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EDITORIAL

The full impact of the changes which have been
occurring over the past decadeinthe Australiandiving scene
isstill not apparent to many. Thisissue contains anotifica-
tion of great significance to the Society, its incorporation.
The significant thing is that a change of this nature should
have become necessary. It is but one more sign of the
creeping intrusion of thethreat of litigation, atrust destroy-
ing cancer in the guise of bringing justice to those who have
suffered somewrong. Unfortunately itisthelaw rather than
justice which wins out. Thelaw isfrequently said to be an
ass, butit hasasavagebitewhich enjoysadiet of precedents,
anunfortunatehabitinaworld of uncertainties. Thisthiscan
giveriseto a“damned if you do and damned if you don’t”
situation iseasy toillustrate in relation to deciding whether
or not someone is medicaly fit to dive. What degree of
safety under what manner of adverse circumstancesisto be
the decisive factor ?

In absolute terms there is not 100% fatality risk
related even to conditions such as asthma, diabetes ,cardiac
conditions or epilepsy in diving. However nobody would
deny that these conditions would be likely to adversely
increasetherisk factorsinadiver. Standardsaredictated by
alarge number of considerations and rarely by any dispas-
sionateevaluation of theevidence. Standardsareatrade off.
Butinany court of law thestandardwould belikely to prevail
over other factors and no protection would flow from a
person declaring their willingnessto accept full responsibil-
ity for not accepting medical adviceif their medical exam-
iner, or diving instructor, allowed them to undertake diving
training and they subsequently suffered some misadventure
for which their medical condition was adjudged a possible
factor. A paper will appear in alater issue which suggests
that therecould beacaseagainst passing asfit todiveanyone
who has not been thoroughly investigated to exclude a
cardiac septal defect. The basisfor thisview isthat such a
condition can increase the risk of gas bubbles, arising after
“no-decompression” (more properly “no decompression
stop”) dives, reaching thebrain. Thisisabsurd asthetestis
not without risk, which could also lead to litigation.

Medical standardsarenot constant around theworld,
asevidenced by thefact that the British Sub-AquaClub (BS-
AC) Medica Advisory Committee has stated that a person
with occasional alergic asthma can be permitted to scuba
divebut should not diver if they have needed abronchodila
tor in the previous 48 hours. Such an opinion would be
treated asirresponsible, and possibly legally indefensible, in
Australiaand New Zealand at present, despite the research
basis of the BS-AC opinion. However the BDS-AC does
require all its members to obtain regular medical examina-
tions, a situation in advance of that in Australia and New
Zedland, if it should be demonstrated that medicals signifi-
cantly improve diver safety. So much for absolutes.

The Queensland Government’s legislation to im-
prove the safety of recreational diversin the Great Barrier
Reef area is one consequence of ignorance of the critical
factorswhich aremost important for diver survival. Under-
standing or what oneis doing, astatuswhichismost simply
called “experience” but which does not necessarily equate
withyearssincecertification, appearsto bethevita element
insurvival. Thislegisationwasprovoked, itisclaimed, by
personswho thought it would hurt their competitors and not
themselves and now find an inflexible application of rules
about to damage their commercial viability without any
increase in the level of safety. Readers of Aesop will
remember the story of the frogs who sent a petition to Zeus
for aking and ended up with a stork which then proceeded
to eat them. It seems appropriate to remember that the earl
scuba divers were called frogmen.

Now ispossibly thelast opportunity the diving com-
munity will begivetocommandthehighmoral groundwhen
faced with thethreat of agovernment consideringinvolving
itself in regulating the sport diving industry. The only
answer to a claim that safety standards are in need of
improvement and that the government knows how this can
beachieved by afew simple, non-intrusiveregulations, isfor
the diving organi sation to show they have considered safety
of such importance that they have already set up and are
supporting aschemeto collect information from divers and
medical sourcesconcerningall typesand severitiesof diving
problems, including those successfully managed. This
scheme must have the same confidentiality protocols as
govern the Bureau of Air Safety CAIR scheme and while
making reportsto thediving community must becompletely
independent. This scheme, it would be noted, communi-
cates with overseas information sources to maximise the
dissemination of information concerning dangers and the
most appropriate way to reduce such dangers before they
develop into major problems.

At the time no such organisation exists but there is
good reasonto believethat thereisagrowing awarenessthat
it would serve avaluablefunction, not only inthe politics of
survival in face of inflexible bureaucratic rules but as a
useful means of making information available. Thiswould
be an advance on being limited by having to restrict discus-
siontothose detail swhich somewriter haschosen to discuss
and comment on. Investigation based on original dataisfar
more likely to be useful than that which is restricted to the
examination of the conclusions of someonewhose database
isinaccessible. Addtothistheselling point that it coststhe
government nothing andisunlikely to createpolitical storms
and one has a product to sell.

Readers will find much of interest in the papers
presented here. It is hoped that these will encourage an

Continued on page 96
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ORIGINAL PAPERS

THE BS-AC '88 TABLES
John Lippmann
Background

A number of factorsinfluencedtheBS-AC'sdecision
to replace the RNPL/BS-AC Table. Some of these are:

1 Thehighlevel of misunderstanding of decompression
procedures amongst users and potential users of the
table, and

2 Theinherent inflexibility of thetableitself. TheBS-
AC recognised that with the advent of the dive
computer, theRNPL/BS-AC Tablehasbecomemore
unattractivetotheuser. Theclubwishedtohaveaset
of tablesthat approach the versatility of acomputer,
andthat can comfortably co-exist alongsidethecom-
puter.

The table designer, Dr Tom Hennessy, has worked
alongside Dr Va Hempleman, the designer of the original
RNPL model, for many years. Hennessy initially decided to
basethe new tables on the same decompression model asthe
RNPL/BS-AC Table, sincethe model onwhich that tableis
based had been tried and tested over a number of years.
However, since the RNPL/BS-AC Table has not really had
thefacility to be used, and hence tested, over series of three
or four dives per day, Hennessy had to first ensure that the
model could be safely extended to cover these multiple
diving situations. He believes that very long dives can
produce asimilar gasload in thetissuesto that produced by
multiple repetitive dives and, after receiving some data
whichindicated that themodel might bemarginal whenused
for very long, deep dives, Hennessy decided to modify the
model dlightly.

The RNPL/BS-AC Table assumes that it is safe to
ascend directly to the surfacefrom saturation at 9 m, but this
is no longer believed to be true. There has been some
evidence that the depth a safe direct ascent from saturation
can occur from isaround 7 m rather than 9 m. This ascent
criterion isincluded in the BS-AC ' 88 Tables.

Hennessy also believesthat bubblesform after every
decompression, and that these bubbles affect the gas uptake
andreleasefor each subsequent dive. For example, if adiver
who hasnitrogen bubblesin hisblood or tissuesdescendson
arepetitivedive, thenitrogeninthebubblesisexposed tothe
entire ambient pressure. So at 10 m, the partial pressure of
nitrogeninthebubbleis2 ATA, whichishigher thanthe 1.6
ATA partial pressure of nitrogen at 10 m on aninitial dive.
Thismeansthat adiver may saturatemorerapidly during the
repetitive dive than during an initial dive of the same depth

and duration. The total amount of nitrogen will be a
combination of this redissolved nitrogen and the nitrogen
aready dissolved, aswell as the normal uptake of nitrogen
delivered by the blood during the new dive. Thegasinthe
bubblesdoes not redissolve assoon asit isrecompressed. It
takes a certain depth and time before the gaswill redissolve
completely, and, only then, will thetissuereverttoitsnormal
state where uptake and elimination can be described by the
model used for thefirst dive. Hence, the rates of gas uptake
and elimination will alter from diveto dive, and it becomes
necessary to treat the second, and subseguent, dives quite
differently tothefirst whentryingto predict safedecompres-
sion.

M ost decompression model s assumethat gas uptake
and elimination occur at the same rate during any dive, and
the models assume that this rate is the same on arepetitive
dive asit is on asingle dive. This may be acceptable if
significant bubbling has not occurred within the blood and
tissues but, if bubbles are present, they will slow down off-
gassing and therates may differ. Theoriginal RNPL model
assumesthat off-gassingisat 2/3therateof uptake, andthese
new tables also assume an assymmetry in the rate of gas
uptake and elimination. Hennessy set out to design a set of
tableswhich becomeprogressively moreconservativeasthe
number of dives, depth and duration increases.

TheUSNavy Tablesdepict theamount of nitrogenin
adiver by asingleletter code, the Repetitive Group Desig-
nator, whichissupposedtorepresent thenitrogenlevel inthe
120 minute theoretical tissue compartment. The system
assumes that, after a surface interval of ten minutes, this
tissue compartment hasthe highest nitrogen load and, there-
fore, controls the decompression. The codeisthen used to
determinethe amount of residual nitrogen still remainingin
this theoretical tissue (and, therefore, in our entire body)
beforearepetitivedive, andtheoriginal singledivemodel is
used to predict the decompression for therepetitivedive. In
reality it has been shown that on atypical “deepish” dive,
seven or eight different absorption rates may play apart in
controlling the decompression. The US Navy’s approach
also assumes that dives which give the same code can be
treated identically, whether a short, deep dive or a long,
shallow one. It assumesthat, becausetheamount of nitrogen
that istheoretically dissolved in thisonetissue compartment
isthe same, the dives can be treated equivalently. Unfortu-
nately, our bodies do not work quite so ssmply. What isnot
accounted for isthat the distribution of the gasload between
thevarioustissuesmay bequitedifferent in each of thecases,
so simply adding some residual nitrogen to the level in one
theoretical tissue, is often not sufficient.

Toavoid using asingle dive model to predict repeti-
tivedives, Hennessy hascreated anumber of different tables
to beused for different dives. Inall, theBS-AC’ 88 Tables
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consist of aset of seven separate tables, labelled Table A to
Table G.

Thefirst table, Table A, is used for the initial dive.
After the dive the diver surfaces with a letter code (the
Surfacing Code) which relates to the depth and time of the
dive. Following asurface interval, the diver selects a new
code (the Current Tissue Code) whichrelatesto thenitrogen
load inthetissuesafter the surfaceinterval, and entersanew
table (rather than the original table) which bears the same
letter code. The minimum surface interval required to gain
credit for off-gassingis 15 minutes, rather thanthetwo hours
previously used.

Thenew tablesutilisedepthincrementsof 3m, rather
than 2 m and, instead of giving bottom times, give thetime
from leaving the surface until arriving at 6 m during the
ascent, or at 9 mondivesrequiringa9 mstop. Thetablesuse
initial No-Stop Timesthat are more conservative than those
onthe RNPL/BS-AC Table.

TheBS-AChavenot recommendedareductioninthe
15 m/minute ascent rate, and have not included a saf ety stop
after all “no-stop” dives, asisdone on various other tables.
Instead, the BS-AC ' 88 Tablesrequirethat theascentto6 m
isat amaximum rate of 15 m/minute (which means that it
may be slower than 15 m/minute), and the ascent from 6 m
to the surface must take one minute (which means a rate of
6 m/minute).

Decompression stopsaredone at 9 m, 6 mand at the
surface. It is stressed that a surface interval should in
essence be treated as a decompression stop, and a diver’s
activities should be modified accordingly. No3m stopsare
given asthey aretoo difficult to do successfully when there
iswaveaction. Decompressiontimesincreaseinincrements
of one minute, rather than five minutes asin the RNPL/BS-
AC Table. The maximum decompression given is 22
minutes.

The BS-AC ’'88 Tables are presented in a compact,
easy-to-read format and do not require any calculations at
all, Tables A to G are supplied in a non-submersible but
water resistant format, and Tables A, B and C are also
printed, in an abbreviated form, on a submersible card,
which should be carried by thediver and used in the event of
a memory lapse or a change of dive plan. Presumably,
Tables D to G are not included on the card due to the very
restricted No-Stop Dive Times available to a diver with
Current Tissue Codes of D to G.

The tables in their current form are presently
untested but appear to be conservative when used for
NO-STOP DIVES.

Comparing the BS-AC ’'88 tablesto some other tables

When the BS-AC '’ 88 Tables are compared to tables
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such asthe US Navy Tables, the Buehlmann (1986) Tables,
andtheDCIEM Tablessometrendsappear toemerge. These
are:

Thetables appear to be conservative for both
single and multiple no-stop dives, with the initial
NDLs comparable with those of the Buehlmann
(1986) and DCIEM Tables. (Table 1)

For singlef/initial dives requiring stops, the
decompression given is often, but not always, more
conservativethan that given by the US Navy Tables,
but is often less conservative than that suggested by
the Buehlmann (1986) and DCIEM Tables.

For repetitive dives requiring stops, the de-
compression given by theBS-AC’' 88 Tablesismore
conservativethan that given by the US Navy Tables,
and often comparabl etothat given by theBuehlmann
(1986) and DCIEM Tables.

These trends are demonstrated in Table 2 and Figure 1.

Promoters of the BS-AC ' 88 Tables argue that even
thoughtheTotal Decompression Time(TDT) givenby these
tables is sometimes shorter than that given by some other
tables, the risk of decompression sickness is not only de-
pendent on TDT. A longer decompression profile is not
necessarily asafer one as other factors (procedural parame-
ters) also affect therisk of bends. Some of these parameters
arethe ascent rate, the depth and duration of theinitial stop,
the ease of maintaining the depth of the required stops, the
surfaceinterval required beforediving again (or flying) and
the activities during the surface interval.

If one compares the ascent procedure suggested by
theBS-AC’ 88 Tablesto that given by the USNavy Tables,
there are anumber of differenceswhich includes:- aslower
ascent rateto 6 m, alonger stay at 6 m, aslower ascent rate
from 6 mtothesurface (although often ashorter ascent time)
and a longer stay at the surface before diving again. Al-
though these comparisonsarevalid for the USNavy Tables,
they do not necessarily apply to other tables. WhentheBS-
AC ' 88 Tables are compared to the Buehlmann (1986) and
DCIEM Tables, especialy for first/single dives, theBS-AC
Tablesoftenappear lessconservative, notonly withTDT but
also with respect to some of the procedural parameters
previously mentioned. Careful examination of Figure 1 will
indicatethistrend. Hennessy arguesthat theBuehlmannand
DCIEM Tables are often overly conservative, but this is
debatable. Although commercia divers may need to mini-
misedecompression timefor the sake of efficiency arecrea-
tional diver who decidesto conduct adiveinvolving manda-
tory stops and who has planned the dive properly should
have no reason not to use a conservative table to gain any
extra security that it may provide.

TheUSNavy Tables, Buehlmann (1986) Tablesand
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TABLE 1
COMPARISON OF NO-STOPLIMITS
(Bottom Times)
Notes:
Times are in minutes unless otherwise specified
No-stop bottom time limits for the BS-AC ' 88 Tables are approximate
The ascent rate used by the US Navy Tablesis 18 m (60 ft)/minute
The ascent rate used by the Buehimann Tablesis 10 m (33 ft)/minute
The ascent rate used by the DCIEM Tablesis 15 m (50 ft)/minute
Depth BS-AC '88 RNPL/BS-AC Buehlmann (1986) DCIEM US Navy
feet m
30 9 242 - 400 300 -
40 12 121 137 125 150 200
50 15 73 72 75 75 100
60 18 50 57 51 50 60
70 21 36 38 35 35 50
80 24 28 30 25 25 40
90 27 22 23 20 20 20
100 30 18 20 17 15 25
110 33 15 16 14 12 20
120 36 12 14 12 10 15
130 39 10 11 10 8 10
140 42 9 10 9 7 10
Depth
(m)
TOTAL DECOMPRESSION TIME ( minutes )
-—-= BS-AC '88 = 13.00
........ Buehlmann (1986) = 25:36
—_— U.S.Navy = 16:00
—_—— DCIEM = 31:00
\
\r‘rm-ﬁl—-—-j
H v
M v \tﬂu P L R N N R N .'I— ————————— -‘.
: L \ L 1 1 ‘: N ‘
5 10 15 2 2 0

Decompression Time (minutes)

Figurel A comparison of the decompression profiles given by various tables for adive to 36 m (120 ft) for a bottom
time of 30 minutes.



SPUMS Journal Vol 20 No 2 April-May 1990

TABLE 2
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COMPARISON OF VARIOUSDIVE SCHEDULES

WHEN USING

BS-AC 88, USNAVY, BUEHLMANN AND DCIEM TABLES

Times are in minutes unless otherwise specified
No-stop bottom time limits for the BS-AC ' 88 Tables are approximate
The ascent rate used by the US Navy Tablesis 18 m (60 ft)/minute, by the Buehlmann Tablesis 10 m (33 ft)/
minute and by the DCIEM Tablesis 15 m (50 ft)/minute

EXAMPLE A
Divel Max depth 33 m (110 ft)
BS-AC '88 US Navy
No-Stop (Bottom Time) Limit 15 20
Stops required 3 min 3 min
a6m a3m
Surface Interval 2 hours
Dive 2 Max depth 21 m (70 ft)
BS-AC '88 US Navy
No-Stop (Bottom Time) Limit 9 24
Stops required 1min None
a6m
EXAMPLE B
Divel Max depth 27 m (90 ft)
BS-AC’'88 US Navy
No-Stop (Bottom Time) Limit 225 30
Stops required None None
Surface Interval 2 hours
Dive 2 Max depth 24 m (80 ft)
BS-AC’'88 US Navy
No-Stop (Bottom Time) Limit 6.5 22
Stops required 3 min None
a6m
Surface Interval 4 hours
Dive3 Max depth 18 m (60 ft)
BS-AC’'88 US Navy
No-Stop (Bottom Time) Limit 31 43
Stops required 1min None

aoem

Actual Bottom time 25 minutes

Buehlmann DCIEM
14 12
2min 10 min
at 6 mand at 6 mand
7minat3m 10 minat 3 m

Actual Bottom time 18 minutes

Buehlmann DCIEM
23 17
None 5min
a3m

Actual Bottom time 20 minutes

Buehlmann DCIEM
20 20
None None

Actual Bottom time 15 minutes

Buehlmann DCIEM
14 16
16 min None
a3m

Actual Bottom time 40 minutes

Buehlmann DCIEM
37 35

11 min 5min

a3m a3m
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EXAMPLE C
Divel Max depth 36 m (120 ft) Actual Bottom time 12 minutes
BS-AC '88 US Navy Buehlmann DCIEM
No-Stop (Bottom Time) Limit 12 15 12 10
Stops required None None None 5min
a3m
Surface Interval 1 hour 30 minutes
Dive 2 Max depth 30 m (100 ft) Actual Bottom time 14 minutes
BS-AC '88 US Navy Buehlmann DCIEM
No-Stop (Bottom Time) Limit No no-stop time available 11 8 10
Stops required 3 min 3 min 5min 10 min
a6m a3m a3m a3m
Surface Interval 8 hours
Dive 3 Max depth 27 m (90 ft) Actual Bottom time 20 minutes
BS-AC '88 US Navy Buehlmann DCIEM
No-Stop (Bottom Time) Limit 135 23 20 14
Stops required 1min None None 10 min
a6m a3m

DCIEM Tableshave been used for comparisonwiththe BS-
AC’88Tablesasthey haveall had aconsiderableamount of
testing and/or usage. Althoughthebasic model onwhichthe
BS-AC '88 Tables are based was tested and was used
extensively, the BSAC '88 Tables are untested in their
current form.

The BS-AC considered mounting a series of trials
using recreational divers, but it was decided that, since the
bendsincidence was expected to below, unlessavery large
number of trials were conducted the results would not be
statistically conclusive. The practical and financia con-
straints of alarge test series proved prohibitive so, instead,
a4-month period of informal open-seadiveswereconducted
by a number of BS-AC members before the tables were
released. No details of the profiles conducted and the
number of dives have been released, but no cases of bends
were reported during the period.

Although essentially untested, theBS-AC’ 88 Tables
appear to be quite conservativefor no-stop divesand should
generally (but obviously not always) be reasonably safe for
such dives. However, diverswho planto usetheBSAC’' 88
Tablesfor dives requiring mandatory decompression stops
areurged to do so very cautiously and conservatively asthe
tables are often less conservative in this area than some
well-tested tables. Extensivetesting needsto bedonebefore
the safety of these tables when used for dives involving
mandatory stops is determined.

A recent BS-AC report states that, in 1989 after the
first full season of usage, there were 41 divers who devel-
oped bends after diving accordingto the BS-AC ' 88 Tables.
Eleven of the divers had misused the tables, 22 had dived
withn the tables and in the other eight cases there was
insufficient information to determinewhether thetableshad
been used correctly. The BS-AC estimate that possibly a
million dives could have been conducted using the tables,
which would yield an incident rate better than 1 in 10,000.
Noinformationiscurrently availableabout how many of the
bends cases occurred on dives involving mandatory stops
and the number that occurred after no-stop dives.
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AN ATYPICAL EPISODE OF DECOMPRESSION
SICKNESS

Hamish Holland

Summary

A case is presented of a novice diver in whom
symptoms consistent with decompression sickness devel-
oped after diving to adepth of 7 metres of seawater (msw).
Resolution followed hyperbaric oxygen therapy.
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Introduction

The diagnosis of decompression sickness (DCS) in
diversisheavily dependent on the history with considerable
weight giventothediveprofile. Various" safe” decompres-
sion tables are published, and it is generally accepted that
symptomatic DCSis extremely rare following exposure to
pressureslessthan 2 ATA L

A caseispresented of anovice diver who devel oped
symptoms after shallow training dives, inwhom DCSisthe
only tenable diagnosis.

Case Report

Thepatientwasal6yearoldgirl, performingher first
training divesin the open sea. The dive series commenced
at 1300 hours, and consisted of two dives to amaximum of
7 metresfor 15 minuteseach, thena30 minutebreak andfour
descents to 4 metres maximum over 40 minutes. Thedive
profile was confirmed by her instructor, and the diveswere
uneventful.

By 1800 hours, she reported aching knees and jaw,
and afeeling as if her ears were not equalised. The pain
continued overnight and was sufficient to disturb her sleep.

Thenextday, thejaw waseasi er but her kneeshad not
improved. Inaddition, she had aheadache, pinsand needles
in both legs, and occasional sharp pains in ankles, wrists,
elbows and shoulders. She presented to her local hospital
that day, and was transferred to the Royal Darwin Hospital
(RDH) 2 days after her dives, arriving at 1330 hours.

Onarrival at RDH, shestill had aching knees, painin
her shoulders, and an occipital headache, but all other
symptoms had resolved.

The patient stated she normally enjoyed good health
apart from occasional attacks of tonsillitis. She had not
noticed any fever, rash, weakness or lethargy athough she
had been resting in bed since the day of the dives. She had
no abdominal pain, nausea or vomiting, and no urinary
symptoms. Shecomesfrom an areawhereciguateraoccurs,
and eatsalarge amount of fish, but no other family members
reported any malaise. She has had no previous episodes of
ciguatera.

On examination, she proved to be aert and fully
orientated, with no nystagmus, no limb weakness, normal
tone and no clonus. Reflexes, including plantars, were
normal and no sensory losswasdetectable. Shewasafebrile
with no skinrash and nolymphadenopathy. Respiratory and
cardiovascular examination was normal, as were her ear-
drums. Her joints displayed afull range of movement and
did not show swelling, tenderness or localised warmth.



Chest x-ray was normal. Her haematocrit was 0.43
(normal 0.36-0.47). Overtheprevious24 hoursshehad been
allowed anormal oral intakeaswell asreceiving onelitre of
cystalloidintravenoudly. Shehad been kept on 50% oxygen
for thistime.

It was decided to use hyperbaric oxygen treatment,
with table RN 62, as DCS was possible. At the end of the
second oxygen period, she still complained of knee pains
and headhache but these vanished during the third oxygen
period.

Symptoms did not recur and the patient was dis-
charged four daysafter her dives, and reviewed aweek later.
Negative results for RA latex, Epstein-Barr virus, Ross
River virus, and an autoantibody screen were obtained.

Discussion

The symptomsin this case are consistent with DCS,
and did resolve with hyperbaric oxygen, even though the
divedoesnot support thisdiagnosis. However, no evidence
wasobtained to support the alternatives of ciguatera, marine
envenomation and unrelated polyarthritis. Current theories
of DCS support the concept of “silent bubble” formation
possibly occuring with any decompression, bothintravascu-
larly and in the tissues. The safe depth of 10 msw merely
refersto the development of symptoms. It isto be expected
that some peoplewill either produce more bubbles, or suffer
symptoms with fewer bubbles, than most of the popul ation.
This assumption predicts that occasional victims of DCS
will be extremely susceptible and reinforces the statistical
nature of the divetable. Itisimpossibleto produce adive
table and say DCS will be eliminated by following its
guidelines.

Bubbleformationintissuespresumably causessymp-
toms by compression and ischaemia. Intravenous bubble
formation (asymptomatic) has been reported after 18% of
dives (depths ranging from 6-39 msw), but after 25% of
divesdeeper than 25 msw.? These bubblesare not sufficient
to cause symptoms of gas embolisation, however they do
cause complement activation in aproportion of the popula-
tion.2 Theriseinright atrial pressurewhich followsimmer-
sionwould encouragetransfer of thesevenousbubblestothe
arterial side of the circulation.* 37% of a sample of divers
with DCS showed right to left shunting through a patent
foramen ovale as against 5% of the normal population.®

It is apparent that anatomical and physiological fac-
tors predispose some diversto the devel opment of DCSand
these people should be very cautious about continuing their
diving careers.

In spiteof resistancefrom the patient, her family, and
thelocal diving fraternity, she hasbeen advised to accept the
diagnosis of DCSand told that in her casg, it isnot possible
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to state atime after which further diving will be safe.
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REVIEW OF 1000 SPORTSDIVING MEDICALS

John Parker

Introduction

A diving medical is a medical examination which
concludes in a professional opinion whether a person, by
reason of their present medical state, is in danger of ad-
versely affecting their health if they scuba dive.

Being aprofessional opinionit can bechallenged. A
doctor must be abletojustify hisdecisioninlight of current
medical knowledge and opinion.

Nomortality or seriousinjury isacceptableindiving.
Should aperson be placed inany risk of thisby their present
medical state, they must fail.

Should a person be more liable to suffer a minor
injury because of their medical state, then they must be
forewarned of the dangers and instructed how to avoid such
aninjury.
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The diving medical is necessary to protect:

1. Thediver who may betotally unaware of thedangers
of scuba diving and needs to be protected from putting his
life at unnecessary risk;

2. The diving operators who need to know that the
people that they are taking diving are medically fit and not
amedical liability.

| have reviewed my most recent 1,000 initial sports
diving medicalsto identify the common problems encoun-
tered, to define the local diving population around the
Whitsundays, to provide abaseline for future trends and to
consider ways of improving diving medical services.

Unfortunately, my records cannot be considered rep-
resentative of the whole of the Whitsundays, asmy surgery
ismainland based. Many divers, especially American and
Japanesetourists, fly directly to theislandswherethey have
adiving medical.

The Whitsundays is an area on the coast of central
Queensland with 74 islands extending 32 km off shore. The
adjoining section of the Great Barrier Reef is 64 km off
shore. Theidlandsand adjacent mainland host many tourist
resorts and facilities. Theloca harbour, Shute Harbour, is
the second busiest passenger portin Australia. Theareahas
11 diving centres run by eight independent diving compa-
nies. Itisbecomingawell-knownandwell-visited centrefor
scuba diving.

The Diving Population

The majority of divers were in their twenties. The
average agewas 25. 10% were over 30 and 6% were under
20. Only 3% were over 40.

Malespredominated, but only inthe proportion 60:40.

Surprisingly, only 22% were Australian, and British
was the most common nationality (see Table One).

Thelow number of Japanese is not representative of
the area but the other nationalities are probably representa-
tive. Thevast majority of our diversareyoung touristsfrom
overseaswishingto divethereef asan adventureinthesame
way they will go whitewater rafting on the Tully River and
four wheel driving in Cape Y ork. 1t would beinteresting to
find out how many of them continue diving.

Discussion with other doctors in North Queensland
strongly suggest that my figures are representative of the
North Queensland areaasawhol e, from the Whitsundaysto
Port Douglas, where each week several hundred divers are
taught.
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TABLE 1

COUNTRY OF NATIONALITY OF DIVERS

United Kingdom 327
Australia 222
Canada 83
Germany 61
USA 57
Sweden 54
Switzerland 49
New Zealand 31
Holland 24
Ireland 22
Austria 14
France 13
Denmark 12
Finland 7
South Africa 5
Norway 5
Israel 5
Japan 4
Zimbabwe 2
Portugal 1
Spain 1
Malaysia 1

If one assumes that the vast majority of these divers
will rarely dive again, then the estimated diving population
of Australia, quoted by thedivinginstructor bodiesbased on
dive course numbers and a higher retention rate, may be
exaggerated.

TheMedical

The diving medical consisted of a completion of a
comprehensive questionnaire, a full physical examination
and a spirometric measurement of the forced vital capacity
(FVC) and the forced expiratory volume of one second
(FEV)). A chest X-ray was taken with any past medical
history of lungdiseaseor infection, or afamily history of TB.
An audiogram was performed if there was any history or
clinical suggestion of middle or inner ear disease or hearing
loss. Any candidate 45 years or older had an el ectrocardio-

graph.
The Failures

A total of 84 diversfailed their initial medical, 27 of
them provisionally and 57 permanently (see Table Two).

Despite all the dive school s screening their students,
the commonest reason for failure is asthma. My present
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policy on asthma is that anyone with an asthmatic history
will fail unless they have been free of al attacks or the
suggestion of an attack sincetheageof 12 andfor at least ten
years.

Two divers were found to be asthmatic who did not
know they had it. Sometried to hideit but wereidentified
clinically, whilst other were mild asthmatics and thought
they should dive.

TABLE 2

REASONS FOR FAILURE

Asthma 39
No demonstrable ear equalisation *
Acute chest infection 5*
Severe scarring of ear drum 5

History of pneumothorax 4

Upper respiratory infection 4*
Middle ear effusion 3*
Impacted wax in ear 3
Otitis media 2*
Severe Otitis externa 1*
Acute sinusitis 1*
Insulin dependent diabetic 1

Acutely infected wisdom tooth 1*

History of reconstructive maxillary surgery
for congenital cleft lip and palate

Chronic active Hepatitis

Recent use of Bleomycin

History of chest surgery

Pleural adhesions from old chest infection

History of stapedectomy

Chronic bronchitis

Sarcoidosis

PRRPRRPRRPRRRER

* provisional failures

The next most common reason for failing was the
inability of the diver to demonstrate Eustachian Tube (ET)
function by the Valsalva (blowing with the nose and mouth
closed) or Toynbee (swallowing with the mouth and nose
closed) manoeuvres despite full instruction and numerous
attempts, yet with no obviouspathology. Inthenovicediver,
thisis a dilemma. It may be only technique and lack of
practice, but to passthem would exposethemto likely early
aural barotrauma and possible future hearing loss, and
failure to complete their diving course with considerable
financial loss.

Only one of the seven who could not autoinflate
returned ableto demonstrate normal ET function. Theother
six either continued to have no function or moved onintheir
travels or to another medical examiner !
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| recorded the incidence of some of the commoner
conditionsand problems significant to diving (see Table 3).

A diver's ears were only syringed if the external
canal wasoccludedwithwax or debris, makingitimpossible
to view the ear drum adequately. For thediver to divewith
such ablocked ear may cause external ear infections (espe-
cially inthetropics) and apossibledanger of reversesqueeze
(external ear barotraumaof descent) if water cannot enter the
ear cana to the tympanic membrane.

TABLE 3

INCIDENCE OF COMMON PROBLEMS

History of hay fever 98
Previous chest infections 69
Migraine history 74
Glycosuriafound 5
(none found to be diabetic)

Heart murmur at examination 29
Needed to have ears syringed 72
Smokers 311
Discussion

Sportsdiving medical standardsstill vary immensely
from doctor to doctor. Only after attending the diving
medical courses at both HMAS PENGUIN and the Royal
Adelaide Hospital’s Hyperbaric Medical Unit, have | dis-
covered that thereare certain absol ute contrai ndicationsand
many relative contraindications. Therelative contraindica-
tions are open to much interpretation.

There is a need for a Diving Medical Standards
handbook where the medical standards for sport diving are
actually defined in much the same way as aviation medical
standards. Thiswill allow medicals to be more consistent,
more credible and more acceptable. Too long has it been
possible to fail amedical then go down the road and pass.

| am now in the process of writing such a handbook
for use in my practice. It is a teaching process in itsalf,
making oneself justify each decision, researching the evi-
dence and opinion in diving medicine.

A controversial subject in diving medicine is the
prospective diver with a borderline history of asthmaor a
history of childhood asthma who has not had an asthma
attack for many years. Inthe city they may bereferredto a
respiratory laboratory for full assessment. In country areas
thisisnot practical. | havefoundit necessary thereforeto set
up histamine and hypertonic saline provocation testsin my
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surgery. Another very useful tool is the impedance tym-
panometer for assessing the tympanic membrane, the os-
sicular chain and middle ear function.

Conclusion

There has been little information published on the
results of sports diving medicals. By reviewing my last
1,000 sports diving medicals | have attempted to highlight
interesting points, identify problems and shortfallsin medi-
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cals, with possible solutions and, hopefully, create further
discussion on the needs of diving doctors and the diving
industry. Only by showing how diving medicals help the
diving industry will they become totally accepted and sup-
ported.

Dr John Parker's address is Whitsunday Doctors
Service, PO Box 207, Airlie Beach, Whitsunday, Queens-
land 4802, Australia.
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PROBLEMSWITH
LESSTHAN 2 ATA EXPOSURES

Jimmy How

Introduction

Diving and working in compressed air tunneling are
similar in many respects. After noticing the 10 cases of
decompression sickness (DCY) arising from compressed air
work at lessthan 1 bar gauge pressure, it bringsto mind that
sportsdiving, even at shallow depthscan carry risksof DCS.
Aside from DCS, the commonest diving accidents and
deathsthat are seen in Singapore result from divers experi-
encing problems at shallow depths. | will discuss:

€) DCS at shallow depths

(b) Medical problemsin diving

() Diving in unfamiliar situations

Brief Historical Background

Peoplehavebeendivingfor food, pearls, spongesfor
thousands of years. Divers have been known to be in
existence during the time of the ancient Greeks and the
Trojan War.

Breath-hold diving was the earliest form of diving
that evolved. Breath-hold divers are still in abundance
everywhere where shallow, calm and warm waters provide
therecreational diver achancetoimmerse himself amongst
theabundant marinefloraandfaunafoundinthetropical and
subtropical regions of the world.

It isnoteworthy that breath-hold diving for commer-
cial gain still existsamong the nativesin the Pacific Islands
and among certain traditional occupations in Japan and
Korea

Sports diving with self contained equipment only
became popular after 1943 when Jacques-Y ves Cousteau
and Emile Gagnan developed the modern demand intake
valve. Today, therearethousandsof recreational diverswho
ventureoutintotheseadaily. Withtheexplosion of thesport
inthe 70sandthe80s, diving physiciansare concerned about
the safety of the medical selection and diving training
provided by various diving operators. Inexperience among
the new entrants to the sport and the overconfidence of the
experienced diver have resulted in unnecessary fatalities.

Surface supply equipment is another method of div-
ing commonly practiced. Many of the cases of decompres-
sion sickness treated in Singapore in the late 1970s and the
early 1980swerefisherman divers suffering from DCSwho
had used surface supply equipment. Abalone divers in
Australia use surface supply equipment. Based on our
experience with the Singapore Mass Rapid Transit (MRT)
Project, it may even be possible to suffer from DCS at
shallow depths of less than 10 metres.

| will discussthe problemsthat may be encountered
by the sportsdiver at lessthan 1 bar gauge (or 10 metressea
water) exposures and highlight certain diving related prob-
lems that can arise either through ignorance or overconfi-
dence. But first | will discussthe 10 casesof DCSarisingin
compressed air workers during the MRT project.

Decompression sicknessafter lessthan 2 AT A exposures

Decompression sickness occurring at pressures of
less than 1 bar gauge or (14.7 psig) is very unusua. A
literature search revealed that probably only Behnke! has
ever reported instances of cases of DCS at less than 1 bar
gauge exposures for compressed air workers. In hisreport,
he noted 9 cases of DCS occurring in less than 1 bar
exposures of compressed air workersat the Bay AreaRapid
Transit (BART) Project in San Francisco, California.
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In conversation with other hyperbaric physicians, |
haveheard of other such caseshereand therebut | have been
unableto trace any publicationsreporting these. Eric Kind-
wall mentioned to me 4 cases of DCS occurring at less than
1 bar gauge.

In the Singapore MRT Project, there were 10 con-
firmed cases of DCS at less than 1 bar gauge exposures.
They all responded to recompression therapy with complete
resolution of symptoms.

The tunnel projects were completed in record time
and because of the haste in completing the projects, long
working hours, sometimesexceedingthelimitsof the Black-
pool Tables, were employed. This may have resulted in
some of the DCS cases.

Analysis of Singapor e cases of DCS

Eight cases of DCS, following exposuresto below 1
bar gauge pressures, occurred at Contract 109 while the
other two cases were seen in Contract 301. Seven of the
cases occurred after exposure times of 12 or more hours
(maximum 12 hours 22 minutes), including the time for
decompression. The other 3 cases occurred after exposures
of between 10 hours 45 minutes and 11 hours 45 minutes.

Thelowest working pressurewhere DCS caseswere
reported, was 0.8 bar gauge while the highest was 0.95 bar
gauge. One case was seen in a surveying assistant, and
another wasseeninaforeman. Therest of thecasesoccurred
amongst compressed air workers (Table 1).

ENVIRONMENTAL FACTORS

During the exposure periods shown in Figure 1,
tunnel temperatures were between 28 and 34 degrees centi-
grade with an average humidity range between 60% to
100%.

CLINICAL PRESENTATION

Pain was the commonest presentation noted. They
were described asdeep joint pains. Tendernesswas present
in one worker. Two workers complained of warmth. No
swelling or rashes were seen. One worker had numbness
around hisjoint. Table 2 shows the distribution of symp-
toms.

TREATMENT

All cases were treated with recompression therapy.
Table 61 (oxygen table) was used in 50% of the cases.
CIRIA 1 (air table) was used in 40% of the cases. CIRIA 1
and Table 62 were used in Case 9 when there was an initial
lack of response to the CIRIA 1 table at depth. Complete
relief of pain were recorded in al 10 cases (Table 3).
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DISCUSSION

The cases manifested characteristic symptoms of
DCSand responded to treatment. The 10 cases represented
aDCS incidence of 0.005% of man decompressions for al
pressures and 0.008% of man decompressions below 1 bar.

None of the men in this study was obese. The
maximum percentage body fat was 20% and the minimum
6%. Average percentage body fat was 14.5%. Although
obesity is recognised as more susceptible to DCS than thin
people, therewereonly 27 obese persons (>24% body fat) in
the Singapore MRT Project out of 1,737. Thisaccounted for
the bias of thin persons devel oping DCS. Inaddition, asthe
duration of exposure was limited for the obese persons, the
likelihood of any of them getting DCS was reduced.

In our study, the oldest worker was a 39 year old
foreman. With the exception of a survey assistant, the rest
werecompressed air workers. Theyoungest compressed air
worker affected was 18 yearsold. The average age of those
affected was 29.2 years. Asthe number of caseswas small,
we are unable to prove any correlation of DCS with age,
obesity and type of work performed. However the cases
occurred after very long exposures and the men were in-
volvedin heavy work. Thelong hoursprobably allowed for
compl etetissue saturation with nitrogen, eventhevery slow
tissues, those tissueswhich take avery long timeto become
saturated with nitrogen.

Two casesworthy of mentionwere not treated by the
Navy. These two compressed air workers completed their
work in Singapore and were flying back to Bangkok, when
they reportedly felt joint pains. These joint pains subsided
when the plane finally landed in Bangkok.

Interviews with various Korean workers also re-
vealed that 3 of them had developed joint pains after such
exposures but they did not report this to their supervisors.
Subsequent exposureto compressed air relieved their symp-
toms.

Possible mechanismsof DCSin lessthan 1 bar

[tisuncertainwhat caused DCSinthese10men. The
tendency for bubbles to form is governed by the principles
of fluid mechanics. It has been shown that alarge forceis
required to form bubblesin vitro, unless bubble nuclei are
present. These forces may be due to tribonucleation, cavi-
tation or even from spontaneousin vivo nuclear fission. We
feel the following mechanisms are likely to be implicated.

The compressed air workerswere doing heavy work
involving lifting and the use of vibrating tools. This can
cause the formation of micronuclei by the process of tribo-
nucleation. Tribonucleation is induced in vivo when two
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HUMIDITY AND TEMPERATURE SCALE
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FIGURE 1

HUMIDITY AND TEMPERATURE CHART FOR CONTRACTS 109 AND 301
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o 301 (TEMPERATURE) & 301 (HUMIDITY)
TABLE 3
SUMMARY OF SYMPTOMATOLOGY AND TREATMENT USED
Affected Site Treatment Outcome of
Shoulders Elbow Hips Knees Table Used Treatment
Uni Bi Uni Bi Uni Bi Uni Bi
* 61 Complete Cure
* * 61 Complete Cure
* * * 61 Complete Cure
* CIRIA 1 Complete Cure
* 61 Complete Cure
* 61 Complete Cure
* CIRIA 1 Complete Cure
* * * CIRIA 1 Complete Cure
* * CIRIA 1and 62 Complete Cure
* CIRIA 1 Complete Cure

Uni = Unilateral Bi = Bilatera
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TABLE 2
CLINICAL PRESENTATION

Symptomatol ogy Number
Pain
Deep 1
Constant
Limitation of movement
Joint tenderness
Joint numbness
Warmth around joints

NFEFPWNO

closely opposed surfaces separated by fluid areforced apart.
Thenegativeforcesor low pressures generated asaresult of
the separation of the two surfaces result in the formation of
bubble nuclei.

Another mechanism where microbubbles may be
formed in the compressed air worker is related to the in-
creased haemodynamics in compressed air workers per-
forming heavy work often in temperatures of 400 C. At the
molecular level, fast moving fluid particles, by cavitation,
generate sufficient negative forces behind the particles to
cause the formation of microbubbles. Other mechanisms
which may cause microbubble formation include a sugges-
tion by Walder and Evang? that spontaneousin-vivo nuclear
fission may be the aetiology of gas micronuclei.

Bubble nuclei have been shown to be necessary for
bubbles to occur in an elegant series of experiments by
Evansand Walder on transparent shrimps.® Threegroups of
50 shrimps were decompressed from seal level to 0.079
ATA. Onegroup was pressurised to 389 ATA before being
decompressed. A second group wasnot pressuretreated. In
the pressure treated group 4 shrimps were seen to contain
bubbles while 48 did so in the non-pressurised group. The
third group was pressurised and then el ectrically stimul ated.
16 of these shrimpsdevel oped bubbleson decompression. It
has been argued that the bubbles originated from gasnuclei,
and that the first batch of shrimps had their in vivo bubble
nuclei squashed out of exi stencebeforebeing decompressed.
This reduced the capacity of supersaturated tissuesto form
bubbles.

The compressed air worker enters and exits from
compressed air daily after spending long hoursin the com-
pressed air environment. Thisform of repetitive exposures
greatly increases their chances of DCS. Experience from
repetitivedivesin fisherman divershave shown that thereis
an increase in incidence of DCS in the second and subse-
guent dives. In the first exposure, small asymptomatic
bubbles may have been formed. In the subsequent expo-
sures, these asymptomatic small bubbles formed sites of
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further bubble growth, accounting for the increased inci-
dence of DCSin subsequent dives.

Bubblemicronuclei do not causesymptomsby them-
selves. The compressed air worker must have enough gas
loading in his tissues to enable the bubbles to grow. In
addition, the rate of decompression must be great enough to
overwhelm the compressed air worker’ s circul atory capac-
ity to transport the excess nitrogen from the tissues to the
lungs.

Although the compressed air workers were decom-
pressed accordingtothe CIRIA recommendations’, they had
spent more than 8 hoursin the compressed air tunnels. Itis
possiblethat there are very slow tissues that becometotally
saturated only after long exposure times. During decom-
pression, nitrogen is released, but because of the slow half-
times, therate of nitrogen elimination could haveresultedin
bubble formation localised in these slow tissues. Tissue
bubbles, when formed, can cause physical distortion of the
tissue planes and stretch nerve endings. Thisis manifested
as the symptoms of pain and numbness.

Slow decompression to eliminate the problem of
DCS in compressed air workers has been advocated since
the the 19th century. Haldane® believed that bubbles were
not formed if the drop in ambient pressure did not exceed a
ratioof 2:1. Thevariabletime courseof nitrogen uptakeand
subsequent elimination could be simulated by a family of
discretehypothetical half-timetissues. Haldanetook tissues
with half-times up to 75 minutesto devel op his decompres-
sion tables which were adopted by the British Admiralty.
Subsequent development and improvements to Haldane's
tables were later adopted for various compressed air tun-
neling projectsin England. 1n 1958, Hempleman devised
the current compressed air tunnel tables (Blackpool Tables)
which were incorporated into the CIRIA report.*

Thedisadvantage of using the CIRIA proceduresfor
decompression of our compressed air workersfromlessthan
1 bar exposure was the fact that very long half-time tissues
were not considered. Our workersworked for between 8to
12 hoursat pressuresapproaching 1 bar gaugewith 12 hours
onthesurface. Benhke! had proposed that there are tissues
with up to 120 min half-times which will require up to 14
hours to desaturate 99%. Calculations for the decompres-
siontimesfor diverswith exceedingly long exposures must
takethisinto consideration. Theinterval between exposures
must also be greater than the 14 hours for these long half-
time tissues. The compressed air workers therefore may
have accumulated nitrogen due to the long exposures and
repetitivenatureof their work. Thisisapossiblereasonwhy
some of our compressed air workersdeveloped DCSasthey
had worked longer than 10 hourswithin the tunnels and had
spent less than 12 hours at the surface.

TheUSNavy’ sexperiencewithlong and deep expo-
sureshaveal so reveal ed deficienciesin assuming Haldane' s
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2:1ratiofor decompression. They found unacceptably high
ratesof DCSwhen assuming Haldane' stheory of usinga2:1
decompressionrate. A better proposal was made by Work-
man.® He suggested that blood perfusion of the tissues
(excluding tissue diffusion) isthe chief factor affecting the
rate of gastransport. In his calculations, Workman consid-
ered more tissues aswell as slower tissues, some with half-
times of 1,000 minutes. The critical ratio varied at each
depthfor aparticular tissue. Hedevised alinear scaleof “M”
values, showing the maximal allowable supersaturation for
each hypothetical tissueat each depth for thewholerange of
decompression for nitrogen and helium diving. These
formed the basis for the derivation of the US Navy Tables.

The decompression tables of the US Navy and the
tables promulgated in the CIRIA report may have, in gen-
eral, prevented symptomatic bubbles from occurring in the
compressed air workers. BrianHills’ proposed athermody-
namic model of DCS from his work with pearl divers
working out of Broome, western Australia. He introduced
the tern tissue un saturation based on the lower total partial
pressures of gases in the tissues and venour blood when
compared with the alveolar air and arterial blood. He
suggested that although bubbles develop on decompression
it requires a 60 mm Hg drop in pressure before the tissues
become saturated with gas. He suggested that gas bubbles
are formed during decompression with the US Navy tables
and the decompression rate merely controlled the size of the
bubbles. The primary event and the critical insult which
produced the symptoms of DCS do not coincide. The
primary event isthe activation of one or more of areservoir
of nuclei normally present in tissue into growth and hence
theinception of astablegaseousphase. Theinception of this
gas phase occurs randomly.

It is possible that limb pains are caused by the local
pressure of a bubble distorting a nerve ending beyond its
pain provoking threshold. Theonset of limb DCSisdepend-
ent upon the volume of gas separated from solution. The
inception of bubblesin thelimbs of compressed air workers
can be profuse and rapid due to the presence of micronuclei
created by tribonucleation and cavitation in thejoint. Asa
result thetissue can only withstand minimal supersaturation
before gas in excess of thermodynamic equilibrium forms
bubbles.

Thecompressed air workersworked at hightempera-
tureand humidity for long durations. Anadditional contrib-
uting factor to be considered is dehydration. Dehydration
reduces the circulating blood volume. During decompres-
sion, the increased gas load at the tissue levels may not be
eliminated fast enough due to the reduced blood volume.
Thismay causeabuild up of bubblesin thetissuesresulting
in symptoms of DCS.

Alcohol isknown to causetachycardiaand vasodila-
tation, which may cause haemodynamic changes in the
body. Although acohol ingestion was denied by all the
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workers, there isno assurance that alcohol was not imbibed
before they entered the tunnel.

Age and obesity have been noted in factors that
predispose workers in the development of DCS. Older
workers tend to have less efficient cardiovascular systems
which possibly result in a reduced capability to clear the
excess nitrogen. In Singapore the manual labourers were
lessthan 35 yearsold. The obeseworkers, who had greater
than 24% body fat, were given limited duration exposures
to compressed air work. The 10 cases of DCS were neither
old nor obese and are therefore unlikely to be affected by
these factors.

One of the patients gave ahistory of working from 8
am.till about 8 p.m.inthetunnel. Thenfrom4am.to7a.m.
he moonlighted asanewspaper distributor to supplement his
income. This may have precipitated the development of
DCS as prolonged exertion results in an increase in the
number of bubble nuclei, and the siteswhere further bubble
growth could occur.

Our experience was that 90% of the cases of DCS at
lessthan 2ATA occurred whenthe pressurewasgreater than
0.8 bar gauge. Two cases, oneat 0.94 bar gauge (Case9) and
oneat 0.9 bar gauge (Case 10) exceeded the 12 hour limit of
the CIRIA recommendations. A disadvantage of using the
CIRIA regulations in that for exposures less than 1 bar,
regardlessof the exposuretime, no decompression stopsare
required and the compressed air worker can be decom-
pressed direct tothe surface. Theassumptionthat DCSdoes
not occur if the exposure pressureislessthan 1 bar must be
questioned in the light of our experience.

The 10 cases of DCS occurred in young and healthy
individualsof amixed ethnic group. Therewereno obvious
individual predilectionto DCS. Various factors related to
thenature of thework likeheavy manual labour and repeated
entries into the compressed air environment may have re-
sulted inthe formation of microbubblesthrough the process
of tribonucleation and cavitation. The long exposure times
and the rate of decompression caused the microbubbles to
grow and produce symptoms in these 10 compressed air
workers. Exactly why it happened in these 10 compressed
air workers and not the other compressed air workers, we
cannot becertain. Perhapsthereisanindividual predilection
or anindividual daily variation of susceptibility.

This conclusion seemsto bein line with the conclu-
sion drawn by Benhke' of the 9 cases of DCSthat were seen
following exposures between 11.5 and 16 p.s.i. gaugeinthe
BART project inthe USA.

DCSand diving to shallow depths
The mechanism in which DCS can occur at shallow

depths is similar to that seen with the compressed air
workers. Thelikelihoodincreaseswhenrepetitivedivesare
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done or when divers use surface supply eguipment to pro-
long their stay underwater to allow them to dive for hours.

Even with breath-hold diving, DCS can occur if the
duration and depth is long enough. This condition, called
Taravana, was an observation reported by various authors
amongst the Pearl divers of the Tuamotu Archipelago.
Repetitive breath-hold dives up to 40-50 times a day are
performed. Theislandershyperventilatefor periodsranging
from2to 10 minutes. During descent, thediver holdsalead
weight between hisfeet and theropein one hand. Withthe
freehand the diver grasped hisnoseto assist in equalisation
of hisearsand sinuses. Thediversdiveto depthsof 120 feet
for 1to2minutes. Casesof severevertigo, nausea, paralysis,
unconsciousness, mental derangement and deaths were re-
ported among these divers.t?

Medical Problemsin Diving

The sea is strange and mysterious environment.
Throughout the ages, legends about large sea monsters,
about falling off the edge of the earth, the names Roaring
Forties and Furious Fifties, all portray Man's fear and
uncertainty about our oceans. The psychological aspects of
sports diving must not be ignored by diving physicians as
fear, ignorance and insecurity can contribute to or compli-
cateadivingaccident. Experienced diverscanthink through
problems and go through the drills that have been taught to
them, such as ditching the weight belt, controlled ascents,
buddy breathing, but an inexperienced, anxious or fearful
diver will most certainly find difficulty in doing the same
tasks.

Proper medical selection therefore should take into
account of the psychological maturity and confidence of the
diving candidate. A weaker svimmer islesslikelytobeable
to remain afloat for as long as a strong swimmer. A
candidate psychologically fearful that his equipment will
fail on him can run the risk of panic and rapid ascent, with
drastic consequences. Similarly, one who is fearful of the
dark or the deep, or has an intense fear of sharks, can
endanger hisownlife, and even hisbuddy’ s, should hepanic
and do something silly.

Certain medical conditions should exclude a person
from diving. Theseinclude asthma, epilepsy or a previous
seizureepisode, ischaemicheart disease, and cardiacarrhyth-
miaswhich may |leadto asuddenventricular fibrillation (e.g.
Wolf Parkinson White Syndrome).

Diving in unfamiliar situations

Inexperience plays alarge part in many of the cases
of diving accidents occurring in shallow waters. It may
occur with newly qualified divers or with divers who have
laid off for sometime. Certainareasindivingaremorerisky,
and diversrequire preparation and training prior to attempt-
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ing the dive. Worthy of special mention is diving at night,
insink holes, caves, freshwater, springsandwrecks. Divers,
experienced only in one area of diving, must be considered
novices when doing another category of diving, as tech-
niques and safety procedures are different.

Not every diver will dive regularly throughout the
year. Frequently, the newly qualified divers take adiving
course only to lay off diving for a considerable time. In
temperate countries, the onset of the winter season usually
heralds the end of the diving for theyear. Approximately 4
to 6 months later, when the weather finally gets warm
enough for diving, the diving season begins again.

Hazar ds of diving to shallow depths

Inconsideringthehazardsof divingat shallow depths,
the following categories may be used.

@ Environmental hazards

(b)  Hazards dueto equipment

(c) Hazards caused by individual factors

ENVIRONMENTAL HAZARDS

The problems of diving in unfamiliar situations are
manifold. Even for the experienced diver, preparation and
planning must be detailed. Planning should include a
complete appraisal of the dive area, the equipment used and
aself appraisal of one’s capabilities.

The environmental conditionsto be noted at thedive
siteinclude:
(@  Depth of the water
(b)  Seadtate, tidal conditionsand strength of the current
(o)  Water visibility
(d)  Temperature of the water
(e)  Timeof thedive
()] Types of marine life which will be encountered
(g  Obstacles expected to be encountered.

The dangers of breath-hold diving at shallow depths
include hyperventilation hypoxia and hypocapnia. Hyper-
ventilation hypoxia results when the diver hyperventilates
before diving producing hypocapnia. During the divethere
isprogressivehypoxia, but because of thelow levelsof CO,,
respiration is not stimulated before unconsciousness over-
comes the diver. The cause of death, if not rescued, is
aspiration and drowning.

Careful consideration of the environmental condi-
tionsisimportant. Diving in poor sea conditions or strong
currentsisdangerousand should alwaysbeavoided. Break-
ing surf, currents greater than 1 knot, stormy weather, bad
sea states and impending darkness all pose potential prob-
lemsfor diversand the crew of their dive boats. Asidefrom
seasicknessin the persons on board the dive boat, the diver
attempting to returnto the boat on the surface may lose sight
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of his dive boat in heavy seas. An experienced diver is
usually ableto sustain aswim at about 1 knot for only afew
minutes. Divingin currentsin excessof 1 knot isfoolhardy
and can result in divers being swept away.

Diving at night and in poor visibility requires plan-
ning and coordination between the diver and his buddy as
well as with the dive boat. Divers should practice safety
drillsand equipthemselveswith theappropriatebuddy lines,
torches, andif possibleflares, in order that the dive boat can
locate divers who have gone adrift.

Underwater entrapment isacommon cause of diving
accidents and this can occur in the experienced diver. Sea
weed (especially kelp), cora formations, rock outcrops,
caves, wrecks, ropes and fishing nets all pose potential
hazards for the diver.

Cavediving, diving in sink-holes, springs and quar-
ries requires good planning and adequate equipment. Life-
lines, torches, reservetanksand other saf ety equi pment must
be taken and used to ensure safety.

Adeguate maintenance of body heat ishecessary and
the early symptoms of hypothermia, like shivering, should
be heeded and preventive actions taken. If hypothermiais
prolonged, it will lead to a progressive deterioration of
mental function, and unconsciousness. The patient eventu-
ally develops ventricular fibrillation and dies. Adequate
thermal protection, likewetsuitsor dry suits, to prevent heat
loss should be used in cold water.

Although shark attacks constitute lessthan 1% of al
diving fatalities, prudence in selection of a dive site is
required, especially if shark attacks or sightings have been
reported lately.

EQUIPMENT FACTORS

A diver should becomefamiliar with theequipment
to be used. This is especially so for rented equipment.
Particular attention should be focussed on the mechanism
for the release of the weight belt and the inflation of the
buoyancy compensator. Pre-dive checks should include
recognition of thelocation of the bucklefor theweight belt
andto ensurethat theweight belt buckle doesnot rotate out
of reach while in the water.

An important piece of equipment is the buoyancy
compensator (BC). Thismust be stored properly when not
inuseto prevent premature deterioration of the rubber and
plastic components. Pre-dive checks should includeatest
for leaks in the BC to ensure that it functions properly.
Checking the BC prior to the dive should also involve the
inflating mechanism. Most BCsnow areinflated from the
diver's air tanks using a power inflator. This set up is
elegant but divers should be aware that at the end of the
dive, when the air has run out, the BC cannot be inflated.
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This can lead to a minor crisis especialy if the diver is
overloaded with a haul of treasure or abalone. Quick
thinking and action is required to avert atragedy. Other
BCsareequippedwithaCO, cartridgewhichinflateswhen
aripcord is pulled to activate a triggering mechanism.
Corrosion, dueto poor maintenance, canjamthetriggering
mechanism, preventing its activation. Alternatively, the
CO, cartridge may have already been used or has leaked.
Checking the cartridge is therefore important.

Steel air tanks should be properly maintained. The
air used for charging steel cylinders must be free from
moisture. Corrosion can occur on the inside of the tanks
and deplete the oxygen within thetank. Thereisadanger
of hypoxiaif asteel tank that hasbeen stored full for along
timeisused. Inany case a corroded steel or aluminium
tank isdangerousand may crack or explodewhen charged.
Ownersof scubatanks should be aware of thisdanger and
ensure regular hydrostatic testing by an approved author-

ity.

Two other important but often ignored pieces of
equipment are the depth gauge and the contents gauge.
Depth gauges should be calibrated regularly as, in our
experience, they are often inaccurate by up to 15%. This
can result in a miscalculation of the diving profile and
increases the risk of decompression sickness. Contents
gauges should also be maintained properly to ensure
correct readings. Divers should regularly consult their
contents gauges to check on the amount of air left.

Diving in polluted and heavily silted waters can
resultinfailureof thesecond stageregulator. Fatalitieshave
been reported when diving in quarries which were heavily
silted.

For the sake of completeness, | wouldliketomention
a few dangers faced by military divers at shallow depths.
These problems usually arise with the use of specialised re-
breathing apparatus. The problemsincludeoxygentoxicity,
carbon dioxide retention, hypercapnia and caustic soda
burns.

Oxygen toxicity in the military diver occurs usually
when the diver exceeds the prescribed depths. The divers
have to perform strenuous tasks underwater and this in-
creasestherate of development of oxygentoxicity. Thereis
considerableindividual variation in thetoleranceto oxygen
toxicity. In Singaporeall military divershavetoundergo an
oxygen tolerancetest to exclude those diversin whom there
isahigh susceptibility to oxygen toxicity.

Carbon dioxide retention occurs when the CO2 ab-
sorbent material (usually sodalime) has either been packed
too loosely or when the potency of the chemical has dimin-
ished. Caustic burns occur when salt water comes into
contact with the sodalimein there-breathing set. Thismay
occur with poor technique, with water leaking from the
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mouthpiece, or when leaks occur in the system. Salt water
combineswiththesodalimeto giveoff caustic soda(sodium
hydroxide). Thiscan beaspirated, causing burnsto thelips
andthroat, aswell asanasty surprisefor thediver. However,
there is a danger of the diver panicking and rushing to the
surface.

PERSONAL FACTORS

Individual factors can predispose to hazards and
accidentsindiving. Itisusual for thebeginning of the season
to see accidents happen to divers who have not been diving
during the off season. Divers must be aware of their
limitations and capabilities. Meticulous planning isimpor-
tantin ensuring safe and enjoyabledives. Detailed planning
of thediveshouldincludethecal cul ation of theamount of air
required for thewhole duration of the diveincluding allow-
ances for delays and decompression stops. In shallow
diving, planning beforeadiveisstill required. Decompres-
sion sickness may occur, with very long exposures and
especially with surface supply equipment.

Pulmonary barotrauma, with drastic conseguences,
isdtill likely when diversrun out of air and they fail to notice
it until it istoo late. Frequently, diversin panic situations
(e.g. running out of air or aspiration of small quantities of
water) hold their breath and rush to the surface. This may
result in fatal air embolism as the expansion effects of the
bubblesis greatest between 1 bar and the surface.

Alcohol ingestion has been shown to be one of the
main contributing causesto drowning. Drinking and diving
canresultin carelessnessand poor judgement among divers.
This can contribute to fatalities. In addition alcohol inges-
tion hasbeenrelated to anincreasein therisk of decompres-
sion sickness.

Untrained divers should not attempt to dive unless
undergoing a proper dive course. In Singapore, thereis no
| egisl ation preventing untrai ned personsfrombuying diving
equipment. Proper medical clearanceand divingtrainingis
essential in ensuring safe diving.  Safety drills, buddy
breathing, rescue and cardio-pulmonary resuscitation are
important skills to be learnt by the budding diver.

Poor technique and improper training can lead to
problems of equalisation of the ears. Conditions like sinus
and aural barotrauma may complicate the dive. Frequent
commentssuch as “Boy! My eardrumsarebursting. Those
diversmust have eardrums made of steel”, demonstratesthe
ignorance of the general public about the proper techniques
in diving.

Vertigo due to unequal vestibular stimulation or
tympanic membrane perforation can result in disorientation
and panic ininexperienced divers. Of even greater concern
isthe danger of pulmonary barotraumaand air embolismin
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untrained divers who are asthmatics or who breath-hold
during ascent.

Drugs can have side effects which may reduce the
reflexes and motor coordination of divers. Taking antihis-
tamines may reduce the nasal congestion of divers with
colds, but at the sametime, it may cause drowsinessin some
divers. Thisispotentially risky and can cause accidentsdue
to misudgment. Addictive drug abusers should be con-
demned and disallowed from diving as they cause depend-
ence, impaired consciousness and disorientation.

Heavy smokers run risks of chronic bronchitis and
obstructivelung diseasesafter continuingwiththeir habit for
many years. These lung conditions can lead to air trapping
and potentially hazardous pulmonary barotrauma. Smokers
whointendto continuediving should stop smoking. Itisalso
agoodideafor all diversto haveaproper medical every year
which include afull sized chest X-ray and spirometry.

Wherever possible, the inexperienced diver should
beaccompanied by an experienced buddy when an unfamil-
iar form of divingiscarried out. The buddy system allows
the experienced diver to keep theinexperienced diver out of
danger. Many reports of diving fatalities cite inexperience
as one of the main contributing factors to fatalities. For
instance:

A newly qualified diver was killed recently when
strong currents swept him away from the diveboat. Hewas
found later, with a fractured skull and bruises on his head,
face and body.

Another incident occurred where awoman diver got
into difficulties at depth and although she was diving with
her boyfriend, only the boyfriend managed to ascend to the
surface. Her body was never found.

Conclusion

Prudent planning and a level headed approach to diving
preparationisessential for asuccessful and enjoyablediving
expedition. Thereare dangersevenin shallow water diving
but these can be safely overcome.
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Editorial, continued from page 77.

awareness of both the advancesin our knowledge of diving
related problems and of how much still remains uncertain.
Thisisshown by thenumerousversionsof diving tablesand
theoccurrence of casesdescribed asatypi cal decompression
sickness. After ashort period of total ignorance there grew
abelief that al problemsrelated to diving had been identi-
fied and were fully understood. There is now a growing
awareness of the complexity of the changes which can
follow an ateration of theambient pressureant that theseare
influenced by seemingly innumerable factors. Compla-
cency isthe one deadly sin we cannot afford to condone.

Although Adlai Stevenson once made the somewhat
debatable comment that the function of an editor was to
separate the wheat from the chaff and print the latter, it is
believed that no such assessment should be made of the
many and varied papers that have appeared in the SPUMS
Journal over the years. It is hoped that readers have been
informed, interested and sometimesprovoked into consider-
ing that some hitherto unquestioned belief should be re-
examined. If that isso the Editor hasbeen successful. From
thenextissueDr JohnKnight takesover asEditor. Hisyears
of experience in the production of the Journal as Assistant
Editor and as Deputy Editor make him an excellent choice
and | am sure that the Journal will continue to prosper.
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SPUM S ANNUAL SCIENTIFIC MEETING 1990

SCIENTIFIC PAPERS
Saturday, 2nd June, 1990
Ruth Inall
SPUMS and the Science Centre Foundation
Warwick McDonald
The DITAA analysis of the recreational diving
industry
Martin Sher
The future of recreational diving

Sunday, 3rd June, 1990

Chris Acott

Diving incident monitoring
Courtenay Kenny

Dysbharic illness treated at HMNZS PHILOMEL
Peter Chapman-Smith

Case studies
Greg Adkisson

Diving accidentsin the United Kingdom

Monday, 4th June, 1990
Greg Adkisson
The 1988 BSAC decompression tables
Drew Richardson
PADI decompression teaching in 1990 ()
Raymond Rogers
The development of the DSAT (PADI) decompres-
sion tables
Raymond Rogers
Testing of the DSAT (PADI) decompression tables

Tuesday, 5th June, 1990

Greg Adkisson

SPECT studiesand cerebral decompression sickness
Des Gorman

Pathophysiology of cerebral arterial gas embolism
Chris Acott

Psychiatric disordersin diving
Warwick McDonald

Women in diving

Wednesday, 6th June, 1990
Greg Adkisson
Submarine rescue
Lori Barr
Case reports of tank carrier'slateral condylitis
Lori Barr
A biomechanical model of tank carrier'slateral condy-
litis
John Robinson
Vertigo in diving

ANNUAL GENERAL MEETING.
Thursday, 7th June, 1990
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DIPLOMA OF DIVING AND HYPERBARIC
MEDICINE

From time to time there are enquiries about higher
training in hyperbaric and diving medicine. Thissociety, in
its aim to promote the education of doctors in the field of
hyperbaric and diving medicine awards a diploma to a
candidate who completes the following requirements:

1 Isafinancial member in good standing.

2 Has completed both basic and advanced, examined,
courses in diving and hyperbaric medicine either at the
Royal Australian Navy School of Underwater Medicine or
asimilar approved ingtitution.

3 Has completed six months full time in an approved
hyperbaric unit.

4 Has submitted for approval of the Board of Censors
athesis, treatise or paper on atopic, previously approved by
the Board, suitable for publication.

The following alphabetical list is of those who
have been awar ded the Diploma since 1972.

Dr C Acott Dr C Lowry
Dr JAnderson Dr M Loxton
Dr T Anderson Dr C MacFarlane
Dr N Barnes Dr S Maheson
Dr G Barry Dr H Mahdi
Dr G Bayliss Dr P McCartney
Dr R Capps Dr B McKenzie
Dr P Chapman-Smith Dr I Millar
Dr JChuah Dr R Moffitt
Dr N Cooper Dr J Monigatti
Dr D Davies Dr W Murtha
Dr M Davis Dr JOrton
Dr G Dawson Dr M Osborne
Dr C Dillon Dr H Oxer
Dr C Edmonds Dr P Robinson
Dr M Fraundorfer Dr R Schedlich
Dr A Gebbie Dr A Slark
Dr JGilligan Dr D Smart
Dr D Gorman Dr R Stevens
Dr R Gray Dr C Strack
Dr D Giriffiths Dr R Thomas
Dr JHow Dr B Turner
Dr C Kenny Dr D Tuxen
Dr D Kerr Dr | Unsworth
Dr JKnight Dr R Webb
Dr P Laverick Dr JWilliamson
Dr G Lovell Dr R Wong

Dr T Wong
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SOUTH PACIFIC UNDERWATER MEDICINE
SOCIETY INCORPORATED

SPUMS was incorporated in Victoria on 10th April
1990. Thisaction, which was approved by the membersin
1988, wastakento reducethelegal liability of theindividual
membersif anyonebrought asuccessful court action against
thesociety. Without incorporation all memberswould have
beencoallectively liablefor any costsawarded against SPUMS.
Withincorporationthemembers'liabilitiesarelimitedtothe
society's assets.

Dr John K night hasbeen appointed the Public Officer
of thesociety. Thisoffice must be held by aperson resident
inVictoriaandisbest described astheliason officer withthe
Victorian Corporate Affairs Office. It is not a form of
Public Relations officer. All enquiries about SPUMS
activities should be addressed to the Secretary. The Secre-
tary and the President arethe two official spokesmenfor the
Society. The Committee has the right to appoint other
members as spoksmen on specific subject if it so desires.

The last rule approved by the Victorian Corporate
AffairsOfficestated, in essence, that all current membersof
SPUMS will be the first members of SPUMS Inc.

IN A RECOMPR{2: [0 IM, U a1 4

USE YOUR DECOMPRESSION TABLES AND
ASCEND AT THE RATE OF YOUR SLOWEST BUBBLES

The Government of Western Australia has produced
adecal, indark blueand white, for diversto stick ontheir air
cylinders, and anywhere elsewhereit will be easily seen. It
ishopedthat thedecal sspread Eastwardsso that themessage
getsto all Australian divers.

The decals are available from the
Department of Sport and Recreation,
Perry Lakes Stadium,

FLOREAT, Western Australia 6014.
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ARTICLESOF INTEREST REPRINTED FROM OTHER JOURNALS

THE BC ASYOUR PERSONAL OCTOPUS

A Seldom-Taught Technique To SaveLives

Y ousuddenly find yourself at 130 feet with no buddy
in sight and no air to breathe!

You are certain you can surface in a controlled
emergency ascent with ease from shallower depths, but you
are afraid you will not make it from this depth.

What would you give for a reliable, super-easy-
breathing regulator attached to asource of enough air to get
you to the surface?

Y oudo not havetowish. Youarewearingone! Itis
your buoyancy compensator. Y ou can breathefromit. Itis
simpleanditworks! Many divershavesurfaced easily from
the depths, some breathing fresh air all the way up.

Most divershavelearned buddy breathing, and many
arenow equi pped with extrasecond stage“ octopus’ regula-
tors. Unfortunately, neither of thesetechniqueswill furnish
air to you if your buddy is unavailable, unequipped or also
low onair.

Unquestionably the best method of obtaining airisto
have a backup supply, dual tankswith dual outlet valves, a
pony bottlewith an extraregul ator attached, or “ Spare Air”,
abail-out bottle that has a regulator built into the unit.

But, what do you do now when you have none of
these and no air left from any source?

No air from any source?

There are air sources you may not have considered.
Therewill beresidual air left inyour lungs, inyour tank, and
in your buoyancy compensator.

Y ou think your BC isempty? Not very likely. The
deeper you are, the more likely you have put extraair into
your BC to adjust your buoyancy. Evenif you thought you
sgueezed out all the air at the surface, you till have an
inflator hosefull. Furthermore, air will frequently remainin
the upper part of your BC. If you added air with your power
inflator, itwill bepureair. If youblewitinthroughyour ora
inflator, it will still have 16% oxygen. (Remember: we use
exhaled air for artificial respiration.)

Y our tank, evenif “empty”, will awayshaveresidual
air that will become available as you ascend.

You can re-breathe many breaths

Re-breathing that same air will reduce the oxygen
and increase the carbon dioxide content, accordingly mak-
ing you hungry for freshair. But re-breathing upto 13times
without becoming overly hungry for fresh air will be rela-
tively easy. | have re-breathed over 40 times this way.
Others have also. Dr Robert Leahy and Dr Peter Lynch
conducted a study on BC breathing at Temple University,
testing 22 basic scuba students who had used a regulator
underwater only twice before. They were monitored while
they re-breathed from their BCsfor one minutein apool 10
feet deep. They had no problems.

Y our break-point will be surprisingly long in com-
ing. You see, by inflating and deflating your lungs, you are
stimulating stretch receptors in your chest and partially
relieving your air hunger. Also, the available oxygen is
being used and not exhaled into the open water.

Y oucanadd moreair asyourise, by holding openthe
power inflator. Theresidual air from your tank will expand
and flow into the BC, furnishing pure air to freshen the BC
air you arere-breathing. If youwish, you canwait until you
are near the surface to open the valve to replenish the air
when you need it most. So as not to forget that air will be
available later, hold that valve open al the way up.

Y ou wont be tempted to hold your breath

The obvious advantage of BC re-breathing ishaving
air to breathe. But just asimportant, you will avoid alung
rupture or embolism since you wont betempted to hold your
breath as you ascend. The build-up of carbon dioxide will
causeyouto steadily increase your breathing rate. Y ouwill
be breathing in or out constantly and not closing off your
airway.

A “poor man's octopus’

With the inflator hose from your tank, you can use
your BC as an extra second stage regulator, a“poor man’s
octopus’. You can give your regulator to an out-of-air
buddy, whileyou breathe from your BC, bothinhaling fresh
airl Open the valve from your tank intermittently, breathe
thefresh air from your BC and exhaleit through your nose.
Both of you can continue thisway breathing fresh air for as
long as your tank has air. To be confident of your ability
when an emergency occurs, practice thisfirst in calm shal-
low water.

| know of one actual rescue from 100 feet deep in
which this technique has been used. After giving up his
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regulator to buddy breathe, the diver could not retrieve it
from his panicky muscular buddy. He calmly valved fresh
air from histank into hisBC and breathed that ontheway up.

Another diver saved two otherswho cameto him out
of air. He gave the first one his octopus, the second his
primary regulator, and he used his BC. All three then
breathed fresh air to the surface.

Three, or eventwo diversbreathing throughthe same
first stage could over-breathe that regulator, especialy if
they are deep, if thetank islow on air, or if they are al air-
hungry. Someregulatorswill not supply enoughair for easy
breathing under these circumstances.

Avoidthispossibility by waiting tofeed air into your
BC until your buddy stops inhaling. Then intermittently,
between your buddy’s bregths, feed the air in, keeping a
comfortable volumein the BC for breathing and for proper
buoyancy. Sinceit does not involvethefirst stage, you can
inhalefromthe BC at any timewithout over-breathing. Y ou
cannot over-breatheyour BC and it wont freeze up. Aslong
asithasabreathfull of air, it will feedit toyou no matter how
fast you breathe. Itisareal easy-breather.

It will work if your second stage malfunctions

Having that inflator hose from your tank, you can
also use your BC to obtain fresh air if your second stage
malfunctions. Thefirst stage at thetank valvewill till feed
air intoyour BC. Remember to exhal e through your noseto
insure a continuing supply of fresh air.

Purgethewater from your BC mouthpiece

To be certain you will have no problem breathing
fromyour BCinanemergency, you should practiceclearing
the ounce-or-so of water from the inflator hose mouthpiece.
The type of BC mouthpiece that has openingsintheend is
designed for easy purging. Why not take advantage of that
design feature?

Someof thenewer BCshavehidden openings. If you
cannot see any holesin the end, aim the end down and pour
alittlewater inthe mouthpiece. If thewater runsout, it will
clear easily.

You can purge all BC mouthpieces by using the
following method: bend themouthpieceup, seal your mouth,
look down, and, asbefore, blow air in asyou push thevalve.
The water will flow from the mouthpiece into the hose.

Takeyour first breath cautiously

Y our firstinhal ation after clearing your BC shouldbe
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acautious oneto be certain that no residual water will cause
a coughing spell. Inhale slowly and carefully. If you do
cough or strangle on a few droplets, do not remove the
mouthpiece. Cough into the BC. Then that air will be
available for you to re-breathe after your coughing spell is
over.

A little water in the hose should not bother you.
Unless you inhale in gulps, you can easily breathe without
getting any water. Do not let go of the valve or remove the
mouthpiecefrom your mouth asyou ascend. Releasingyour
hold on the valve of amouthpiece that has no holeswill not
alow water to enter, but it will cut off your air fromthe BC.
Removing your mouthpiece will require clearing it again.

Littleair to breathe back?

If you first discover you have no air when you have
exhaled your last breath through your regul ator and then get
no air back, do not panic. Blow what air you haveinto your
BC and re-breathe that. If the air you blew into it is only
enough to go to the top of your BC, you may not get it back
right away. Again, do not panic. Start up immediately and
keep trying to inhale and exhale as you should through a
regulator on a tank with no air. Remember that you can
probably do without air for at least 20 seconds. Asyourise,
more and more air volume will become available. Even if
you get only a low volume, you will be breathing. Keep
breathing that small volume in and out. Asyou breathein
and out that volumewill increase. Y ou know that the deeper
you are, the more molecules of oxygen are available in the
air in your lungs, in your airways, in your BC, and in your
tank.

Too much air!

Paradoxically, although you were out of air on the
bottom, asyou near the surface you might find that you may
betoo buoyant and areascending toofast. Exhaling through
your nosewill reduceyour buoyancy. Air will escape under
theskirt of any mask, but apurge-valve mask will makenose
exhalingeasier. Y our speed of ascent can al so bereduced by
flaring out horizontally.

Itispossiblethat your BCwill fill withair asyourise.
Air inhaled from a turgid BC could be at a pressure high
enough to over-expand your lungs. Exhale enough through
your nose to keep the BC from getting completely full and
you will avoid this. It takes more than five full breaths to
completely fill amost all BCs, so if you never dive below
130 feet, you are not likely to end up with afull BC at the
surface. If you added tank air to compensate for bottom
overweighting, your BC could get too full asyou ascend. If
so, however, youwill havelotsmorefreshair tobreathefrom
your BC and can avoid overfilling it by exhaling more
frequently.
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Develop skill at handling your BC

Keep the mouthpiece valve closed tightly while
intermittently putting air into your BC. The placement and
operation of thesevalvesdiffer dependingon BC design. An
inflator valve that has a feather-touch will be easier to
control. Get confident that in an emergency you can manage
bothvavessimultaneously. Practicein calm shallow water.

Flush out CO, after each cartridgeinflation

If you haveaBC that hasacarbon dioxideinflator, do
not breathe from your BC if it is full of CO,. You will be
warned very quickly. Pure carbon dioxide is stingingly
pungent. Although CO, isinitially odourless and tasteless,
the gas reacts with the moisture in your mouth and nose,
becoming carbonic acid. Although breathing high concen-
trations can be deadly, you are not likely to inhale much. A
little is no problem (we consume it in carbonated drinks).

Keep your BC clean

Moisture in your BC when stored in a warm, dark
place may encourage the growth of bacteria and fungi.
Breathing from such a BC might cause an infection. When
you are out of air in a life-threatening emergency, you
certainly should not be concerned about an infection that
may flareupdayslater. For practice, however, youwill want
aclean BC.

Gary Keller, president of Sonoform, amanufacturer
of BCs, states that they use ether-based non water-perme-
able polyurethane bladders. This, plustheir treatment with
anti-bactericides and anti-fungicides, makes them highly
resistant to contamination. Sonoform al so makes buoyancy
compensators for the US Navy and oxygen re-breathers for
the US Coast Guard. They have reported no problems.

Temple University professors Robert Leahy and
Peter Lynch conducted a study of 25 subjects who each re-
breathed air from aBC for one minute. Ananalysisof their
exhaled air reveal ed no dangers, nor wasthere any compro-
mise to their physiology.

Rinsing your BC frequently with a disinfectant will
keepitsafe. TheCoast GuardusesListerine. Or, youcanuse
benzal konium chloride, which can be purchased from adrug
store under the brand name Zephrian chloride. Anounce of
concentrate will make a gallon of solution. It will kill
bacteriaand fungi andit will not hurt the BC. Rinsewithtap
water after treating.

(Note: Although sodium metabisulfite is 100% ef-
fectiveinkilling bacteria, do not useit. Thiscompound has
caused a fatal alergic reaction in a small percentage of

people.)
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An ideal solution

In 1983, at |Q14in Chicago, DennisGraver talked on
“New Perspectives for Out-of-Air Emergencies’. He gave
these as considerations for an ideal out-of-air procedure:

That it can be used independently of other divers.
That breathing can be continuous.

That no extra gear isrequired.

That it is simple to accomplish.

That expense be minimal.

That it will assist buoyancy.

OO WNPRE

Graver stated that of all of the presently available
methodsof copingwithan out-of-air emergency, BC breath-
ing was closest to meeting thisideal.

BC breathing should be taught

BC breathing for self-rescue should betaught to new
divers and practiced by experienced divers. Now that the
newer BCs are coming through as standard with easy-to-
clear inflator hose mouthpieces, inflator hoses that furnish
fresh air from the tank and have no CO, cartridges, al of
which makesit easier and safer to obtain air from our BCs,
should not we add theselife-saving BC breathing techniques
to our repertoire of skills and be more confident while
enjoying this fabulous underwater world?

Undercurrent Editor’s Note: Of the agencies we
spokewith, noneofficially teachesBC rebreathinginabasic
course. NAUI discussesitintheir textbook and teachesitin
theadvanced course. However, training director Jim Brown
said that someinstructors probably doteachit selectively in
basic classes. “Webelievethat adiver hasto becomfortable
in the water and in diving”, he told Undercurrent, “before
they will have the presence of mind to use the technique.
That iswhy we offer it in advanced courses.”

John Gaffney of NASDSsaysthat “ Weteach thesafe
second and have had nofatalities. Wethink that itisthe best
method”.

SSI's Bob Clark said, “We do not teach the tech-
nique. We have established a pattern of “what todo’s’ and
feel that if several options are given it tends to confuse
people and reduces the time available for an action to be
taken”.

The Y MCA decided several yearsago not to teach it
and has not reconsidered it.

PADI, IDEA, and MDEA failed to return our calls.

Reprinted with kind permission by the Editor, UN-
DERCURRENT, April 1990; 7-10.

Theaddressof UNDERCURRENT isP.O. Box 1658,
Sausalito, California 94965, USA.
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BUOYANCY COMPENSATORS
A PERSONAL OPINION

Bob Halstead

| am constantly being amused by people who, by
trying to prevent a particular occurrence from happening,
actually causeittodoso. | remember watching an approach-
ing truck whilst driving aong an unsealed road. The
occupantsof thefront bench seat, of whichthereappearedto
behalf adozen, concerned that al oose stonemight bethrown
up from my wheels and shatter their windscreen, reached
forward, placed their hands on the inside of the screen and
applied pressure. Theresult was, of course, that the wind-
screen popped from its mount and crashed onto the road.

Nowhere in diving does thisirony occur more often
than under the guise of SAFETY. Some joker recently
invented a device that looked like a ping pong ball which
when released underwater ascended at exactly 18 m per
minute, thus enabling divers to make SAFE ascents. But
divers following this marker would miss vital safety stops.
Many authorities consider 18 m a minute too fast at the
shallower depths anyway and retrieval of the balls on the
surface would not seem to be without hazard either, or were
they just left to pollute the ocean? Perhapsthereisaworld
surplus of ping pong balls.

Remember the snorkel with the ping pong ball valve,
designed to prevent snorkellers from choking on inhaled
water but having the minor disadvantage of also inhibiting
breathing? Fitted to afull face mask the devicewasreported
to have suffocated several children. This rather dulls the
amusement.

The J valve, fortunately now seldom seen, was the
device invented to give a diver warning that the air supply
was getting low. Theresults of attempting to pull the lever
were often quite dramatic if the user had forgotten to place
itintheright positionat thebeginning of adive, or it had been
knocked down during the dive, or if some home servicing
had replaced thelever thewrong way up. Sometimesfilling
stationsfailed to placethe lever down when filling the tank,
resultingin shortfills. TheJvalvewasresponsiblefor more
than afew emergency ascents.

| also have grave doubts about the buddy system,
buddies are completely unpredictableyet, for safety, weare
told never to dive without one, give me a shark any time.

Now we havethe BUOYANCY COMPENSATOR,
called the BC by those that are unsure how to pronounce
“buoyancy”. These marvellous devices are supposed to
make diving SAFE. Let usanalyze that:-

1 It enablesyou to adjust your buoyancy underwater to
achieve neutral buoyancy.
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| agree that neutral buoyancy is extremely desirable
for safe diving, but the only buoyancy adjustment that is
needed during a dive is to compensate for compression of
your wetsuit asyou go deeper. Inother words, if you are not
wearing awet suit and are already neutrally buoyant you do
not need one. Probably choked up a few of the world's
crummier instructors there did I? These incompetent fools
teach our new diversto put heaps of lead on their belts (that
gets them down) then blast air into their BC to achieve
neutral buoyancy (to get them off the bottom) and call that
buoyancy control.

Now, if you are wearing a wet suit, how much
buoyancy compensation do you need? 15 kg, 20 kg, 25 kg?
May | suggest FIV E kilograms as being more than adequate
formost full 5mmwetsuits. Sowhatisall that buoyancy for?

2. It gives support on the surface.

There are various ways of interpreting this. First,
let'stry “life jacket”. BCs started off as “ adjustable buoy-
ancy lifejackets’ and looked like the classic aircraft inflat-
ablelifejacket, many wereexactly that, stolenfrom aircraft.
Although no one has officially announced the demise of the
BC asalifejacket, in fact that is what has happened. It no
longer looks nor actslike alifejacket ... and | say, GOOD.
If surfers and swimmers do not need life jackets, neither do
divers.

However, the second interpretation, that of adevice
that assistsadiver to rest or swim on the surface also needs
some thought. A fully inflated BC on the surface restricts
movement and can act asasail or seaanchor. If any part of
the inflated compensator shows above water it is contribut-
ingnottolift, buttodrift. Theair pocket hasto beunderwater
to providelift but then it also producesdrag. So how much
buoyancy do you really need on the surface? What are you
doing onthesurfaceanyway? If you areonthe surfaceaway
from your boat or the shore, and have no air you obviously
havemadeaMISTAKE. Solet’sbe charitable, you madea
mistake, just go on your back and kick your fins. Having
trouble? Shame on you, OK, better drop your weight belt.
Still not OK? Notfit, eh! Areyousureyoushouldbediving?
Asalast resort put someair into your BC, five kilograms of
liftisPLENTY.

Sowhy areBCsmadewith 15, 20, and | even saw one
advertised with 30, kilograms of buoyancy ??? Thediver as
a human lift bag perhaps? Thisis madness.

What elseisaBC for?

To hold the tank? A standard backpack does that
much better in most cases.

To organize your accessories? My adviceis, if they
need organizing, leave them in your dive bag.
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To make money? Hmmm.

So letslook at this marvellous safety device and see
how it makes diving safer:

It compensates for loss in buoyancy due to wetsuit
compression, thus maintaining neutral buoyancy.

It can beused to give support to diverswho should be
playing golf.

Now let's look at some of the marvellous conse-
guences due to the development of BCs.

1 So much drag is created that divers can no longer
swim through the water above a nudibranch’ s pace without
exhausting themselves. If you think | am exaggerating |
suggest you get hold of a standard backpack and just try
swimming a few lengths in a swimming pool using that
instead. Feel the difference. Aswater is difficult stuff to
movethrough, streamliningisessential. Did you ever figure
out why Cousteau’'s Calypso divers look so good in the
water? (Answer: they do not wear BCs and their tanks are
streamlined with a fibreglass cover).

2. Divers cannot control themselvesin acurrent, again
because of drag.

3. Divers make fast, out of control, ascents, including
missed safety stops, either because of expanding air deliber-
ately put into the BC, but not vented on ascent, OR because
of malfunction of the inflator causing a continuous or
instantaneous inflation of the BC (or because the CO2
inflator snagged on acora).

4, Diverson the surface are unable to swim back to the
boat because of over-inflation of thevest causing restriction
of movement and drag, and allowing any wind or current to
take effect.

5. Diversget into distressthrough relying on aBC that
ruptures, dumping the air and thus producing immediate
negative buoyancy. | have seen many cases of bladder and
hose failure.

6. Divers do not understand the gentle art of buoyancy
control by changing breathing patterns. They are forever
pumping the inflator and pulling the dump valve, which
resultsin bloated monster divers smashing up the reef one
moment and thrashing the surfacethe next. It alsoresultsin
arapid depletion of the air supply. How many times have
you seen diversunableto descent, and causing adisturbance
becausethey wereunabletovent theair fromtheir BC? (My
oath!! Isthat a killer whale eating a great white shark?
Answer: No, itisjust Jim trying to descend).

7. Divers are forced into an unnatural head up, feet
down position, while trying to swim horizontally, by air in
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the compensator pooling around the neck. Thisistiringand
uncomfortable. The buoyancy needs to be near the weight
belt.

8. Divers are much poorer - BCs cost a fortune!

So should | be so amused? Does the buoyancy
compensator actually makediving M ORE dangerous? Well,
my answer is... SOMETIMES. | find that sad because being
able to compensate for compression of your wet suit IS
useful, though personally | do not diveif thewater tempera-
tureis less than 27°C so | do notwear one. And, if | am
charitable, a little buoyancy on the surface IS also useful,
particularly if you areunfit, cannot navigate and do not wish
to keep buying new weight belts. | am aware that, statisti-
cally, the surfaceisavery dangerous placeto befor ascuba
diver, which iswhy it isimportant that divers be taught to
AV OID thesurfaceand return to the boat/shore underwater.
Itisalsowhy itisessential that all divershavea“buddy” IN
THE BOAT, looking out for them while they dive, who is
able to move the boat to pick them up if necessary. | know
diversthat would not divewithout abuddy, but they arequite
happy to swim off leaving an empty boat. They are not
thinking.

The problem here is the DESIGN of the BC rather
than the concept. Some buoyancy compensators are much
better than others, and thisis what you should look for:

No internal bladder. The bladder causes the BC to
bulge, giving no hope of streamlining, and these BCs trap
water between the bladder and the outer skinwhichyou drag
around with you the whole dive.

A minimum of straps, flaps, pockets, velcro fasten-
ings, D rings and valves, and definitely no CO, inflators.
They al cause drag and clutter, and the CO, inflator is
designed NEVER to go off at the right time.

A minimum of buoyancy. Y oudo not need morethan
FIVE KILOGRAMS, and if this does suddenly dump, or
inflate, it should not be disastrous. It ispossiblethat divers
wearing very thick wet suits, or dry suits, may need alittle
more buoyancy. | admit to knowing nothing about diving
requiring these types of suits... except that | never intend to
try it. 1 oncetried cold water diving (23°C) and hated it.

A snugfittothebody. If itisloosethetank will float
around while you are diving, and yet again, you will have
moredrag. Try the size smaller than the one you think you
need.

Good quality gear to minimize the chance of failure.

Try to find a BC that has been designed by a diver.
Contrary to popular belief, most dive gear is designed by
people who rarely, if ever, dive, which is why most of it
worksso poorly inthewater. Wehave had diversbring new
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BCsthat were impossible to use, and were most depressed
until we loaned them the spares we keep on the boat.

Needlessto say, theideal BC hasnot yet been made,
but it has been designed - Mike Emmerman, Director of
Research of Lifeguard Systems Inc. and | sat down and
designedit. It was not adifficult exercise and it turned out
that one size could fit al (after appropriate adjusting and
trimming of straps), and it would probably retail at lessthan
$150.00 and could beavailablein 59 colours. Thiswouldbe
an advantageto diversif not to manufacturers, but if thereis
amanufacturer reading thiswhoisinterested, please contact
meimmediately. Justimaginewhat you could doif you had
one. Why, all youwould haveto dowould beto throw away
that stupid octopus, buy a Spare Air and a Safety Sausage,
and youwould start tolook like areal diver, not adive store
dummy!

Bob Halstead's address is PO Box 303, Alotau,
Papua New Guinea.

This paper was has published in SPORTDIVING IN
AUSTRALIAAND THE SOUTH PACIFIC, December 1989
/ January 1990, pages 62-63 and in Telita News as BUOY-
ANCT COMPENSATORS - WHAT A DRAG.

WHAT TO DO IF YOU'RE ADRIFT

Dennis Graver

Despite plansand precautions, it is possible that you
may one day find yourself adrift in the water. Divers have
found themselves carried away by unexpected currents, | eft
behind by a boat whose crew fails to count heads, or even
victimised by a sunken boat.

Tosurvivefor any length of time, you need apositive
mental attitude. And there are stepsyou can taketo greatly
increase your chances of survival.

The boat remains, but you're adrift

Thefirst stepisprevention. Plan ahead. Discusssea
survival and the rescue plan with acrew before diving. One
can aso file a “float plan” with a friend who will have
enough information to beableto send assistancein the event
you do not make contact by a certain time.

Y ou should carry one or more long-range signalling
devicesinyour BC pocket. Y ou may not need muchif diving
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off the Seven Mile Beach at Grand Cayman, but if you arein
the Coral Seayou can not be too prepared.

an effective whistle;

astainless steel mirror;

alight plastic“ Safety Sausage”* which, wheninflated from
theregulator or lungs, standsten feet above thewater
ling;

small, waterproof flares and launcher (available at marine
stores);

smoke bombs;

awaterproof strobe light.

The second step is prevention. Do all you can to
prevent being carried away by acurrent. Be surethereisa
longtrail linebehindtheboat whenacurrentispresent. Dive
up-current. Whenyou surfaceupstream fromtheboat, swim
so as to align yourself with the vessel long before you
approach it.

If you are unable to reach the boat and you have air
left in your tank, take a bearing that will place you ahead of
the boat when you resurface. Then, return to the bottom
where the current is weakest, and move against the current
there. If you are on the surface and diving in kelp, or near
rocks and coral, grab hold to maintain your position and
conserve energy.

Most important, signal the boat at thefirst indication
of difficulty making headway against the current.

Thethirdstepistohavesomeonequickly pick you up
if you are swept away. Leave someonein theboat! Buddy
teamscan and should alternate divesin areaswhere currents
arelikely to causeproblems. Many non-diverswill gladly go
aong and be content to fish from the boat while you dive.
Tell the person remaining in the boat your dive plan, includ-
ing the time you plan to surface.

Thefinal step isto cope with being adrift. 1t isbest
to simply make yourself buoyant, conserve energy, try to
gain attention and wait for assistance. Swimming quickly
leads to exhaustion. 'Y our equipment should be retained if
possible because it may be useful for survival. Y our empty
scuba tank and weights may be discarded if they become
burdensome.

If you need to attract attention, try reflecting the sun
fromyour hand-heldfaceplate. Or splashwater highintothe
air. If you haveacamera, hold it highand waveit. Or flash
the strobe. Remember, however, expendable signalling
devicesshouldbeused only whenthereisastrong likelihood
they will be seen.

Asthelength of your ordeal increases, thegreater the
loss of body heat. Minimise heat loss by keeping your head
out of the water and using the Heat Escape Lessening
Position (HELP). Thisinvolveskeeping your armscloseto
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your sides and your legs pulled up to your chest to insulate
the high heat loss areas of your underarms and abdomen.
You should save your weight belt if you discard your
weights because the belt may be used to help you maintain
your kneesin the HEL P position.

If your boat sinks

I maginebeing milesfromland and aboard adiveboat
that is sinking! As a diver, what actions would you take?
There are quite afew things you should know and can do.

If time permits, don your gear before leaving the
vessel. If not, at least ensure your gear bag will float. By
packing your wet suit and apartially inflated BC in your bag
(forget your weight belt) you can be confident your bag will
float. A friend of minestoresall of hisdivegear inaplastic
trash can, and he happened to be aboard a charter boat when
it swamped and sank. He donned hiswet suit and fins, put
all of his possessions, including his clothing, into the trash
can, and swam it to shore with no loss whatsoever!

Wearing diving equipment is not the best option,
however. Y ou are better off out of the water thanin it, even
if fully equipped. A life raft or pieces of wreckage as-
sembled into a raft can mean the difference when long
periods of time are involved. Wear your diving equipment
initially, but only as a backup to a better aternative.

The best sinking boat story | have heard involves
several diversin Floridawho returned underwater at theend
of adiveto find their boat on the bottom! They managed to
raise the sunken vessel, bail it out, and obtain assistance!
That’s putting diving gear to good use.....

If you can not salvage your boat, move upwind from
thewreckageto avoid fuel onthewater. Collect everything
possible to form a raft, and remain near the wreckage to
increase your chances of being seen.

Water is critical to your survival. Y ou can go many
days without food, but very few without water.

If you have time while the boat is sinking, rinse the
insideof your BC, then partially fill it with freshwater. This
simple act can greatly extend your survival time at sea.
Drinking salt water is not recommended because it upsets
the chemical balance of the body and increasesthe need for
fresh water. The use of motion sickness medications is
recommended because vomiting reduces precious body flu-
ids.

If no water is available, food should not be con-
sumed, sinceits digestion requires fluids and hastens dehy-
dration. Eat only if you have at least two quarts of water per
day. If fishiseaten, consumeonasmall amount and wait 12
hours. If no reaction occurs, the remainder of the fish may
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be eaten. Two-thirds of all seaweed may be eaten, but only
in small quantities and in the same manner as that recom-
mended for fish.

The keysto survival

Thekeystosurfacesurvival arepreparation, patience
and the ability to think. Y ou know how to prepare asfar as
equipment goes, so makeit apriority. You can also prepare
yourself mentally with pre-visualisation of potential situ-
ations. Imagine as vividly as you can being adrift with no
boat or landinsight. How would you feel? What would you
do astimewent by? Livethe experienceand copewithitin
your mid, then if it ever should happen to you, it will seem
asthoughyou havebeen therebeforeand already know what
to do.

Just like every problem you can encounter indiving,
the keys to dealing with being adrift are knowledge and
preparation. Y ou now have the knowledge. But are you
prepared?

DennisGraver, isthe Director of Education at NAUI
(National Association of Underwater Instructors).

Reprinted, by kind permission of the Editor from
UNDERCURRENT January 1990; pages 13-14.

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

* Safety Sausages are available in Australia and New
Zealand from safety conscious dive shops. The are also
available from themanufacturer, Bob Begg, PO Box 5216,
Dunedin, New Zealand and fromthe Australian distributor,
Diving Security, 34 College Street, Hawthorn, Victoria
3122, Australia.

HYPERBARIC MEDICINE
A FUTURE PERSPECTIVE

Des Gorman

Introduction

Hyperbaric medicine comprises the treatment of
diseases and injuries with a raised ambient pressure, and
usualy involves the administration of an elevated partial
pressure of oxygen, hyperbaric oxygen (HBO). It can be
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usedtoeither directly affect adisease process(e.g. reduction
of bubblevolumein decompression sickness) or to enhance
host function (e.g. restoration of macrophage activity in
ischaemictissues). Although suchtreatmentisdefinitivefor
several diseases, the future scope of hyperbaric medicineis
uncertain, and will depend to a large extent on how the
discipline interfaceswith, and integrates into, conventional
medicine. It is this process that should dominate current
discussions of hyperbaric medicine.

Any future perspective, unlesswritten by aclairvoy-
ant, isessentially adescription of the present with aseriesof
predictions to enhance the author’s theme.* Such descrip-
tions and predictions are by necessity global, and yet the
issues that determine the success of hyperbaric medicinein
aspecificareaareoftenlocal. For example, in Australiaand
New Zealand, there are respectively an estimated 400,000
and 150,000 active recreational divers. This represents
2.5% and 5% of the populations of these countries, and it is
clear that hyperbaric units can bejustified there on the basis
of diving accidentsalone. However, the sameisnot truefor
much of Europe and North America.

Regional debatesabout theappropriaterol eof hyper-
baric medicine in modern clinical practice have little to do
withitsactual risksand benefits, but muchtodowithitscost-
effectiveness and local medical politics. Hyperbaric medi-
cinethreatensexisting public healthfunding, and hyperbaric
physicians should expect considerabl e resistance from both
health bureaucratsand medical practitionersinother areasof
medicine who are competing for the same funds.

Lay persons learning of the spectacular successes
attributed to the hyperbaric treatment of patients other than
divers are often surprised to learn that hyperbaric medicine
isnot lauded by therest of the medical community. Indeed,
it hasonly limited acceptanceandin many areasof theworld
itisnoteventolerated. Thisisparticularly trueinthewestern
medical community.

A recent review of hyperbaric medicine? by an Aus-
tralianmedical student, who had never seen arecompression
chamber, and a Stanford University Professor of Medicine
and Physiology, was notable for the following. Firstly, it
purported to be a risk-benefit analysis of hyperbaric medi-
cine, and yet had none of the essential components of such
an analysis. Secondly, it argued, on the basis of a very
limited literature review, that available data only supported
arolefor hyperbaric therapy in the treatment of decompres-
sion sickness. Thirdly, the authors suggested that unless
more data became available, that the baby, the legitimate
usesof hyperbaric medicine, wasin danger of being thrown
out with the bath water. Even allowing for the negligible
scientific merit of this paper, the final point it raises is
unquestionably valid. Unless the hyperbaric community
confronts the reasons for the limited acceptance of hyper-
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baric medicine, the baby may well end up with the bath
water.

Proposed reasons for the limited acceptance of hyper-
baric medicine

The limited acceptance of hyperbaric medicine may
be due, at least in part, to:

(@  the conservatism of the medical community;

(b)  the pharmaceutical bias of western medicine;

() the involvement of charlatans and adventurers in
hyperbaric medicine, and bizarreindicationsfor treat-
ment;

(d)  the hyperbaric treatment of patients with multiple
sclerosis;

(e)  thedomination of hyperbaric medicine during much
of itshistory by the military;

(f)  anundue emphasis on the medicine of diving;

(99 vocdl, disillusioned hyperbaric medicine pioneers,

(h)y  the expense of hyperbaric facilities and hyperbaric
treatment; and, most importantly,

(i)  alack of controlled dose-response data.

The conservatism of the medical community

The conservatism of the medical community trans-
lates into a reluctance to accept new directions. Simply,
hyperbaric medicine is the new kid on the block, and a
different set of rulesapply to such newcomersin comparison
to established areas of medicine. Hyperbaric physicians
often find themselves arguing the inequity of this situation.
For example, hyperbaric medicine is often criticised by its
opponentsfor alack of controlled clinical data. Itiseasy to
counter thiswith techniques such ascomparing the datathat
support the hyperbaric treatment of clostridial gasgangrene
with that which support the conventional treatment of brain-
injured patients. The management of brain injuries is a
suitable example as none of the accepted therapies, such as
hyperventilation or diuretics, have been shown to make any
difference to eventual patient outcome.

Additional ammunition for the pro-hyperbaric argu-
ment can be derived from asurvey of medical journalssuch
as the one summarised in Table 1. The journals reviewed
were some of the popular current issues in the Royal Ade-
laideHospital Library on 1st July 1988. itisclear from such
surveysthat very few clinical reportsinthe general medical
literature are randomised, controlled, prospective studies,
and that the criticisms of hyperbaric medicinein thisregard
are hypocritical. Regardless, such hypocrisy is unlikely to
change, and the hyperbaric community must learn to live
with thisinequity, to initiate appropriate controlled clinical
trialssupported by in-vitro andin-vivo experimentation, and
to offer hyperbaric therapy only to those patients with
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TABLE 1

SURVEY OF CLINICAL PAPERSIN
AUSTRALASIAN AND INTERNATIONAL

JOURNALS
Australasian International
Journals Journals
N=4 N =10

Case Reports (< 6) 35% 15%
Clinical Survey 50% 55%
Own-control 15% 10%
Retrospective Controls 0 10%
Prospective Controls 0 10%
Australasian Journals:

MJA, NZ Med J, ANZ J Surg, ANZ JMed.

International Journals:
Neurology, Stroke, Chest, Arch Intern Med, JAMA,
Arch Surg, Ann Surg, NEJM, BMJ, Lancet.

diseases for which there is reasonable supporting logic or
data

The pharmaceutical bias of western medicine

Thisreluctanceto accept new directionsin medicine
is compounded by the pharmaceutical bias of the medical
community in the western world. This bias is actively
maintained by the pharmaceutical industry, at considerable
financial cost. Simply, when western medical practitioners
fail to achieve the desired result with aparticular drug, they
automatically resort to a second, or third, or fourth drug.
Unfortunately, this pharmaceutical bias is accompanied by
an intrinsic distrust of physical medicine such as acupunc-
tureand hyperbaric medicine. Thisdistrustisnot reduced by
recent referencesin the hyperbaric literature to oxygen asa
drug. However, this bias against physical therapy is not
present in Eastern Europe and the Orient. Indeed, the
acceptance of physical medicinein Asiaprobably underlies
the remarkable range of diseases treated by hyperbaric
physiciansin China. Thepharmaceutical biasof thewestern
medical community will not be easily overcome. Neverthe-
less, it requires that hyperbaric medicine be practised in a
regimented, scientific, and conservative fashion.

The involvement of charlatans and adventurersin hy-
perbaricmedicine, and bizarreindicationsfor treatment

Thehistory of hyperbaric medicine, in particular the
frequent involvement of charlatansand adventurers, and the
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persistence of bizarre indications for therapy has brought
great discredittothefield, and further limited itsacceptance.
Thisprobably reached itsabsurd extreme with the construc-
tion of ahyperbaric hotel, and with the advocacy of HBO as
an effective treatment of stress, ageing, hair loss, reduced
libido, and decreased sexual prowess. Similarly, the very
public use of hyperbaric oxygen by afamous eccentric such
asMichael Jacksonto reducehisrate of ageing doesnothing
toincrease its credibility. Again, the solution isto restrict
practice to those diseases where thereis supporting logic or
data.

Thehyperbarictreatment of patientswith multiplescle-
rosis

Thestanding of hyperbaric medicineisfurther eroded
by the treatment of multiple sclerosis sufferers. Whilethis
is an emotive and controversial issue, and therole of HBO
in the treatment of this disease is yet to be established, the
general medical community isfully aware that the majority
of published studies have shown no significant role for
HBO. These studies may be flawed, but the effect on both
theimage and perceived standards of hyperbaric practiceis
nevertheless negative. If hyperbaric medicineisto fulfil its
potential, it must become alegitimate and accepted form of
medical practice. It followsthat in the context of available
data, that the treatment of multiple sclerosis sufferers with
HBO should only be undertaken as part of prospective
randomised studies that investigate the widest possible
range of oxygen doses.

Military and diving medicine domination and bias

Other historical limits to the integration of hyper-
baric medicine into the mainstream include: that to alarge
extent it has been dominated by the military; and that the
majority of hyperbaric physicians are primarily and origi-
nally interested in the medicine of diving. Thisisreflected
in the standard of the presentations at hyperbaric confer-
ences wherein general the diving medicine and physiology
papers are of asignificantly higher scientific standard than
those from the general hyperbaric area.

Vocal disillusioned hyperbaric medicine pioneers

Thehistory and devel opment of hyperbaric medicine
hasal so generated some of thediscipline’ ssternest and most
damaging critics. Many of thesewereamong the pioneersof
hyperbaric medicine and saw it as a panacesa, or at the least
as a solution to the more difficult areas in emergency
medicine such asbrain and spinal cord injuries. When their
effortsto establish asignificant role for hyperbaric therapy
intheseareasfailed, they becamedisillusioned, critical, and
cynical, and lost sight of the important indications for
hyperbaric medicine that had become established, such as
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gas gangrene and arterial gasembolism. In many areas, the
acceptance of hyperbaric medicine has been significantly
delayed as a result of the actions and comments of these
pioneers.

The expense of hyperbaric facilities and hyperbaric
treatment

To many health bureaucrats, advances in medical
technology simply represent increased expense. Such bu-
reaucrats apply thislogic to hyperbaric medicine, and given
that most health budgets are allocated annually, and that
much of the cost-savings incurred by hyperbaric treatment
occursin subsequent years, these bureaucrats remain unim-
pressed by the argument that hyperbaric therapy is often
cost-effectiveinthelongterm. Thisisparticularly trueinthe
United States of America where the cost to the hedth
insurance industry of an individual patient treatment varies
from between US$250 and US$400. Such costs, whether
reasonableor not, must put both hyperbaric medicineandits
supporting literature under the health bureaucrat and insur-
ance company microscope, and encourage the type of cyni-
cal review of hyperbaric medicine recently published inthe
prestigious journal, “Chest”? Nevertheless, the argument
that hyperbaric medicine can be cost-effectiveisreasonable,
and onethat should continueto be devel oped. For example,
theimpact of the datafrom the Wilfred Hall Medical Centre
showing asignificant increasein resolution rate for patients
with osteoradionecrosis of the mandible when they are
treated with a combined regimen of surgery and HBO in
comparison to either treatment alone, is dramatically in-
creased by the observation that this improved outcome is
achieved at a significantly reduced cost.?

A lack of controlled, dose-response data

The human metabolic reliance on oxygen is well
understood. Similarly, the ability to manipulate the magni-
tude and direction of biological processes by altering the
ambient oxygen tension is established. Because of the
observation that many diseases have afinal common path-
way of ischaemia, it is clear that there are many potential
applications for HBO.

Despitethispotential, at thistime, the available data
establish an unequivocal rolefor HBO only in the treatment
of decompression sickness, arterial gas embolism, clostrid-
ial gas gangrene, carbon monoxide (CO) intoxication, and
osteoradionecrosis of the mandible. Among these indica-
tionsconsiderableresearchis till required because dataare
often limited to a single oxygen dose. Furthermore, good
criteriafor patient selection frequently do not exist. It must
be conceded though, that the lethality of some of these
diseases, and the consequent difficulty in gaining ethical
approval, may limit the scope of planned research. Inthese
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instances, there is an obvious role for aformal risk-benefit
analysis.* For example, a preliminary, very conservative,
analysis, done in the Hyperbaric Medical Unit at the Royal

Adelaide Hospital, of clostridial gasgangrene survival data
has shown that if the probability of gas gangreneis greater
than 5% that the administration of HBO will savethe lives
of agreater number of patientsthan it will kill. 1t must also
be conceded that in most of the conditionslisted above, that
HBO isthe definitive treatment, islife-saving and prevents
major morbidity. Aseffective alternativetreatmentsdo not
exist, experience suggeststhat on the basis of these diseases
alone, every population base of one million people should
have accessto aproperly equipped hyperbaric unit, and that
this unit must be interfaced with an intensive care service.

Hyperbaric oxygen therapy has also been demon-
strated to havean important rolein the promotion of wound-
healing in specific contexts. For example, a prospective
controlled study has shown a significant benefit for hyper-
baric therapy in healing of diabetic ulcers.> Dataexist, with
historical controls, to show arolein thetreatment of chronic
refractory osteomyelitis. Perhaps, thewound-healing appli-
cation of greatest potential merit is that of promoting the
healing of thermal burn injuries. The data from animal
models of thermal burns establish that HBO not only accel-
erates the healing of burn wounds, but also reduces the
consequent mortality and retards the progression of partial-
thickness burns to full-thickness. The data from burnt
humans is consistent with these findings, but, like the
assessments of other treatment modalitiesfor human burns,
arelimited by inadequate control dataand inaccurate meth-
ods of assessing burn wound depth.

Encouraging results have also been obtained from
animal and/or human work with HBO in the trestment of
compartment syndromes, sudden hearing loss, peptic ul-
ceration, various poisonings and intoxications, soft tissue
gangrenous infections other than clostridial myonecrosis,
and non-healing bonefractures. Nevertheless, itisclear that
while the potential applications of hyperbaric therapy are
many, the established indications are few. There is an
obvious and urgent need and opportunity for further re-
search.

It is also apparent that the need for adequately con-
trolled studiesisnot being met. For example, an analysis of
the papers presented at the 1988 scientific meeting of the
Undersea and Hyperbaric Medicine Society, held in New
Orleans, shows that there were no prospective controlled
studies reported (Table 2).¢ In the area of diving medicine
and physiology therewere52 clinical papers. Threeof these
werecasereports, 14 wereclinical surveys, 32 used subjects
astheir own controls, and one used a retrospective control
group. Inthe area of hyperbaric medicine and physiology,
there were 17 clinical papers. Four of these were case
reports, 8 were clinical surveys, only one used subjects as
their own controls, and 4 used retrospective controls. Data
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TABLE 2

SURVEY OF CLINICAL PAPERSPRESENTED TO
THE 1988 UNDERSEA AND HYPERBARIC
MEDICINE SOCIETY ANNUAL SCIENTIFIC
MEETING IN NEW ORLEANS

Diving Hyperbaric
Medicine Medicine

N =52 N=17
Case Reports 3 4
Clinical Survey 14 8
Own-control 34 1
Retrospective Controls 1 4
Prospective Controls 0 0

of this nature are unlikely to change the current standing of
hyperbaric medicine. Perhapsthemost di sappointing aspect
of these papersis, however, that the researchers continue to
overlook the importance of establishing the dose-response
relationship for oxygen and the condition being studied.

The first aim of hyperbaric research should be to
establish oxygen dose-responses for those conditions that
are accepted indicationsfor hyperbaric therapy so that their
treatment can be optimised. It isnot justifiable to adopt the
attitude that once a response to oxygen is established that
more oxygenwill havemoreof the sameeffect. Anincrease
of the oxygen tension can actually reversethedirection of a
biological reaction.” Also, attention must be paid to the
frequency of hyperbaric administration.

The second research aim should beto rigoroudly test
the use of hyperbaric therapy in those diseases where data
are supportive but do not, as yet, establish adefinitiverole.
These tests should compare financial cost and potential
hazardswith effect. For many conditionswhereheterogene-
ity isconsiderable, thiswill necessitate multicentretrials. It
is most important that these trials not be based on asingle
oxygen dose, even a perceived megadose. Inthe past, such
an approach has contributed to the rejection of hyperbaric
therapy as a treatment for the disease in question. Varied
experimental designs (e.g. disease definitions and oxygen-
doses) have also resulted in different studies arriving at
opposing conclusionsabout theefficacy of hyperbaric medi-
cine.

Summary and Conclusion

There are obvious, recognisable reasons why hyper-
baric medicineis not widely accepted by medical practitio-
ners in other disciplines. A conservative and scientific
approach to hyperbaric clinical practice is needed if that
acceptance is to be forthcoming. The future of hyperbaric
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medicine depends upon a rigorous effort to establish ade-
quate dose-response data, and on prospective, well-con-
trolled studies being carried out.

Regardless of the eventual roles that may be estab-
lished for hyperbaric therapy, appropriate facilities should
be introduced for the treatment of patients with those dis-
eases which are already unequivocal indications for hyper-
baric therapy. The uncertaintiesthat exist about the role of
HBOinthetreatment of brain-injuriesand multiplesclerosis
should not prevent or retard the treatment of patients with
diseases such as clostridial myonecrosis and CO intoxica
tion.
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PHYSIOLOGIC FACTORSIN HUMAN ORGAN
OXYGEN TOLERANCE EXTENSION

Christian J Lambertsen

Introduction

The respiration of oxygen over a range of partial
pressureshigher thaninthenatural environment hasexpand-
ing usefulnessin health and disease. It facilitates diving of
many forms, improves safety in decompression after diving,
provides for denitrogenation of the astronaut to prevent
aerospace decompression sickness, andisthekey to therapy
of diving and iatrogenic gas lesion diseases. In the contin-
uum of general and hyperbaric medicine, it is essential for
sustaining viability of damaged or diseased tissues not
adequately oxygenated at natural oxygen pressures.

Over the entire range of itskey rolesin clinical and
operational procedures, the pressure and duration of toler-
able exposure to oxygen is limited by adverse effects on
multiple chemical targets, cells, tissues, and organ func-
tions. Therates of development and the qualitative expres-
sions of these adverse effects are different at different
respired oxygen pressures.

Successful extension of oxygen tolerance, as by
slowing the rate of development of adverse effects, will
further expand the medical and operational usefulness and
safety of oxygen in normal, hypobaric and hyperbaric envi-
ronments.

A pre-requisite baseline for overal extension of
oxygen tolerance is the quantitative investigation of early
stages of toxic oxygen effects upon specific chemical and
composite functions of multiple organ systems, including
ratesof development and rates of recovery. Thepracticality
of limited oxygen tolerance extension by systematic inter-
ruption of oxygen exposure has been demonstrated and the
procedurewidely used. Broad present goalsareto establish
oxygen tolerancefor specific tissues, and to optimise exten-
sion of tolerance over the full range of useful oxygen
pressures. Theresult could open the path to large advances
in diving, decompression and therapeutic procedures.

Toleranceto physiological effects of oxygen

The severa important “physiological” effects of
oxygen are, by definition, not toxic effects. They occur
promptly, and most but not all increase with the degree of
increase in respiratory oxygen pressure. They produce no
important subjective symptoms; their effects are magnified
when superimposed on a pre-existing hypoxic state, and
they are fully reversible on discontinuing hyperoxic expo-
sure.
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Established examples of such physiological effects,
most interactive and self-limited, include:*2

The “biological burning” of norma O, metabolism,

Inactivation of haemoglobin roles in O, and CO,
transport;

Physical transport of oxygen;

Generalised tissue hypercapnia and acidosis;

Arterial hypocapniaand akalosis;

Respiratory stimulation;

Respiratory chemoreflex “ suppression”;

Bradycardia;

Alterations of vascular tone;

Haematopoietic suppression;

Displacement of inert gases.

These and other harmless physiological effects are
present throughout continuous toxic exposures to hyper-
oxia, cyclewith intermittent hyperoxygenation, and are not
part of post-exposure residual effects of oxygen poisoning.
Physiological factors do, however, have prominent influ-
ence upon specific aspects of oxygen tolerance and exten-
sion of oxygen tolerance.

The meaning of tolerance to oxygen

Toleranceto oxygen primarily meanstolerancetothe
toxic actions of oxygen, since the physiological effects
(except for suppression of red cell formation) exert no
prolonged consequence.

The Terminology of oxygen poisoning and its cas-
cading results continues to be very loose, and requires
tightening.2 Examples of terms are “Oxygen Toxicity”,
“Oxygen Poisoning”, "Oxygen Tolerance’, “ Sensitivity”,
“Latent Period”, “Adaptation”, “Prevention”, “Reversal”.
The oxygen molecule is not toxic but the term “oxygen
poisoning” is established. Oxygen induces species which
are “toxic” and which “poison”. Very different degrees of
poisoningare“tolerable” indifferent tissueswhenincreased
oxygen pressures are used for important operational or
medical situations. Discrete biochemical targets may be
more or less* sensitive” or “ susceptible” to oxygen poison-
ing. For tissuesor organsit isnecessary to separate concepts
of differences in “sensitivity” from differences in actual
“dose” of oxygen exposure and the detectability of ex-
pressed effects.t

Inundersea, aerospace and hyperbaric medical activ-
ity apositive emphasis upon extending oxygen toleranceis
desirable, as opposed to the restrictive fear of oxygen poi-
soning. Thisisnot asmall distinction, and the underlying
chemical and physiological factors determining tolerance
are clearly multiple. They include: What is the “Oxygen
Dose”? What are the biologic targets? How fast does
poisoning develop? How fast does recovery occur? Does
the poisoning matter?
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Thetargetsand expressions of adver se effects

Sequential Effectsin acute oxygen poisoning at high
inspired oxygen pressures can be considered as beginning
immediately, and proceeding concurrently, in multiple sys-
tems at different rates. For example:

Oxygen free radical formation is accelerated;

Scavenger efficiency for free radicalsis overloaded;

Attacks occur on susceptible chemical sites (more
than one at once);

Effects occur on critical enzymatic reactions (more
than one at once).

Basic Cellular Expressions of biochemical disrup-
tions take time to become evident, and depend upon the
characteristics of cell normal function. For example:

Céll energy metabolism;

Céell membranal integrity;

Membrane electric potential development;
Neurotransmission of impulses;

Secretion;

Contraction;

Synthesis.

Observable Symptomsor DetectableFunctional Dec-
rements eventually emerge, to include:

Sensory;
Respiratory;
Cardio-circulatory;
Neuromuscular;
Consciousness.

The actual basic effect and observable result will
depend upon specific doses and durations of target single
exposures, the number of exposures, and the patterns of
intervals between.

Theinstantaneous “ dose” of oxygen at atarget site

Thedose(partial pressure) of oxygenat any instantis
far from uniform within an organ or even withinacell, even
at a constant ambient or breathing apparatus oxygen pres-
sure

Physiological Factors Affecting Oxygen Dose at the
site of toxic biochemical effect in normal individuals in-
clude:

Relations of arterial oxygen content and oxygen
pressure (Figures 1 and 2);

Tissue blood flow in different organs (Fig. 3);

Maximal oxygen partia pressureinduced (inspired,
alveolar, arterial) (Fig. 4);

Oxygen flow (arterial O, content times blood flow);
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DERIVED PATTERNS OF PO, FALL DURING
BLOOD PASSAGE THROUGH THE BRAIN
CAPILLARY BED

Rates of decrease in blood PO, are computed for
normal air breathing and 100% oxygen breathing at sea
level. As arteria blood enters the capillary, physically
dissolved oxygen diffuses down the PO, gradient to meta-
bolic sites. Release of oxygen from haemoglobin limitsthe
rate and degree of PO, fall both during air breathing and
oxygen breathing. However, in oxygen breathing the meta-
bolic use solely of physically dissolved oxygen in the first
phase of transit rapidly lowers blood PO,. Cells supplied
from the “arterial” end of the capillary bed will be exposed
to higher PO, than cellssupplied from near thevenousend.?
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FIGURE 1. OXYGEN UPTAKE AND LIBERATION CURVESFOR BLOOD AT NORMAL AND HIGH
INSPIRED OXYGEN PRESSURES. (DATA FROM NORMAL MEN AT REST)

In the upper diagram, A -V indicates, for air breathing at sealevel, the expected transition of PO, and percent Hb
saturation from measured normal arterial values to an estimated normal value in mixed venous blood. The data points
represent observations on arterial blood during administration of air and gas mixtureslow in O, content. Thelower diagram
shows the additional O, uptake by arterial blood asinspired PO, israised to 3.5 ATA. Somewhat above 100 mm Hg PO,,
haemoglobin becomes completely saturated; hence the slope of the O, uptake curve represents the physical solubility of
oxygen per mm Hg PO,. A .-V, indicates the degree of change in PO, across the brain that would be predicted on the basis
of the same degree of (A-V)O, extraction found during air breathing. Thishighlevel of venous PO, does not occur and A -
V, shows the pattern of O, liberation that is found by actual experiment. The greater magnitude of PO, fall is due to the

considerable decrease in brain blood flow with O, administration. From Lambertsen.

Differences in cellular/tissue oxygen consumption;
Diffusion distance (capillary to chemical target site).

Suchfactorscan generally bemeasured or calcul ated
only as organ averages, within which wide differences in
dose must be considered to exist.

The Highest Sustained Tissue Oxygen Dose At Any
Inspired Oxygen Pressure is established by anatomical
considerations which essentially eliminate factors of blood
flow and tissue metabolism. Nearly uniform, highest oxy-
gen exposure exists for:

Epithelium of the upper respiratory tract, larynx,
trachea, and bronchi, bronchioles;

Gasexchanging surfacesof thelung (al veol ar epithe-
lium, capillary endothelia cells);

Endothelium of pulmonary veins, left heart, and
sytemic arterials;

Rena glomerular capillaries;

Carotid body;

Arterial end of each capillary, of each organ, and
each tissue.

Except for the sensationselicited by oxygen effect on
superficial respiratory tract innervation, the consequences
of possibly equival ent toxic action on theother anatomically

“highdose” sitesgo unfelt and unmeasured, with no empiri-
cal indication at thistime that they are important relative to
the more evidently affected pulmonary tissues.

TheRangeof Specific Localised Oxygen Pressuresis
large among cells of any single perfused tissue, including
those of lung, brain structures, liver and heart (Fig. 3).
M easurementsof oxygen pressureinvenousbl ood represent
weighted averages of final oxygen pressuresin many tissue
capillaries. Exposures of cells served by this blood must
range from near-arterial levels of oxygen pressure to pres-
sures less than that of the venous effluent (Fig. 5).

Unique features of circulatory anatomy affect the
patterns of oxygen exposure in severa vita tissues. For
example:

In the lung the dua circulation (pulmonary and
bronchial) presents mixed venous blood and
arterial blood input to the same organ.

The dual circulation of the liver presents portal ve-
nous blood and hepatic artery blood.

In the kidney the cells of glomerular filtration are
exposed to the equivalent of arterial blood
throughout their length. The metabolism of
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EXTREMES OF TRANS-CAPILLARY BLOOD PO,
AT HIGH INSPIRED OXYGEN PRESSURE

Computed for oxygen breathing at 3.5 ATA. Modi-
fiedfromLambersten.: Thealveoli and renal glomeruli have
aPO, of 2,000, theline at the top of the artery column. The
other four lines show the PO, of the carotid body (top),
kidney tubules (dashed), brain (lower solid) and heart (dots
and dashes).

thetubular cellsreducestheir mean exposure
to oxygen (Fig. 3).

The endothelium of the systemic venous system is
probably not exposed to toxic oxygen pres-
sures at useful inspired oxygen pressures.

The red and white cells of the blood are exposed
several timesaminute to an oxygen pressure
fluctuating in a second from arteria to ve-
nous, and then back from venous to arteria
levels.

Theinterest in and importance of the many concep-
tual factors determining true oxygen dose and its broad

SPUMS Journal Vol 20 No 2 April-June 1990

range is not that such considerations should now limit
practical use of hyperoxia in diving, or decompression or
therapy. Their importanceisthat “micro-anatomical dose”
of oxygen must be recognised asrelevant to any fundamen-
tal investigations of oxygen tolerance of cellsor organs, and
any investigations of extension of oxygentolerance. In-situ
measurement of masked oxygen dosesand their effectswill
not be easy when in any organ, including the brain, only a
small fraction of its functioning cell mass is exposed to
acutely toxic oxygen pressures. Most biochemical investi-
gationsin vitro or in vivo take little account of this physio-
logical reality.

The requirement for definition of organ oxygen toler-
ance

The described masking of oxygen dose and effect,
andtheprobability of symptomatically unrecognisableforms
of oxygen poisoning, have made it sensible to search in
multiple human organ systems for adverse effects of oxy-
gen. Prominent functional derangements during severe
hyperoxic exposures have been found in cardiovascular,
visual, pulmonary and central nervous systems, with other
foci of simultaneous investigation not demonstrably af-
fected.?

A special finding in exceptionally prolonged expo-
sures of man to different high pressures of oxygen has been
the apparent patho-physiological interactions of oxygen
effect upondifferent organs, such asbrain and heart, or brain
and lung.>® Other powerful interactions may exist to be
uncovered in severeoxygen poisoning. They areunlikelyin
the general present range of oxygen usage.

Physiological modifications of oxygen tolerance

Physiological factors can influence development of
the two most grossly obvious components of organ oxygen
poisoning (pulmonary effect and generalised convulsion).
For example:

Interrupting exposureto hyperoxiaextendsboth pul-
monary and central nervous system oxygen
tolerance.

Small (physiological) or large increasesin alveolar/
arterial carbon dioxide pressure hasten onset
of the convulsive expression of central nerv-
ous system oxygen poisoning. Thisisrelated
to an increase in oxygen flow and dose in
brain. Causesof alveolar/arterial hypercapnia
caninclude subnormal alveolar ventilation at
rest or in physical work. These may be
voluntary, or duetorespiratory gasdensity, or
duetoextrinsicfactorsof life-support appara-
tus or environment.
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FIGURE 4 EFFECT OF INCREASED INSPIRED PO, ON OXYGEN TENSIONS OF ARTERIAL BRAIN
CAPILLARY AND INTERNAL JUGULAR VENOUSBLOOD. (AVERAGE VALUESIN NORMAL MEN.)

Thegraphillustrates, for each of several levelsof inspired PO,, the manner in which oxygen tension across the mean
brain capillary is increased by progressive increases in inspired PO,. The patterns of change in brain capillary PO, are
calculated from experimentally determined values of oxygen pressurein arterial and brain venous blood on the assumption
of uniform O, loss. When arterial hypercapniaisinduced by administering carbon dioxide with oxygen at 3.5 ATA, brain

oxygenation is drastically increased. From Lambertsen.?

The rise in tissue carbon dioxide partial pressure
induced by oxygen breathing (Fig. 6) is not
known to potentiate local chemical oxygen
poisoning. It may induce indirect effects
through physiological actionswithinthe cen-
tral nervous system.

The effect of morphine in hastening onset of human
central nervous system oxygen poisoning
appears due to respiratory suppression with
consequent elevation of arterial carbon diox-
idepressure(and presumably increaseinbrain
oxygen flow and pressure).

Alveolar/Arterial hypocapniacantransiently abolish
pre-convulsive neuromuscular signs of hu-
man central nervous system oxygen poison-

ing.

Thereisyet no reason to expect that small degrees of
aveolar hypercapnia modify local chemical
oxygen effect in the lung, even though se-
verely toxic degrees of inspired carbon diox-
ide can do so.

Exercise and immersion each hasten onset of central
nervous system convulsions®” for unknown
reasons. Thereisyet no reason to assume an
important influence of exercise or immersion
onlocal chemical effect of oxygeninthelung.

Influences of tolerable degrees of hypothermia or
hyperthermia on oxygen tolerance of human
central nervous system or other organ func-
tions have not been defined.
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EFFECT IN DIFFERENT MICRO-ANATOMICAL LOCI OF A SINGLE TISSUE (E.G. BRAIN CORTEX).

At a constant level of respiratory hyperoxic exposure, large differences in local oxygen pressure should result in

different time courses for development of oxygen effect.

Extension of tolerance to oxygen

Thegoalsfor practical extension of oxygentolerance
in underseamedicine and human activity areto delay and to
limit the degrees of all forms of oxygen poisoning. These
goals should be attainable. However, man will not change.
Neither will oxygen or the activity of free radicals. The
answersto extension of oxygen tolerancewill comethrough
the combination of improved fundamental information con-
cerning mechanisms, targets, dose and effects, along with
sensible use of harmless physiological measures.

The question of “latent period” for development of
oxygen poisoning

Useful safeor “tolerable” periodsof hyperoxic expo-
sure are widely employed in operations and therapy. Does
atrue“latent period” precede the development of any toxic
oxygen action? Most probably not, but if evidenceindicates
only small initial effect sensible practical use of the initial
period canbemade. “Toxicactions’ of oxygen at any target
site probably begin immediately, along with the harmless
and self-limited physiological effects cited. Because small
degrees of effect are “tolerable”, the generic “ Oxygen Tol-

erance Tableor Curve” indicates auseful range of exposure
(Fig. 7). Expressions of poisoning at two atmospheres or
more of oxygen pressure appear early in the lung; they
appear to be delayed in the visual system.> While oxygen
poisoning isnot degreelimited, it doestaketimeto generate
detectable or practically important degrees of disruptions.
K nowledgeconcerningtheearly timecoursesof theseparate
and simultaneousformsof poisoning isan essential element
for concepts of useful oxygen tolerance and its successful
extension.

Relation of degree of oxygen effect to reversibility

Overlapping sequential influences of oxygen poi-
soning occur, from the fully reversible physiological influ-
ences, to initial chemical effect, through reversible disrup-
tions of cell function, to structural damages, to cell death.
Overlapping formsof secondary restorative processesoccur
aso, on ending hyperoxia, involving different rates of re-
versibility of specific chemical effect, recoveryfromrevers-
ible cell functional change, and repair of irreversible struc-
tural damage. Only early and rapidly reversible effects can
be relevant to useful extension of oxygen tolerance.
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Control values relating respiration to arterial and internal jugular venous PO, in air breathing are compared with
effects of high inspired PO,, and with low inspired PO,. High O, pressures (3.0 ATA) raise central venous PCO, while
inducing hyper pneaand therebyloweringarterial PCO,. Hypoxaemialeadsto simultaneous|owering of arterial and central
PCO,. Exposureto hyperoxiaisinevitably accompanied by exposure of brain and other tissues to effects of hypercapnia.*

Rapid reversibility will depend upon slowing or
interrupting thetoxic process at the early stages of chemical
and functional effect, prior to cell structural damage and
prior to the inflammatory response or cell replacement
involvedinrepair (Fig. 8). Thisideal may not be absolutely
attainable, except by slowing the rate of formation of the
oxygen free radical itself. Once formed the free radical
disappears by doing harm, but the effect may sometimes be
on a renewable chemical target such as a scavenging en-
zyme.#*° Theseeventsmay benormal physiological compo-
nents of the useful periods of oxygen breathing at various
pressures.

Relevance of rates of reversal or recovery to tolerance
extension

Rever sal or Recoveryrequirestime, after terminating
atoxicoxygen exposure, and thefactorsdetermining ratesof
reversal or recovery haveno necessary qualitativerelationto
those determining rates of onset. Certainly recovery from
severedegreesof oxygen poisoning isslower thanfrommild
exposures. The times required for reversals of different

biochemical consequences of slight degrees of oxygen poi-
soning may conceivably be very brief, from fractions of a
second, to minutes. Thetime for recovery from functional
disruptions will be longer, and the time for repair of struc-
tural damageistoo long for practical relevance in undersea
operations or therapy.? True extension of tolerance to a
severe chemical or structural effect of oxygen poisoning is
unlikely and, considering the many still undefined func-
tional effects, isnot aprimary goal for research in extending
theusefulnessof oxygenintherapeutic or operational activi-
ties.

Even severedegreesof effect may be" silent” insome
tissues, going unrecognised in research or therapy. Some
effects may be serious, but others are unimportant because
the tissue is not functionally critical. This means that, for
useful extensions of oxygen tolerance, it is necessary not
only to investigate what happens, and how much, but how
fast does each specific early, detectabl e effect develop, and
how fast doesit resolvefroman early stage. Study of severe
damages, surviva times, or post-mortem pathology, with
thousands of simultaneous interacting damaging effects,
may continue to provide important qualitative guidelines.
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The diagram conceptually illustrates the continuous exposure duration required at different oxygen pressures
required to produce a detectable or uniform degree of cumulative oxygen poisoning. Itisconceived that at infinitely high
oXygen pressures, severe poisoning occurs instantly, and that at a sufficiently low degree of hyperoxia development of
detectable effect will require extreme duration, whether for enzyme, cell or organ.”

However, these measures are not as useful as indices of
success in oxygen tol erance extension as are measurements
of early onset and recovery of functional disruptions of
enzyme, membrane, cell, or organ systems, in human beings
and other species.

Tolerance extension by “ adaptation”

Atlow levelsof atmospheric hyperoxia, someforms
of true protective adaptation appear to occur, such asthose
related to changing antioxidant defenses observed in some
tissues or cells***2 Some may even prove useful during
continuous low level hyperoxia, less than one ATA. At
higher oxygen pressures such a process of adaptation could
conceivably occur in some cells of the intact human being,
concurrently with progressive and severe poisonings in
some other cells? At very high useful oxygen pressures
rapid rates of development of poisoning damage would
make any chemical “adaptation” too little and too late, as
well asnot universal among different typesof affected cells.
Processesto complement physiol ogical adaptationarethere-
forerequired if truly major extensions of tolerance areto be
accomplished.

Tolerance extension by “drugs’

Extension of oxygentoleranceby useof drugsshould
certainly continue to be investigated as part of an overall
improvement in understanding of basic reactions. However,
the pharmacologic approach, such as providing ancillary
antioxidant or free-radical scavenging mechanisms, will
attaintruly broad usefulnessonly whereadrug can approach
the free permeability of the oxygen molecule, reaching the
many right locations, in theright concentrations, at theright
times, and remain effective there in the face of continuous
hyperoxia, without itself inducing multiple toxic effects.
This picture is intentionally pessimistic at this time since
most synthetic or natural drugs will face the serious handi-
cap of membrane and other diffusion barriers, not faced by
oxygen.

Tolerance extension by interrupted exposur e to oxygen

This existing physiological approach, now accepted
but still only superficially explored, represents a rational
focus upon oxygen tolerance extension at all useful oxygen
pressures. Interruption of oxygen exposuresat one ATA by
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FIGURE 8 CONCEPTUAL RELATIONSHIPS OF EXPOSURE DURATION AND RECOVERY TIME
FOR CONTINUOUS OXYGEN BREATHING

Solid curveindicatesdevel opment of an adverseeffect of oxygen during acontinuousexposure. Dashed linesindicate
various post-exposure” recovery” patterns. Recovery from minor effect can be prompt and complete. Recovery after severe
oXxygen poisoning, asin extensive hyperbaric therapy, can beprolonged. Extremeexposurecanresultinfailureof recovery.

periods of air breathing was found fifty years ago to delay
death in dying animals.>* However, in 24-hour pulmonary
oxygen tolerance studies at 1 ATA in man, brief interrup-
tionsof oxygen showed nodetectabl eadvantageinlessening
pulmonary symptoms, or preventing a decrease in vital
capacity,® and investigation was not followed up in one
atmosphere oxygen therapy.

At pressures greater than one ATA it waslearned in
the earliest stages of the evolution of open-sea oxygen
diving that the onset of definite signs of central nervous
system oxygen poisoning, such as diaphragmatic and facial
twitching, could beimmediately abolished (withinaminute)
by ascending to shallower water (lowering inspired PO,
without stopping pure oxygen breathing).** This alowed
further time to be spent again in deeper water. This obser-
vation clearly meant that some toxic effects of oxygen had
intrinsic rapid reversal mechanisms. Encountered repesat-
edly in undersea operational activity, this observation gen-
erated the simple concept of oxygen tolerance extension by
optimised interruption of hyperoxic exposure.**> Thereare
now better ways than open sea diving to explore this criti-
cally important phenomenon, and the procedure of repeated
interruption of oxygen exposurefor oxygentolerance exten-
sion at pressures greater than one atmosphere has now been

investigated in successive studies in insects, small mam-
mals, and in man.1s2

Factorsof duration and pressurein tolerance extension
by intermittent exposure

Clearly factorsof oxygen pressure, oxygen exposure
duration and duration of interruption are all important in
effortsto optimisetol erance extension by intermittent expo-
sure. This has led to the terms “effective” and “efficient”
patterns of intermittency.*” The "“maost efficient”, achieved
by optimisation of relationships between oxygen exposures
and interruptions of exposures, provides the greatest toler-
able oxygen exposure duration per day or week (or other
practical unit of time). The* most effective” patternsprevent
oxygen poisoning eveninexposuresof very long cumulative
duration.

It was recognised from the beginning that successin
extending oxygen tolerance by interrupting early stages of
hyperbaric oxygen poisoning would depend upon the rela-
tiverates of onset and rates of recovery of discrete chemical
reactions involved in the phenomena of oxygen poisoning.
It was also considered that such a direct procedure could
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Points for man indicate 5% decrement in vital capacity.’®¥ Potential for practical extension of human oxygen
toleranceat 2.0 ATA may liebetween the extreme examples of interruption patternsshown: over 12 hoursin mant® and over
10 daysinrat.?® At lower oxygen pressures larger gains should be attainable. Figure modified from Lambertsen.?

simultaneously reach and influence reactionsin al cellsin
al organs, since it involved merely the normal delivery of
oxygenanditsremoval by themetabolism of oxygenitself.1?
Such considerations have led to wide use but to only very
limited experiment.

Early investigationsin animal st72:2* showed that an
efficient extension of oxygen tolerance could be accom-
plished by 10-minute interruptions following 30-minute
oxygen breathing periods at 3.0 ATA, or even by 5-minute
interruptions between 20-minute oxygen exposures. This
patternwaspromptly andlastingly appliedtothestill current
hyperoxic therapies for acute gas lesion diseases (e.g. de-
compression sickness and gas embolism).® [t has been
investigated in human subjects in relation to pulmonary
oxygen tolerance at 2.0 ATA. However, essentialy no
information even now exists concerning other organs. In
addition, the information required for optimisation of oxy-
gen tolerance extension in humans at one ATA or at any
other useful oxygen pressure is not available. Indications
exist that there is large opportunity for multiday oxygen
toleranceextensionat 2.0 ATA (morethanten days) without
evident pulmonary or neurol ogic oxygen poisoning (Fig. 9),
eventhough cumulative effectsinanimalsarestill produced

a 4.0 ATA » Thelargegainsat the lower oxygen pressure
may in fact combine prevention and adaption in achieving
the grossly extended oxygen tolerance. Since demonstra-
tion of such gains at oxygen pressures of one ATA or less
will be extremely difficult, exploration of oxygen tolerance
extension at higher pressures will continue to be desirable,
even where practical operational or therapeutic interest is
more concerned with lower degrees of hyperoxia.

The philosophy of extremesfor physiological extension
of oxygen tolerance

A nearly self-evident philosophy for extending use-
ful oxygentoleranceat any partial pressurecanaid planning
in future basic and applied investigation. Elements of this
philosophy include:

Patternsof oxygen effect within chemical, tissueand
organ systems, organ systemswill inevitably
be different at each oxygen pressure.

Optimal patternsof duration of oxygen exposure and
interruption for tolerance extension will be
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different for each oxygen exposure pressure.

An infinitely short exposure to any useful degree of
hyperoxiawill produce no residual harm, and
reguire no recovery period.

Aninfinitely prolonged interruption of non-destruc-
tive hyperoxic exposure will allow complete
recovery.

Optimal extension of tolerancefor clinical or opera-
tional use in human beings will involve the
combination of the shortest practical oxygen
exposure with the longest practical interrup-
tion.

Optimisation for rational use of oxygen in various
hypoxicstatesrequiresequival ent understand-
ing of toleranceto brief hyperoxia, tolerance
to brief hypoxia, and theinteractions of toler-
ance to hypoxia and hyperoxia.

Summary - The significance of the opportunity for oxy-
gen tolerance extension

Thepotential gainsthrough researchin oxygentoler-
anceanditsextension, atlow and at highlevelsof hyperoxia,
are among the largest in the environmental and biomedical
sciences, and in undersea operations. Significance of such
gains extends beyond avoidance of lung damage, red-cell
haemolysis, and central nervous system convulsion, to mul-
tiple other tissues, some not even now examined.

The long deferral of direct investigative attack in
human beings upon this large opportunity has here been
precautionary, due to the awareness that to extend human
oxygen tolerance safely it is necessary first to investigate
oxygen tolerance systematically.? It isespecially important
to learn the early influences of oxygen poisoning upon
normal functional activity of critical chemical reactions,
cells and processes, from pulmonary and glomerular capil-
lary endothelium to cognition and vision. Optimisation
studies of intermittent oxygen exposures are also required,
using cells and small animals as guides to the large invest-
ment involved in attempting oxygen tolerance extension in
humans. Validation of successin grossextension of human
oxygen tolerance may reguire precise measurement in man
over the extreme duration of multi-week interrupted expo-
sures. Without prior broad examination of continuous
exposure oxygen at multiple pressures in multiple organs,
investigationsof i ntermittent exposuremay encounter unex-
pected or previously unrecogni sed consequencesof cumula-
tive oxygen effect.

The* cautionary philosophy” of longterminvestiga-
tion in any form of oxygen tolerance extension must there-
fore be that, in proceeding to extend tolerance of particular
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cellsor functions of special interest, we must not ignorantly
damageimportant cellsor functionsnot assimply measured.

The continuing “ positive philosophy” isthat hyper-
oxiawill aways be useful aswell astoxic, and can become
greatly moreuseful in spiteof itspersistentinherent toxicity.
Oxygen should be employed fully, and not feared wherethe
necessary information is obtained, degree of adverse effect
is controllable, and full recovery isto be expected.
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This paper was presented at the Annual Scientific
Meeting of the European Undersea Bio-Medical Society
held in Aberdeen, September, 1988. Itisreprinted fromthe
proceedingsof that meeting by kind per mission of theauthor
and of the Editor of the Proceedings of the 1988 Annual
Scientific Meeting of the European Under sea Bio-Medical
Society.

Dr C J Lambertsen’s address is the Institute For
Environmental Medicine, University of PennsylvaniaMedi-
cal Center, Philadel phia, Pennsylvania 19104, USA.

DIVING WITH SAFETY

We reprint below a pamphlet, with the above title,
produced by the Division of Accident Prevention of the
Queensand Department of Employment, Vocational Edu-
cation, Training and Industrial Relations. Theregulations
described cameintoforcein October 1989 and havear oused
considerabl e opposition among some member sof thediving
industry. The pamphlet has been reprinted to allow all
membersto formtheir opinionson the legislation and their
attitudes to such rules and regulations. The grapevine has
it that other States are considering similar regulations
under their Industrial Health and Safety legislation. It
seemsto the Editor that the main impact on therecreational
diver will be showing his or her certification card when
getting arefill or boarding acharter vessel, being restricted
to 4 divesa day when on a charter vessel and havingto sign
arecord of dive (presumablyto showthat they havereturned
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from the dive) when on a charter boat. It is hoped that
members will write to the Editor giving their views of the
legidlation.

With the introduction of the Workplace Health and
Safety Act and Regulations on 31 July, 1989, the face of
underwater diving in Queensland began to change. TheAct
introduced direct government regul ation of diving practices
inthefee-paying recreational and occupational diving areas,
and provision for heavy penalties should defined standards
be breached.

Diving regulations under the Workplace Health and
Safety Act cameinto full effect on 30 October, 1989. These
regulationsimpact directly upon al involved in underwater
diving, withtheexception of privatesport diversmaking use
of personal equipment.

Queensland isthefirst state in Australiato legidate
diving safety practices for the recreational industry. The
legislation has been developed in close consultation with
industry bodiesto ensurethat it meetsthe current and future
needs of Queensland’s diving industry.

Dutiesof care

The primary thrust of the Workplace Health and
Safety Act liesin the concept of “Duties of Care”. Simply
stated, these place legal responsibility for workplace health
and safety uponall whocomeinto contact withthat workplace.

Interms of the diving industry, thisincludes owners
and employees of dive shops, scuba instructors, divers
(recreational and occupational), resort owners, empl oyersof
occupational divers, owners and operators of dive charter
vessels, dive supervisors and those involved in the import,
manufacture and maintenance of diving equipment.

Standards and codes of practice

Regul ations concerning the diving industry are out-
lined on pages 96-100 (Regulations 259-264) of the
Workplace Health and Safety Regulations.

These Regulations outline relevant industry stan-
dards adopted under the legislation and set the working
boundaries for future operations within the Queensland
diving industry.

Australian standards adopted for recreational and
occupational diving under the new legidlation include:

AS 2299
Underwater Air Breathing Operations
(with modification to provision 2.3 “Divers’)
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AS 2815
Training and Certification of Divers

AS 3519
Training and Certification of Recreational Divers

Students

Prior tocommencing acourseof instruction, students
for open water certificates must now be certified medically
fit by aqualified doctor with knowledge of diving medicine.
For resort course participation, they must complete amedi-
cal questionnaire and be assessed as fit for diving by the
scubainstructor.

Open-water students are limited to two (2) training
divesin any 24 hour period.

Certified divers

When hiring equipment or refilling cylinders, divers
are required to present a diving certificate issued by a
recognised scuba training organisation such as PADI (Pro-
fessional Association of Diving Instructors), NAUI (Na
tional Associationof Underwater I nstructors) or FAUI (Fed-
eration of Australian Underwater Instructors). Under no
circumstances should equipment be issued without such
certification.

Scuba instructor s (employed)

Instructors must hold current medical and scuba
instructor’ s certificates, thelatter complying with standards
established by the Recreational Scuba Training Council
(USA) or the Australian Coaching Council Incorporated.

Instructors have alegal duty to ensure that students
for resort course and open water instruction have fulfilled
the relevant medical requirements prior to acceptance into
training programs.

Instructors are further required to ensure that any
vessel used for diving instruction holds a current certificate
of survey.

Dive shops and self employed instructors

Owners of dive shops or self employed instructors
have a duty to:

Ensure that all life support equipment is assembled
and checked by the holder of an appropriate current service
certificate.



122

Refuse to hire equipment or provide air fills to any
person unable to present a current diver’s certificate issued
by arecognised scuba training organisation.

Ensure that where diving equipment is hired to a
person for instructional useit consists of:

(@  aregulator fitted with an alternate air source
(b)  asubmersible pressure gauge

(c)  adepth gauge and timer

(d)  abuoyancy control device

(e)  apower inflator device

) asubmersible air cylinder and harness

(g9 amask, snorkel and fins.

Ensure that aservice record is maintained on diving
equipment.

Ensurethat air used in underwater diving operations
is provided clean and free of contaminants in accordance
with AS 2299 (subject to modifications outlined in Regula-
tion 262(€)).

Dive charter vessels

A dive charter vessel must be issued with a current
certificate of survey by a lawful State or Commonwealth
survey authority. It must also be equipped capable of
providing oxygen therapy which renders the compl ete oxy-
genrequirement tothelungsfor theduration of stay at adive
site and until medical support becomes available.

A powerful boat must be maintained in the water for
pick-up and rescue operations where the primary vessel
cannot be readily used, and acommunication system main-
tained for contacting the Diver Emergency Service (DES),
should the need arise.

The person in command of a dive charter vessel
(other than the pilot) is required to ensure that:

A dive-supervisor isnominated to overseeall diving
activity, withonesupervisor present for every
14 divers.

A lookout is posted when diving is performed.

A trained operator of oxygen equipment ison board.

A register of diving ismaintained and signed by each
diver upon completion of thediveand prior to
weighing anchor.

Dive-supervisors

Dive-supervisors must hold a current certificate in
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dive leadership from a recognised training organisation.
They have a duty to ensure that all divers hold a current
certificate and perform dives only to their level of experi-
ence and qualification.

Divers must be informed of the dive destination,
level of expertiserequired and dutiesof thedive-supervisor.

All dives must be planned as non-decompression
dives and conducted in accordance with specified dive
tables. Diversarerequired to keep arecord of each dive, to
be signed by the dive-supervisor.

Dive-supervisors must ensurethat no morethan four
(4) dives are performed by a diver in any 24 hour period.
They are aso required to ensure that a DES instruction
noticeis easily accessible and understood by all at the dive
site.

Occupational divers

Occupational divers are those persons engaging in
commercia diving, scientific research or search and rescue
operations. The Workplace Health and Safety legislation
calls up AS 2299 to be applied to all occupationa diving
activitiesin Queensland.

Accident reporting

Every serious bodily injury, illness or dangerous
occurrence must bereported within 24 hoursto the Director,
Division of Accident Prevention in the prescribed form.

Theterm “ serious bodily injury” refersto any injury
which results in admittance to hospital as an in-patient.

I nspections

A full-time diving inspector is employed by the
Queensland Department of Employment, VVocational Edu-
cation, Training and Industrial Relations to provide advice
ongeneral diving mattersand assistin clarification of diving
responsihilities under the Workplace Health and Safety Act
and Regulations.

The inspector has the power to issue improvement,
prohibition or seizure notices. When serious breaches of
safety have occurred, prosecution action will be taken.
Infringement notices (on-the-spot fines) may apply in less
serious situations and where no injury has occurred.

Penalties

The penalty for breach of the Act causing serious
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bodily injury or death isafine of up to $120,000 for abody
corporate, or $30,000 and/or six months imprisonment for
an individual.

Penalties only apply where duties of care are abused
and health and safety or human lifeis put at risk.

Purchase of legislation

Copies of the Workplace Health and Safety Act and
Regulations are available from Goprint in Brisbane at the
following addresses:

371 Vulture Street
WOOLLOONGABBA
QLD. 4102

Telephone: (07) 896 3360

135 George Street
BRISBANE

QLD. 4000

Telephone: (07) 224 4146
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In other areas of the state, copies are available from
local offices of the Department of Employment, Training
and Industrial Relations, Division of Accident Prevention.

Further infor mation

The Diving Inspector

Division of Accident Prevention
State Law Building

Cnr Ann & George Streets
BRISBANE, QLD. 4000

GPO Box 69
BRISBANE, QLD. 4001
Telephone: (07) 227 4895

The above has been reprinted from DIVING WITH
SAFETY, a pamphlet produced by the Division of Accident
Prevention of the Queensland Department of Employment,
Vocational Education, Training and Industrial Relations.

GLEANINGSFROM MEDICAL JOURNALS

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

A TENTATIVE GUIDE TO THE MANAGEMENT
OF MARINE STINGS
Struan K. Sutherland
Commonwealth Serum L aboratories, Melbourne

Thefollowing brief noteshaveproved of someuseto
medical and paramedical groupsand aremodifiedfromtime
to time.

Fish and stingray stings

Pain relief

Painrelief isobtained rapidly by bathing theinjured
regioninwarm, but not scalding, water. |f necessary, boat-
engine cooling-water can be used. Often the pain returns
quite dramatically when the heat therapy is ceased.

Local anaesthetic agents sometimes are indicated
and, in severe cases, aregiona nerve block by means of
bupivacaine or lignocaine may be necessary.

Systemic opiate therapy may be required.

Antivenom should be admini stered with appropriate
precautions in significant stonefish stings.

Careof theinjured area

Take positive action and remove foreign bodies or
dead tissue. Local tissue necrosisis usual with envenoma-
tion by stingray spines. Ensuregood drain. X-ray examina-
tion may be necessary.

Wash well with fresh water as sea-water may en-
couragebacterial growth. Thewound potentially isinfected
so remember that marine bacteriarepresent awide range of
organisms, many of which arenot characterised fully. Most
are resistant to common antibiotic agents, and also require
special, salinated mediafor culture. Expert opinion isthat
trimethoprim-sulphamethazole is the drug of first choice.

General effects

Maintain vital functions (ABC - airway, breathing
and circulation).

Shock - note pain relief as above.

Effects of venom - antivenom if indicated

Apply pressure - immobilisation type of first aid.

With the exception of bites by blue-ringed octo-
puses, conus stingsand sea-snake bites, the pressure-immo-
bilisation technique should not be used to attempt to hold
the toxins at the site of the bite or sting. To do so may
increase pain and local tissue damage.
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Additional note

Tetanus prophylaxis should be updated as required.
Death from tetanus has occurred, especially after stingray
injuries.

It may benecessary torest theinjured regionfor days
for satisfactory healing to occur.

Jellyfish stings

Prompt application of domestic vinegar to the af-
fected areas appears to be the simplest and most rational
first-aid measure for most jellyfish stings. Methylated
spirits should not be used.

Vinegar is not recommended for “bluebottle”
(Physaliaphysalis) stingsandthesebest aretreated withice-
packs.

Box-jellyfish stings often are very serious and the
patients may require maintenance of their vital functions
and pain relief aswell as rapid antivenom therapy.

Acknowl edgements
| am grateful to Dr John Williamson for his com-
ments.

Copyright © 1989 TheMedical Journal of Australia,
reprinted with permission.

This advice appeared in The Medical Journal of
Australia, 1989; 151 (Dec 4-18): 626.

STING ABSTRACTS

Successful useof Chironex antivenom by member sof the

Queensland Ambulance Transport Brigade
Fenner Peter J~ Williamson John A2 and Blenkin John A2
Med JAust 1989; 151: 708-710

ABSTRACT Wereportthefirstadministrationin Australia
by ambulance officers of the Commonwealth Serum Labo-
ratories Chironex fleckeri antivenom, in two separate,
major, potentially life-threatening Chironex envenomations.
In both cases, the antivenom was effective in helping to
relieve signs and symptoms (including pain). This an-
tivenom still is the most specific part of the treatment of a
major Chironex fleckeri sting after stabilization of the
airway, breathing and circulation. The additional use of
verapamil may contribute to the prevention of some of the
cardiac complications that result from the direct effects of
the Chironex venom.

From:

1 AmbroseMedical Group, NorthMackay, Qld. 4740.
2 TownsvilleGenera Hospital, Townsville, Qld. 4810.
3 Y eppoon Public Hospital, Y eppoon, Qld. 4703.
Correspondence: Dr P.J. Fenner.

Copyright ©1989 The Medical Journal of Australia, re-
printed with kind permission.
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Fatal and non-fatal stingray envenomation
Fenner Peter J*, Williamson John A2 and Skinner Ralph A .3
Med JAust 1989; 151: 621-625

ABSTRACT A fatality occurredinapreviously healthy 12-
year old-boy after apenetrating chest injury from astingray
barb. Theinjury occurred under freak circumstances. Death
was aresult of cardiac tamponade which was secondary to
venom-induced, localized myocardial necrosisand sponta-
neous perforation, six daysafter thedirect penetration of the
right ventricle by thebarb. Three other casesof less serious
stingray envenomation are described which illustrate the
significant localized morbidity that may occur without
immediate wound exploration and toilet after adequate
anaesthesia. Wealso report astudy of aseriesof 100 minor
stingray envenomationswhich, when treated, resulted in no
morbidity. Itispossiblethat local infiltrationwith 1% plain
lignocaine may have adirect counteraction against stingray
venom that remainsinthewound area. Stingray venom has
insidious, but powerful, localized tissue necrosing proper-
tiesin humans.

From:

1 AmbroseMedical Group, POBox 34, NorthMackay,
Qld. 4740.

2 Department of Anaesthesia, Intensive Care and
MarineMedicine, TownsvilleGeneral Hospital, Townsville,
Qld. 4810.

3 Tangalooma Resort, Moreton Island, Qld. 4004.
Correspondence: Dr P.J. Fenner.

Copyright ©1989 The Medical Journal of Australia, re-
printed with kind permission.

Cold packs: effectivetopical analgesiain thetreatment

of painful stings by Physalia and other jellyfish
Exton David R, Fenner Peter ¥ and Williamson John A2
Med JAust 1989; 151: 625-626

ABSTRACT A study has shown that, when applied to
Physalia (“bluebottle”) jellyfish stings, cold packs are as
effectiveastopical analgesiaintherelief of mild-to-moder-
ate skin pain. Theapplication of ice also has been shownto
be effective for topical analgesia in a humber of other
jellyfish stings, including by Cyanea (“hair jellyfish”),
Tamoya sp. (“Moreton Bay stinger” or “fire jelly”) and
Carybdea rastoni (“jimble”) aswell asby Physalia. Inthe
current state of knowledge, cold packs or ice are recom-
mended as the first-aid treatment for jellyfish stings with
local skin pain.

From:

1 Surf Life-Saving Association of Australia, Queens-
land State Centre, PO Box 36, Newstead, Qld. 4006.
2and 3 asfor 1 and 2 above

Correspondence: Mr D.R. Exton.

Copyright © 1989 The Medical Journal of Australia, re-
printed with kind permission.
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RECOMMENDED TREATMENT OF STINGRAY
INJURY

First aid

If medical aidisnot availableimmediately, placethe
affected area in water as hot as can be tolerated without
burning (test first !). Seek medical aid.

If heat is unavailable or fails to provide relief, then
ice or ice-packs are applied to the areafor up to 30 minutes
and, if they help, are reapplied.

M edical management

If necessary, inject local anaesthetic agent (1% plain
lignocaine) directly into the wound and around the site of
envenomation to ease the pain.

Perform x-ray examination of the wound area for
traces of foreign material.

Explorethewound carefully, followingthefull length
of any tract which may be left by the penetrating barb.
Remove al traces of broken barb or integumentary sheath
and clean thewound with hexachlorophenein 70% al cohol;
if available, use an operating microscope.

L eave the area open to granulate.

Administer tetanus vaccine or adult diptheria and
tetanus toxoids, if indicated.

Antibiotic therapy should beconsideredif theinjury
ismore than six hours old and/or is extensive.

Patients with wounds that are considered to pene-
tratetotheabdomen or chest should bereferredimmediately
to experienced medical centres for further assessment.

Follow-up of all wounds is necessary until they are
healed fully.

Copyright © 1989 TheMedical Journal of Australia,
reprinted with kind permission.

This advice appeared in The Medical Journal of
Australia, 1989; 151 (Dec 4-18): 623.

ASTHMA AND DIVING

Diving practices of scuba diverswith asthma
Farrell PJS and Glanvill P
Br Med J. 1990; 300: 166

Summary by SPUMS J.

A questionnaire, circulated in Diver magazine, pro-
duced 104 replies from asthmatic divers. 16 diversthought
that it was safe to dive within 2 hours of wheezing, 27
thought that it was safe after 12 to 48 hours, 7 chose periods
between 1 week and 1 month. Over 50% of the respondents
(54) answered they did not know. 20% of these had dived
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within 12 hoursof wheezing. The 104 divershad completed
12,000 dives between then without producing apneumotho-
rax or cerebral arterial gas embolism.

Scuba diverswith asthma
Martindale JJ

Br Med J. 1990; vol. 300: 609
L etter

Scuba diverswith asthma

Watt Stephen J and Gunnyeon William J
Br Med J. 1990; vol. 300: 609

L etter

Scuba diverswith asthma
Glanvill Peter and Farrell Patrick
Br Med J. 1990; vol. 300: 609-610
Letter of reply

NARCOSIS

Memory deficit caused by compressed air equivalent to
36 metres of seawater.

Philp RB, Fields GN, Robert WA.

J Appl Psychol 1989; 74(3): 443-46

Twenty four studentsfromadiving school undertook
a hyperbaric chamber dive to a pressure equal to 36 m of
seawater. Testsof cognitive function and manual dexterity,
performed in the chamber during the 35 minute bottomtime
and before, or after, the dive included immediate and de-
layed free recall of words presented as 7 lists of 15 each,
recognition of previously presented words, number identifi-
cation, and aforceps pickup of ball bearings. Delayed free
recall and immediate free recall (primacy region) were
significantly impaired, whereasmanual dexterity andrecog-
nition memory were not. These are in keeping with previ-
ously reported findings but indicate that significant impair-
ment of memory may occur in experienced divers at opera-
tion depths for air diving. Lack of effect on recognition
memory suggests that cuing strategies might be useful for
debriefing divers.

BUBBLESIN THE LUNG

Fate of air emboli in the pulmonary circulation
Presson RG Jr, Kirk KR, Haselby KA, Linehan JH, Zal eski
S and Wagner WW Jr.

J Appl Physiol. 1989; 67(5): 1898-1902

The lung serves an important nonrespiratory func-
tion by trapping and excreting venous air emboli. Thesite
of trapping and the mechanism of excretion, however, are
uncertain. To observethebehavior of bubblesin the pulmo-
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nary circulation, we injected venous air emboli into anes-
thetized dogs and videotaped their elimination from the
pulmonary microcirculation by using in vivo microscopy.
Small intravenousbubbleslodged exclusively in pulmonary
arterioles and were eliminated from that site. To determine
whether the gas was dissolving into nearby blood and then
wascarriedto the capillariesfor excretion, therate of bubble
radius changewas measured during nonperfused conditions
produced by balloon occlusion of lobar blood flow and
compared with perfused conditions. Bubble volume de-
creased at the same rate during perfused and nonperfused
conditionsand thuswasindependent of regional blood flow.
Molecular diffusion of gasdirectly acrossthe arteriolar wall
into alveolar spaces was the most likely mechanism of
elimination because cal cul ations based on the Fick equation
for molecular diffusion predict an elimination rate nearly
identical with those observed experimentally.

TREATMENT OF PNEUMOTHORAX AT DEPTH

Inherent unsaturation in the treatment of
pneumothorax at depth

Daugherty C G
Undersea Biomed Res. 1990; 17(2): 171-177

In discussing the treatment of pneumothorax under
pressure, standard diving medicine publications recom-
mend only the insertion of a chest tube before decompres-
sion. However, there are marked difficultiesin performing
surgery in a typica offshore commercial chamber, and
present knowledge of chamber bacteriology indicates there
is important risk of serious infection. By contrast, the
venerable principle of inherent unsaturation and known
experimental data permit the rational and safe use of pres-
sure and oxygen breathing to resolve this problem. This
should bethetreatment of first preferencefor, evenifitisnot
effective, no other options are closed off. Two representa-
tive cases are presented.

BUBBLE FORMATION

Bubblefor mation propertiesof hydr ophobicparticlesin
water and cells of Tetrahymena.

Hemmingsen EA and Hemmingsen BB.

Undersea Biomed Res 1990; 17(1): 67-78.

It is generally assumed that hydrophobic surfaces
play arolein bubble formation in vivo, but no tests of this
assumption seem to exist. Model systemsfor both in vitro
and in vivo study of the bubble nucleation properties of
hydrophobic surfaces were developed. First, aqueous sus-
pensions of particles were exposed to gas supersaturation,
and the numbers of bubbles that formed were determined.
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Although the supersaturation thresholds for spontaneous
bubble nucleation in pure water exceeds 175 atmospheres
gastension, gastensions of only afew atmospheres caused
the profuse formation of bubbles with the most effective
particles. Some or most of this latter effect seemed to be
caused by gas trapped in irregularities on the particles.
Second, particlesthat were especially effective bubble pro-
moters were added to suspensions of ciliates. Upon their
ingestion, all of the particles lost their ability to induce
bubble formation in the cellswith supersaturations equal to
or exceeding the threshold for spontaneous nucleation in
water. These results indicate that intracellular bubble for-
mation may not occur readily in vivo.

From

Physiological Research Laboratory, University of
Cdlifornia, San Diego, La Jolla, California 920093, and
Department of Biology, San Diego State University, San
Diego, California 92182-0057

IMMERSION

Tissue heat transfer in water: lessonsfor the Korean
divers.

Rennie DW.

Med Sci Sport Exercise 1988; 20: S177-184

The factors which influence tissue heat transfer and
temperature gradients from body core to skin surface are
reviewed inthe context of studieson K orean diving women.
Theresistanceto heat transfer imposed by resting muscleis
shown to be 2-3 times as great asthat imposed by overlying
fat and skin. However, exercising muscleimposesvery little
resistanceto heat flux because of theincreasein convective
heat transfer. Accordingly, the limiting resistance to heat
flow is shifted to subcutaneous fat and skin during exercise
in cold water. Hypothetical examples are given of how
important the subcutaneousfat can bein maintaining ahigh
core-to-water temperature gradient in cold water and the
same validated by examples from the literature. Last,
hypothetical examplesaregiven of therole cutaneoushblood
flow must play in controlling heat flux and temperature
gradients across the subcutaneous fat layer.

Lack of diurnal effectson periodic exercise during
prolonged cold water immersion

Doubt TJ and Smith DJ

Undersea Biomed Res. 1990; 17(2): 149-157

Diurnal effects on periodic exercise were examined
in 8 male divers wearing passive thermal protection during
whole body immersions in 5°C water for periods of up to 6
h. Studieswere done during the course of 5-day air satura-
tion dives at adepth of 1.61 ATA, with immersions begin-
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ning at 1000 h (AM) and 2200 h (PM). During each hour of
immersion, leg exercise was done for 3 min each at work-
loadsof 50, 70, and 90 W. Heart rate (HR) at each workload
increased uniformly withimmersion time, without achange
in slope of HR vs. workload. No AM or PM differences
occurred. AM resting VO, increased linearly, and to the
same extent as PM, with exposuretime. VO, at 50 W also
increased at the same rate as resting values. VO, at 70 and
90 W were similar for AM and PM and did not vary
significantly during the 6-h immersions. Tempora in-
creasesin exercise HR may reflect cardiac compensation of
diminished plasma volume. Workloads = 70 W generate
enough metabolic heat in this specific condition to meet the
thermogenic requirement. Lack of diurna effects on exer-
cise variables may be due to environmental conditions
suppressing circadian rhythms.

From
Diving Medicine Department Naval Medical Research In-
stitute Bethesda, Maryland 20814-5055

Prolonged whole body immersion in cold water:
hormonal and metabolic changes

Smith DJ, Deuster PA2, Ryan C¥ and Doubt TJ

Undersea Biomed Res. 1990; 17(2): 139-147

To characterise metabolic and hormonal responses
during prolonged wholebody immersion, 16 diverswearing
dry suits completed four immersions in 5°C water during
each of two 5-day air saturation dives at 6.1 meters of sea
water. One immersion began in the AM (1000 h) and one
began in the PM (2200 h) to evaluate diurnal variations.
V enous blood samples were obtained before and after com-
pletion of each immersion. Cortisol and ACTH levels
demonstrated diurnal variation, with larger increases occur-
ring after PM immersions. A greater than three-fold postim-
mersion increase occurred in norepinephrine (NE). There
were significant increases in triiodothyronone (T,) uptake
and epinephrine, but no change in T, thyroxine, thyrotro-
phic hormone, and dopamine. Postimmersion freefatty acid
levels increased 409% from preimmersion levels; glucose
levels declined, and lactate increased significantly. Only
changesin NE correlated significantly with changesinrectal
temperature. In summary, when subjects are immersed in
cold water for prolonged periods, with a low rate of body
cooling afforded by thermal protection and intermittent
exercise, hormonal and metabolic changes occur that are
similar in direction and magnitude to short-duration unpro-
tected exposures. Except for cortisol and ACTH, noneof the
other measured variables exhibited diurnal aterations.

From

1 Diving Medicine Department, Naval Medical Re-
search Institute, Bethesda, Maryland 20814-5055

2 Department of Military Medicine, Uniformed Serv-
icesUniversity of the Health Sciences, Bethesda, Maryland
20814-4799
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Theresuscitation of immersion victims.
A.D. Simcock.
Appl Cardiopulmonary Pathophysio 1989; 2: 293-298.

This paper reviews the outcome of 150 victims of
drowning and near-drowning brought to a district general
hospital close to the sea. The pathophysiology of the
drowning processisreviewed. 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
patients who had not suffered cardiac arrest before arrival.
There were, however, two survivorsfrom the cardiac arrest
group. Survival ratesin this group will only improveif the
hypoxiais relieved before cerebral damage occurs.

OXYGEN TOXICITY

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

This paper summarizes current knowledge on the
biochemistry of oxygen toxicity in general and ischemia-
reoxygenation tissue injury in particular. The superoxide
radial, hydrogen peroxide, and the hydroxy! radical in cells
can be formed enzymically or non-enzymically. Primary
effectsof oxygenradicalsresultinlipid peroxidation, which
isbelieved to beinitiated by a perferryl radical. Secondary
effects are believed to be due to a disturbance in cellular
calcium homeostasis. Reactions and treatment potentials
are highly complex and their effects on cells, tissues, and
organism are difficult to predict. Treatment potentials
includesuperoxidedismutase, catal ase, cal ciumentry block-
ers, ironchelators, xanthine oxidaseinhibitors, and agentsto
prevent leukocyte adhesion. Reoxygenation injury mecha-
nismsduring resuscitation from clinical death can bestudied
in animals by evaluating the effects of antireoxygenation
injury therapies and by monitoring free radical reactions.

SELECTED ABSTRACTS
Reprinted from the Program and Abstracts of the
UNDERSEA AND HYPERBARIC MEDICAL
SOCIETY ANNUAL SCIENTIFIC MEETING 1989

CHAMBER PROBLEMS

Temporary Pacemaker Malfunction in the Hyperbaric
Chamber.

Brian A. Youn M.D.* and Ken Kozikowski M.D.*

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

With the growth of hyperbaric medicine in recent
years, the treatment of critically ill patients with temporary
pacemakers is becoming more common. Most of these
patientshave temporary pacemakersonly for prophylaxisor
“back-up” if their own intrinsic rhythm deteriorates. Few,
however, are pacer dependent and lack any intrinsic rhythm.
The latter group is potentialy the most dangerous and
requires special attention for inadvertent lead displacement
and primary generator failure. Thereis surprisingly little
reference to temporary pacemaker function in the hyper-
baric chamber. In our experience, we have had temporary
pacemaker malfunction at 120 fsw during a pressure test.
Thisfailure prompted an objective assessment of temporary
pacemaker functionintheHyperbaric Chamber. Westudied
two models of the more popular temporary pacemakers,
MedtronicsModel 5330 (A.V. Sequential) and Model 5375
(VVI). Both pacemakersfailed abruptly, at 120 fsw for the
AV Sequential and 130 fsw for theVV I Pacer. Functionfor
both units returned during decompression. Rate and Ma
output did not change up to the point of failure. Medtronic
temporary pacer models 5330 and 5375 functioned well up
to 120 fsw which allows safe use within the chamber for
most routinetreatment tablesupto 3ATA; for 6 ATA table,
a though-the-hull modification will alow safe usage of
Medtronic pacemakers.

VENTILATORS IN CHAMBERS

The Penlon Oxford Ventilator - A second look.

Brian A. Youn, M.S. and Rodney Houseknecht, CRTT.
Department of Critical CareMedicineand Hyperbaric M edi-
cine, Geisinger Medical Center Danville, P.A.17822,U.S.A.

The Penlon Oxford Ventilator is a commonly used
ventilator in the multiplace chamber. This ventilator is a
compact, volume-cycled, pneumatically driven, control mode
ventilator that has been provento besafeto 46 ATA. Many
patientshave severely altered pulmonary mechanicsinclud-
ing pneumonia, emphysema, obstructive lung disease, and
ARDS. These changes in compliance and resistance may
significnatly affect the function of the Penlon ventilator.
The Penlon was tested serially from surfaceto 6 ATA with
a TTL test lung set on various compliance and resistive
settingsand wererecorded on an 8-channel Hewlett Packard
recorder. Measurements included flow, volume and pres-
sures (proximal, machineandintrapleural). Flow, pressure,
respiratory rate, and volume changed dependent on depth,
resistance, compliance and machine working pressure. In-
trinsic positive end expiratory pressure developed as a
function of increasing resistance, suboptimal |:E ratios and
increasing respiratory rate. Awareness of these changesare
important to optimize ventilator function.
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RECALLS

TYPO FORCESNAUI TO RECALL DIVETIME
CALCULATOR

In the latest issue of Sources, a NAUI publication,
thereis a splashy full-page ad for NAUI’ s dive time calcu-
lator. Itreads: “Inthetimeit takesto read thispage, you can
plan an entire day’s worth of diving with the NAUI Dive
Time Calculator....”

Unfortunately, the folks at NAUI should have taken
alittlemoretimethanthat toread their calcul ator beforethey
put it onthe street. On asubsequent full pagein Sourcesis
an“immediaterecall.... aswegotopress’. Y ousee, theDive
Time Calculator is replete with typos that render too much
time for dives beyond 100 feet.

DennisGraver, NAUI Director of Training, fessesup
totheerror. Inaneffortto get the planner out quickly, NAUI
staff proffed the datafrom faxes, which had to be cut up and
pasted to read. The numbers did not get aligned correctly,
Graver told UNDERCURRENT , and some got moved a
single space. The error was not detected until after the
printer was given the go ahead to print, assemble and ship.

Fewer than 2,000 of the faulty planners have been
distributed. They canbereturnedto NAUI Headquartersfor
full credit on the new version.

The new model should beavailablein February, and
some improvements are being added aswell. If you havea
version of theNAUI diveplanner (any versionincirculation
prior to February 1isfaulty) returnitto: NAUI Headquar-
ters, P.O. Box 14650, Montclair, CA 91763-1150.

Reprinted, by kind permission of the Editor from
UNDERCURRENT Jan 1990; page 10.

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

DACOR RECALL

If you own a DACOR M18 or M19 console, stop
using it. You could be endangered by a mid-dive loss of
depth and bottom time information normally displayed.

Vern Peterson, Director of Manufacturing for Dacor,
told UNDERCURRENT that “we' ve had ongoing reports of
problems with these units.  The M 18 battery light would
come on when the battery was still in good condition. We
went to the M 19 to solve the problem, and found an incom-
patibility between the electronic module and the battery
which caused a drain on the battery. We had a lot of
complaints from the field, particularly as these batteries
cannot be replaced in the field”.
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FREE

CATALOG OF
DIVING BOOKS

FEATURING...

The U.S. Navy Diver’'s Handbook

The U.S. Navy Air Decom-
pression Tables and the
U.S. Navy Recompression
Chamber Operator's pro-
cedures are combined into
this up-to-date Diver's
Handbook. All important
emergency information
available in a waterproof,
pocket size handbook,

|

U U T oo agw

«

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 a readily
available pocket guide for air decompression
procedures, administration of recompression
treatment, chamber operations and also
emergency first aid procedures. Instruction,
examples and tables are included for quick
reference.

CATALOG OF DIVING BOOKS

A comprehensive 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, equipment
maintenance, treasure, cave diving, safety,
wreck diving, first aid and even more!

TO GET YOUR CATALOG
MAIL IN COUPON

BEST PUBLISHING CO.

BEST PUBLISHING CO.
P.O. Box 30100
Flagstaff, AZ USA 86004
(0 Yes, Please send a Free Catalog.

NAME

ADDRESS

cITy

STATE 2P

COUNTRY
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Dive all year
round with
Australia’s

prestige
scuba diving
magazine.

SUBSCRIBE NOW!

I:I 3 full years (18 issues) of
Sportdiving and a free bonus back

Sa“e issue for only $87.95 (save 15%)
m D 2 full years (12 issues) of

““ Sportdiving and a free bonus back
0 I issue for only $62.10 (save 10%)

15 0 D 1 full year (6 issues) of

Sportdiving and a free bonus back
issue. $34.50
$AUST67.00 OVERSEAS SURFACE MAIL
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Charge my card number:

| Cardholder's pame: Card expiry date:
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I

I

| Address:

t Postcode:

| Card authority of cheque/money order sndorsed for$ ...ccon.en.. made

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

| Mountain Ocean & Travei Publications, PO Box 167, Narre Warren,
| Victoria 3805, Australia. Paymant must accompany order.
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Dacor initiated arecall program, notifyingitsdealers
toreplacethe consolesand to stop selling the older modules.
However, someplacesinthe Caribbean werestill sellingthe
units, so, Petersonsaid, “ weinstituted arecall programto get
them off the market”.

According to Peterson, Dacor has no reports of
accidents stemming from a malfunction. He said that 80
percent of the units have been returned.

Dacor will replace their M18 or M9 electronic con-
soles with the new M110 console no charge. Contact your
local Dacor dealer or Dacor headquartersfor information on
how to go about returning your unit.

Dacor Corporationislocated at 161 Northfield Road,
Northfield, IL 60093. Telex 289499. Fax (312) 446-7547.
(800) 233-3483.

Reprinted, by kind permission of the Editor, from
UNDERCURRENT November/December 1989; page 10.

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

DIVING MEDICINE FOR DOCTORS
OCTOBER 29th to NOVEMBER 2nd 1990
HYPERBARIC MEDICINE UNIT
FREMANTLE HOSPITAL

A course will be held at Fremantle Hospital from
October 29th to November 2nd 1990.

Theaimistogivemedical practitionersthenecessary
knowledge to carry out appropriate medical examinations
ondivers.

Coursefee  $500.00
For information and bookings contact
The Director, Hyperbaric Medicine Unit,
Fremantle Hospital,
P.O.Box 480, Fremantle,
Western Australia 6160.

Telephone
Fax

(09) 431 2233
(09) 335 9868

DATAMAX SPORT

How DataMax Sport Works

Activati
Press the button on the face of the com-
puter and al segments of the LCD display
are shawn. The DataMax Sport goes
through a self-diagnostic check, and if
anything is wrong imtemally, it shuts down.
It everything is O.K. the Spon continues
with a battery check.

At The Surface

While on the surface, DataMax Sport
displays your previous dive number, run
ning surface time, current depth, and
tissue loading.

Pre-Dive Planning
Sequence—PDPS

While Diving

While no-decompression diving, the
DataMax Sport displays dive number,
no-decomprassions (NDC} dive time
remaining, presert depth, current tissue
loading and in a separate display that
COMes O Screen every 12 seconds fun-
ning bottom time. Tissue loading is shown
by a bar graph that filts the perimetsr of
the display. The bar graph corresponds to
a colour coded dial, showing how close
you are o a no-decompression limit.
During a decorpression dive the bar
graph filis past the yelow Caution Zone,
imo one of the three decomprassion stop
segments. The graph now shows your safe
ascent “ceiing”, how far you can ascend
given your current nitrogen uptake. The
NDC indicator changes to DEC {decom-

Every fifteen seconds, your surface display
is replaced by the PDPS. This display
helps you plan your dive by showing how
forg you can stay at depths from 30 10 160
feet This information is basad upon your
previous dive profiles and nitrogen build
up.

OceaniCusa

DIVING ESSENTIALS REDEFINED

pression) and the display now indicates
the amount of time necessary at your
decompression stop for safe ascent

After Your Dive

The DataMax Sport logs up to 7 of your
previous dives. You can hold each dive
profile on screen to log #t by pressing
and holding the activator button. Your
DataMax Sport give you the max. depth,
bottom time, end-of-dive tissue loading,
and whether you exceeded the safe
ascent rate. After logging your information
the display shows a new Pre-Dive
Planning Sequence (PDPS) for your next
dive.
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DIVING MEDICAL CENTRE COURSES
SCUBA DIVING MEDICAL EXAMINATIONS

Courseswill be held to instruct medical practiction-
ersin Diving Medicine, sufficient to meet the new Queens-
land Government requirementsfor recreational scubadiver
assessments.

Courses will be held at

Cairns, Queensland
31st August 1990 to 2nd September 1990

Surfers Paradise, Queensdand
5th to 7th October 1990

For further details contact

Diving Medical Centre
132 Y allambee Road
Jindalee
Queensland 4074
Phone: (07) 376-1414
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ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT COURSESIN DIVING AND
HYPERBARIC MEDICINE, OCTOBER 1990

BASIC COURSE
Royal Adelaide Hospital, Adelaide.
15 - 19 October 1990.
Concentrates on the assessment of fithess of candi-
dates for diving. HSE-approved course.
Cost:  $A 500.00.

ADVANCED COURSE IN DIVING AND
HYPERBARIC MEDICINE
Royal Adelaide Hospital, Adelaide.
22 - 26 October 1990.
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.
Cost: $A 500.00 ($A 800.00 for both courses)

FURTHER INFORMATION AND ENROLMENT
For further information, or to enrol, contact:
Dr John Williamson,Director, HMU,
Royal Adelaide Hospital, North Terrace,
SOUTH AUSTRALIA, 5000.
Telephone (61) (08) 224 5116).

Sonar Wetsuits

of Australia Pty. Ltd.

SIMPLY THE BEST STOCK STANDARD OR
TAILOR-MADE WETSUITS PRODUCED IN
AUSTRALIA TODAY.

THE DIVE SUIT SPECIALISTS.

AVAILABLE AT YOUR LEADING DIVE STORE.
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JOINT MEETING ON DIVING AND HYPERBARIC
MEDICINE
AMSTERDAM August 11 - 18, 1990

Xth International Congress on Hyperbaric Medicine
Xth International Symposium of the Undersea and
Hyperbaric Medical Society
XVIth Annual Meeting of the European Undersea
Biomedical Society

THEMES
Oxygen Toxicity
Deep Sea Diving
Shallow water Diving
Decompression Sickness
HPNS
HBO Therapy
Technical Aspects of HBO Chambers
Nursing Problems in HBO Environment
Free Papers

The Meeting will be held at:
HOTEL OKURA AMSTERDAM

For further details contact

Van Namen & Westerlaken Congress Organisation
Services, P.O.Box 1558, 6501 BN NIIMEGEN, The Neth-
erlands.

Tel: (31) (0) 80234471  Fax: (31) (0) 80 601159
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JOINT MEETING ON DIVING AND HYPERBARIC
MEDICINE
ASSOCIATED COURSES

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

Compressed Air Diving. A practical courseindiving
medicine for doctors, at Den Helder with the Royal
NetherlandsNavy, 6-9 August 1990. Cost N fl 2,046.

The Medica Management of Decompression Il1-
nesses. An advanced seminar and review, at the
Hotel Okura Amsterdam, 10-11 August 1990. Cost
N fl 558.

Mixed Gas Diving. Anadvanced course for doctors
at the Cattedra di Medicina Subaguea ed | perbarica
and with the co-operation of the Italian Navy, 20-24
August 1990. Cost N fl 1,860.

For additional information, please contact
Dr. David H. Elliott, Courses Co-ordinator,
Biomedical Seminars, 7 Lyncroft Gardens,
Ewell, Epsom, Surrey KT17 1UR,
ENGLAND.

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

LLway

TOURS

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



