2 or outcome.
Nine of the 18 patients developed ARDS. Four of these 9
patients received hyperbaric therapy with only one death.
Of thefive patients not treated with hyperbaric therapy, two
died.

HBOdid not adversely affect either thetotal group or
the higher risk group of patients with ARDS. HBO may
have improved survival and decreased the length of me-
chanica ventilation in the group with ARDS.

Departments of Pulmonary Medicine, Hyperbaric
Medicine, and Burn Center, Brookside Hospital, San Pabl o,
CA,USA.

RECALL BULLETIN
USDIVERS REGULATORS AND ORCA DEL PHI

US Divers has extended the recall of their SE2 and
Conshelf Sea Supreme, 21 Supreme and Pro Diver regula-
torstothose sold, serviced or overhauled since July 1, 1988.

Orcalndustrieshasannouncedthevoluntary recall of
their Delphi model susingthe 3.0 software. Whiletestingthe
Pro model at Duke University they noticed that in the
decompression mode the depth indication was “ of f by up to
17 feet shallow or 25 feet deep.” Version 3.0 should not be
used in decompression diving.

“Version 3.0falsinthe serial number range 6500 to
8785, and somelower mumberswhich were dated August 9
to November 16, 1990. To determine if your Delphi has
version 3.0, turn the unit on and wait for the second display
screen to appear. The depth display areain the center will
show the software number.” If your unit has 3.0 returnit to
Department 30, Orca Industires, Inc., 10 Airport Way,
Toughkenamon, PA 19374 for a free correction. Please
include your present shipping address and phone number in
the package.

Reprinted by kind permission of the Editor from an
insert in Under current November/December 1990.
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FREE

CATALOG OF
DIVING BOOKS

FEATURING . ..

The U.S. Navy Diver's Handbook

The U.5. Navy Air Decom-
pression Tables and the
U.S. Navy Recompression
Charmber Operator's pro-
ceduras are combined into
this up-to-date Diver's
Handbook. All important
emergency information
available in a waterproot,
pocket size handbook,
ready to take on a dive
boat, dive, or wherever . . .
a must to have on every dive whether sport or
commercial.

WATERPROOF PAGES,
POCKET SIZE, CHARTS/
TABLES IN COLOR, SOLID
REINFORCED VINYL COVER

This Diver's Handbook provides & readily
availabie pocket guide for air decompression
procedures, administration of recompression
treatment, chamber operations and also
emergency first aid procedures. Instruction,
exampies and tables are included for quick
reference.

CATALOG OF DIVING BOOKS

A comprehansive list of authoritative books;
fiction & non fiction dealing with various facets
of underwater such as: dangerous marine
animals, business, construction & salvage,
diving dictionary, diving medicine, decompres-
sion sickness, photography, equipmant
maintenance, treasure, cave diving, safety,
wrack diving, first aid and even more!

TO GET YOUR CATALOG
MAIL IN COUPON
BEST PUBLISHING CO.

BEST PUBLISHING CO.
P.O. Box 30100
Fiagstaff, AZ USA 86004
O3 Yes, Please send a Free Calalog.

HAME

ADDRESS

CITyY

STATE ZIP

COUNTRY
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MEETINGSAND COURSES

NEW ZEALAND CHAPTER OF SPUM S CONFER-
ENCE AND ANNUAL GENERAL MEETING
WHITIANGA , FRIDAY APRIL 19th TO SUNDAY
APRIL 21st 1991

Plans are well underway for this meeting. There is
a wide range of accommodation available and plety of
aternative activities, sailing, fishing, golf and sightseeing.
Diving will be at the Mercuries and Goat |sland.

The conference organiser is
Dr Carol McAllum,
Postal Delivery Centre, Ngunguru, Via Whangarei.
Telephone (089) 434 3202

SPUM S ANNUAL SCIENTIFIC MEETING AND
ANNUAL GENERAL MEETING 1991

WILL BEHELD AT THE
KARUMBA VILLAGE RESORT, MALDIVES
FROM JUNE 1ST TO 8TH.

Theguest speaker will be Dr Glen Egstrom, whowas
the first SPUMS ASM guest speaker in 1978. The theme
will be

“DIVER EQUIPMENT AND
THE DIVER-EQUIPMENT INTERFACE".

The programmefor the meeting appears on pages 42
and 43.

The ASM convener is Dr Des Gorman, RNZN Hy-
perbaric Medicine Unit, HMNZS PHILOMEL , Devonport,
Auckland, New Zealand.

Prices for travel and seven nights, share twin, at
KurumbaVillage Resort are $1,880.00 from Adelaide, Bris-
bane, Melbourneand Sydney and $1,750from Perth. Break-
fast and dinner daily isincluded in the price. Diving, two
divesaday for fivedays, will beavailablefor $385.00 which
includes hire of boats, tanks and weights.

Ttravel arrangements are in the hands of
Allways Travel,
168 High Strest,
Ashburton,
Victoria 3147, Australia.
Phone (03) 885 8818
Fax (03) 885 1164



SPUMS Journal Vol 21 No 1 January to March 1991

THE UNDERSEA AND HYPERBARIC MEDICAL
SOCIETY ANNUAL SCIENTIFIC MEETING
19-23 June 1991.

San Diego, Cdlifornia

The Undersea and Hyperbaric Medical Society
(UHMS) will holdits1991 Annual Scientific Meeting at the
San Diego PrincessHotel, San Diego, Californiafrom 19-23
June 1991.

In addition, there will be a one day “ Cardiovascular
fitnessto Dive” course on 19 Junefor the particular benefit
of HSE approved doctorswho are not resident in the United
Kingdom. Dr. David Elliott of Biomedical Seminars, Lon-
don, England will be the director of the course.

THE FIRST WORLD CONGRESS ON WILDER-
NESSMEDICINE
July 14th-19th 1991
MEDICINE AND THE SPIRIT OF ADVENTURE

Seventh Annual Scientific Meeting of the Wilderness
Medical Society
Whistler, British Columbia, Canada

There will be three sessions on the World status of
Wilderness medicine
Monday July 15th
Mountaineering and environmental stresses

Tuesday July 16th

Aquatic Medicine and environmental stresses
Thursday July 18th

Delivery of servicesincluding Search and Rescue and
Emergency Care

For further information contact
Wilderness Medical Society
PO Box 460635,

Aurora, CO 80046,

U.SA.

The Journa has two copies of the brochure and
application form.

PROPOSED CIRIA INTERNATIONAL CONFER-
ENCE:
ENGINEERING AND HEALTH IN COMPRESSED
AIR WORK

Provisional date September 1992
For further information contact

Mr F M Jardine, Research Manager, CIRIA
6 Storey’s Gate, London, SWLP 3AU, U.K.
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Dive all year
round with

Australia’s
prestige
scuba diving
magazine.

SUBSCRIBE NOW!

3 full years (18 issues) of
Sportdiving and a free bonus back
e issue for only $87.95 (save 15%)

2 full years (12 issues) of
Sportdiving and a free bonus back
issue for only $62.10 (save 10%)

1 full year (6 issues) of

|1 Sportdiving and a free bonus back
issue. $34.50

$AUST67.00 OVERSEAS SURFACE MAIL

o e "B

Charge my card number:

| Carcholder's name; Card expiry date;

I Signature:

I Name:

| Address:

t : Postcode:

| Gard authority of cheque/money order endorsed for § ............ made

| payable to ‘Sportdiving’. Send this coupon and payment to:

| Mountain Ocean & Travel Publications, PQ Box 167, Narre Warren,
| Vicloria 3805, Australia. Payment must accompany order,

——— e



DIVING MEDICAL CENTRE COURSES
SCUBA DIVING MEDICAL EXAMINATIONS

A coursewill be conducted to instruct medical prac-
titioner in diving Medicine, sufficient to meet the new
Queensland Government requirements for Recreational
Scuba Diver assessments, at

Sunshine Coast, Queensand
April 26th to 28th 1991.

For further details contact
DIVING MEDICAL CENTRE,
132 Yalambee Road,
Jindalee, Queendand 4047
Phone (07) 376 1414

ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

COURSESIN DIVING AND HYPERBARIC MEDI-
CINE
November 1991

Basic Coursein Diving Medicine
Content

Concentrates on the assessment of fitness of candi-
dates for diving. HSE-approved course.

SPUMS Journal Vol 21 No 1 January to March 1991

Venue

Royal Adelaide Hospital
Date

11th to 15th November 1991
Cost

$A 500.00

Advanced Coursein Diving and Hyperbaric Medicine

Content
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.
Venue
Royal Adelaide Hospital
Date
18th to 22nd November 1991
Cost
$A 500.00
$A 800.00 for both courses

For further information or to enrol contact

Royal Adelaide Hospital Courses,

Dr John Williamson, Director, HMU,
Royal Adelaide Hospital, North Terrace
South Australia, 5000.

Telephone  Australia 08-224 5116
Overseas 61-8-224 5116

ALLWAYS TRAVEL SERVICE
168 High Street Ashburton,
Victoria, Australia, 3147,

For all your domestic and international travel requirements contact

ALLWAYS TRAVEL

on

(03) 885 8818

or

TOLL FREE
008 338 239

LLwAYS

TOURS

IN MORE WAYS THAN ONE WE RE SECOND TQ NONE, ALWAYS TRAVEL WITH ALLWAYS



