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EDITORIAL

The Editor's offering

Thisjournal containsanumber of interesting papers.
Perhaps that which affects members most closely is Mr
Terry Cummins' honest appraisal of the Diver Emergency
Service (DES) and the medical profession as seen from the
diving instructor organizations' point of view. Some might
consider that paranoia shines through this window into the
diver training soul. Wetake akinder view and attribute his
viewsto lack of knowledge about another profession. Fol-
lowing Mr Cummins' paper isDr David Davies' reply tothe
pointsraised. Thisisan attempt to makeknowntothediving
community the actualities of DES (soon to be known as
DAN Australia) and the medical view of what needs to be
done to improve diving safety. We hope that this frank
interchangeof viewswill lead to harmony amonginstructors
and diving doctors. Onceagain much of the misunderstand-
ing seems to have come from the erroneous belief that any
well known diving doctor isvoicing SPUM Spolicy when he
makes any comment. Thisisnot so. Theonly peoplewho
speak for SPUMS are the President and the Secretary.
Onoccasionsanother member of SPUM Smay benominated
tospeak on behalf of the Soci ety on aspecial topicasDr John
Knight wasduring the preparation of AS4005.11992 and Dr
David Daviespreparing the SPUM S statement on Diabetes,
published in the last issue of the Journal

The paper from the Townsville Hyperbaric Unit
shows the usual association of decompression illness with
inexperienced divers. But it brings to the fore the risks to
divemasters and instructors, who do multiple ascentsin the
courseof their work. Itisbecoming clear that eventhewarm
water of North Queensland doesnot protect diversfromdive
patterns which increase the risk of decompression illness.

Brian Hills has produced another lateral thinking
paper. Themany reportsof onediver being afflicted and his
buddy being undamaged after alessthan perfect decompres-
sion has always been explained on the basis of individual
variation. But so far no one has produced any explanation
for this phenomenon, other than the production of fewer
bubbles. This “explanation” is obvious enough but the
underlying reason has not been found. Perhaps Professor
Hillsisright, as he was with his study of why Torres Strait
divers did not get as much decompression sickness as the
experts expected. He was able to show that their deep first
stops gave much more efficient gas elimination pattern than
the USN’ s much shallower first stops. Histhermodynamic
theory of decompression is till the most logical theory and
with the fewest problems.

David Brookman’s electronic doodlings led him to
see how to produce tables and graphs showing on- and off-
gassing and air consumption during dives. The paper has
been published to encourage other computer users to try

their hand at understanding how the cal cul ations that make
up the tables, and which dive computers carry out, are
arrived at. Readersmay remember Ray Rogers' paper onthe
development of the PADI wheel. He started using acompu-
ter to calculate USN decompression tables and then altered
some of the parameters to come up with his own table.
Whether this was a good idea or not depends on ones
viewpoint. But using one's brain to understand difficult
concepts has everything to recommend it.

Wemust apol ogiseto Bob Hal stead for atypographi-
cal error which changed thewhole meaning of thetitleof his
paper publishedinthelastissue. Wehear againfrom himon
High Tech DivingintheLettersto the Editor. Dr Botheroyd
of the UK Health and Safety Executive writes about their
decision to abandon routinelong bone surveys. With better
decompression procedures, developed over relatively recent
years, the incidence of new cases of dysbaric osteonecrosis
has dropped to apoint wherethereislittleto be gained from
routine X-rays.

Allan Sutherland’'s two letters, one about a pool
training air embolism and the other about lasting cerebral
sequel ag, arefood for thought. Isit only advancing age, and
perhaps a long standing consumption of alcohol, which
makes many diversalittleforgetful and givesthem hearing
prablems? Onthefaceof it therecould beacasefor multiple
small cerebral infarcts causing these soft neurological
changes. Hereisaresearch project for someone. But who

inthediving industry would be willing to fund such a study
?

Thereis not much altitude diving donein Australia,
but our readers are not al in Australia and many live in
countrieswith highlakes. The Crosscorrectionsfor atitude
have been used for many years. A more conservative
correction should be safer, which iswhy we have reprinted
a, dlightly altered, paper, by Bruce Wienke and Dennis
Graver, from the NAUI magazine SOURCES.

Glen Egstrom’ stwo papersare revised transcripts of
hislectures. They arenot asgoodtoread ashislectureswere
towatch andlistento, aswecannot reproducehisslides. But
much editorial effort hasgoneintotryingtodistil theessence
of hispresentations. We hopethat we have not donehiman
injustice. Drew Richardson and Karl Shreeves write about
recreational multi-day diving operations, mostly inthe Car-
ibbean, with agratifyingly low incidence of decompression
illness.

Finally thereisasection on decompressionillnessin
the form of abstracts from the 1991 Annual Scientific
Meeting of the Undersea and Hyperbaric Medical Society.
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ORIGINAL PAPERS

S0DIVERSWITH DYSBARIC ILLNESS SEEN AT
TOWNSVILLE GENERAL HOSPITAL
DURING 1990

Robyn Walker

Abstract

This paper reviews the presentation, treatment and
outcomeof 50 consecutivediverspresentingtothe Townsville
General Hospital with adysbaricillnessduring 1990. Inex-
perience, repetitive diving and multiple ascentswereidenti-
fied as predisposing factors to dysbaric illness.

Introduction

Recreational scuba diving has become one of Aus-
tralia sgrowthindustries. Thereareno reliable estimates of
active divers within Australia, however PADI Australia
certified their 200,000th diver during November 1990.
However thisgrowthin popul arity hasbeen accompanied by
an increase in the number of divers treated by hyperbaric
facilities. PROJECT S.A.F.E.R. divers reported atotal of
228 Australian diverstreated for decompression sicknessin
1989 compared to 126 with 1986.

This paper reviews the presentation, treatment and
outcome of fifty consecutive divers with decompression
illness presenting to the Townsville General Hospital Hy-
perbaric Medicine Unit during the period from 1st January
1990 to the 25th November 1990. Thisunit accepts patients
from Queensland, Papua New Guineaand the South Pacific
Island nations.

Treatment

Recompression, when indicated, was performed in
either a twin lock Comex deck recompression chamber
housed at the Townsville General Hospital (on permanent
loan from The Australian Institute of Marine Science) or in
atwo man Drager Duocom portabl e chamber whilst enroute
tothemainfacility in Townsville. The Duocom chamber is
supplied and operated by The North Queensland Emergency
Response Group (NQERG) which formed following the
demise of The National Safety Council of Australia(Victo-
rian Division) in March 1989. NQERG also provide a
Beechcraft Super King Air (fixedwing) aircraft or aBell 412
helicopter, both are capable of transporting the portable
chamber. Thestaticfacility isequippedwithafemaleNATO
N1079 flange which permits transfer under pressure (TUP)
from the portable recompression chamber. During this

period there were 40 diverstreated for decompression sick-
ness (DCS) and 10 divers were referred with a provisional
diagnosis of cerebra arterial gas embolism (CAGE). A
diagnosis of CAGE was confirmed in six of these cases. A
detailed breakdown of these 50 casesis presented.

Cases

Twenty fivemalesand 15 femal espresented with the
diagnosisof DCSand 6 malesand 4 femal eswith suspected
CAGE. Theultimate diagnosesin thelatter were CAGE in
6 and near drowning in 4. One of the 4 had an epileptic fit
whiletheotherspanicked. Tablelgivestheagegroup of the
patients.

TABLE 1

AGE DISTRIBUTION

Age DCS CAGE
Cases % Cases %
15-20 2 5 2 20
21-25 15 375 5 50
26-30 12 30 2 20
31-35 4 10
36-40 1 25
41-45 3 75
46-50 1 25 1 10
>50 2 5
Total 40 10

Just over a quarter of those with DCS were under
instruction, as were 60% of those with the initial diagnosis
of CAGE. (Table2).

TABLE 2

QUALIFICATION LEVEL

DCS CAGE

Cases % Cases %
Student undergoing training 10 25 5 50
Open water certification 7 175 2 20
Advanced course student 1 25 1 10
Advanced certification 4 10 - -
Divemaster certification 3 75 - -
Instructor certification 8 20 1 10
Military 1 25 - -
Unknown 6 15 1 10
Total 40 10
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Thediverswere assessed for experience. Over 40%
of the DCS caseshad donelessthan 20 dives. Forthe CAGE
presentation the figure was 80%. (Table 3).

TABLE 3

DIVERS EXPERIENCE

DCS CAGE

Cases % Cases %

Student undergoing training 10 25 5 50
Novice diver (<20 dives) 7 175 3 30

Occasiona diver

(eg once ayear holiday) 5
Regular diver

(>10 dive days/year) 3 75 - -
Experienced diver

125 - -

(years of experience) 12 30 2 20
Unkown 3 75 - -
Total 40 10

Table 4 identifies North Queensland, in particular
Cairns, Port Douglas and Townsville, as the mgjor sources
of referrals.

TABLE 4

GEOGRAPHICAL LOCATION OF INCIDENTS
LEADING TO REFERRAL

DCS CAGE

Cases % Cases %
Townsville 13 325 2 20
Cairns 13 325 4 40
Airlie Beach 4 10 2 20
Papua New Guinea 4 10 1 10
Brisbane/Gold Coast 3 75 - -
Mossman/Port Douglas 2 5 - -
Rockhampton 1 25 - -
Fiji - - 1 10
Total 40 10

Inthisseriesover 70% of diverswith decompression
sickness and 90% of divers presenting as CAGE were aged
30yearsor less. Thiscorrelateswith figures estimating that
the majority of people being trained as sports divers in
Australia are men aged between 19 and 35 years:?

Itisof great concern that 27.5% of the diverstreated
for DCS and 50% of CAGE victims were participating in
basic certification courses under the direct supervision of a
qualified diving instructor. Most divers reported average
depths of no greater than 15 m on any one dive. However,
the students often completed nineto ten diveswithin athree
day period. Inexperienceisamajor predisposing factor with
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42.5% of the cases of DCS occurring in divers who had
undertaken less than 20 dives. Similarly 80% of the divers
referred with CAGE were novices.

Eight full time diving instructors were treated for
decompression sickness (Table 2) and in al eight casesthe
practice of performing multiple ascents whilst engaged in
conducting an openwater coursewasidentified asacontrib-
uting factor to their illness. These figures suggest that the
practice of instructors escorting each student during emer-
gency swimming and alternate air source ascents exposes
the instructor to an increased risk of dysbaric illness.

Retrievals

The Dréger Duocom was used for 13 retrievals (8
DCS, 5 CAGE) while a further 4 patients were air trans-
ported with a sea level cabin pressure (3 DCS, 1 CAGE).
Long distanceretrievalsrequire detailed planning. Air and
oxygen requirements must be calculated accurately, and the
relative lack of environmental control within the portable
chamber createsdifficultiesin maintaining thefluid statusof
both patient and attendant, particularly in tropical climates.

Itisthisunit’ spolicy not to usethe Duocom chamber
totransport acritically ill, ventilated patient suffering from
CAGE. The confined space within the Duocom, combined
with the lack of monitoring and mechanical ventilation
capabilities, meansthe prol onged treatment of such apatient
islessthanideal, notwithstanding the need for urgent recom-
pression. Such patients are transported to Townsvillein an
aircraft capabl e of achievingand maintaining sealevel cabin
pressure.

Repetitive diving

Repetitive diving is the major contributing factor to
the development of DCS in this group of divers. Table 5
gives the pattern of diving of those diagnosed as having
DCS. All diversdid at least 2 divesaday and upto 5 aday
were recorded. In genera the divers were unaware of the
risk of multiple exposuresto anincreased ambient pressure.
The Queensland Workplace and Safety Regulations' state a
diver must not participatein any morethan four divesinany
24 hour period, midnight to midnight on the same day.
However it is aregular practice for divers to perform four
diveswithin asix hour period, particularly on the final day
of anextended trip. Thistrend for minimal surfaceintervals
should be actively discouraged.

Decompression tables
Table 6 lists the decompression tables used by the

individual divers. No inferences can be drawn from these
figures as the total number of divers using any table is not
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TABLE 5

DIVING PATTERNS
DECOMPRESSION SICKNESS CASES

Cases %
Single days diving 12 30
Two day divetrip 13 325
Three day divetrip 8 20
Four day dive trip 1 25
Seven day divetrip 3 75
Extended diving 3 7.5
Total 40

The number of dives per day ranged from2to 5.

TABLE 6
TABLESUSED
DECOMPRESSION SICKNESS CASES

Cases %
PADI recreational dive planner 22 55
Dive computer 5 125
PADI wheel 1 25
SSl tables 1 25
NAUI tables 2 5
USN tables 2 5
None 1 2.5
Unknown 6 15
Total 40

known. PADI certifiesthemajority of Australiandiversand
so their tables can be expected to be used by the majority of
divers.

TheQueensland Workplace Heal thand Safety Regu-
lations also state all dives performed within Queensland are
to be planned as no-stop dives and conducted in accordance
with dive tables as specified in the Australian Standard AS
2299.¢ Thisstandard lists the following examples of tables
currently acceptable; tablesin use by the Royal Australian
Navy (RAN), theRoyal Navy (RN), the United StatesNavy
(USN) and the Canadian Defence and Civil Institute of
Environmental Medicine (DCIEM). Every diver treated for
DCSattested hisor her diveswerewithinaparticular table’ s
limits. Butonly in 13 cases (32.5%) werethe profileswithin
the limits of the DCIEM tables. Dive profiles were not
recorded in the hospital notes, or not logged by the diver, in
6 (15%) of cases.

Other factors
In 20 (50%) of the divers, no contributing factors

were identified. Nine divers, 8 of them full time diving
instructors, who presented with DCS had done multiple
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ascents. This was the largest group when a contributing
factor wasidentified. In6divers, seasicknessor nauseawas
thought to have contributed, while 3 were obese and 4 had
been drinking alcohol. Some of these divers had more than
onecontributing factor, sotherewereonly 11 diversaffected
by these three conditions.

Predisposing factors that have been cited in the
development of CAGE resulting from pulmonary baro-
traumaincludeinadequateexhal ation, uncontrolled buoyant
ascents and underlying lung pathology (cysts and bullag).”
None of our patients with a definitive diagnosis of CAGE
had any such identifiable risk factor. All had normal chest
X-rays. Nonewereasthmatic. All whoarrived at thesurface
unai ded had performed controlled ascents. Thissuggeststhe
occurrence of localised air trapping, as opposed to agener-
alised overpressureinjury, isan important cause of CAGE.

Presenting symptoms

Joint pain and sensory disturbance were the most
often described symptoms in divers presenting with DCS.
All patients had more than one presenting symptom (Table
7). Generalised fatigue, poor concentration and abnormali-
ties of higher mental functions were frequently seen.

Tendiverswerereferredwiththeprovisional diagno-

TABLE 7

PRESENTING SYMPTOMS
DECOMPRESSION SICKNESS

Number %
Joint pain 30 75
Paraesthesia/anaesthesia 22 55
Fatigue/lethargy 15 375
Headache 8 20
Unsteady gait 8 20
Dizzyness.lightheadeness 7 175
Weakness 5 125
Nausea 3 7.5
Urinary retention 1 25
Total presenting symptoms 99 247
Total patients 40 100

All patients had mor e than one symptom

sisof CAGE. (Table8). Five(50%) presented with loss of
consciousness however 3 were not due to CAGE. One
student who was found convulsing and unconscious in the
water was later able to inform his rescuers that he was an
epileptic, but not beforean expensiveretrieval andtherapeu-
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TABLE 8

MAJOR PRESENTING SYMPTOMS (CAGE)

Presumptive Confirmed

Cases % Cases %
Lossof comsciousness 5 50 2 20
Weakness 2 20 2 20
Sensory 2 20 1 10
Bilateral visual loss 1 10 1 10
Total 10 6

tic recompression had been performed. He had denied
epilepsy during hisdiving medical examination. Onenovice
diver and one resort course student both panicked at depth,
losing their air supply. Both were “found” unconsciousin
thewater. Theresort course student, having received mini-
mal instruction, had been left alone at depth while the
instructor surfaced. This practice cannot be condoned.
Another patient, who presented with sensory loss, was a
novice diver undergoing a refresher course. She had been
certified in another country, despite her history of panic
attacksrequiring specialist medical attention. She panicked
in the water. Her ascent to the surface was slowed by an
instructor. Immediately on surfacing she experienced the
onset of generalised paraesthesiae and difficulty inwalking.
Examinationwasunremarkable. Thetreatment of thisdiver
was difficult due to her mental state. Her history was
inconsistent, her symptomsalteringand atrial of recompres-
sion was of no benefit. The ultimate diagnosis was not felt
to be CAGE. However she was advised she was perma-
nently unfit to dive due to her psychological instability.

Six confirmed cases of CAGE were treated. One
occurred in a swimming pool during the first training ses-
sion.® Despitean early recompression aleft hemiparesiswas
the fina result. The outcome was similarly poor in an
instructor who embolised, was retrieved from the water
unconscious and after delayed recompression had evidence
of an incomplete spinal cord lesion at the level of T6.

Delay in seeking treatment

In 60% of cases of DCS initial contact with the
Hyperbaric Unit was not madefor at |east 24 hours after the
development of symptoms. (Table 9). Most of the divers
related their symptoms to anything but an exposure to
increased atmospheric pressure. Typically notification of
CAGE occurred early, the delay of 60 hours related to an
incident in Fiji.

Our timefrom notification of aproblem until recom-
pression (Table 10) is acceptable considering the distances
involved. Road transfersfrom Cairnsinvolve atravel time
of betweenfour tofivehours. Flyingtimeto Brisbaneor Port
Moresby is approximately three and a half hours in the
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TABLE9

TIME FROM ONSET OF SYMPTOMSTO NOTIFI-
CATION

Decompression sickness

Cases %
Lessthan 3 hours 5 12.5
3to 6 hours 7 175
6 to 12 hours 3 7.5
12 to 24 hours 9 225
24 10 48 hours 2 5
48 to 72 hours 3 7.5
7210 96 hours 3 7.5
Over 96 hours 7 175
Unknown 1 25
Total 40 100

CAGE

Cases %
Less than 30 minutes 4 40
30 to 60 minutes 1 10
1to 2 hours 1 10
Over 8 hours 1 10
Over 24 hours 1 10
Over 60 hours 1 10
Unknown 1 10
Total 10 100

TABLE 10

TIME FROM NOTIFICATION TO RECOMPRES-

SION
DCS CAGE

Cases % Cases %
Less thanl hour - - 1 10
1to 3 hours 13 325 1 10
3to 6 hours 7 175 4 40
6 to 9 hours 6 15 - -
9to 12 hours 3 7.5 1 10
12 to 24 hours 10 25 1 10
Unknown 1 25 - -
Not recompressed - - 2 20
Total 40 10

Beechcraft Super King Air.

Treatment

Initial treatment in all except one case was an RN
Table 62. In 17 cases (34%) this was extended. Two
presumptive CAGE caseswerenot treated and onehad an 18
m soak. In recent times we have acquired the necessary
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equipment for the delivery of mixed gases (e.g. heliox)
which will expand our therapeutic options in the more
difficult case.

Thirty nine patients were given between 1 and 10
follow up soaks for residual symptoms. (Table11). These
repeat treatments were continued for as long as definite
improvement of symptoms or signs occurred.

Treatment results

TABLE 11

FOLLOW UP OXYGEN SOAKS

DCS CAGE

Soaks Cases % Cases %
0 512.5 6 60

1 14 35 1 10

2 7 175 2 20

3 5 125 - -

4 3 75 - -
5 2 5 -

6 1 25 - -

7 3 75 - -

10 - - 1 10
Total 40 10

The majority of our cases (26 DCS and 4 CAGE)
were asymptomatic after treatment. Thirteen DCS cases
were left with mild impairment after treatment. A 19 year
old female with DCS has a severe residua proprioceptive
deficit and 4/5 weakness of her right leg. Two CAGE
victims with severe residual impairment have been men-
tioned earlier.

The success of our treatment should be measured in
termsof outcomeand the presence of residual fixed deficits.

Conclusions

In this review inexperience, repetitive diving and
multiple ascents were identified as predisposing factors for
decompression illness. In my opinion it is inexcusable to
have students developing DCS during their certification
course. The instructor agencies have the responsibility of
fulling informing their students of the risks of repetitive
diving and of stressing that any exposure to increased
ambient pressure may produce a dysbaric illness. They
should a so emphasize that the issue of a certification card
does not equate with expertise.

All diversshould befully conversant with the symp-
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tomsand signs of the decompression illnesses and be aware
of theneedto obtain medical adviceearly. Delaysinseeking
treatment can result in permanent physical sequelae.

It must be stated that no computer or decompression
tableisinfallibleand diversshould exercisecautionand dive
well within the no-stop time limits for any depth. Itisaso
wiseto have arest day in the middle of an extended diving
expeditiontofacilitatetheoff-gassing of nitrogenfrom slow
tissues.

Fifty cases are insufficient to draw significant con-
clusions regarding the reliability of decompression sched-
ules or the correct treatment table. However if all Hyper-
baric Units in Australia report such information it can be
collated and used to further diving safety in this country.
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SPINAL DECOMPRESSION SICKNESS:
THE OCCURRENCE OF LAMELLAR BODIESIN
SPINAL TISSUE ASPOTENTIAL FOCI FOR
BUBBLE FORMATION

Brian Hills

Abstract

A novel fixation method designed specificaly to
preservelamellated phospholipid structureshasbeenusedto
demonstrate lamellar bodiesin the spinal tissue of sheep by
transmission electron microscopy. The extreme surface
activity long associated with these structures in the lung
would make them prime agentsfor initiating bubble forma-
tion. Hencetheir widely differingincidenceanddistribution
within sections, between sections and between subjects
indicates that they could be a major factor in determining
individual susceptibility to spinal decompression sickness.

Introduction

Spinal manifestations of inadegquate decompression
of diversare not only more likely to occur that other forms
of neurological decompression sickness (DCS)* but arealso
morelikely toresultinresidua injury. Whilethe pathology
of spinal DCSiswell documented*#, the basic mechanisms
whereby the separation of gasfrom solution can giveriseto
these potentially debilitating |esions remains amost impor-
tant yet controversial issue.

The fact that only 2% of blood flow to the central
nervous system goes to the spinal cord® has been put for-
ward®’ as strong evidence against any mechanism based
upon arterial embolism. At least, this assumes that embo-
lism is synonymous with infarction, which may not be the
case in view of recent evidence of the ability of arterial
bubbles to pass through brain tissue. Whether justified or
not, thesearchfor mechani smsbeyondarterial embolismled
to the theory of venous occlusion at the level of vertebral
venous lakes®. This theory and others invoking infarction
were disputed on several grounds, one being the experience
that spinal symptoms are not only reversed by recompres-
sion but are repeatedly pressure-reversible’. Since recom-
pression has been observed to dislodge bubbles occluding
blood vessele, it is hard to envisage a subsequent decom-
pression causing another shower of intravascular bubblesto
lodge or forminthe samesites, at | east, not to the extent that
the symptoms and their distribution are identical to those
caused by theinitial decompression. Suchargumentswould
favour location the offending gas in extravascular sitesin
which fixed position the same gas could repeatedly reverse
the same symptom distribution simply by compromising
and restoring local blood flow as its volume changed in
accordance with the decompression/recompression proto-
col being followed. Mechanical studies of the spinal cord’
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proved compatible with this mechanical approach to spinal
DCS but still leaves open two vital questions. The first is
why spinal tissue should be so prone to bubble formation
upon decompression, whilethesecond concernswhy certain
individuals should be more susceptible than others.

There arethe obviousfactors predisposing the spinal
cord to bubble formation such as the higher degree of gas
supersaturation which would arise upon decompression in
any tissue with arelatively low blood perfusion rate. Then
thereisthehigh lipid content, especially wherewhite matter
exceeds grey. Inthe original studies of Haldane's group®
their counts of bubbles in the cords of goats at different
vertebrae correlated well with the white:grey ratio. How-
ever there would still appear to be some other factor which
causes some spinal sitesin someindividuals to be so much
more conducive to bubble formation than others.

Turning to basic physics, Y ount'**? has emphasized
how surfactantscan stabili sebubbl esand preservemacronu-
clel, pointing out how surface-active phospholipid (SAPL)
ispresentinvivo. SAPL isthe predominant and most active
ingredient in the mixture of saturated phoshatidylcholine,
other phospholidpids, unique proteinsand other minor com-
ponents simply known as “surfactant” in the lung.®® Inthis
organ, SAPL it haslong been studied for its surface activity
which is very high by comparison with many surfactants
studied in the physical sciences.* Its ability to reduce the
surface tension of the air-aqueous interface is not only
thermodynamic but also kinetic. The alveolar Typell cell
produces* surfactant” intruly remarkable* packages’ known
as lamellar bodies (LBs)* from which the highly active
SAPL isinstantly recruited to the interface as they “pop to
thesurface”.** Theselamellar bodieswould thus be particu-
larly conduciveto initiating bubble formation upon decom-
pression of atissueor stabilising bubblesor their nuclei upon
compression.

Upon decompression, LBs should pose no problem
inthelung wherethereisnever any significant supersatura-
tion of gases due to virtual equilibration of parenchymal
tissuewith theenvironment. Inother tissues, however, their
presence during decompression could be much more seri-
ous. Inrecent studiesin this laboratory of novel roles for
surfactant, we have found LBsin parietal cellsfrom which
their secretion could enable SAPL could providethe gastric
mucosal barriert”t® and in synovial fluid in which SAPL
could provide the elusive load-bearing lubricant of the
joints.**  Moreover, in a review* of the morphological
literature of other organs, lamellated shapesstrongly resem-
bling LBs can often be seen in el ectronmicrographs which
theauthorsignoreor, occasionally in passing, describethem
simply as “whorls’ to which they attribute no functional
significance.

This study was designed to determine whether there
areany lamellar bodiesin spinal tissue. A secondary reason
wasto search for any vascular lining of oligolamellar SAPL
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which we have recently demonstrated in brain®* whereitis
conceivable that it could be providing the blood-brain bar-
rier, abarrier long known to be opened by any circulating
bubbles.2

Materials and method

MATERIALS

Thesourceof spina cordwasthreehealthy 4year old
sheepkilled by stunning with acaptive-bolt gunfollowed by
exsanguination. Within 15 minutes of death transverse
sections of the spinal cord wereexcised at levelsT4and L1
and placed in the primary fixative in preparation for trans-
mission electron microscopy. Theselocationsweresel ected
as the two vertebrae most commonly implicated for spinal
DCSin man?, although not necessarily the most vulnerable

in sheep.

FIXATION

Standard fixation procedures based upon glutaralde-
hyde® are the worst for preserving lamellated phospolipid
since surfaces which they coat are often hydrophobict4t’2

W I e w
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and aldehydes, especidly glutaraldehyde, are known to
destroy hydrophobic surfaces.? Inthisstudy glutaral dehyde
was reduced to 2% by substituting tannic acid (3%) shown
to be ideal for visualizing oligolamellar phospholipid and
used so effectively for demonstrating such structuresin the
lung.? ThefixativewasbufferedtoapH of 7.4 with0.1 M
sodium cacodylate at 4 °C and rendered isotonic with CSF
from the same cord by adding NaCl. Special attention was
paid to isotonicity to avoid ‘peeling’ of any hydrophobic
lining as described el sewhere.

Another mgjor departure from standard procedures
was a very long (72 hours) fixation time based upon the
simple reasoning*®* that barriers such as the blood-brain
barrier are characterised by their impermeability to water-
soluble solutes and this category includes fixatives. Post-
fixation was effected with 1% osmium tetroxide buffered at
apH of 7.4 withembeddinginresin (Spurr mix‘A’; Probing
& Structure, Kirwan, Queensland) polymerised at 60 °C.
Emphasis was placed upon cutting very thin (<60 nm)
sectionswith avery sharp diamond knifein order to resolve
lamellated structures. For comparison purposestwo blocks
were fixed from cerebral cortex of one sheep.

R 37y o 4 . . . 3

Figurel. A transverse section of sheep spinal cord in the vicinity of an arteriole clearly depicting alamellar body. Note
the outer envel oping membrane into which the coil of phosholipid does not insert as occurs with lamellar bodies of highly
active surfactant production in the lung by the alveolar Type Il cell.?? The bar represents 100nm.
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Figure 2. A transverse section of sheep spinal cord showing alamellar body at lower magnification. The bar represents
500nm.

Figure3. Thesamelamellar body shownin Figure 2 shown at higher magnification. Notethemutliplefoci which, if found
in the lung, would be termed a multilamellar body to which greater surface activity is attribute.”
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Results

In two out of three animals lamellar bodies were
clearly discernible in spina tissue as shown in Figure 1.
There were also a number with multiple foci known in the
lung as “multi-lamellar bodies’ . At lower magnification,
theselamellar bodies can be seenin several tissuelocations,
including perikaryon, endothelia cells and peri-vascular
glia (Figure 2), the lamellated structure and multiple foci
being clearly discernibleat higher magnification (Figure 3).

Theselamellar bodieshaveasolid corewhich distin-
guishes them from vesicles such as lysosomes (Figure 4)
seen in comparable numbersin perikaryon and as conglom-
erates of both (Figure 5) reportedin perikaryal cytoplasm of
rat cortex as“lipofusingranules’.® At higher magnification
the laminated nature of this complex is clearly discernible
(Figure6). Occasionally these hybrid granulescan bee seen
clustered quite close together (Figure 5).

Focus upon thevascular lining wasfrustrating, dem-
onstrating a quite strongly osmiophilic vascular lining to
endothelia cells (Figure 7). Upon higher magnification,
however, thiscould not beresolvedtoreveal anoligolamellar
phospholipid lining of theform recently discoveredin sheep
cerebral cortex.
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Discussion

Figures 1-3 leave no doubt that lamellar bodies are
present in spinal tissue with a high proportion being multi-
lamellar bodies. Thisisparticularly interesting since, inthe
lung®, these are even more surface active than regular LBs
and should therefore be even more conducive to initiating
bubbles upon decompression. The extreme surface activity
of LBs and the unique form of this “packaging” can be
appreciated from the ability to simulate “dry” surfactant as
opposed to the “wet” form discussed by Bangham and co-
workers.® The“dry” form hasbeen credited with the ability
toreducethe surfacetension of water rapidly from 72 dynes/
cm (mN/m) to “near zero”# or, even if such values are
artifactually low®, to less than 8 dynes/cm for a condensed
monolayer.

Lysosomeswould be expected to have therelatively
low surface activity of other hollow-core vesicles such as
liposomes of SAPL which typify “wet” surfactant.® Itisa
moot point whether conglomerates, seen in Figure 6, of
lamellated phospholipid with multiple hollow and multiple
solid cores, i.e. lipofusin granules, would be as surface
activeasLBsalone. Some indication might be afforded by
the presence of very similar conglomeratesin parietal cells
from which their secretion to afford acid-protection by

Figure4. A transversesection of sheep spinal cord displaying avesiclediffering fromlamellar bodiesby posessing ahollow

core. The bar represents 50nm.
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Figureb. A transverse section of sheep spinal cord displaying an array of visicles clustered quite closely together in some
areas and absent in others. Some of these vesicles resemble “lipofusin granules’ previously reported in the brain.®

=

Figure6. A “lipofusin granule” from Figure 5 shown at higher magnification when it can be seen to be a conglomerate of
both solid- and hollow-core vesicles with phospholipid lamellations entwined one to another. The bar represents 50nm.

& L
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adsorption of SAPL to the apical surfaces of gastric epithe-
lial cells has been attributed to their surface activity.’® The
samesurfaceactivity whichrendersSAPL or other surfactants
so effective in reducing the surface tension of air-water
interfaces is also effective at solid surfaces, functioning by
adsorption to the surface.* The tendency for lipofusin
granulesto occur in clusters (Figure 5) or to be absent from
a sequence of serial sections demonstrates a very variable
incidence and distribution. Itisalsointeresting that, inrats,
these granules have been reported® to increase in number
with age.

The propensity for bubbles to form in lamellated
phospholipid isreflected in the fenestration of myelin seen
upon autopsy of divers® and the observationin many decom-
pressed animal tissuesthat bubbling occurred almost exclu-
sively in the myelin sheaths.®

Thesimilar variability in theincidence and distribu-
tion of lamellar bodies (Figures 2 and 5), and their potential
for extreme surface activity, indicates that this could be a
major factor in determining the distribution of bubblesfor a
given degree of tissue supersaturation by gasand could have
amajor influence in determining individual susceptibility.
Other factorssuch asthewhite:grey matter ratio and random
features of the microcirculation, such as intermittent
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perfusion®, must also be important in determining the local
level of supersaturation and, hence, separation of gas from
solution. However, these factors would not appear as
variable as the incidence and distribution of LBs and their
conglomerates.

If LBs are a mgjor factor in determining individual
susceptibility, it could explain one very puzzling observa-
tion. Thisisthe propensity for neurological DCS to occur
upon surface decompression as discovered using goats in
carefully titrated decompressions®” and subsequently con-
firmed by much field experience. It was found that any
“upward excursion” at the start of decompression predicted
to induce supersaturation for however short aperiod, e.g. 1
minute®, caused the presenting symptoms upon titration of
the decompression to be neurological rather peripheral, i.e.
Typell rather than Type | DCS. Some mechanism must be
“triggered” during an upward excursion or surface interval
and it is tempting to suggest that the LBs in the CNS are
“activated” into bubble formation.

The tantalising question arising from this electron
microscopy iswhat normal physiological function could be
attributed to lamellar bodiesin spinal tissue. A magjor search
of the literature has revealed LBs in conventional electron
microscope studies of many tissues, including spina tis-

{
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Figure?. A longitudinal section of avenulein sheep spinal cord. Notetheosmiophilic nature of the endothelium indicated

by the arrow. The bar represents 2 um.
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sue®, but they are usually ignored or dismissed by some
morphologists as the membranous remains of dead cells.
This explanation is difficult to accept even for lipofusin
granules within non-phagocytic cells, but the remarkable
similarity to LBsin the alveolar Type Il cell indicates that
they have been produced for a purpose. One possible
function reflecting their propensity for peri-vascular sitesis
toprovide or enhancean endothelial lining, ahighincidence
of LBs having been reported in aortic endothelial cells.®
Such a lining has been implicated by factors influencing
blood pressure® and by electron microscopy of cerebral
cortex.? It was therefore tantalising to demonstrated an
osmiophilic luminal lining to the endothelium of spinal
tissue (Figure 7) and yet not to the able to resolve it with
higher magnificationintotheoligolamellar structureseenin
cerebral cortex. On the other hand this difference might
explain why spinal tissue is more susceptibleto circulating
bubbles known to open the blood-brain barrier2, despite
receiving only 2% of those entering the CN'S on the basi s of
blood flow distribution.®

In conclusion, it was surprising to find lamellar
bodiesin spinal tissue, but their widely differing incidence
and distribution might prove a useful lead in explaining the
variation in individual susceptibility to spinad DCS. If
nothing more, this study provides morphological evidence
of surfactant in a highly surface-active state for the type of
bubble, and nucleus - stabilization long emphasized by
Y ount.1t12
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COMPUTER RECREATION

David Brookman

All diving computers continually sample pressure
and time, either using an algorithm, or a look-up table, to
determine approximate nitrogen saturation from a theoreti-
cal model of the human body. Dissolved nitrogen is esti-
mated in a series of tissue compartments ranging from one
to many (there is an infinite continuum in which nitrogen
may dissolve) whichfor mathematical simplicity areusually
limited to about 6 to 12.*2 The concept of tissue compart-
ments and the mathematical model of nitrogen uptake and
elimination were derived by J.S.Haldane.®* Somedive com-
putersprovidesarecord of thediver’ sdepth-timeprofileand
this can later be used to review the dive profile, and for
comparatively accurate estimations of air consumption.
These resultsin turn alow detailed dive planning.

Computer models of breathing gas usage and nitro-
gen gradients are a useful means of presenting graphically
what may happen during a dive. They are idealised and
hence cannot be used asan accurate representation of physi-
ologica reality.

This paper grew from electronic doodling using a
spreadsheet (Microsoft Works) withanaccompanying chart-
ing program. It is easy to calculate variations associated
with nitrogen uptake and air consumption. | have used an
IBM compatible with only 1 megabyte of random access
memory, so my models have been limited to 5 tissue com-
partments with half-times of 2.5, 5, 10, 20 and 40 minutes,
but these are the onesrelevant to sportsdives of lessthan 60
minutes duration and not suitable for repetitive dive calcu-
lations.

Using a computer to estimate air consumption

Obviously air consumption is dependent on the
amount of physical work the diver does and his or her
breathing rate. Thelatter isdependant onthe pH of the CSF
(which dependsonblood CO, levels), the partial pressure of
oxygen in the arterial blood (both are affected by exercise)
and the psychological state. Lippmann* gives a method of
calculating air consumption in his book that is limited in
accuracy by the approximation to atrapezoidal dive profile.

Using a computer that replays a depth-time profile
will give 3 minute samples of depth that allows the deriva-
tion of aweighted average of thedepth (or an estimate of the
integral of the depth/time curve). Table 1 provides such a
profile.

In this table the respiratory minute volume (RMV)
has been calculated (it is directly reproduced from the
spreadsheet). The method of calculation is:



SPUMS JOURNAL Vol 22 No 2 April-June 1992

TABLE 1
Divetime 44 minutes
Fill pressure 280 bar 276.41 atm
End of dive pressure 70 bar 69.10 atm
Air cylinder water capacity 101
Depth Time Pressure
(MSW) (minutes) (atm)
15.0 3 2.58
234 6 3.32
31.2 9 4.10
32.7 12 4.24
324 15 421
30.9 18 4.07
225 21 323
16.2 24 261
14.7 27 2.46
10.5 30 204
8.4 33 1.83
7.8 36 177
9.9 39 1.98
7.2 42 171
0 45 0.00
0 48 0.00
0 51 0.00
0 54 0.00
0 57 0.00
0 60 0.00
Sum of pressure * time 120.48 atm.min
Average pressure 2.74 am
RMV 17.21 L/min at 1 atm
For each depth:

Pressure = (depth/10.8)+1 (atm)

For the whole dive (where T = duration of dive)
Mean pressure = (1/T) *sum(pressures *3) (atm)
(the 3 isthe three minute sampling intervals)

and finally where Pe = tank pressure at end (bar)
Pf = tank filling pressure (bar)
C= water capacity of tank (litres)

RMV = (Pf-Pe)* C/ (T * P) litres/min (at 1 atm)

Greater accuracy could be obtained if the times of
variations of the diver's physical activity and the tank
pressure at the time are recorded. RMV'’s can then be
calculated for each phase of thedive. Itisdoubtful that such
accuracy is valid or desirable as it represents a sampling
variation of the experimental result, and intrudes into the
enjoyment of diving.

Table 2 demonstrates the same caculation for a
shallower but longer dive.
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TABLE 2

Divetime 61 minutes

Fill pressure 210bar  207.31 am

End of dive pressure 50 bar 49.36 atm

Air cylinder water capacity 1141
Depth Time Pressure
(MSW) (Min) (atm)
114 3 2.13
111 6 2.10
8.4 9 1.83
5.7 12 157
51 15 151
7.5 18 1.74
9.6 21 1.95
9.3 24 1.92
9.3 27 1.92
8.7 30 1.86
75 33 174
6.9 36 1.68
111 39 210
10.8 42 2.07
9.6 45 1.95
114 48 2.13
10.8 51 2.07
9.3 54 192
8.1 57 1.80
4.8 60 1.48
Sum pressure * time 112.50 atm.min
Average pressure 1.84 atm
RMV= 16.01 L/min at 1 atm

Estimating nitrogen gradients

Haldane proposed a limit to the rate of ascent of a
maximum ratio of nitrogen partial pressure to ambient
pressure of 1.58. As nitrogen is the dominant inert gas
involved (CO, and O, being chemically interactive are not
usually includedinthedetermination of partial pressure) this
equates to a ratio of 2:1 of nitrogen partial pressure to
ambient pressure.

Using the Haldane model with tissue compartments
with half timesof 2.5, 5, 10, 20 and 40 minutesit ispossible
to graph the changing nitrogen partial pressures (which
equatetotissuesaturation) for eachdive. Figurelrepresents
the dive of Table 1 showing the nitrogen partial pressuresin
each compartment, and Figure 2 showsthe dive of Table 2.

The U.S. Navy tables have been derived using the
Haldane model. Datafrom experimental dives suggest that
the Haldane model is too restrictive where fast tissues are
involved, and may not be adequate where slow tissues are
considered. Slow tissues affect the repetitive dive estima-
tions of residual nitrogen which are not the subject of this
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paper. Thenitrogen gradient can be used to demonstratethe
desirability of slow ascentsfrom deep divesand the effect of
staging and decompression stops. Readers who are inter-
ested can readily analyseindividua dives (if they are wear-
ing the appropriate dive computer) asateaching exercise. It
may al so beuseful tothosediverswho arenot fit, lean, males

5 -o =5
- t=40

aged between 20 and 30 years of age who wish to modify
their dive profilesto minimise their nitrogen gradients.

Table 3 shows an nitrogen gradient calculation for a
comparatively deep dive.
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TABLE 3 These calculations can be reproduced graphically
(thedark barsrepresent thegradient ratio, thelight theactual
Depth Time Relative  Nitrogen Nitrogen  estimated pressure). Figure 3 showsthediveof Table3, and
(MSW)  (minutes) Ambient  Pressure Gradient  Figure 4 shows another better executed dive with a slower
(atm) Gradient Ratio ascent timeand longer staging but of similar depth and more
suited to those not fulfilling the physical criteriaof the U.S.
35.7 3 354 154 354 Navy’'sdivers.
37.2 6 3.69 0.74 0.64
36.6 9 3.63 0.29 0.85
36 12 3.57 0.10 0.95 Dive planning
37.2 15 3.69 0.1 0.95
36.9 18 3.66 0.03 0.99 Data derived from the above dive analysis can be
21.6 21 214 -0.79 -1.47 used to plan new divesin greater detail. Itisamoot point
12 24 1.19 -1.15 -1.80 whether thisis desirable asit may encourage some to push
8.4 27 0.83 -1.16 -1.82 their air supply to its limits and thereby create “ out of air”
4.8 30 0.48 -1.23 -2.03 crises and hence subject themselves to the risk of decom-
4 33 0.40 -1.07 -1.94 pression illness. Therefore | would not envisage this as
4 36 0.40 -0.88 -1.76 being useful for any but themost experienced diverswhoare
0 39 0 -1.15 -2.28 planning exceptional divesand for those involved in teach-
0 42 0 -1.04 -2.15 ing. Theruleof thumb recommended by most of thetraining
0 45 0 -0.94 -2.04 agencies of one third out, one third back, one third reserve
0 48 0 -0.84 -1.94 should be maintained. Wherethisplanning function may be
0 54 0 -0.69 -1.76 useful is pre-dive estimation of the nitrogen gradient (par-
0 57 0 -0.65 -1.69 ticularly for those at greater risk of DCS), and for demon-
0 60 0 -0.62 -1.65 strating to studentsthe change in the tank pressuresthat can
0 63 0 -0.59 -1.62 be expected throughout the dive.
0 66 0 -0.56 -1.59
Table 4 gives a projected dive which would exceed
the expected safety limits and hence should not be con-
Fig 3
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TABLE 4
Depth Time Relative Nitrogen Nitrogen Tank
(MSW) (minutes) Ambient Pressure Pressure Pressure
Pressure Gradient Ratio (bar)
(atm) (atm) (atm)
20 3 1.98 131 1.98 269
40 6 3.97 217 0.34 251
40 9 3.97 1.43 0.56 228
48 12 4,76 147 0.61 202
48 15 476 0.97 0.74 174
30 18 2.98 -0.54 -1.21 151
20 21 1.98 -1.01 -1.51 132
20 24 1.98 -0.67 -1.34 116
15 27 1.49 -0.80 -1.47 101
15 30 1.49 -0.65 -1.38 88
10 33 0.99 -0.93 -1.58 77
10 36 0.99 -0.76 -1.47 66
10 39 0.99 -0.62 -1.38 56
5 42 0.50 -0.94 -1.74 47
5 45 0.50 -0.85 -1.63 39
5 48 0.50 -0.77 -1.57 31
5 51 0.50 -0.69 -1.51 23
5 54 0.50 -0.62 -1.49 16
5 57 0.50 0.56 -1.42 8
0 60 0 -0.98 -2.06 2
0 63 0 -0.98 -1.98 2
0 66 0 -0.98 -1.98 2

Cylinder fill pressure = 280 Bar Cylinder water capacity = 101 litres  Respiratory minute volume = 16.8 L/min

Fig 4
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ducted.

The dive is demonstrated graphically in Figure 4.
Thefailureinthisdiveistheinevitableout-of-air risk though
the decompression stops are quite conservative. A diver
withthisprofilewould need toresorttoextraair (asparetank
hanging at the 5 m decompression stop) even assuming that
the Respiratory Minute Volume did not change from the
diver's average (i.e. exceptiona physical activity was not
required and no anxiety was aroused) and such an assump-
tion cannot be the basis for a safe deep dive.

Obviously greater sophistication of the computer
model could be achieved if RMV’s for differing levels of
activity wereincluded. Suchastepisnot desirablegiventhe
use to which this model should be put.

There have been articles criticizing the use of dive
computers because they lack the inherent safety margin
imposed by the maximum square profile resulting from the
useof thetables. Itispostulated thispromptsdiversto push
their diveto thelimits of the computer. Others have lauded
computers as they reduce the risk of miscalculation by the
narcosed diver! Both are probably correct. Dive computers
are merely tools. Their use is another art that must be
acquired by diversto minimise their risk of decompression
illness. Computers that record the dive profile allow the
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analysisof divers profilesand canshow if they aremisusing
the computer. They also provide auseful record should the
diver be unfortunate enough to suffer a decompression
illness. Anaysis of the dive profile could alow some
judgement to be made of where the dive went wrong, rather
than relying upon the diver’s imperfect memory.
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SPUMSNOTICES

SPUMS ANNUAL SCIENTIFIC MEETING 1993

Thiswill be held at the Pan-Pacific Hotel in Palau in May or early June 1993. The exact dateis

still to be fixed.

The guest speaker will be Professor David Elliott, co-author with Dr Peter Bennett of The
Physiology and Medicine of Diving. Heisan excellent teacher and an entertaining speaker.

As there has been much interest in this venue from members and associates the Committee
considersthat those who usually leave their decision to the last minute (and there are many) arelikely
to miss out because the hotel will have sold the rooms not booked by SPUMS to others.

To make certain of being able to accommodate all those who wish to attend it has been decided
that there will be a cut off date, the 14th of December 1992, when hotel bookings will be made, and
rooms guaranteed, for all those who have applied to Allways Travel enclosing adeposit of $Aust 600

per person.

Every attempt will bemadeto provideaccommodation for thosewho decide, after thecut off date,
to attend but they may be disappointed. The message is book early and be certain of attending.



MINUTES OF EXECUTIVE COMMITTEE
TELECONFERENCE
SUNDAY 16TH FEBRUARY 1992 AT 10:00 EST

Apology

Dr Tony Slark

Present

Drs Des Gorman (President), Darrell Wallner (Sec-

retary), Grahame Barry (Treasurer), John Knight (Editor),
David Davies (Education Officer), ChrisAcott, SPaton and
John Williamson.

1

Minutes of previous meeting

TheMinuteswereread and accepted asatruerecord.

Proposed by Dr Knight, seconded by Dr Barry.

2

Business arising from the Minutes
21 A.G.M PORT DOUGLAS
Dr Williamson reported that the Scientific Pro-
gramisnearly complete. Some short Hyperbaric Medi-
cine papers are still being prepared.

Chairpersonsfor the Quicksilver sessionswill be
appointed as available for each trip. There was some
concern that registration numbers are down. Advertise-
mentsareto beplacedintheMedical Journal of Australia
Bulletin, The Dive Log and Doctors Weekly. Geoff
Skinner’strip to DEMA has resulted in about 100 new
SPUMS member enquiries. For overseas visitors the
pre- and post- conference dive package may be too
limited and Dr Paton will discuss with Allways the
feasibility of distributing a list of aternative tours to
overseas members with Allways acting as an agent.
However, this would necessitate air mailing to all the
American members.

22 PALAU MEETING
Consideration to be given to an April-May date
for the A.G.M.

23 P.N.G. MEETING
No progress.
24  ANZHMG

Dr Williamson reported that the meeting on 2nd
December was successful and the group isvery enthusi-
astic. The second meeting will at Port Douglas. There
will beaneedfor 2further teleconferenceswhichSPUM S
is happy to underwrite.

Surgeon Commander Tim Dillon, at Canberra,
will be the Secretary of the group.

Darwin’s hyperbaric unit will be maintained.
Christchurch’s unit is having difficulties. The Hyper-
baric Medicine field is rapidly expanding with advice
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being sought by Palau, Kiribas and Fiji on retrieval
systems for their chambers.

TheDESnumber isbeing used frequently. There
is some pressure from other organisations to use it for
other emergencies other than diving. Thisisnot being
encouraged.

At the moment there are two retrieval servicesin
North Queensland - The North Queensland Emergency
Response Group and the Royal Flying Doctor Service.

25 DIVE COMPUTERS
Dr Acott will commence his paper shortly.
26 OXYGEN CYLINDERSON DIVE BOATS
Dr Patonwill follow thisupwith Allways Travel.
2.7 DIVING AND DIABETES

Dr David Davies' paper will be published in
SPUMS Journal (1992; 22 (1): 31-32) as a SPUMS
policy on this subject.

Diving doctorslist
31 RANSUM
After somedifficulty Surgeon Commander Strack
will provide alist, probably incomplete.
3.2 RAHDIVING MEDICAL COURSE

The Adelaide List has been received. It was
agreed that SPUMS application forms be given to all
people completing the Adelaideand RANSUM courses.

3.3 NEW ZEALAND LIST
New Zealand list not yet received.
3.4  All non-memberswho havedonethecourseswill

be contacted asking them to join and if they desire, be
placed on our published list of Diving Doctors.

35 ANNUAL SUBSCRIPTION NOTICE

This will incorporate a questionnaire asking for
detail sof divingMedicine Training and theaddressesfor
Diving Examinations. Thiswill enableustokeepour list
easily updated.

36 DIVEINSTRUCTOR GROUPS

The Secretary will contact BSAC, NAUI, AUF
and PADI askingthemfor their diveshoplocationssowe
canidentify areaswherethereisalack of trained Diving
Doctors. Whenwereceivethisinformation, DrsGorman
and Williamsonwill be ableto correlatethese areaswith
our list of diving doctors, probably with the help of
medical students.

Standards Australia

The Recreational Standard AS 4005.1-1992 will be

available soon. The medical examination formisbasically
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our recommended form to the Committee CS/83. The
SPUMS Diving Medica will be printed as a booklet and
distributed with the March Journal.

5 AMA letters

Thefull correspondencewill beavailablefor thenext
committee meeting.

6 Treasurer’sreport

6.1 Therewill beasub-committee (Secretary, Treas-
urer and Editor) meetingin Canberrain Marchtodiscuss
streamlining varioussecretarial and accounting arrange-
ments.

6.2 Credit Card Facilities. At the moment all new
members pay by cheque. The opening of thisfacility is
to be done by the Treasurer (Dr Barry).

7 Correspondence

7.1  ThekEditor sletter to Dr PWilmshurst of theBS-
AC regarding hisattack on Dr Adkisson wastabled and
approved.

7.2  Letteraskingforinformationonathe Spirometer.
Dr Gorman will deal with this.

8 Other business

8.1  DrWilliamsoninformedthemeetingthat heison
the Federal Committee of the Australian Resuscitation
Council which is preparing a 1st Aid for Divers policy
document for publication.

8.2  Alsothat an Australian Tropical Medicine Insti-
tute has been opened in Townsville.

9 Next Committee M eeting
Sunday, 31st May 1992, at 1800 at the A.S.M.

SPUMSMEETING, TATHRA
MARCH 14TH AND 15TH.

Convener Dr Geoffrey Long

Twenty six registrants, madeup of SPUM Smembers
and other doctorsinterestedin diving medicine, attended the
SPUM Smeeting at Tathra. M ost wereaccommodated at the
samehotel astheconferenceand so could meet ontheFriday
evening and get to know each other.

On Saturday afternoon there was an interesting and
varied selection of speakersand topics. Dr Darrell Wallner,
Secretary of SPUMS, spoke on Sting Ray injuries. Hisson,
Bruce, related some marine environmenta studies under-
takenin JervisBay. Dr Rob Heard gave aneurology update
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and Dr Simon Bass discussed Asthma and Diving. Dr
Michael Bennett spoke about aero-retrieval of diving acci-
dents and Paul Cozens, the dive leader, delivered a paper
entitled “Open Water 1 Training and its Shortcomings”.

The keynote speaker for the afternoon was Dr Carl
Edmonds who, with the help of the questionnaire repro-
duced with this report, told us about the limitations of our
equipment at depths greater than 30 m. Most of theanswers
can be found in the SPUMS Journal Vol 22 No 1. The
audience of about 50 people, which included local diving
identities, was attentive and appreciative. In the evening a
dinner was enjoyed by nearly sixty doctors, divers, wives
and husbands.

Questionnaire

Equipment limitationsin excess of 30 m

1 What weight shouldadiver carry (onaverage) ? Give
aspecific figure. No waffle.

2 What isthe “| want to buddy breathe signal” ?

3 What is the buddy’'s usual response to a buddy
breathing request at 39 m (130 ft) ? Why ?

4 Why should buddy breathing have failed ?

5 At 39 m (130 ft) and 35 bar (over 500 psi) how long
doesit taketo add 10 litres of air to aBC, if you are
breathing for the regulator at about 60 I/min (moder-
ate exertion) ?

6 Under those conditions, how many minutes would
you be able to stay down there before you felt
resistance to breathing ?

7 How many more minutes beforeyou weretotally out
of air ?
8 How could theabsenceof onefin contributeto death?

9 At 39 m (130 ft) and 35 bar (over 500 psi) how long
doesit taketo add 10 litres of air toaBC ?

10 Indivingfatalitieshow oftendoesthevictimditchhis
weights ?

11 What usually innocuous physiological abnormality
may predisposeto cerebral decompressionillnessin
divers who dived within the tables ?

12 How many previous no-decompression dives could
the dive master have donethat day ? Hefollowed his
dive computer, went to 30 m each time and had 8
minutes bottom time (10 minutestotal divetime) on
each dive.
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LETTERSTO THE EDITOR.

THE END OF NO-DECOMPRESSION DIVING

Telita Cruises
PO. Box 303, Alotau
Papua New Guinea
April 20th 1992
The Editor,

| was of course delighted to see my letter and article
published in the January-March issue. But, alas, the grem-
lins struck. The title of my article was “The end of NO-
decompressiondiving”. Y ou omitted the NO from both the
pieceandtheindex. | wouldbegrateful for acorrectionsince
thetitle as printed makes no sense. and | hateto give fuel to
those who think | am crazy.

Bob Halstead

The Journal apologises for the mistake made
in reprinting Mr Halstead's article. A corredtion
will be made to the index which is in preparation.

ASTHMA AND DIVING

Diving Medicine and Assessment Centre
4 Dodson Ave
Milford, Auckland 10
NEW ZEALAND
11 March 1992
The Editor,

The debate as to whether asthmatics should scuba
divehas, with somejustification, persistedindivingmedical
publications. Theknown, theoretical risk of air embolus, in
additionto theincreased risk of provoking an asthmaattack,
continue to give diving physicians difficulty explaining to,
and declining, enthusiastic dive candidates.

The SPUMS Journal published the New Zealand
diving-related fatalities 1983-844, compiled by Douglas
Walker, which had been previously presented to a pre-
SPUM Smeeting at Tutukakaby Surgeon Commander Peter
Robinson. On reviewing the 20 case studies of diving
deaths, 10 had medical contra-indications to scuba diving
and 5 (25%) were known asthmatics. Even accepting these
figures of 10 scubadiving deaths per year, (other observers
recorded 12 diving deaths per year over this period of time),
there were far too many diving deaths in patients who had
medical contra-indications. These deaths were a major
factor stimulating the formation of the New Zealand Chap-

ter of SPUMS, the holding of conferences on diving medi-
cine in New Zealand, and the publicity of risks of diving,
with emphasis on the medical contra-indications.

Returning to the question of asthma, a25%incidence
in diving deathsismuch higher than onewould expect from
a cross-section of the New Zealand population, in which
respiratory physicians estimate under 5% have significant
asthma, and 15% have reactive airways.

There appears to be much conflicting literature on
asthmain diving medical journals. The numbers of diving
deaths recorded here of 10 per year in a population of 3
million, isvery significant. Subsequent figureshavedemon-
strated adrop in the number deaths of personswith medical
contra-indications to diving.

Allan F.N.Sutherland
Reference
1 Waker DG. Provisional report on New Zealand div-
ing-relatedfatalities1983-1984. SPUMSJ 1986; 16
(2): 43-54

RADIOLOGY AND DIVING

Health & Safety Executive
Field Operations Division
Fraser Place, Aberdeen AB9 1UB
United Kingdom
12 March 1992
The Editor,

As part of the on-going revision and updating of its
guidance on statutory medical examinations and with the
over-riding wish to minimise radiation exposure, Health &
Safety (HSE) has reconsidered the need for long bone
radiographs of commercial divers.

The primary reasons for radiography of the hips,
knees and shoulders in divers have been the detection of
existingbonelesionsat thecommencement of divingandthe
early detection of osteonecrotic lesions during a diver's
career. It has been acknowledged that such surveillance is
particularly appropriate in certain categories of diving.

Variousfactors haveinfluenced usin the decision to

change the guidance. These include:

1 As mentioned above a wish to reduce the overall
radiation exposure of divers.

2 A wishto shift theemphasi sof the medical examina-
tion from screening towards surveillance in relation
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to occupational risk and hence to produce informa-
tion to aid the diver in reaching decisions about his
health and work.

3 A belief that there should be a balance between the
risksof radiation and the benefitsto be gained by the
diver and hence that radiography should be the sub-
ject of counselling and informed consent.

4 Our understanding that the incidence of disabling
osteonecrotic lesions is very low. Lesions are par-
ticularly rarein the air diving range

5 Whilst the detection of alesion has no influence on
thelikelihood of other futurelesionsthe continuance
of diving of the same kind may lead to other lesions.
The disabling effect of alesion (if juxta-articular)
will naturally be increased by the development of
diseasein other joints.

6 That the removal from diving work of a diver with
established osteo-necrotic disease does not arrest the
progress of that disease and further that the condition
is not amenable to currently available treatment.

7 In diving, lesions of the shoulder and hip greatly
exceed those in the knees.

8 Finally, that the finding of abony lesion at the pre-
employment stage would not necessarily, of itself,
preclude diving.

Wethereforerecommend that the practiceof routine
pre-employment |ong boneradi ography should cease. Simi-
larly routine radiography prior to Part 1, Part 111 or Part IV
training should also cease. However, radiography of the
hipsand shoul dersand kneesshouldbecarried out beforethe
commencement of Part Il training and of the hips and
shoulders at intervals thereafter whilst the diver is still
engaged in mixed gas or saturation diving.

Factors in the decision would be those currently
advisedin MA1 Para40 subject to the clinical judgement of
the examining doctor in the light of the diver’s history and
the results of clinical examination. Radiography may be
advised on clinical grounds in situations other than those
described.

If radiography is not judged necessary on other
grounds, it should be repeated at intervals of 5 yearsduring
adiver's career.

The decision to radiograph thelong bones should be
the subject of agreement between the diver and the examin-
ing doctor - that is to say the diver should give his or her
informed consent.

Examining doctorswould retain theright not toissue

a certificate of fitness if they felt that radiography was of

crucial importancetotheir decisiononfitnessinany particu-
lar case and the diver would not agree.

Dr E M Botheroyd

Senior Employment Medical Adviser

Health & Safety Executive
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HIGH TECH DIVING

Fund Dive Centre
255 Stanmore Road
Stanmore, New South Wales 2048
28 April 1992
The Editor,

| read with interest the editorial “High Tech Diving”
by Dr Des Gorman in the January-March 1992 (Vol 22 No
1) issueof the SPUM S Journal. | wouldliketo point out that
two statements made by Dr Gorman are inaccurate and
likely to lead to misinterpretation of the High Tech Divers
intentions, thereby damaging their credibility.

Dr Gorman'’ s statement that this group “plansto use
scuba apparatus and oxygen-helium, perhaps trimix, gas
mixtures to dive beyond 50 msw, and according to some
pressreleases, asdeep as200 msw” isincorrect. Theabove-
mentioned High Tech Divers have never expressed inten-
tionsto dive to 200 msw, nor have they planned to do so on
open circuit scuba equipment.

Dr Hamilton’ sassociation with High Tech Diversin
Australiaas so far been limited to discussionsabout produc-
ing decompression tables for a 82.75/17.5 heliox FGG111
semi-closed circuit dive to amaximum depth of 325 fsw (95
msw) for a maximum of 40 minutes. Dr Hamilton has
agreed, in principle, to do so.

Rob Cason

Telita Cruises
PO. Box 303, Alotau
Papua New Guinea
April 20th 1992
The Editor,

Des Gorman'’ sentertaining editorial assumesthat all
high tech diving is oxy-helium or trimix diving, and uses
cases of disastrous experiences with these gases to justify
SPUM S campaigning against recreational high tech diving.
However “Technical Diving”, as it is more commonly
called,ismorelikely to manifest itself by recreational divers
using enriched air, not oxy-helium or trimix, and also
includes the wonderful and dramatic dives, using air, that
wererecently madeincavesinWesternAustraia ISSPUMS
going to campaign against these as well?

Dr Gormaniscompletely correct that ri sk acceptance
must be preceded by education, and the recreational diving
industry hasalready devised coursesfor thispurpose, highly
responsible of them, surely. However some of his other
comments had me in stitches. “Recreation should be fun”
indeed, does SPUMS think perhaps that ADVENTURE
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should not beapart of life? Funto medenotessomefrivolity,
and | believe that the phrase “Diving is Fun” has done
enormousdamagetorecreational diving. Asyouwell know,
all diving requires a disciplined and responsible attitude.
Promoting diving as fun attracts the WRONG people to
diving classes. But thereal corker isthe comment about the
“psychology and mentality involved” in undertaking high
risks. | agreethat thevast mgjority of diving “accidents’ are
caused by afailureto recognise, or adecisiontoignore, the
real risksof adive, acondition | call “stupidity”, acommon
mental state. It could beafunction of low intelligencebutis
MORE OFTEN DEMONSTRATED BY THE CASUAL
ATTITUDEOFDIVERSWHOTHINK THEY AREHAV-
ING FUN (like going to a party) instead of being serious
about the dive. Ironically this is a condition THAT IS
COMPLETELY IGNORED IN YOUR DIVING MEDI-
CAL publication included in the same issue.

| note that Dr Gorman writes that SPUMS will not
oppose any government who consequently legislates some
limit on (high tech) recreationa diving. | am one of those
Australians that he mentions, that believe | should have
freedom of choice and no Government intervention, and |
am quite prepared to pay my own way, as long as those
injured in other adventure or sporting activitiesdo the same.
Thereason | oppose any legislation isthat the vast majority
of regulations assumethat | am either criminal or stupid. It
is about time that some recognition be given to the fact that
there ARE stupid peoplewho should not be diving or whose
diving should be limited to very low risk dives. Then there
are others who can learn and who will be able to conduct
safely dives of amuch higher risk. Education is preferable
tolegidation. | amadmittingthat somewill not benefit from
the sort of highly technical programsthat will be necessary,
so why not exclude them instead of everybody ? The first
placeinthe screening processisthedivingmedical, why has
stupidity beenignored ? SPUMSis vitally concerned with
physical fitnessto dive, are you not concerned about mental
fitness as well ? s this too hard for the diving medical
community ? Are psychological tests excluded ? What
about intelligence ?

SPUM Shelievesthat al candidatesfor diving should
have a medical examination by a physician qualified in
diving medicine. Therest of theworld (or ailmost) believes
that the diving instructor has the ability to make the first
determination, from a questionnaire, as to whether a pro-
spective student is medically fit to dive and only if some
contraindication isindicated on the form doesthe instructor
refer the candidate to a doctor. If SPUMS believes that
instructorsarenot qualified to makethisdetermination, well
that is fine with me, BUT, at the end of the course the
instructor is expected to make an evaluation of the mental
state of the candidate. NAUI, to its great credit, uses the
phrase“would | let my loved onesdive with this student” as
a fina determination as to whether the diver should be
certified. Neverthelessinstructorsarereally not qualifiedto
determine a prospective diver’s mental state.
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Havingthe"right stuff” for diving, andESPECIALLY
Technical diving, is not only a question of physical fithess
but also of MENTAL fitness. All legidation doesisrestrict
thelivesof those who do have the special abilitiesnecessary
for SAFE participation in higher risk activities. Higher risk
does NOT necessarily mean greater danger. It does mean
that more ability and training isrequired. Arbitrary limits,
such as the 40 m “safe depth limit” are an insult to intelli-
gence. Many diversareunsafeat 10m!! Are ALL divers
unsafeat 41 meters? Why do the Project Stickybeak reports
never have any reference to the I1Q or the pre-dive mental
state of victims ? |s this a plot to ensure that intelligent
people are not alowed to do anything in their leisure time
that astupid person cannotdo ? | putittoyou, seriously, that
SPUMS has ignored the mental health aspect of fitness to
dive. Can | have aresponse please, from anyone?

| do not believe that any of my 6,000 odd dives have
been dangerous except as| note in the next paragraph. The
reason isthat | have assessed the risks carefully and, to the
best of my ability, knowledgeably, and have only dived
where | was confident that | had the skills and knowledge
necessary to overcometherisksand makethedivesafe. The
reason for my assuming the risks, is NOT the risks them-
selves, but because| LOVE theunderwater world. | havean
enormous desire to see what and how creatures live their
lives 100 metersdown. Thereason | have not seen themiis
because | do not have away of overcoming the increased
risksof beingthat deep. But if technology producesameans
for meto do this, so that | am satisfied that the dive is safe,
| will be there. If you really have to pass laws to save the
public purse why not try to ban smoking or anal sex? Or,
even better, passalaw banning regulations. Then we could
put the bureaucrats on the dole where they will do lessharm
and earnawagemoreappropriatetotheir abilities, andreally
save money to spend on new hyperbaric facilities? It's all
right, | know the answers, but can we spare diving please ?
I aminfavour of better screening of student divers, of much
better, and graded, diver education and training, and proba-
tionary periods for new divers. But always EDUCATION
never LEGISLATION.

Some of therisksthat are very hard to determine are
those forced on me. If | divein Queensland, Australia, by
legidlation | haveto divewith abuddy who may beunknown
to me. Thedangerous situations | have been in underwater
were ALL caused by other divers. A recent survey |
conducted revealed that MORE (experienced) divers were
put into dangerous situations BY THEIR BUDDIES than
were“rescued” by them. LegidationisNOT the answer to
ANY of diving'sproblems. Infact | haveto wonder at the
psychology and mentality involved with those that propose
it, or those that do not actively oppose it.

Bob Halstead
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PULMONARY BAROTRAUMA
DURING POOL TRAINING

Diving Medicine and Assessment Centre
4 Dodson Avenue
Milford, Auckland 10
New Zealand
19 February, 1991
The Editor,

| wish report asecond case of pulmonary barotrauma
and cerebral gas embolism sustained whilst undergoing
scuba training.

An18year oldfemal eexchangestudent from Canada
ascended rapidly from 4.5 min June 1991. She had been
having difficulty equalising her ears, inflated her buoyancy
compensator, and shot rapidly tothe surface. Atthesurface
shefelt short of breath, had chest discomfort and was dizzy
and tired.

Her GP recognised the problem was diving related
and referred her on for my assessment.  Assessment was
particularly difficult as she presented as alethargic, giddy,
young adult whose cerebral functionwasquiteinappropriate
for an exchange student when tested with memory, simple
mathematical problems and general discussion. She was
short of breath with some chest discomfort. Shefell to the
right with the Sharpened Romberg test and had some 2-beat
nystagmuslaterally. Shewassent tothe Royal New Zealand
Navy recompression chamber for atrial of therapy. Both her
impaired mentation and her balance improved after thefirst
treatment. She was discharged following a further three
treatments, at which time her mental fucntion was regarded
asnormal.

This case demonstrates the difficulty of assessing a
young person whose mental function is suddenly impaired,
asjudged by her friends(her family wasnot available). After
recompression therapy her mental function, balance and
nystagmus all returned to normal.

Allan F N Sutherland

DIVING MEDICAL CENTRE COURSES
SCUBA DIVING MEDICAL EXAMINATIONS

Courses will be conducted to instruct medical prac-
titionersin diving Medicine, sufficient to meet the Queens-
land Government requirements for Recreational Scuba
Diver assessments,

For further details contact
DIVING MEDICAL CENTRE,
132 Yalambee Road,
Jindalee, Queendand 4047
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THE OVER-DIVED SYNDROME

Diving Medicine and Assessment Centre
4 Dodson Avenue
Auckland 10
New Zealand
19 February, 1992
The Editor

Having now identified two air emboli sustained in
scubadiving training pools during rapid ascent from 3.6 m
(12 ft)* and 4.5 m (15 ft)? respectively, | wonder how
frequently such significant incidentsoccur and how many go
undetected, yet have permanent sequelae?

In the group of severe diving accident cases® that |
have followed up, and in sports diving instructors, | have
noted ahighincidenceof medical, neurological andintellec-
tual changes. The intellectual changes have been docu-
mented in the reported cases, by Dr Dorothy Gromwell’s
Post-Concussion Clinic at the Auckland Hospital. No such
intellectual function assessment has occurred on the sport
diving instructors, although, like myself, this much dived
group have soft neurological changeswith almost universal
hearing difficulties and tinnitus.

It is my contention, for which | invite informed
discussion, that scubadiving incidents such asrapid ascent,
can cause minor changes, which subsequently compound,
affecting neural and other tissues, leaving many middle-
aged, over-dived sport divers and sport diving instructors,
with minor permanent medical disabilities. | propose the
name “ The Over-Dived Syndrome”.

Allan F N Sutherland
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ROYAL AUSTRALIAN NAVY
SCHOOL OF UNDERWATER MEDICINE

DIVING MEDICINE COURSE
21st September to 2nd October 1992

Apply directly to
The Officer in Charge,
School of Underwater Medicine,
HMAS PENGUIN,
Bamoral, N.S.W.2091
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BOOK REVIEWS

DIVING AND SUBAQUATIC MEDICINE (Third Edi-
tion)

Carl Edmonds, Christopher Lowry and John Pennefather
ISBN 0-7506-0259-7

Butterworth-Heinemann, Oxford

RRP $A 95.00

It is an overdue pleasure to read the third edition of
this well known Australian textbook. It is a much larger
book than the last edition. This is the only disappointing
featureof thenew edition, itisheavier and more awkward to
hold. Theincreasein sizeismostly duetotheuseof alarger
type face, which | must admit makes it easier to read.

The book has been extensively revised and now has
colour platesfor someof themoredifficult thingsto show in
black and white. Therearemany new illustrationsand most
of the old favourites have been retained.

One of the most obvious changesisthelarge number
of case reports scattered through the text. These clinical tit
bitsilluminate and drive home many lessons. It isdifficult
tothink of anything that would be of useto aclinician which
has been left out. | have not had any successin this task.

Although the price appearshigh it is (after allowing
for inflation) about the same cost asthefirst edition 16 years
ago. Likethat book, thisoneiswell worththeprice. It should
beonthebookshelf of every doctor who dives, aswell asthat
of every diving doctor, and in every hospital and medical
library.

John Knight

MAN IN THE SEA

Volumes 1 and 2

Editors Yu-Chong Lin and Kathleen K.Shida
Best Publishing Company, Flagstaff, Arizona
RPP Vol 1$US 32.00, Vol 2 $US 30.00

Thesetwo booksaretheresult of the Second Interna-
tional Symposium on Man in the Sea, held in November
1988 in Honolulu. Thisreview is alittle |ate as the books
werepublishedin 1990. TheFirst International Symposium
onManinthe Seawasheldin 1975 andtheproceedingswere
amost interesting and wide ranging book.

This symposium, with many contributors, covers
saturation diving in volume 1. The sections deal with
compressionregimes, theeffecsof different gasmixtureson
HPNS, pressure adaptation, saturation diving by different
organisations and countries, decompression, bubble forma-
tion, decompression illness, Doppler evaluation of decom-

pression tables and finally the future of manned diving.

The second volume is devoted to sports diving,
hyperbaric medicine, manned submersibles and finishes
with a paper on the future of man in the sea. Most of the
papersin the sports diving section are on physiology, espe-
cialy that of breath-hold diving. The last paper in this
section is a comparison of the safety records of novice and
experienced Japanese divers. Two thirds of the accidents
occurred at depths of lessthan 10 m. The authors attribute
some of the blame to panic induced by ear pain, an interest-
ing surmise. Of the 104 deaths, 32 were on their first ocean
dive and another 15 died lessthan ayear after their course.
The hyperbaric medicine segment covers everything from
space-flight, compressed air work and hospital facilitiesto
diving accident management inremoteareas, apaper by Carl
Edmonds, and ontothepost-mortemroom. Thethreepapers
on manned submersibles are about deep exploration rather
than oil field work.

Most of the papers are easy to read and all are
informative. At the advertised pricethey areagood buy for
the physician interested in diving medicine.

John Knight

DIVING THE RAINBOW REEFS

Adventures of an Underwater Photographer

Paul S.Auerbach, M.D.

ISBN 0-87850-072-3

Mosby Year Book, Inc. St Louis,Missouri.

Review copy from Mosby-Williams & Wilkins Pty. Ltd.
RRP $ 79.95

In this beautiful book Dr Auerbach leads hisreaders
rapidly through the problems of becoming a diver and an
underwater photographer and then takes them round awide
spread world.underwater  His pictures range from the
Philippines, through Micronesia, the Galapagos|slands, the
Caribbean, the Red Sea, Palau, Fiji and the Coral Sea. The
251 colour photographsrangefromtheexcellent (themajor-
ity) totheordinary. Thetextisfirst persontravel journalism
and seemsto beaimed at the non-diver to convert him or her
to diving.

Australians can find a number of equally beautiful,
and more informative, books about fishes and coralsin the
Indo-Pacific region in their book shops. But for around the
world set of underwater photographs, not taken by afull time
professional photographer, onewould haveto go alongway
to equal this book.

John Knight
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A TRAINING AGENCY PERSPECTIVE ON DES
FUNDING AND OTHER TOPICAL ISSUES

Terry Cummins

Introduction

The diving community needs to have a stable and
workable relationship between instructor agencies and hy-
perbaric medical personnel.

In the past there have been frictions between the
instructor agenciesand the diving medical fraternity. Some
of those frictions still exist today. It isimportant that we
identify these potential problem areas because it is not
desirablefor usto slip back into what Dr Des Gorman once
described as"instructor bashing” by doctors, or conversely,
instructors feeling that diving doctors are individuals who
need to be viewed with scepticism.

Areasof Concern

Therearefivemajor areas of concern that need to be
addressed. With aclear understanding of these problems, or
should | say of the misunderstandings they create, we will
reduce possible friction between instructors and diving
doctorsgenerally and createthe necessary working rel ation-
shipweall desire.

Please remember my topic includes the phrase “a
training agency perception”. It isimportant to realize how
instructors feel about major issues, even if their perception
is not always based on fact.

| feel that itisequally important for doctorsinvolved
inhyperbaric medicineto understand that somefriction does
exist between thetwo groups, that it is unhealthy and that it
needs to be cured. To do this successfully one must first
understand how instructors and some instructor agencies
feel about some topical issues.

In presenting thistopic it isacknowledged that some
of the content will not be popular with some medicos, and |
expect acolourful discussion at the conclusion of the paper.
One could say | am prepared to stick my neck out to bring
some of theseissuesinto thelight so that amore favourable
eramay emerge.

Future funding of Diving Emergency Service (DES)

With the collapse of the National Safety Council of

Australia(Victorian Division) therewasanimmediate need
for funding. The instructor agencies, the Commonwealth
and South Australian Governmentsand elementswithinthe
medical community provided funding for DES.

The major Australian instructor agencies, the Fed-
eration of Australian Underwater Instructors (FAUI), the
National Associationof Underwater I nstructors(NAUI) and
PADI Australiaresponded by making equal monthly grants
to DES. Grants were aso forthcoming from the Dive
Industry and Travel Association of Australia(DITAA) and
PADI U.SA. Later thiswas altered to a system by which
each agency supported DES by that method which they saw
as most appropriate. For example, earlier this year PADI
Australia made a $3,000 grant to DES while reserving the
alocation of further funding until later in the year. FAUI
currently hasapolicy of paying apercentage of every diver
certification feeto DES. Neither NAUI or SSI have made
recent contributions based on reasons they feel are valid.

The diving medical fraternity needs to realize that
both instructor agencies and the members they represent
expect that the funding of DES is not left entirely to the
instructor agenciesand the Commonwealth Government. It
is acknowledged that individual medica identities have
personally committed a lot of time and effort to DES,
however the instructor agencies think it is appropriate that
the diving medical community in general make a larger
contribution.

This should not be perceived by the diving medical
community tobeanattack onthemfromtheinstructorsinthe
field. Indeed as a group it would be fair to say that the
instructor agencies feel the contribution made by the Com-
monwealth Government toproviding special facilitiesshould
bemuch greater. Thisisaparticularly good argument when
an observation is made of other forms of recreation and the
relative stress they place on medical facilities, retrieval
services, Medicare and private health funds.

Economic forces affecting dive retail ers means that
an endless stream of money has not flowed, and will not
flow, from the “industrial side” of the diving community to
DES. Asaresult of these economic forcesand other factors,
additional sources of income will need to be obtained to
sustain the facility.

To develop new sources of income, DES and its
associatesmust realize the sensitivity of marketing products
that have traditionally been the realm of the training agen-
cies. Itisthefeeling of the training agenciesthat products,
including the marketing of the Defenceand Civil I nstitute of
Environmental Medicine (DCIEM) dive tables, are not a
good choice.
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Movement into thisareaof fund raisingwill resultin
thetraining agencies viewing DES as a competitor because
all agencieshavetheir owndivetableinoneformor another.
Clearly agencies do not donate money to competitors. In-
comefrom training agenciescouldimmediately ceaseif this
problem was allowed to develop and the net result would be
aloss of agency support for DES. Already thisisthe stand
of SSI and fundswill not flow from this organization unless
the DCIEM debateisresolved. Somefeel that thisdebateis
resolved. However while a close relationship between the
Australian Patient Safety Foundation (APSF), Divesafeand
DESexistsit would appear problemswill continueto occur.

Thesaleof adivetableasasourceof raising revenue
for DES has another downside because, apart from the
competitive aspect, it could follow that DES would be
supporting, say the DCIEM tables over the PADI Recrea
tional Dive Planner, the FAUI Newway Table or the U.S.
Navy derivativesused by bothNAUI and SSI. Thismay lead
to an argument over which table is the best.

In summary, it is not acceptable to the training
agenciesthat the DCIEM tablesbe promoted by DES or any
of itsassociated organizations such asthe Australian Patient
Safety Foundation and Divesafe, sincethiswill unnecessar-
ily lead to suspicion regarding competition between tables.
Itisvery clear that theright tableto useis purely amatter of
opinion and isbased on the factorsthe user feelsareimpor-
tant and the use for which it is intended. Therefore, in
relation to tables and their promotion, DES must be apoliti-
cal or they will be perceived as acompetitor in this area by
theagencies. | am surethetraining agencieswould not like
to see this problem develop further. Well, where will the
money come from?

Other products or services must be found to raise
funds. Certainly DES*membership” could be onesource of
income. Thismethod of raisingincomeor fundshasalready
been utilized by the Divers Accident Network (DAN) inthe
U.SA.

The instructor agencies may be prepared to help in
thisarea. For example, PADI hasaninternational agreement
with DAN to publishaDAN membership information sheet
in al its publications. This ensures a large world-wide
promotion of DAN membership. Oneshouldnotethat PADI
Australia has followed this policy in all locally produced
publications including the production of the Openwater
Manual which also references DES. Linked to the DAN/
DES membership idea is the consideration of offering a
diver insurance policy.

Alsoinrelationto DES, itisimportant to realize that
thetraining agencieswant their relationship with DESto be
atwo way experience. Inreturnfor any funding support the
training agencies give DES, they would like to see some-
thing in return.
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NAUI has formally asked DES to give them some
indication of the benefitsNAUI will derivefrom funding the
facility. NAUI's perception is that a satisfactory explana
tion has not been forthcoming so no funding has been
provided in recent times from this agency.

Theproblemisthatinstructorsdonot feel they putthe
patient in the chamber in thefirst place, so why should they
meet the cost, either directly or indirectly. Instructors do
however, acknowledgetheimportant service DES provides,
so they are prepared, at best, to provide some of the support
and funding.

It would befair to expect anumber of benefitswould
flow to the instructors and instructor agencies from their
involvement. This may include but, is not necessarily
limited to:-

Accesstoreliable DES data. It would appear that Dr
Chris Acott is currently working towards this goal.

DEStobeapolitical inall aspectsof itsoperationand
operate as a source of professional consultation for the
industry participants.

Opinion statements that are perceived to be SPUMS
Policy

Somewheat related tothe DCIEM divetableissue, the
instructor agencies have a problem in that the opinions of
high profile diving medical personalities are generally per-
ceived aspolicy statementsof SPUMS. The sameappliesto
remarks by staff at hyperbaric facilities being regarded as
official statements on behalf of DES. On more than one
occasion high profile members of SPUM S have made what
some describe as sweeping statementsin relation to the best
divetableor the best instructor system. In some casesthese
comments have fallen just short of legal action.

It is no secret that some individuals have very fixed
ideas on diver training, the right dive table to use or the
make-up of adiver medical. Although | am not suggesting
that individuals are not entitled to their opinion and that
opinion cannot be expressed, what | am suggesting is that
thereisaright way to go about that procedure. Oneway is
to ensurethat if one has an opinion that oneis careful not to
suggest that itistheopinion of SPUMS, unlessitreally isthe
collective opinion of SPUMS. SPUMS can assist in this
process by having formal policy statements on vital issues.
Thiswould clearly illustrate the difference in opinion of a
member as opposed to the Society.

The best way to voice opinion at thislevel isto offer
apaper at next year's SPUMS Conference and so give the
industry achanceto discusstopical issueswithout involving
the public, which only leadsto our industry being viewed as
factionalized.
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Itisimportant to realize that amajor objective of my
presentation isto gain alevel of co-operation between the
medical fraternity and scuba instructors. Because of the
efforts of some, thisis not happening.

Another way to reduce friction when varying opin-
ionsexist, onwhat isproving to be animpure science, isnot
to publish articles like the one from which the following
guotation is taken, written by a“high profile expert”.

“Inpreviousarticles| havebeen ever critical of many
recreational diving operationsin this country and overseas.
With the odd exception (such asthose at Heron Island and a
very few other centres) | felt that my criticismswere, andin
many casesand till are, fully justified. Proof of thesebeliefs
was evidenced by the steady flow of injured divers to my
surgery in Brisbane, as well as to other diving medical
colleagues in Sydney and elsewhere. These al confirm
similar injuries to those | see. This history of the diving
activities preceding most of these injuries, and the subse-
guent care shown by many of the Diving Operators leaves
one in no doubt as to the gross deficiencies of the diving
industry in Australiatoday.”*

Notice how this article directly implies “the opera-
tor” istoblamefor adivinginjury. By referenceto accident
statistics it is clearly shown that very few if any accidents
occur in training or under direct supervision of a diving
professional .2 Y ou canwell ask why bash the operator if one
of hisclients has a problem.

Thedamagearticleslikethisdo is sometimesirrepa
rable or at best it takes years to remove the bad feelings
caused between medical circles and instructor groups.

Unfortunately, dive stores see articles like this as a
return to “instructor or dive store bashing” by the medical
fraternity generally. They will aso see it as a negative
promotion of their servicestotheir customersandthat really
hurts! Really what data exists to support thisindividua’s
singleimpression? Unfortunately, thistype of article gives
the general diving public theimpression somethingisreally
wrong in the diving industry. Isthisreally the case ?

Accident referrals

Theincreased availability of recompression and hy-
perbaric treatment facilitiesinthelast few yearshasledto a
unique problem.

From aninstructor’ spoint of view, theavailability of
treatment facilities and the subsequent treatment of indi-
viduals, particularly those with symptoms of DCS, may be
workingagainstinstructorspolitically. Several reportsfrom
the field indicate that individuals treated in chambers who
were subsequently diagnosed asnot having DCSareused in
datatoimply divingisbecoming moredangerousthanitwas
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inthepast. Anexample of apoor interpretation of reality is
that if DES callshaveincreased so diving isbecoming more
dangerous. Many would argue that the number of callsmay
continue to increase regardless of the safety standards as
more divers are encouraged to use the full range of services
offered by DES.

Inaccurate data al so exists aswe see when anumber
of treatments or admissions are quoted without referenceto
whether they were finally proven to be necessary or useful
to the patient. Indications are that at least at the Royal
Adelaide Hospital attempts are made to ensure the data is
kept clean.

The instructor agencies would welcome the idea of
removing those individuals that are later diagnosed as not
having diving related symptoms from treatment statistics.
Similarly wewould like to see data not include hyperbaric
treatment of patientsfor non-diving related complaints, such
as gas gangrene.

Currently al instructor agencies havetheir members
advise students and divers to seek out DES and report for
treatment if any symptoms develop after diving. Thisis
based ontheideathat if indoubt, and thefacility isthere, use
it.

We would not like to have a shift away from this
current policy, but it appears that if instructors or dive
schools are at all suspicious of the political outcome of
seeking treatment or if they feel that they are going to look
unnecessarily foolish, they may move towards the
unfavorable policy of suggesting presenting for treatment
only when you are sure you have symptoms. It is aso
important to note that the “instructor bashing” phenomena
addressed earlier is exasperated by this situation.

[tisunfortunately afeelingamongst someinstructors
that elements within the diving medical community have
attempted to make political mileage or haveincreased budg-
ets out of genuine attempts by divers to seek professional
medical consultation and possibly treatment.

There is another aspect to the instructor bashing or
“blame model” as | call it, which is worth discussion. As
mentioned earlier, rationale of the blame model is based on
the very poor assumption that whenever there is a diving
accident, that it isthe “fault” of someone.

Traditionally, diving medical sources have immedi-
ately looked towards the quality of the instruction, the
quality of the divemaster services or the quality of the dive
store. Although under some and only some circumstances,
this may be a valid approach, the more common cause of
diving accidentsis“diver error”. Diver error can originate
from many sourcesand infact isasvaried astheindividuals
who areinvolved.
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Unfortunately, the total focus of the blame model is
on the dive operator and thisisinvalid, because clearly the
majority of dive operators in this country are extremely
professional and know only too well that they liveinaworld
whereit seemsto be the norm to seek blame someone. The
catch word to illustrate this is “duty of care”. In Cairns,
Queensland, over 3,300 dives are carried out each week.
Thisreflectsan outstanding amount indiving activity. Some
elementswould likeustothink that thisareaisal sothescene
of massive standards violations and unprofessional behav-
iour. Using the objective mind thisis simply not the case
when one compares diving activity to the number of acci-
dents and then exclude those due to contributing factors
outside the operator’s control.

In no other recreational activity isthis phenomenon
so pronounced. It isindeed unfortunate that a few diving
medical personalities, competing dive stores or instructors
need to create such a negative view of our industry. Those
of usthat have been involved in observing trends over the
past few yearsareoftenleft wondering why theblamemodel
does not exist in football, sky diving, snow skiing or other
recreational areas. Isit just the type of people our industry
attracts?

We are further confused when snow skiing and
football haveamuch larger number of seriousaccidentsthan
does scuba diving, but attract no apparent attention from
either the media or medical or participant circles.

It seemsto scubainstructorsthat if onebreaksanarm
orlegplayingfootball, oneisareal manor aheroof theteam,
but if one hasadiving accident oneis stupid and irresponsi-
ble. Have we all in our own way contributed to this
phenomenon? What isreally the difference between diving
and other recreational activities?

Also beawarethat, whileweall run around trying to
blame someonefor what may have simply been an accident,
we may run the very real risk of missing the entire point of
accidentanalysis. That is, wemay missplacingemphasison
correction and prevention while we are preoccupied with
placing blame. This question really needs to be answered
seriously beforeour industry canreally grow and allow usall
to realise our own goals.

Medical input at Standards Australia

Standards Australia has representatives from both
SPUMS and the instructor agencies. Currently the diver
medical is being debated and several major disagreements
haveemerged. Sincetheexact content of that debate may be
addressed in other papersat thisconference, | do not want to
address individual items. | do, however, want to address
someimportant issuesgenerally. Who should be authorised
to conduct diving medicalsis a hot issue with instructors.
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Clearly the trained number of medical staff to do
diving medicals is currently out of balance with diving
applicants and the market place.

It would be extremely difficult to assume that the
demand for diving medicals could be met by those with
specialized training in hyperbaric medicine at thistime.

In 1990, nearly 100,000 individuals passed through
dive schools in Australia in total. This means that scuba
instruction isa$30 million per annum industry in Australia
alone. Most (70%) were at the entry level, requiring diving
medicals. This is approximately a $5 million per annum
industry.

The instructors in the field will not support the
concept of medicals being conducted by those only with
experience in hyperbaric medicine until medical personnel
of that calibre are freely available. Similarly, given these
numbers, it is doubtful whether we will reach a position
where this will be a practical option for severa years,
especially in remote areas and on resort locations where a
relatively large amount of instruction is currently taking
place. Doctorswill haveto also ask thevery real question of
whether the medical part of the industry is growing at the
appropriate rate to ensure this debate will not continue.
Under the present model the ball isvery much in the court of
thediving medical fraternity to ensurethat asuitablenumber
of doctors are trained in the next two years.

The instructor agencies are therefore reluctant to
support the SPUM S stand on this issue and this should not
be interpreted by physicians to be a movement away from
safety. Infact, the data shows that medicals conducted by
GP's may be sufficient, especially if aform is established
with suitable guidelines. Again we are left asking what
makesdiving so special. If aGP hasaproblemin providing
adiving medical, he or shewill refer it to aspecialist. Why
in diving are we assuming the professionalism of the GPis
such that he will not follow the same practice as we expect
him or her to follow if the GP was viewing another special-
ized area?

In summary, some instructors feel that some indi-
vidualswithin the diving medical fraternity have devel oped
specialised practiceswhich they seek to protect and that they
have used their public profileto have moreemphasison this
issuethanit possibly deserves. Instructorswould agreeitis
desirableto havedoctorswith specialisedtraining, but at this
stage it is impractical, based on current demand and the
availability of specialists.

Non-disclosure

Itisclear that severa of thediving deathsfrom 1980-
86 occurred due to medical conditions. It is the feeling of
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many instructorsthat regardlessof themedical, regardl essof
thequality of thephysicianapplyingit, thiswill continuedue
to“non-disclosure”. Clearly our biggest problemisnot who
administers the medical but that the information that is
gatheredisaccurate. Somedoctorsseemto havetheopinion
that instructors should go to unbelievable lengths to ensure
the medical is carried out correctly. Similarly, instructors
feel that it is not exactly fair when some elements in the
diving medical fraternity suggest instructors should over-
ride the expertise of a GP in relation to assessing thefitness
of theindividual to dive.

One needs to ask the question, how many of these
accidents would have been avoided if a speciaist had have
conducted thediving medical ? Indicationsarethat the most
experienced physician haslittle chance of detecting predis-
posing conditionsif the patient is not prepared to be honest
and assist in the examination.

Thistype of comment has been printed in some dive
magazines recently.

“If such an instructor then permits the diving candi-
date to be examined by a doctor (known to possibly have
little experience or expertise in diving medicine) and then
that instructor accepts the diving candidate as passing the
fithess examination (without questioning the validity of
such exam), then theinstructor could well be equally cul pa-
ble by law for any litigation under this “duty of care”
legislation”.!

Isthisatrue legal interpretation of the reality of the
situation or ispurely oneopinion. Itisnot theopinion of our
legal counsel and | respectfully suggest that it would not be
the opinion of yours.

How should the average scuba instructor would
interpret thisarticle? Moreimportantly how do doctorsfeel
the average GP would interpret this article ?

At best, this type of article causes mass confusion
amongst the instructor community.

Money issues

Who gets paid to conduct amedical ? Who getspaid
to train a doctor to conduct a medical ? Who gets paid to
teach scuba ? Who gets paid to teach scubainstructors ?

| ask who really cares ? We all get paid one way or
another. Someinstructorsare concernedthat itisbeing said
in some circles that instructors wish to make money at the
expense of safety. Money and the cost of medicalsisanon-
issue. A $60 medical inmost caseswill makelittledifference
tomarketing a$400 scubacourse. Thereal debateiswhether
the medical is at al necessary in the first place, whether
screening is a suitable aternative and whether leaving out
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the GPis overkill.

Instructorsknow that if instructionisunsafe, instruc-
torsareout of business. We certainly acknowledge our duty
of care. We aso acknowledge that the only way to prevent
accidents in any sport isto stop people from participating.
Unfortunately, to instructors, that seems to be the option
some within the diving medical community are pushing.

Conditional medicals

Degpite calls from all the instructor agencies, some
doctorsstill insist on granting “conditional” medicals. Itis
amajor frustration to the training agenciesthat somediving
medical doctors insist on issuing conditional medicals or
aternatively re-writing the course syllabusto suit a patient.
| say patient deliberately because if they are not fit to dive
they are likely to be a patient at sometime or other. It is
important that to al those performing diving medicals,
realize that courses cannot be customized to suit medical
conditions. Thisincludes coursesfor the disabled. Specia
training techniquescan beemployedfor thisgroup, certainly
we can take more time in the training process, but they too
must conformto the course objectivesfacing all students. If
we cannot guarantee that the medical condition of the
applicant is such that they can meet the performance objec-
tives of the programme then they cannot be accepted.

Clearly if amedical conditionsexists, itistherespon-
sibility of the doctor to advise the applicant accordingly.

Somefrustrational sooriginatesinthefailureof some
doctorsto break the newsto his patient that he or she cannot
dive. Unfortunately thisreluctance comes at the sametime
that it appearsdoctorsarevocal in calling for tighter control.
It seems that these doctors would prefer to leave it to the
instructor to refuse access to a dive course than accept the
responsihility themselves. Thisproblemisalsoreflectedin
the previous magazine quotation.

Strangely it seemsthat the physiciansoffering condi-
tional medicals are the most outspoken on diving medical
issues. Common “conditional medical” phraseswestill get
include:

“10 metres maximum depth”

“18 metres maximum depth”

“Only dive to half the No-decompression diving
limit”

“Only under the control of an instructor”

“Only if under the control of an experienced diver”

“No free ascent practice”

All are unacceptable because they cannot lead to
certification of the diver.

“No free ascent practice” is an interesting one be-
cause | am aware that no agency includes this in their
training. Maybe referenceto instructor manualsand aclear
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understanding of out of air emergency drills offered by the
variousinstructor agencieswould clear thisoneup onceand
for all.

The instructor agencies would appreciate it if their
membersdid not becomethefocus of potential debateswith
prospective students on fitness to dive. That surely is the
domain of the patient and the physician.

At the beginning of this presentation | stated that
some of the content may not be popular with al those
attending. It was my intention however to create healthy
debate within the arena of aprofessional conference, rather
than allow totally unnecessary misunderstandings to exist.
If wedo not know clearly what the problemsare and address
them accordingly, wewill all suffer from poor information.

Theinstructor agenciesgenerally arevery conscious
of their obligations to safety. What we now want is to
commenceanew erawherediving doctors, instructor groups
and other elementswithin our industry can work together for
acommon goal.

Only by theinclusion of other diveindustry partici-
pants in the SPUMS Conference can we ensure that is
discussed becomes useful. For example, Dr Chris Acott can
deliver as many papers as he likes for the next 10 years on
incident reporting but if those reports are not used by
instructors, dive stores and equipment manufacturers to
make constructive changes his efforts are unfortunately
nothing more than an academic exercisein futility.

| seethefivemajor areas of potential conflict | have
outlined as a starting point for this new age of co-operation.
The benefits to us all of creating sound working relation-
ships areimmeasurable. Let us start building on it today.
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A DIVING MEDICAL VIEW OF A TRAINING
AGENCY PERSPECTIVE

David Davies

Thepaper,* presented by Mr Cumminsat theSPUM S
Annual Scientific Meeting inthe Maldives, was most inter-
esting asit brought into the open theinnuendo and misinfor-
mation circulating inthediving community that hasbeenthe
bane of diving medicine for someyears. | have been asked
to try to explain why and where Mr Cummins' perceptions
vary from readlity.

It has been stated before but obviously needs to be
repeated that only the President and theHonorary Secre-
tary of SPUM S may speak on behalf of the Society. In
some circumstances, the Executive committee may nomi-
nate a specific person to be the spokesman on a particular
subject at a specific time.

The article quoted from Underwater Geographic? is
the personal view of a prominent Queensland doctor and
should in not, in any way, be construed as being either
SPUMS palicy or even the beliefs of many members of
SPUMS. In fact, a nhumber of SPUMS members took
exception to the sentiments expressed in that article.

The problem of conditional medical certificates has
beenwithusfor alongtime. Itisaconsequenceof thediving
medi cal being doneby adoctor not properly trainedindiving
medicine. Many of the conditionsimposed reflect alack of
understanding of the physics and physical requirements of
diving. Thisproblem couldbeovercomeby insistingthat all
diving medicals are done by doctors with the appropriate
training. It is unfortunate that the CS/83 Committee of
StandardsAustraliasaw fit toremovethisrequirement®from
the proposed standard for recreational divers. Thereis a
reactionary element in the medical community with the
misguided belief that once a doctor graduates he is trained
for everything. The attempt of the Australian Medical
Association to be everything to everyone led to the AMA
representative on the CS/83 Committee being instructed to
vote against compulsory further training of doctors doing
diving medicals.

| believe that the training organizations, and the
divinginstructorsthemselves, can helpwith thisproblem by
suggesting to their studentsthat they attend, for their diving
medical, only those doctorswith the appropriatetraining. It
does not takelong for an instructor to ascertain which of the
doctorsin hisareasupply the best serviceto hisstudents. By
so doing, the instructors can exert pressure and stimulate
their local doctors to seek the necessary training. SPUMS
has no way to apply such pressure.

Mr Cumminsappearedtobelievethat abasictraining
coursein diving medicine turns a doctor into aspecialistin
thefield. Nothing could befurther fromthetruth. Thebasic
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course at the School of Underwater Medicine lasts for two
weeks, in Adelaide it takesaweek, and in Queensland it is
conducted over a weekend. These courses provide an
introduction to the subject and what to look for, and why,
during adiving medical. They explain why conditionssuch
as asthma, epilepsy and congestive cardiac failure are not
compatible with safe diving but they do not cover the
intricacies of treating a severe decompression illness.

The specialistsin diving medicine arerelatively rare
inAustralia. Holders of the Diplomain Diving and Hyper-
baric Medicine are the only people recognised as Diving
Medical Speciaistsby SPUMS. Almost all are attached to
hospitals with recompression facilities and it is on their
shoulders that the burden of treating injured divers fals.
They are available for consultation in difficult cases and if
problemsarise. Very few of themdoroutinedivingmedicals.

We all appreciate that there are areas of the country
wherethereare no doctorswith training in diving medicine.
With the amount of diving that isbeing donein Australiait
isinevitable that every GP at some time in his career will
encounter a patient who either wants to dive or has been
diving and now hasaproblem. Dr Edmonds’ paper* report-
ing thelack of knowledge about diving medicineinasurvey
of Queendand GPsconfirmstheneed for instructorsto exert
pressure on their local doctors.

When the National Safety Council (Victorian Divi-
sion) collapsed thefunding of the Diver Emergency Service
(DES) needed urgent CPR. In the heat of the moment a
compromisewasengineered by DesGormanwhichrequired
the marriage of DES with the Australian Patient Safety
Foundation (APSF). Amongitsmany fundraising activities
the APSF has included the sale of products such as the
DCIEM decompression tables. Without entering into a
discussion about the merits of the varioustablesit isfair to
say that the experimental evidence behind the DCIEM
Tablesisvastly morethan that behind any other. They also
appear to be safer.® Doctors have difficulty understanding
the belief that making available a set of tables that is not
promoted by any training organization can be seen as com-
petition when no advertising of these tablesis undertaken.

Recently the funding arrangements of the two or-
ganizations has altered enabling the temporary marriage to
be dissolved so they are now completely separate entities.
The suggestion that DES is in direct competition with the
dive organizations no longer applies.

During thecrisis, SPUM S and some of the members
of the Executive Committee were the first to make signifi-
cant donations for both time and money to enable DES to
continue. In addition, SPUMS has recently made a further
donation to support the DES network. To suggest that the
medical profession is not doing enough to support the DES
network is both inaccurate and misleading.
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Mr Cummins states that the most common cause of
diving accidents is “diver error” and that is certainly the
impression one gains when we treat these patients in the
hyperbaric chamber. The paper by Wilks and O’ Hagan®
demonstrated that diversdo not fully understand how to use
tables and often haveto rely on the divemaster to calculate
their repetitive dive times. Every failure to use the tables
correctly is afailure of education and of reinforcement of
that education.

Very few divers have problems during their basic
course when they are under close supervision, the learning
curve is steep and they are concentrating intensely. How-
ever, once “trained” and left to their own devices many run
into problems and forget their basic instruction. It isthese
recently qualified divers who make up the bulk of those
presenting for treatment at our recompression facility in
Fremantle. Isthisadeficiency of the education, thetraining
organization, theinstructor, the student, or isit areflection
on the brevity of the course? At the Annual Scientific
Meeting in 1991, Glen Egstrom spoke of the need to over-
learn each skill until it becomes an automatic reflex. Such
training is not possible with the brief courses, especialy
resort courses, that are being offered by al the training
organizations.

Most diving doctorsconsider that, asinstructorstrain
divers and most diving accidents are due to human error, it
is fair to say that these human errors may well be due to
inadequatetraining, which reflects on the standard of teach-
ing. This is the view medical educators take to avoid
repetition of medical accidents.

It seemsunreasonableto methat, whenever afunding
crisisoccurs, everyoneexpectsthat thegovernment will step
in and pick up the tab. | would prefer to see the diving
community helping itself by placing alevy on every trainee
diver (say $10.00) at the beginning of every course or at the
timeof certification. Inaddition, alevy of $0.50 could beput
onevery tank refill. Theproceedsof boththeselevieswould
gotosupport DES. Neither impost would makeasignificant
difference to the cost of a dive or a course and the money
would be contributed by those actively diving and therefore
most likely to need the services of the DES organization.

Membership of DES could well be another source of
income as it iswith the Diver Accident Network (DAN) in
the United States. There, such membership automatically
includes insurance cover for retrieval and treatment of
diving accidents. Currently Dr Acott isnegotiating with the
Australian insurance companies for a similar arrangement.
Unfortunately thelocal insurance compani esare demanding
about twice the US premium for a much lower standard of
cover and thisis unacceptable to the DES negotiators.

Despite what Mr Cummins perceives, hyperbaric
unitsare not installed for the benefit and convenience of the
diving community. In fact, divers make up only a small
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proportion of the workload in a civilian chamber. At
Fremantle’ for instance in 1990, 41 divers received 119
treatmentsin atotal of 1808 patient treatments, i.e. 6.6% of
the total workload. In Adelaide® over the same period, 20
diversrequired 69 treatmentsin atotal of 792, a strike rate
of 8.7% of the total workload.

In the reports from both these units, the figures for
divers are quite separate from the other conditions treated.
To suggest that treatmentsfor diversand non-diving condi-
tions are grouped together to boost the figures is grossly
misleading.

| am grateful to Mr Cummins for bringing these
problems into the open where they can be discussed. The
problems have arisen because of alack of communication
between the agencies, the instructors and some of the out-
spoken diving medicos.

After aweek of being incarcerated with the SPUM S
group in the Maldives last year, both before and after he
presented his paper, | believe that Mr Cummins returned
withopinionssignificantly different fromthosehepresented
inthis paper. All these problems were discussed and many
points of mutual agreement were reached. If he was now
asked to present such a paper | expect its content would be
vastly different. Unfortunately | fear that others may still
harbour hisoriginal misconceptions, whichiswhy thisreply
has been written.

There has aways been a standing invitation to all
Associate Members of SPUM S to attend the Annual Scien-
tificMeeting of the Society. Inthisthey arenodifferentfrom
thefull members. Theresponseto date has been disappoint-
ingly poor and has perpetuated the* usand them” mentality.
Those few Associates who have attended have enjoyed the
meetings, achieved some benefit and have reconciled many
differences. | exhort all members of the diving fraternity to
joinusthisyearinPort Douglasor next year in Palau. 1t must
be remembered that we all have the same goal, safe diving.
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DIVING FITNESS

Glen Egstrom

Introduction

| am by profession a kineseologist. We study how
people perform in a variety of different circumstances.
Diving fitness has been discussed from avariety of pointsof
view for many years. Strength, enduranceandthespecificity
of training are cornerstones for fitness and have justifiably
been given the lion’s share of the attention. People make
remarkably specific adaptationsto the imposed demands of
the environment and continually seek to gain equilibrium
withthestressesappliedintraining programs. Thatisalong
winded way of saying that just because you are in good
physical or medical conditionfor aparticular activity it does
not mean that you are in good condition for some other
activity. Specific adaptation takes some time. It is not
something that happens immediately. The barriers which
face the scuba diver, who wishes to perform safely, are
biomechanical, physiological, methodol ogical and psycho-
logical.

Biomechanical fitness

TheJapanese Ama(breath-hold) divershavestrength
in the functional muscle groups that enable them to force
themselves down in the water. They take some incredible
kicks and drive themselves down until they become nega-
tively buoyant and then they work their way to the bottom.
Asyoung adults, these females work in water depths of 10
m for periodsof 6 hoursaday inwater temperatures similar
those off the coast of New Zealand and California. Asthey
becomemore proficient, they develop thestrengthtobeable
to go downto about 30 m on breath hold dives. Onthe10m
divesthey do onedive about every 2 to 3 minutes, on the 30
m divesthey do onedive every 4to 5 minutes. They do that
for 6 hours and they take 30 minutes off for lunch. Itisa
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specific adaptation that most people could not manage.
Becausethey dothesedivesonaregular basis, they acclima-
tizethemselvesand consequently they areableto doit quite
comfortably.

The would-be diver faces an interesting challenge.
Browning, intheplay “Heracles’, saidthat “amaninarmour
is his armour’'s dave’. The diver has the same basic
problem.

A scuba diver can be described as a person about to
becomeinvolvedinheavy exercisewho coversthenosewith
amask that eliminates nose breathing and then covers the
body with abulky rubber suit which retains body heat, but
restricts motion at every joint and causes the body to float
significantly. This person then attaches fins to their feet
whichmakeswalking difficult and requiresauniquekicking
styleif propulsion through the water isto be achieved. The
musculature involved in kicking is likely to be stressed at
pointsin the range of motion where strength may be weak.

This handicapped the person attaches a 20 kg pack-
age of weight to the back of thetorso with avariety of straps
so that the centre of mass of the body israised 15-20cm. A
host of hoses is attached to the tank on the diver’s back.
These hoses will provide breathing resistance, water resist-
ance and information relative to the diver's life support
status.

After this the prospective diver attaches 7-11 kg of
lead to thewaist in order to sink the rubber suit and the body
under the water. Finally the diver attaches a knife, watch,
depth gauge, goody bag, camera or spear gun to the body.

The question we haveto ask is“What doesthisdo to
performance and what do | have to do in order to make
myself fit to be able to handle it?” We put ourselves into
exposure suits. Thick neoprene rubber restricts movement.
Everyjointisgoingtohaveto operateagainst thisresistance.
Theindividual who has sufficient strength to be ableto wear
it like asecond skin and has sufficient endurance to be able
to pay the energy costs, will not have a problem. Wetsuits
havedifferent mechanical problemstodrysuits. Asaconse-
guence you need specialized training and specialized adap-
tation to whichever of thesesuitsyou aregoingtouse. If you
arein acold water areaand you know that you are going to
divein adrysuit it makes absolutely no senseto trainin a
wetsuit. Traininadrysuitif thatiswhat youaregoingtodive
in. If you train in a wetsuit, use a wetsuit or take another
training course in a drysuit before you go out and create a
problem for yourself using one.

Individuals who make a switch from non-wetsuit
divingto awetsuit find that they get very tired, very quickly.
Many complain about therestriction ontheir chest, saying“I
can'ttakeadeep breath”. Afterthey havedoneitfor awhile,
they either develop some additional strength or learn to
tolerate the discomfort. Both biomechanical and physi-
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ological issues are associated with strength and endurance
which are very important aspects of being fit to dive.

Biomechanical fitnessimplies that the individual is
capable of handling the equipment much as if it were a
second skin. Thisisusually an easy task underwater asthe
diver becomes nearly neutral following descent. However
the topside efforts, under the influence of gravity, may well
cause over exertion. The fit of the equipment is adso a
contributing factor since poorly fitting equipment can cause
loss of range of motion, increased drag and increased work-
load.

Wetend to hang thingsall over our body. A friend of
mine has an octopus, a pony bottle, a regulator, gauges, a
camera, a snorkel, and hoses hanging everywhere. Itisa
small wonder that he hasturned to photography. All hedoes
now issit on the bottom and take macro shotsof coral heads.
But if he had to do anything other than that, he would find
that there is a good deal of stress to diving with al that
equipment. My divebuddy today, has started to hang things
inside his stabilizing jacket, which makes a great deal of
sense. It cutsdown on the frontal surface areaand the drag
co-efficientand makeit much easier toswim. Usualy divers
just add another clip and hang something on it.

Physiological fitness

Physiological fitness requires the development of
adequate strength and endurance to be able to meet the
demands of a particular dive.

Asascubainstructor | have been frequently told by
individualswho comeinto my classesthat they areafitness
buffs They run miles every day. Unfortunately the func-
tional muscle groupsthat are used in the running are not the
sameas are used swimming. Swimmers move fromthehip
and use the knee in away that we do not normally do when
werun. So strong musclesfor running may do uslittleor no
good when diving.

Strength is best gained at that point in the range of
motion of the muscle movement where the highest resist-
anceismetintheactivity that isbeing undertaken. Thusfin
swimming requiresspecial preparationin order to beableto
handle the resistance developed by the large fins used in
scuba.

Enduranceislargely cardiovascular in natureand is
moregenerally improved under overload conditions. Medi-
cal fitness is very important since a surprising number of
would-be divers are not aware of the potential risks associ-
ated with going diving without an adequate medical evalu-
ation. ThelateDr Jefferson Davislabouredfor several years
on a consensus guideline on the medical examination of
scubadiverswith theassistance of nearly 100 doctorsdrawn
from the majority of specialtiesin medicine. Thiswork?®is
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particularly helpful to those not skilled in hyperbaric medi-
cine.

The cheapestinsuranceintermsof beingfitfor adive
is to be able to demonstrate that you have adequate fluid
balance. Jeff Davishad areally marvellous solution to this.
You know when you are adequately hydrated when your
urineisclear and copious. Fluid balance hasbecome one of
the hot topics in sports medicine over the last four or five
years. We have found that performance is seriously de-
graded under conditions where the person is under-hy-
drated. Thetotal circulating blood volume goesdown. The
bloodismoreviscous. Sludgingoccurs. It all makesit more
difficult to circulate blood through the tissues. We found
that we get better performances from people on treadmills
when they arewell hydrated then when they are dehydrated.
Asdiverswe have negative pressure breathing, cold, alittle
dehydration fromalcohol, coffeeand respiratory water 10ss,
all impinging on our ability to balance our water budget.

Discussing hydration and dehydration, there is al-
waysthe question “How much water should | drink?’. One
glassof water isnot enough. About alitrean hour can move
fromthe stomachinto theblood. If youaredumpingfluidat
afaster ratethanalitrean hour, you are not going to keep up.
Wehavetohydrate, not only beforedivesbut betweendives,
in order to maintain areasonable degree of fluid balanceto
be ableto handl e the exercise conditions that we have when
diving.

Oneof thefew thingsthat my studentsat UCLA ever
remember mefor isgiving them advice about hangovers. If
whenyoufinish partyingtheworldisnot asit shouldbe, then
you should drink three 8 ounce (250 ml) glasses of cold
water. Thenyougoto bed and goto sleep. Whenyou get up
during the night you drink another 8 ounce (250 ml)gl ass of
water. Y ouwill beremarkably clear-headedinthemorning.

The diver hasto be able to deal with the stresses that
follow the introduction of the body into water under differ-
ent kindsof workloadswith variouskindsof conditions. We
can recoghize the mechanical problems, so we need to have
enough strength and enduranceto be able to cope with them
for two purposes. Oneis to enjoy at a comfort level our
diving. Secondly to beableto deal with the sudden demands
for survival. These are two quite different issues.

The comfort level isreally easy. Remember that the
resistance through the water, goes up as a function of the
sguare of the velocity. If you are steaming along you will
increase the resistance at a considerable rate.

Comfort includes being ableto use breath control all
the time during the dive. It also includes being worry free.
A trapped air hoseisareal threat to survival. When adiver
suddenly becomesawarethat hisair supply isgoing to becut
off his pulse rate suddenly climbs to about 170 beats a
minute, which is excessive. His equilibrium, his comfort
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level, hasbeen seriously disrupted. Stressnow startsto take
areal hold on hisperformance and heismorelikely to make
mistakes. Assoon asthehoseisfree, thethreat isgone, and
as soon as the threat is gone the pul se rate comes down.

Swimming into acurrentishard work. If the current
isone knot, the mgjority of people are not going to be able
to swim against it more than about 50 to 90 seconds. It
pushes our oxygen uptake up toitslimit. In our lab studies
we find that reasonably well trained people can operate at
that level for 40to 50 seconds. Highly trained athletesmight
be ableto last another 10 to 15 seconds. That meansthat if
you have got to swim hard to catch up with the boat or the
JesusLineyou only haveashort spurt available. If youmiss
it and are swept away and keep trying, you may jeopardize
yourself because you will not be able to keep going. It
becomesimportant to recognise that if we are going to have
to have strength and endurance, we need to exercise the
functional musclegroupsneeded to providethestrength and
endurance at an appropriate range of motion. Riding a
bicycle does not prepare you well to operate with mask,
snorkel and fins in the open sea. If you want to prepare
yourself you should be using the functional muscle groups,
that you know you are going to use, intheway in which you
are going to use them. Being in good shape for running is
probably not going to guarantee that you are going to bein
good shape for swimming hard against a current.

Methodological fitness

Methodol ogical fitness meansusing the proper tech-
niques to insure effective and efficient performance. Once
the technique has been chosen then it must be over-learned
until errorsare essentially eliminated. After that, problems
which occur can be addressed without having to think about
the execution of fundamental skills.

We should always ask ourselvesthe question “Isthis
the best way we can do that ?”. This becomes particularly
important when dealing with emergency procedures. With
amethodology that isrelatively simple, straightforward and
hasbeen rehearsed abit, you can expect it to beableto work.
If, ontheother hand, you are using amethodol ogy that isnot
over-learned or is not appropriate it may be doomed to
failure.

Surf passageisapiece of cakeif you doright. It can
belifethreateningif youdoitwrong. Heart ratesintherange
of 180 have been measured during such events and sadder,
and hopefully wiser, divers have been dragged ashore be-
causethey lacked the capability to continue under their own
power.

Teaching novicesto enter 0.9-1.2 m surf wetell them
that the only way they are going to survive is by meeting
force by force or by avoiding the forces that are coming in.
All wavesroll when they come ashore. Thewater movesin
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acircle, in,downandout. If youdiveintothebaseof awave,
you will be carried under the wave and up on the back side.
The individual who stays upright in the face of awave is
goingto catch all thewhitewater and al itsforceintheface.
It knocks one over and washes one up the beach. We tell
people not to stop in the drop zone. Either go out, by going
under, or come back and take care of yourself.

Thepoaint is, if you have not totally learned the skills
you may not really know what to do. Asaconsequenceyou
stay there, do nothing and hope for the best. Under those
circumstances, a small wave has sufficient force to knock
you over and roll you back up the beach.

Knowing what to do and when to do it is extremely
important. | mention thisbecause, in many of thethingswe
takefor granted, werun into this same problem. How many
of you learned buddy breathing using the one regulator
passed back and forth? If you had been trained by some of
theagenciesinrecent years, youwill not have beentaught to
shareair fromasingleregulator. Butif youweretaught, how
many of you practised buddy breathing five times or 10
times or 15 timesin the basic course?

It takes alot of practiceto acquire askill like buddy
breathing, so that you do not make a lot of mistakes. We
studied abeginners’ class. When they could buddy breathe
satisfactorily kneeling on the bottomwe asked themto swim
down the pool wall and turn and swim across the pool. As
they were going the down the wall an instructor would
deprive one of the students of their air. Wedid it as part of
our stresstraining. Atthat point, they wereout of air. Sothey
went into their air sharing approach. It took 17 to 21 trials
before they got right. The commonest mistake was when
they made the signal “I’m out of air, | want to share”, they
would stop swimming and sink to the bottom. Not only did
ittake17to 21 triasbeforethey could doit properly, but we
found that if they did not reinforce that skill, every six
months, they would go back to sinking. If you have not
practised buddy breathing in the last six months you may
have a degradation in performance as a result.

How many of you have practised intentionally ditch-
ing aweight belt in the last six months? Y ou may say that
all one hasdoispull on the quick release and the belt goes.
In fact, that is not correct.

If you arelucky and the belt slides free after flipping
the buckle, that weight belt will slide down your body.
Assumingthat it hasaclear drop path, it may even separate.

A number of you have been given aweight belt that
would fit a Sumo wrestler and | have noticed that you just
thread thelong tongue through the buckleand clipit. There
is about a yard of belt sticking out of the side. Thisisa
potential mechanical problem. The buckle pulls away for
quick release. Asthat belt starts to drop the belt no longer
withdraws straight out of the buckle. The droop of the belt
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makes it mechanically thicker, which increases friction
against the buckle and it can literally re-close itself. The
enlarged loop fals down and hooks on the knife on the
outside of theleg. Now instead of being able to take abig
kick, the diver is doing little “loop” steps because of the
weight belt. | suggest that it is incompatible with good
health. It isamechanical problem and we have to be smart
enough, as divers, to avoid that kind of thing.

If youareininahorizontal position and you openthe
buckleonyouweight beltisit goingtofall off? No, aweight
belt will not fall off in ahorizontal position. The diver has
toroll or pull it free. Wehavedoneaseriesof testsof weight
belt ditching over theyearson manikinsand foundthat if you
aremorethan 30° fromvertical, theweight belt will not drop
if all youdoisopenthebuckle. It will only fal off if yougo
into vertical position and can dislodge it. When an indi-
vidual goes upright thetank comesdown and pressesfirmly
against the cleavage of the buttocks. That holds the weight
beltinposition. Y ou havetoflex thetrunk and movethetank
away or do apositiveditch, pull it away. That isaskill that
hasto be practised. If you do not learnto doiit reflexly, you
may not doit at all becauseyou have other kindsof problems
beginning to interfere.

Over theyearsabout 70 or 80% of diver fatalitiesstill
have the weight belt firmly fixed on the hipswhen they are
recovered. |noneincident aman had theweight belt hanging
onacrotch strap between hislegs. Hisgirlfriend camedown
trying to disengagethething, and they both perished. Ditch-
ingaweight beltisaskill, likeany other thing that you learn.
Over-learnthe skill, so that you can doit with either hand as
apositiveditch. That isnot only do you loosen the buckle,
but you get the weight belt free and away from the body so
that it can drop clear.

People who consistently swim in a head down posi-
tion are kicking to make up for the fact that they are under-
weighted. They are using more energy becausethey haveto
fight buoyancy on every singlekick in order to keep them-
selves down. On the other hand, those who are leaning
forward are over-weighted and are using energy to keep
themselves moving through the water to keep themselves
up. If youarecorrectly weighted for thedepthyou arediving
at, you can hold a position parallel to the surface with little
or no energy being expended.

Psychological fitness

Psychological fitnessin diving is often the most difficult to
achieve. The ability to relax and enjoy underwater activity
isforeign to many participants in the sport. Each dive, for
some, is a victory over adversity and the notion that they
cheated death yet another time provides asurge of exhilara-
tion that stimulatesthem to try again. Asthe comfort level
in diving increases, the diver becomes a waterperson, a
comfortable citizen in the world under the sea. Stressis
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minima and the fear of the unknown is replaced with
anticipation for another great dive.

A changed clientele has created a special of kind of
problem for instructors. Instead of having waterpeople to
trainasdivers, wenow haveapopul ationlookingfor another
recreational pursuit. Many of them are not waterpeople.
They are peoplewho comefrom varied backgrounds. When
we take them underwater they are bound to have increased
levels of stressif they are normal.

What isit that actually makes us stressed? We gave
agroup of engineering students a lecture on Boyle's Law,
Henry’sLaw, Charles’ Law and how they would operatedon
a person in a recompression chamber. We told them that
when you are compressed it gets hotter and that under
pressure, your earsaregoingto bepainful. Thenwetold half
of them how seriousit was going to be, what they had to in
order tobeequalizetheir earsandthat if they did not equalize
early and often enough they were likely to rupture their
eardrumsandthat if they did not exhal ewhileascendingthey
were liable to lung rupture. We put them into a chamber,
closed the door and banged the catchestight. What they did
not understand was that we were putting them in an atitude
chamber, not ahyperbaric chamber. Weblew hot air intothe
chamber. We had abeautiful brass gauge where the needle
went right around and redlined at 100 ft of seawater. We
were able to sneak alittle bit of air in, about half ap.s.i. so
that they wouldfeel thepressureontheir ears. They dutifully
went through all the manoeuvres to get themselves organ-
ized. We put them through a series of psychological tests.
The performances of the oneswho thought that they werein
a really bad situation got dightly better the longer they
stayed inthereand moreuncomfortablethey became. Those
that we did not tell anything to did not have any serious
problemsinthebeginning. But thelonger they wereinthere
andthehotter and themoreuncomfortablethey got, themore
their performancewent down. What thissaysisthat if wedo
not deal with stressasarecognised factor, then wearegoing
to have people who may have a distorted view of what is
going on.

How do we recognise stress? Things do not look
normal. If you look at your buddy and see widely dilated
pupilsand asteady stream of air coming out of theregulator,
itisacluethat your buddy is not happy.

Peoplehavefears, usually groundless, that sharksand
moray eelsaregoingto biteandthat thewild abal oneisgoing
totrap fingers, so they will not be ableto get off the bottom.
All these kinds of things contribute to stress. Stress brings
on asyndrome. Thissyndromeis abnormality, they do not
look right. At this stage we have do something to help
improve their outlook because if we do not, they are going
to go into panic. Panic isblind, unreasoning fear.

Peoplewho aregoing to becomediversmust havethe
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capacity to beableto exercise self-control even when things
start to turn bad. Anindividua who hasthe head, shoulders
and arms up out of the water has an unusually high level of
work. Theheadweighsabout 8kg (17 pounds), thearmsand
shoulders are probably another 16-18 kg (35 or 40 pounds).
Try treading water with your fins with both arms and
shoulders out and see how long you can do that and stay
happy. It isabout 40-60 secondsif you arein really good
shape. Then propulsion slows and the body sinks. By this
time you have discarded your regulator because you could
not get enough air throughit and now you havewater infront
of your air passages. This creates further excitement, you
rear back out of the water and cough and splutter and sink
again. After two or three of these immersions you start to
losealot interestinwhat isgoing on. At that point, in many
instances, thediver is perfectly willing to give up thewhole
business. Itisnot aconsciousdecision but it isthe decision
that is made.

Conclusions

We need to recognise the stresses that are associated
withthedensity of water, thework of breathing and moving,
temperature changes, gear related issues and awhole series
of emotional issues. Motivation to dive is important. If
people do not want to dive, it isvery difficult to teach them
how. If they do not want to solve problems because of their
fear of death or whatever, they do not do well in courses of
instruction. With that personality type you would be doing
everybody afavour by suggesting that they learn how toride
motorcyclesor do something wheregravity isthe only thing
which they have to deal with.
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1991 SURVEY OF 27 RECREATIONAL
MULTI-DAY DIVING OPERATIONS

Drew Richardson and Karl Shreeves

Abstract

A survey of 7 training organizations, 18 dive resort
operations and 9 live-aboard dive operations was done to
determine the repetitive and multi-day diving practices
actually in existence today. In this study, which represents
anestimated 1.6 milliondivesannually, thetypical numbers
of dives per day, consecutive days of diving, surface inter-
vals, depth distribution and the safety practices of recrea-
tional diverswereidentified and recorded.

Introduction

Certification statistics kept by International PADI
Inc., arecreational scuba training organization, show that
recreational diving is on the rise. In 1980, the PADI
organizationissued 107,404 certifications, in 1985, 260,319
certifications, in 1989, 397,728 certifications and in 1990,
450,883 certifications. As recreational diving has grown
more popular, the number of dive resorts and live-aboard
dive boats has increased to meet this consumer demand.
Both dive resorts and live-aboards offer opportunities for
repetitive diving over consecutive days. At the sametime,
it must be recognized that little test data exists for decom-
pression protocols beyond three or four repetitive dives, or
for several consecutivedaysof diving. Whileitisintuitively
clear from anecdotal reports that recreational repetitive
multi-day diving is beginning to push beyond the body of
tested decompression practices, it is unclear as to what
extent. For example, anecdotal reportsof fiveor moredives
daily for six days consecutively on live-aboard boats are
common. While there’s no proven risk from this type
exposure, this type of diving is untested. This study was
initiated under the direction of Richard D Vann, Ph.D.,
Director of Applied Research at the F.G. Hall Laboratory,
Duke University Medical Center, to uncover the range of
common, intensive recreational multi-day repetitive diving
activities.

M ethods and materials

The1991 DEMA (Diving Equipment Manufacturers
Association) Show in Las Vegas, Nevada, offered an ideal
opportunity to conduct thesurvey. Theannual DEMA show
bringstogether, among other diveindustry members, global
representatives of dive resorts and live-aboard dive boats.
Using aconfidential survey form (see Appendix), apersonal
interview was conducted with representatives of resortsand
live-aboard operations at the 1991 DEMA Show. The
interviewer asked probing questions on procedures and
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sought to capture reports on standard operationsand decom-
pression procedures. Dr. Vann assisted this questioning by
reviewing the survey form prior to the survey.

Eighteen dive resorts, nine live-aboard dive boats
and seven training organizations were interviewed. It is
significant to note that some operations operate more than
one live-aboard boat or resort, so the number of such boats
and resortsrepresented by thissurvey exceeds27. Aneffort
was made to give the survey a worldwide distribution,
though the Caribbean, which has a large concentration of
such operations, has more weight.

A guarantee of confidentiality was given to inter-
vieweesto encourage accurate reporting free of competitive
concerns or possible complications with their respective
training organizations. All interviewees worked first-hand
with diving operations. Second-hand reports of diving
practices were excluded.

Many interviewees answered questions with ranges
rather than specific numbers; inmany cases, it washecessary
to use asingle number from such ranges to derive data. In
theseinstances, thelowest number intherangewasused. An
example of thisthe estimation of 1.6 million dives per year
being represented by thissurvey. Thiswasasthetotal of all
dives at all operations as derived in this example:

For an operation reporting 6,000-7,000 divers per
year, 7 to 10 days diving per diver per  stay and 3 to 6
dives per day:
6,000 X 7 X 3 =126,000 dives per year.

Specific comments regarding the data accompany
some of the following tables.
The survey sought to compare the number of days

TABLE 1

DISTRIBUTION OF OPERATIONS

Location Resorts Live-aboards
Worldwide multiple operations 2 2
Australia 1
Bahamas 2 2
Bonaire 1

Cayman 4

Cozumel 2

Fiji 1

Florida 1

Hawaii 1

Honduras 1

Micronesia 2 1
Red Sea 1
St. Lucia 1
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TABLE 2

APPROXIMATE NUMBER OF DIVERS PER YEAR

Resorts Live-aboards
1,000 or less 1 4
1,001 - 5,000 9 2
5,001 - 10,000 2 3
10,001 - 15,000 2
15,001 - 20,000 1
20,001 - 25,000
25,001+ 1
No answer 2

spent at aresort or on alive-aboard with the number of days
on which diveswere actually made. Theratios of “number
of days at operation”/”number of actual dives days’ are
shownin Table 3.

The averagesin tables 3 and 4 came out of the data.
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“Of operations surveyed” is the average number of days
reported by the operations. “Of diver per season” is the
average of al the divers at al the operations staying the
number of days reported by each operation. In both cases,
the lowest numbers were used when ranges were given.

Thenumbersintable5, showing the number of dives
per day, are based on the lowest numbers reported by each
operation. Five (55.5%) live-aboards reported dives-per-
day routinely exceeding 5.

Table 6 gives the dive depths typicaly used at the
various operations. Only 5 live-aboards and 12 resorts
operations could estimate general dive depth distribution.
This distribution is adjusted based on number of dives
(based on lowest in ranges) per season at each reporting
operation.

Table 7 gives the typical surface intervals. In gen-
eral, resorts were able to give more accurate estimates of
surface intervals. Live-aboards reported greater variation
and tended to be more vague.

Reports on DCS from both resorts and live-aboards

TABLE 3

DAYSSPENT AT OPERATION/ACTUAL DAYSDIVING

Ratio days at operation to days of diving Resorts Live-aboards Both Groups
3/2 1 (5.5%) 0 1(3.7%)
3/3 1 (5.5%) 0 1(3.7%)
4/3 1 (5.5%) 1 (11%) 2 (7.4%)
4/4 2 (11%) 0 2 (7.4%)
5/4 2 (11%) 0 2 (7.4%)
6/5 0 1 (11%) 1(3.7%)
7/5 2 (11%) 3(33%) 5 (18.5%)
716 5 (28%) 3(33%) 8 (29.6%)
717 0 1 (11%) 1(3.7%)
8/6 1 (5.5%) 0 3(3.7%)
Insufficient information 3(17%) 0 3(11%)
TABLE 4
AVERAGESOF DAYSAND DIVESAT OPERATIONS
Aver age days spent with operation
Resorts Live-aboards Both Groups
Reported by operations 5.66 days 6.55 days 6.00 days
Diver per season 6.39 days 6.64 days 6.44 days
Aver age days diving
Resorts Live-aboards Both Groups
Reported by operations 4.66 days 5.33 days 4.91 days
Diver per season 4.9 days 5.57 days 5.00 days
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TABLE 5

NUMBER OF DIVES PER DAY

Number of dives/day Resorts Live-aboards Both groups
2 or less 13 (72.2%) 1(11%) 14 (52%)
3 5 (27.8%) 1(11%) 6 (22%)
4 0 5 (55.5%) 5 (19%)
5 0 2 (22.5%) 2 (7%)
Dives per day average
Of operations 2.24 3.83 2.77
Of diver per season (16 resorts reporting) 1.95 342 2.23
TABLE 6

TYPICAL DIVE DEPTH DISTRIBUTION

Depth range
in feet Resorts
0-30 18%
31-60 31%
61-90 40%
91-130 10%
131+ 1%

% of dives
Live-aboards Both Groups
6.0% 16.0%
54.6% 35.0%
24.0% 37.4%
14.8% 11.0%
0.6% 0.6

TABLE 7

TYPICAL SURFACE INTERVAL DURATION AT 18 RESORTSAND 7 LIVE-ABOARDS

Surface Interval Resorts
0 to 60 minutes 12 (67%)
61 to 120 minutes 2 (11%)
121 to 180 minutes 4 (22%)
181 to 240 minutes 0
241 to 300 minutes 0

tended to be vague and guarded. No relationship between
days dived or number of dives per day and DCS cases
reported was found.

Thefollowing “worst case’ DCSincident rateswere
derived based on “less than per 1 year” = 1, and using the
fewest estimated dives per year.

Resorts: 1 casein 63,882 dives (0.0016%)
Live-aboards: 1 casein 34,300 dives (0.0029%)
Both groups 1 case in 49,996 dives (0.002%)

Table 9 shows computer usage based on averages of

Live-aboards Both Groups
2 (29%) 14 (56%)
1 (14%) 3 (12%)
3 (43%) 7 (28%)
0 0
1 (14%) 1 (4%)

percentage estimations by operations and their divers-per-
season.

Mutli-level is defined as permitting profiles that
extend bottom time beyond the No- Decompression Limit
(NDL) of the deepest depth by crediting for ascent to a
shallower depth. All live-aboards said they permit multi-
level diving. Oneresort said it permits neither multi-level
diving nor computer use. Other resorts that do not permit
multi-level diving said they permit diversto use computers,
but only as time/depth gauges.

Theincidenceof decompressiondivingandthesafety
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TABLE 8

DECOMPRESSION SICKNESS REPORTED

Cases per years Resorts
lessthan 1 15 (83%)
1 1 (6%)
2 2 (11%)
3 0
4 0
5 0

TABLE 9

PERCENT OF DIVERSUSING COMPUTERS

Resorts 23%
Liveaboards 58%
Both Groups 29%

recommendations of skipping a day’s diving (multi-day
skip) and safety stopsin the various operationsis shown in
Table11. Four resort operationsreported 3 or fewer days of
continuous diving. Multi-day skip was considered “ stand-
ard” if an operation requires it, or if most divers at an
operation routinely take a day off during their stay. Every

Live-aboards Both Groups
5 (56%) 20 (74%)
1 (11%) 2 (7.4%)
2 (22%) 4 (14.8%)
0 0
0 0
1(11%) 1(3.8%)

operation that did not require a safety stop said that it
strongly recommends safety stops.

Training Organizations

Seven training organizations, including PADI, were
surveyed asto whether their training standards affect multi-
day, repetitivediving. Therewasvirtually no differencein
any of the organizations. They al allowed a maximum of
two training dives per day at entry level. None had restric-
tions on non-training dives after certification. All advise
conservatism when making multiple repetitive dives over
multiple days,but no specific guidelines were given.

PADI’ s Standards, as presented inthe PADI | nstruc-

TABLE 10

AVERAGE REPORTED PERCENTS OF COMPUTER-USING DIVERS

Resorts Live-aboards Both Groups
In operations permitting multi-level diving. 39.5% 55% 46.8%
Range 5%-90% 5%-95% 5%-95%
In operations not permitting multi-level diving. 19.1% NA 19.1%
Range 0%-50% NA 0%-50%

TABLE 11
STANDARD OPERATIONAL PRACTICES

Resorts Live-aboards Both Groups
Multiday skip Yes 3 (17%) 2 (22%) 5 (18.5%)
Multiday skip No 11 (61%) 7 (78%) 18 (66.7%)
3 or less days of continuous diving 4 (22%) 4 (14.8%)
Decomp diving Yes 2 (11%) 3 (33.3%) 5 (18.5%)
Decomp diving No 16 (89%) 6 (66.7%) 22 (81.5%)
Safety stop required Yes 12 (66.7%) 7 (78%) 19 (70%)
Safety stop not required No 6 (33.3%) 2 (22%) 8 (30%)
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tor Manual?, give an example of how training organizations
address multi-day, repetitive diving:

“No morethan two open-water scubatraining dives
are to be conducted in a single day for any individual
student (the only exception is the Advanced Open Water
Diver course, which allows a night dive to be conducted
following two daylight dives).”

The PADI Open Water Manual? advises:

“Since little is presently known about the physiological
effectsof multipledivesover multipledays, you arewiseto
make fewer dives and limit your exposure toward the end
of amulti-day dive series.”

In The Undersea Journal®, PADI’ s instructor jour-
nal, PADI members were advised:

“DAN suggests that divers engage in no more than
three or four consecutive multi-dive days. For example, on
extended trips during which the diver is making more than
twodiversper day, heshouldrefrainfromdiving every third
or fourth day.”

Discussion

From amathematical point of view, the number of
surveysin this project makes a high statistical confidence
level difficult. Nonetheless, this does not mean the infor-
mationisinaccurate and the datastrongly suggest that some
diving practices are prevalent. If these practicesexist to a
greater or lesser extent than foundinthissurvey, thissurvey
at least reveals aneed for closer examination.

EXTENT OF MULTI-DAY DIVING

There' s no question that multi-day diving repetitive
divingiswide-spread. Thesurvey showedthat the"typical”
diver dives about five days during a six-and-a-half day stay
at aresort or on alive-aboard. Apparently, taking aday off
during a multi-day dive series (multi-day skip), while not
uncommon, is not the prevalent practice at resorts or live-
aboards. Oneresort operation that catersfor approx. 12,000
diversannually at three resorts said that the multi-day skip
had becomelesscommon sincetherel ease of thenew flying-
after-diving recommendations, which make it difficult to
dive on the last day of thetrip.

EXTENT OF REPETITIVE DIVING

While the number of days dived were similar for
resorts and live-aboards, there's a tendency to make more
dives per day on alive-aboard than when at aresort. The
“typical” diver makes1.95 divesdaily at aresort, compared
to 3.38 on alive-aboard (about 73% more dives per day).
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Live-aboard reports reaching 5-6 dives daily were not un-
common, with as high as 10 divesin aday being reported.

SURFACE INTERVALS

Interestingly, resorts showed shorter surface inter-
vals. Apparently, the common resort two-tank morning or
afternoon schedule keeps surface intervals at dive resorts
short, whilelive-aboards, which do not havetight schedules
tokeep, canaffordamoreleisurely pacebetweendives. This
is supposition supported by the reports. Resortsgavefairly
accurate specificintervals, whichis consistent with running
aregular schedule, whereaslive-aboards tended to be more
vague and cited little regularity to surface intervals.

TYPICAL PROFILE

It washoped that a“typical day’ sdiveprofile’ would
befound by thissurvey. Instead, it wasfound that there’ sno
such thing across the board. Live-aboard boats had diffi-
culty citing “typical” profiles, soit’simpossibleto extrapo-
latea“typical” live-aboard profile, other thandiving deepin
the mornings and shallower asthe day progresses. Several
resorts gave their daily profiles, making a rough “typical”
resort profile:

First dive: 60to 100 feet deep for 5 minuteslessthan
theNDL. Surfaceinterval: 30 minto 1 hour. Second dive:
60 feet or shallower for 35 to 45 minutes.

COMPUTER USE

There is a significant number of divers using dive
computers, and most operations said thenumber isgrowing.
Theleast computer use was found among resortsthat do not
alow multi-level profilesandamongresortsandlive-aboards
in predominantly shallow (majority of diving above 30 feet)
regions. In the latter instance, it can be speculated that
because of almost unlimited divetime permitted by tablesin
the shallows, diversdo not perceiveaneed for theadditional
time afforded by a computer.

The greatest dive computer use was reported among
live-aboards. It can be speculated that the lack of tight
schedules permits a live-aboard to grant divers nearly as
much dive time as they want, making a dive computer
especially useful. One live-aboard that specializesin deep
water wrecksreported that without a dive computer, adiver
misses most of the dives. Not surprisingly, this operation
reported that 95%+ of its customers use computers.

DECOMPRESSION DIVING

Although decompression diving isgenerally consid-
ered beyond the parameters of recreationa diving, five
operations reported that decompression diving was permit-
ted. Thisisasurprisingly largeportion of thegroup (18.5%)
and could be afluke caused by the small size of the survey,
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or, on the other hand, could indicate that decompression
diving among recreational divers is more common than
previously suspected.

All but one of the operationsthat permit decompres-
sion diving said they have strict guidelines for decompres-
sion dive supervisionand minimum experienceand/or train-
ing levels for participants.

RESTRICTIONS

The survey found that while virtually al resorts
enforceguidelinesfor diving, thedegreeof restrictionvaries
considerably. Someresorts, in particular, specify the exact
dive profile, including depths, bottom times and surface
intervals. Other operations stipulate broader rules, such as
“Do not exceed the no decompression limits” and other safe
diving practices, leaving the diver to use histable/computer
to the best advantage within the guidelines.

No operation reported widespread difficultiesin get-
ting diversto stay withinthelimitsthey set. Operationswith
theleast restrictions tended to show more dives per day and
more computer use, suggesting that many divers will take
advantage of more dive timeif it's available.

No relationship was found between DCS cases re-
ported and the degree of diving restrictions reported by
operations. For example, the operation reporting the highest
DCSincidence (5 casesper year average) had arestriction of
only two permitted per day, and reported that multi-day skip
is standard procedure. Another operation that permits de-
compression dives, dives below 130 feet, and typically
offers five dives a day for six days continuously reported
only two cases of DCSin seven years.

WHAT WAS SAID

All operationswere asked if they specified particul ar
tables, computers or had any other special procedures or
considerations that involve dive profiles and DCS avoid-
ance.

The DSAT Recreational Dive Planner and the USN
tables were mentioned several times, and Bihimann tables
mentioned once, though no one “required” the use of any
particular table, except asin training as specified by training
organization standards. Some resorts avoid the issue by
dictating maximum dive depths and times. No make or
model computer was named in any context, neither as
particularly favoured nor as being unacceptable.

Virtually every operation requires or highly recom-
mends safety stops. No other stipulation regarding ascents
wasmade, thoughit canbeinferredthat all operationsexpect
diversto stay withinthe ascent rates specified by their tables
or computers.
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There was no mention of nitrox, oxygen decompres-
sion or other mixed gases associated with professional/
technical diving.

Conclusion

DAN diving accident statisticshave shownthat more
DCS accidents occur following multi-day diving, but this
may simply reflect the growing number of divers making
multi-day repetitive dives rather than any particular risk of
DCS caused by current recreational multi-day diving proce-
dures. Without information on the numbers of dives made
single-day versus multi-day, it's impossible to ascertain
statistically what role, if any, multi-day repetitive diving
playsin DCSrisk.

The survey found that multi-day repetitive diving is
widespread and common among recreational divers, and
that much of itinvolvesmorethanthreedivesaday, withfive
and six dives daily not uncommon. Despite possible con-
cernsrai sed by accident reports, the survey found no particu-
lar evidence of unusual risk from multi-day, repetitive
diving as it is currently practiced within the recreational
community. This survey found a somewhat higher DCS-
per-dive rate for live-aboards than resorts, but a) the small
survey size plususing “less-than-1-case-per-year = 1-case-
per-year” in determining DCS figures makesit hard to have
high confidence in their exactness, and b) even the higher
rate indicates less than 3 cases in 100,000 dives.
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TABLESOR COMPUTERS; HOW BEST TO
CONTROL DECOMPRESSION

Glen Egstrom

Decompression

Every dive is a decompression dive involving on-
gassing and off-gassing from the blood and tissues. There
isno such thing as a no-decompression, or more properly a
no- stop, dive. We use that term to describe dives from
which direct returnto the surfaceisusually safe. Therateat
which we on- and off-gas the tissues is a function of the
pressure gradient, solubility and diffusion characteristics of
thegasesand of theblood flow in varioustissues. Multi-day
multi-level diving may resultinresidual nitrogenlevelsthat
accumul ateover aperiod of dayswhich may not bereflected
in the tables or in diving computers which are not kept
operationa for the duration of multi-day diving excursions.

All tables and dive computers are based upon as-
sumptions. The assumptions may reflect interpretations of
research findings, attitudes of the designer, consistencies of
human behaviour, environmental constants, consistent rates
of changeinpressure, and other factorswhicharenot readily
quantifiable. It should be clearly understood that the as-
sumptions are largely unavoidable since the state of the art
is still under development. Tables and computers are
different because the people behind them have used differ-
ent assumptions, different techniques, different kinds of
modelling formula and unsurprisingly, they come up with
different answers to basically the same problem. The
purpose of table and dive computer technology isto provide
criteriaand monitoring capability that will enableadiver to
plan, and execute, areasonably safedive profile, onewith a
low probability of adecompressionaccident. They aretools
that can help us minimize risks. We must accept their
limitations when we plan and execute our dives and to do
that thediver must devel op the understanding and skill tobe
abletousethem effectively. Theold saying that only apoor
carpenter blames his tools appliesto divers.

The current emphasis on safe decompression proce-
dures has led to considerable confusion. Much of the
confusion appearsto berelated to afundamental misunder-
standing. Many people buy adecompression table or dive
computer withthebelief that it isgoing to protect themfrom
decompression sickness. Allegationsthat aparticular table
or dive computer “bent” someone should be viewed with
extreme caution since tables as well as dive computers are
simply toolsused to reducetherisksassociated with decom-
pressionindiving. Thereisnot and never has been a set of
tables, or a dive computer, that can eliminate 100% of the
risk of adecompression accident 100% of thetime. One of
the reasons for that is pretty obvious, we are all different
physiologically. Thereiswide inter- and intra-individual
variability intheresponseto agivendiving profile. At best,
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wetake acalculated risk each and every timewedive. The
best we can hopeforisthat thetableor divecomputer weare
using on a given dive profile will be compatible with our
individual response and result in a problem free ascent.

Divers, decompression tables and computers

There are many divers who still have not got the
foggiest clue asto what decompression really means. They
simply want to be told what to do and when. Probably the
most common decompressi onroutineiswherethedivemaster
says 24 m for 30 minutes. One comes up at the end of the
dive, sitsout for 45 minutesto an hour and thenistold to go
back to 18 mfor 40 minutes. Everyonedutifully goesabout
their business. Fifteen to 20% ignore the instructor com-
pletely. They go asdeep asthey want and stay aslong they
want and, if they come back up to the surface without any
difficulty, they write down depths and times using the
“Woolworth Effect” (everything finishesin 5s and 10s).

The current situation with regard to tables and dive
computersremindsmeof aremark by Poul Anderson, many
years ago, when he observed, “| have never encountered a
problem, however complicated which when viewed in the
proper perspective did not become more complicated”.

Individuals should know and appreciate their own
limitationsin relationto each dive. Neither thetablenor the
dive computer has a clue regarding ones physiological and
mental state. To reduce decompression sickness risk in
divers we have to look at other things as well as depth and
time. A few of these are age, obesity, physical exertion,
hangovers, state of health, physical condition, post-dive
exercise and dehydration. We dump an awful lot of water
while diving. Immersion decreases central blood volume
and negative pressure breathing also inhibits antidiuretic
hormone. Dry gasis saturated during respiration. You are
exercising, you sweat underwater at ahigh rate. All these
mechanisms take water out of the blood and put it in other
places, including the open sea. A diver working for an hour
at 45 mwill lose about alitreand ahalf from hiscirculating
bloodvolume. Onedoesnot havetogothat deeptobelosing
roughly equivalent to the amount of fluid that an athlete
|oses when running amarathon. Y ou can lose about alitre
toalitreand ahalf an hour, and you should bereplacing that
fluid or you are going to end up in adehydrated state. This
can be cumulative over a number of days. It is also
important to recognize that individual susceptibility to de-
compressionillnesscan changeduring thediveand between
dives on the same day as well as between days.

Regular exposure to increased pressure appears to
reduceindividual susceptibility to decompression sickness.
Thissuggests that a progressive increase in exposure to
greater depthsisagood ideaand that deep divesfollowing
long periods of inactivity are abad idea.

The past
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When | started diving there was only way to do the
job. Youwentin, followed theinstructions, did thedivethe
way you were supposed to and a certain number of people
got hurt and that was of the way the ball bounced. In fact,
when we dive we are still taking a calculated risk each and
every time we put our heads under the water.

My first depth gauge wasacapillary depth gauge. It
was amazingly simple and extremely accurate in shallow
water. Butit getsalittlelessaccurateasonegoesdeeper and
finally thelines get so closetogether that one cannot be sure
of the exact depth.

Later bottom timers and depth gaugesthat are accu-
rate over awider range were produced becauseit isimpor-
tant to monitor depth and time. We really have not come
very far since then. We now pay $US 400 to $US 600 for
devices that are very good time and depth recorders. But
they also do cal cul ationsthat may, or may not, beinour best
interest 100% of thetime. A computer doesnot doany more
thanwehavebeen ableto dofromthetimesincewefirst had
waterproof watches and some kind of depth gauge.

Diversget into the water and look down. Thewater
isclear and everything iswonderful. Someoneinthegroup
seessomething inthedistance Wewander down. Aswego
downwenoaticethat light doesnot penetrateaswell asit did.
That doesnot stop usand probably never will. Ataround 36
mwe find something that istruly wonderful. We now have
afocusof interest. Unfortunately humans, when we start to
narrow our focus, tend to forget about peripheral thingslike
timeand depth. Weloseinterestinhavingtoleavethisdepth
before doing all the thingswewant to do. Finally someone
probably notices that we have been down quite a while,
looks at the depth gauge and at the watch. If they can
remember what time they |eft the surface, they may have a
clueasto how long they have been on the bottom. Thenwe
start to round up thetroopsand go up to towardsthe surface.

Even in the good old days, if we knew that we had
over stayed our welcome in the deep we took it upon
ourselves to do some kind of hang off somewhere in the
water column. Most of us were trained that one must hold
the depth gaugelevel withthe centre of the chest and it must
read precisely 3 m (10 ft). This proved difficult, because
occasionally swells came through and one went from 3to 6
m (10 to 20) ft very rapidly.

Tables

Wehad themuch maligned USNavy (USN) decom-
pression tables of 1958, where 18 m for 60 minutesisano-
stop dive and at 36 m 15 minutesis ano-stop dive. These
tables have the largest database and smallest incidence of
accidents of probably anything we have with acomparable
number of exposures. | get alittleannoyed when people say
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the USN tables are bad. There are some areasin the USN
tablesthat we know are not what they should beand it took
many, many years find that out. Thousands of dives have
been donesafely onthesetabl es, primarily becausevery few
people, including the old USN Chiefsthat run USN diving,
ever operated thetables asthey appear onthe page. Most of
the dives were done at shallower depths. They were not
done as sguare dives, they were done as some kind of
variation of asquaredive. Thetablesaccepted a particular
incidence of decompression sickness. Rumour has that it
onetimeit started off withamodel of 5%. Asthetableswere
refined it camedown. Thelasttimel heard it was0.6%, less
than oneinahundred. Oneinahundredisstill apretty high
incidencewhen onethinksof thekind of damagethat can be
done. But thebottom lineisthat thesetablesarestill widely
used today. Many people reject some of the other tables
becausethey do not really understand what advantagesthey
would get from them.

There are a number of tables available that are
literally the USN tables, rearranged in layout and how to
read them. The numbers and the assumptions underlying
these tables are the same. Some tables were rearranged
because the producers thought that divers were not bright
enough to learn how to use the tables. So they gave them
something to put afinger on and run it around three or four
places to give better accuracy and so better protection.
Unfortunately the protection avail able doesnot changewith
the format.

Therecreational diversnow usingtheUSN tablesare
not young, healthy, male, athleticindividualswho areunder
military discipline. So diving organisations reduced times.
Therearetableswith shorter no-stop times, 50 minutesat 18
minstead of 60. There are minor modificationsin terms of
how these tables predict on- and off-gassing. This is an
interesting approach because logic saysif we cut the times
downwearemaking thesetablessafer. But, infact, making
the times shorter does not eliminate the possibility nor the
probability of decompression sickness. Therearetoo many
other variables.

TheDCIEM tablesarevery popular becausethey are
very conservative. They have adatabase and an experimen-
tal background. Itisinterestingthat whendoing the Doppler
studiesthere were bubbles on about 70% of the divestothe
limitsof depth andtime. They wereonly gradeoneor grade
two bubbles and sometimesafew gradethree bubbles. The
DCIEM team were not really concerned unless there were
grade three bubbles or higher.

Then there is the Recreational Dive Planner or the
PADI Wheel. The PADI wheel is accumulating a good
database. It hasreceived agreat deal of marketing accept-
ance. Itisprobably asgood asanything that isabout. 1t uses
the 60 minutetissueto control therepetitiveinterval because
that fits better with typical recreational dives than the 120
minute tissue used by the USN tables. Itisbased on certain
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assumptionsthat differ fromtheother tables. Thetablesare
being tested and adatabaseisbeing accumulated. However,
it is not going to be a bends free table as there is no such
thing. Aslong as we understand these facts and make the
decisionthat wewant to useit and agreethat wewill takethe
calculated risk that this particular device puts on us, then
everything isfine.

If peopleare bubbling on themost conservative dive
tablesthat wecurrently have, wehaveaproblem. After your
dive today probably more than 60% of you would have
Doppler detectable bubbles, for one reason or another. If
you get on abicycle ergometer and pedal up to amaximum
VO2 level wearing a Doppler, you start throwing some
bubbles at 1 ATA whether you had been diving or not !
Bubbling may not bethebest criteriathat wehavefor safety.
Butit bothered meas, to me, bubbleshave beentheproblem.
Eventhoughthebubblesareonthevenousside, and thelung
is a wonderful filter, we now know that bubbles can pass
through apatent foramen oval eor other shuntstothearteria
side. So any bubbles seem to be something that we should
be concerned about asthere are circumstances under which
thelung does not filter aswell asit doesat other times. We
do not really know much about that and none of that is built
into the tables.

All tables have the same basic problem. They are
concerned with depth and time and certain figments of the
imagination. Thefigments are the assumptionsthat tissues
fall into compartmentsthat have different half times. There
areanumber of thingsthat interferewith thoseassumptions,
but using half timesisstill theway that tablesarederived and
we have data that says that they work realy quite well.
There have been thousands, perhaps hundreds of thousands
, perhapsmillions, of divesonvirtualy all thetablesand we
have arelatively low incidence of decompression sickness.
Perhaps not aslow asit should be but it till relatively low.

Shrinking bottom times

The USN tables no-stop time of 25 minutesat 30 m
was accepted for along time. Then NAUI, PADI, Huggins
and the BS-AC reduced the no-stop limit by 5 minutes, in
order to make it more compatible with the recreationa
population. The Suunto dive computer cut it to 18 minutes,
the Germans came down to 17 minutes, the DCIEM tables
came down to 15 minutes, the MicroBrain and MicroBrain
Pro Pluswent to 12 and 11 minutes respectively. Inciden-
tally, thea gorithmsin these two are done by the same man.

Thereisthe new terminology of risk assessment. It
perhapsisnot new in epidemiology, but for diving itisnew.
What would you have asbottom time at 30 mif you wanted
to have a maximum risk likelihood of 1% ? The current
wisdom saysthat is going to be 8 minutes. Now thereisa
considerable difference between diving 8 minutes at 30 m
(toget that kind of protection, but noticeitisnot perfect, and
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spending 25 minutesat that sameplacewitharisk that isstill
lessthan 1%, statistically 0.6%. | just want to know who is
right. | want someone to tell me what | should do so that |
can get maximum protection.

Each dive computer that comes onto the market
giveslessbottomtimethantheonebeforeit. | think thelogic
behind it is “I have an agorithm that is safer than their
agorithm, how can | be criticised?’. So each onein turn
came out with less. There is a serious problem. If my
understanding of human nature is correct, no one wants to
buy acomputer that only gives9 minuteswhen hispeersare
buying onesthat give 18 or 20 minutes. That would belike
saying | am not asgood or not asfit asthey are. So divers
go out shopping for the set of tablesor dive computer thatis
going to give the most time. Diverswant to be ableto stay
down aslong as possible.

The old SOS decompression meter, rather rudely
called the“bendomatic”, when tested against a set of tables
would often allow the same no-stop dive on every dive of a
repetitive series. The tables however would start stacking
up decompression time so at the end of the four dives the
SOS meter would be about a half hour of decompression
time short. Some got and some did not get decompression
sickness.

Dive computers

The next step was when a group of people put
together an electronicdevice. Weentered thecomputer age.
Orca Industries, in conjunction with Carl Huggins, put
together some algorithms and some computer technology.
The Edge is avery fine watch and depth gauge with some
assumptions intermsof what depth and time mean relative
to tissue compartments. A dive computer has a pressure
transducer, an internal clock, a microprocessor unit, aread
only memory, accessmemory, power supply and someway
todisplay theresults. Within thisbasic construct we put the
infinitely variable human mind to work. We all haveideas
about how and what kind of information should be dis-

played.

Once an individual wasfound to be wearing a Edge
with the five holes that let water get to the pressure trans-
ducer firmly against hisforearm. When asked why he said
that it was the physiological monitoring area and he as-
sumed that it was monitoring his physiology. He would
occasionally make sure that it was in position so that the
monitor wouldwork. Whenit wassuggested that for it work
properly heshould have put theopeningsaway fromtheskin
hewasoutraged because hethought that for around $695, he
was getting something that was monitoring his decompres-
sion status. He was angry when he found out that all it is
monitoring isthe Edge’ sdecompression status. If you have
the same characteristics asthe program inside the Edge you
will be in good shape. If not you have a level of risk
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associated with decompression that is a function of how
different you are to what is going on inside the machine.

The American Academy of Underwater Sciences
(AAUS) recently brought together 50 people from all over
the world, representing medicine, physiology, physics, en-
gineering, highly experienced diversandinstructional agen-
cies. At Catalina Island we went through a lot of the
concerns associated with the question of “Do we use com-
puters or do we use tables?’.

The basic problem isthat using five computers, as|
did, to track the same series of divesit became obviousthat
there are variationsthat ranged from owing decompression
to having hours of remaining dive time. This is redly
unfortunate. Thereasonisthat thealgorithmsdevel opedfor
thedifferent divecomputersaredifferent. Alsoeach meter,
not only had apersonality that differed fromitscounterparts
in the industry, but in many instances they have little
idiosyncrasies that provide subtle differences between in-
struments, such as variations in pressure transducer sensi-
tivity.

Part of thedifferenceistheway they treat multi-level
dives. We want to keep track of on-and off-gassing as we
progressively move towards the surface during our dives.
Thisisgenerally theway that recreational divesaredoneand
thereis alot of heartburn associated with getting a square
dive calculated risk when making amulti-level dive which
should be getting safer.

Because of the differences between computers each
diver relying on adive computer to plan dives and indicate
or determine decompression status must have hisown unit.
AAUS had to make that rule when setting guidelines for
scientific diversbecauseanumber of folksinvolved thought
that one per buddy pair, like a dive watch, was entirely
adequate. But if you have on any given dive two dive
computers, you must follow the more conservative dive
computer. My dive buddy today, | think would have been
alittlemorethanreluctant todivewithmehad heknownthat
on virtually every first dive this week, on one of my
computers | went into decompression. On the other one |
had not. That ispart of therisk that | takeasan individual.

Once a dive computer is in use it must not be
switched off until it hasindicated that compl ete out-gassing
hasoccurred or 18 hourshasel apsed, whichever comesfirst.
If one leaves an Edge on all week usually by the second or
third day it is saying that you still have some nitrogen left
over from yesterday and the pixels start building along the
slow tissue compartment side of itsface. That is probably
reflecting real life.

The notion that we can dive for infinitely long
periodsinshallow water for multipledaysisnow recognised
as more hazardous than previously thought. We are now
more concerned about the potential damage of long multi-
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day and multi-level diving than we have ever been in the
past. Thedive computer does enable usto dive multi-level
becauseit saysyou pay for what you are using at any given
time. When using an Edge watch the pixelsfill in. Notice
that thefast tissuesgoinreally quickly. But whenyoucome
up abit the pixels empty almost instantaneously. The ones
to be concerned about are those of the slow tissuesthat tell
you how much nitrogen you are retaining.

Ascent rate equalsthe rate of change of the pressure
gradient for decompression purposes. Rapid gradient
changeshavebeenidentified asapotential trouble-makerin
the case of decompression problems. Y earsago Campbell
showed that divers come up much faster than they USN
tablesreguire. A group 20 or so sport divers were taken to
the bottom where they were at at 18 m (60 ft). They were
given some nonsense arithmetic to do. The observerswere
ostensibly studying the effects of shallow water narcosis.
They were, however, studying ascent rates. They had a
signalling device to the surface. When the person left
bottom, the signal started a stop watch, which was stopped
when the person broke the surface. Thetime wasrecorded.
The divers were asked “Did you come up at your normal
ascent rate?’ Theanswer wasamost always“Yes'. “How
fastdidyoucomeup?’ Thosewho couldanswer thisusually
said “| came up at no faster than 60 ft per minute with my
small bubbles’. However when we analysed the data, the
averageascent ratefor thegroup wasabout 51 m per minute.

Atthistimethereisconfusionregarding thesaferate
of ascent. Tablesand dive computers are based upon rates
of ascent ranging from 9-18 m per minute. The Edge has
threedifferent ascent ratesdepending upon whereyou arein
thewater column. Themajority opinionisthat ascending at
12 m per minuteis better than ascending at 18 m (60 ft) per
minute. Slower ascent rates are probably less likely to
produce problems for divers.So the AAUS has said that its
peoplewill not ascend faster than 12 m per minuteinthelast
18 m of the water column.

Most people ascend much more rapidly than they
think they do because none of us have areally good way of
being able to monitor ascent rates. Some of the dive
computers today have little lights or messages that will
comeon and if you arewatching, the computer will tell you
when you areexceeding the ascent rate. Some of them even
have audible alarms.

A couple of computers, that are no longer manufac-
tured, simply shut down if you ascended too fast. It would
not give any more information. That was supposed to be a
cluethat you should not diveagainuntil thecomputer turned
itself on sometime later. Aningeniousideabut it left the
diver without advice during the over-rapid ascent.

Taking astop between 3and 9 m for 3to 5 minutes,
whenever practicable, is really cheap insurance. The
advantages of taking safety stops at depths of 5-6 m rather
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than 3 m include better control of depth and position and
possibly more stable off-gassing. This advice is tailored
primarily for those people using dive computers.

Themajority of thecomputerswill et you go back to
30 0r 45 mjust about any timeyouwant to. Thisisbased on
the assumption that if the controlling tissue is afast tissue,
it hasoff gassed. Therewasan Edge Club, whichwasgoing
to doa39 mdiveuntil the pixelsfilled the no-stop areathen
come up and sit until those tissues cleared, then back down
to 39 mand repeat the processall afternoon. They had some
problems.

One of the first rules one learns about repetitive
divingis*“ Alwaysmakeyour deep divefirst and every dive
followingthatina24 hour period, shallower”. Thatispretty
good advice. Evenif the mathematicsin the dive computer
saysthat you can make these deep repetitive dives, humans
really cannot. Y ou haveto besmart enough not to makethat
kind of a mistake.

Oneday, perhaps, wewill have adive computer that
may be ableto factor in afew of the other variables. When
you arefacing into acurrent, your work rateis much higher
than when you are making a nice easy drift. This sort of
thing has not been factored into any of the computersor any
of the tables that we currently have. The closest thingisa
statement in USN tables that said, if the dive is cold or
arduous, you must take that into consideration by going to
the next gradient on the time/depth scale.

Deep diving

Wehaveadeep divemaniadevelopingintheUnited
States. People want to go deeper, they want to stay longer
and they do not want to haveto pay the pricein decompres-
siontime They havegoneinto this* recognising that wecan
useair alot deeper thanwethought”. A man claimsto have
donea452ftdiveonair. | think the only peopleto witness
that divewasthemanandhisgirl friend. That diveisclearly
beyond the bounds of what we would consider reasonable.
However there are some dive computers that are designed
to accommaodate this quest for depth.

We also have computer generated designer tables.
Cavedivers produce one off tablesfor aparticul ar penetra-
tion using a PC fed with the depth profile and the gas mix
(which may be or may not have been obtained by gas
analysis). Thesetablesare used completely untested. They
alsodo not takeinto consideration any of theother variables.

Conclusions

One' srisk of bendsisunpredictableonany givenday
or any given dive. The best thing you can do is dive
conservatively. Diving conservatively isnot going to pre-
vent decompression sickness. We have to understand that
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itisone of the calculated riskswe take asadiver. If wedo
get decompression sickness, we should not run around
screaming for someone’ s head to roll, because the bottom
lineisthat eachindividua who usesatableor divecomputer
does, infact, elect an informed consent to all of therisksin
diving. That requires education. In most instances the
manuals that come with tables or computers discuss the
nature of that risk and in doing so put the burden squarely on
the diver. If you do not know what you are doing perhaps
you ought not to be doing it.

The limits of the tables and the dive computers are
arbitrary as are the designations of tissue haf-times and
other conceptsused in modelling the decompression sched-
ules. Thesedevices provide guidelines. Those diverswho
press the devicesto their limits are working in the vicinity
of the cutting edge and should not be surprised if they are
injured.

Thisis an edited transcript of a lecture given by Dr
Egstromwhen hewasthe guest speaker at the SPUMS1991
Annual Scientific Meeting.

Glen H. Egstrom, Ph.D., is Professor Emeritus of
Kineseology at the University of California, Los Angeles
(UCLA).

Dr Egstrom’ saddressis3440 Centinela Avenue, Los
Angeles, California 90066, U.SA.

ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

Basic Coursein Diving Medicine
Concentrates on the assessment of fitness of candi-
datesfor diving. HSE-approved course

Dates March 1992 fully booked
October or November 1992

Cost $A 500.00

Advanced Coursein Diving and Hyperbaric Medicine
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.

Dates March 1992 fully booked

October or November 1992

$A 500.00
$A 800.00 for both cour ses

Cost

For further information or to enrol contact
Dr John Williamson, Director, HMU,
Royal Adelaide Hospital, North Terrace
South Australia, 5000.
Telephone  Australia 08-224 5116
Overseas 61-8-224 5116
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ARTICLESOF INTEREST REPRINTED FROM OTHER JOURNALS

ALTITUDE EXCURSIONSAND THE 24 HOUR
RULE

Bruce Wienke and Dennis Graver

Abstract

A recent UHM S Workshop on high altitude diving
and flying-after-diving recommended a 24 hour surface
interval between normal diving and flying, and a 48 hour
interval between decompression divingandflying. Consist-
ent with these recommendations, a set of conservative high
altitudediving protocol sand flying-after-diving procedures
can be extracted from the US Navy Tables, by using a 635
minute tissue compartment (after Bihlmann) to control
flying-after-diving. Within the group structure of the US
Navy Tables, aset of arrival and limiting groupsfor altitude
excursions can betabulated. Introduction of the 635 minute
compartment multiplies times in the US Navy Standard
Interval Table by afactor of 5.4. Protocols consistent with
the 24 hour rule are described. Restrictions on flying-after-
diving, penalty groupsupon arrival at altitude, and minimal
groups permissible for ascent are summarized. Concerns
about Haldane extrapolations at altitude are included.

Introduction

Present diving schedules are based to alarge extent
on the Haldane model,*” constraining activities so that
critical tensions, M, or ratios R = M/P, for P ambient
pressure, are not compromised. An approach to atitude
divingthatismoreconservativethan eventhetested schemes
of Buhlmann?, Bell and Borgwardt,* holds the ratios, R,
constant at altitude, forcing atitude exposuresto be similar
to sealevel exposures.™ Such similarity will force M to
decrease expontentially with increasing altitude, keeping R
constant with commensurate exponentia reduction in the
ambient pressure, P. Constant R extrapolations of this sort
should be confined to light diving activities, certainly not
heavy repetitive, decompression, nor saturation exposures
wherethey arenot applicabl e; and themethod waslimited by
Bassett and Ingle to near 10,000 ft elevation.™°

With contemporary suggestion”!* of a 24 hour wait-
ing rule for flying-after-diving, questions naturaly arise
concerning extensions of the US Navy Tables, particularly
the Standard Interval Table, to accommodate the longer
required interval. In the past, the 120 minute compartment
was employed to control altitude excursionswithin 12 hour
intervals. But, the 120 minute compartment is too short to
control atitude excursions over 24 hour intervals. So one
obvious solution is the assignment of an even slower com-

partment, with smaller critical tension (M-value), to control
atitude excursions, of which flying-after-diving isjust one
special case. The altitude analyses Biihlmann?, incorporat-
ing a 635 minute tissue compartment, are pertinent in this
regard, and we can construct a set of altitude procedures,
based on the similarity method, which incorporate the 635
minute compartment. But before so doing, abrief review of
the conservativesimilarity method for atitudedivingisfirst
warranted. The similarity method is conservative because
critical parameters, such as tensions and decompression
ratios, are alwaysless than the those employed in the tested
table schemes of Buhimann? and Bell and Borgwardt*, as
also noted by Nishi,” Ingle,” Bassett!® and Wienke.5!

Similarity rule

Requiring decompression ratio, R, constancy at alti-
tudeinducesanecessary scaling of actual depthsto sealevel
equivalent depths for table entry, with times remaining
unchanged. Actua depths at atitude are multiplied by
factors, a, called altitude correction factors, which are just
the ratios of sealevel ambient pressure to altitude ambient
pressure. Today, accurate wrist altimeters facilitate rapid,
precise estimation of a on site. They are simply estimated
from the barometer equation and are always greater than
one. Table1llistscorrection factorsin multiples of 1,000 ft
of atitude. Thehigher oneascendsto dive, the deeper isthe
relative exposureinterms of sealevel equivaent depth. As
ambient pressure decreases correction factorsincrease rap-
idly above 10,000 ft.

TABLE 1

ALTITUDE CORRECTION FACTORSAND USN
ALTITUDE GROUPS.

dtitude ambient correction penaty permissible
or pressure  factor group group
change onarrival  for ascent
(ft) P (fsw) a a dtitude to atitude
0 33.00 1.000
1,000 31.86 1.036 A L
2,000 30.77 1.072 B K
3,000 29.67 1112 B J
4,000 28.55 1.156 C |
5,000 27.50 1.200 D H
6,000 26.53 1244 E G
7,000 25.45 1.292 E F
8,000 24.55 1.344 F E
9,000 23.63 1.396 G D
10,000 22.72 1.452 H C
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From Table 1, P and a are seen to be reciprocally
related, inversesactually. Again, timeismeasured directly,
that is, correction factors are only applied to underwater
depths, ascent rates and stops. The 3% density difference
between salt and fresh water is not important when comput-
ing sealevel equivalent depths. Neglecting the 3% correc-
tion in computing sea level equivaent depths falls on the
conservative side, because the correction decreases equiva-
lent depth by 3%. The effect on ascent rate or stop level is
not conservative, but isso small in actual application that it
can safely be neglected.®"! Recall that the 3% correctionis
neglected when using US Navy Tables in fresh water.

Thesimilarity rulefor atitudetablemodificationand
applying correction factors to calculations is straightfor-
ward. Convert depths at altitude to sea level equivalent
depths through multiplication by a. Convert al table sea
level stops and ascent rates back to actual altitude through
division by a. Ascent rates are always less than 60 ft/min,
while stops are always shallower than at sealevel. Thus, a
diver at 60 ft.at an elevation of 5,000 .ft uses a depth
correction of 72 ft, using a = 1.2. The corresponding ascent
rateis 50 ft/min, and astop at 10 ft at sealevel trandatesto
8 ft at thiselevation..

If adiver has equilibrated with ambient pressure at
any elevation, then any reduction in ambient pressure will
put the diver in a repetitive group, merely because tissue
tensions exceed ambient pressure. If the original and new
pressures are specified, it is possible to estimate tissue
saturation and, hence, repetitive group for the excursion.
Similar comments apply to pressure reductions following
any diving activity, with sealevel diving being the standard
case. These considerations are treated as follows.

At sea level, each repetitive group represents an
increment of tissue pressure over (P =33 fsw). For the US
Navy Tables, this increment is 2 fsw (absolute). If we
compute the difference between sea level pressure and
altitude ambient pressure, and then scale the difference by
the ratio of sea level ambient pressure to atitude ambient
pressure (o), we can estimate the repetitive group in which
asealevel diver findshimself foll owingimmediate ascent to
altitude. Thesegroup specificationsarelistedincolumn4 of
Table 1 and represent penalty time for the excursion to
atitude. Entries were computed using sea level as the
baseline, but are also appropriate (conservative) for any
excursions between differing elevations.

In similar fashion, excursionsto higher altitude fol-
lowing diving are limited by tissue critical tensions, and
minimal repetitive group designators can be attached to any
planned excursion. For the 120 minute compartment, the
surfacing critical tension (sea level) is 51 fsw (nitrogen
pressure) intheUSNavy Tables. Tobesafer, wetake47fsw
asthelimiting tension, convert it to an absolutetension of 60
fsw (47/.79), and then inversely scale it to altitude by the
ratio of sealevel pressureto altitude pressure, thatis, a. The

115

resulting limiting tensions at altitude can then be converted
to standard US Navy groups, as tabulated in column 5 of
Table 1. Entriesrepresent maximum permissible groupsfor
immediate altitude excursions, and do not account for any
travel time. Thusadiver would have to wait somelength of
timeafter adive, until he dropped into the permissiblegroup
category, before ascending. The D-group rule for flying
after divingisseen asaspecia casefor an altitudeexcursion
109,000 ft (maximum cabin pressure). For 10,000ft, therule
would be wait until C-group here. Both are one group less
than the earlier Smith® recommendations because a smaller
critical tension (47 fsw ) was employed in calculations.

Having assigned groups for atitude excursions, we
can now turn to the question of permissible time intervals
(delays) for excursions, more particularly, the Standard
Interval Table with a 635 minute controlling compartment
Use of a 635 controlling compartment will increase delay
times for altitude excursions compared to previous recom-
mendations’** based on the 120 minutecompartment inthe
US Navy Tables.®

Interval table modifications

The calculation of permissible time for an altitude
excursion following adive, or flying-after-diving, amounts
to determining the permissible altitude group from Table 1,
the repetitive group following the dive, the standard (US
Navy) surface interval to drop into the permissible altitude
group, and multiplication of that surfaceinterval by roughly
5.4. The factor of 5.4 results from replacement of the US
Navy 120 minute compartment by the 635 minute compart-
mentinthe Surfacelnterval Table, sothat intervalstimesare
increased by roughly 635/120 plus rounding cal culations at
group boundaries. For given repetitive group and altitude
excursion (change in elevation), Table 2 lists minimum
delay times for altitude excursions as a function of altitude
and repetitive dive group. Entries are consistent with a635
minute compartment controlling off-gassing, and 47 fsw
limiting dissolved gas build up in that compartment.

Note in Table 2 that 24 hours and 50 minutes are
required before ascending to an atitude of 10,000 ft, if one
isin repetitve group L. This delay is consistent with the
current 24 hour delay recommended before flying-after-
diving.

Summary

This procedure was developed to assist divers in
assessing adequate post-diving delay before flying or as-
cending to atitude.’? Itisultimately based on the US Navy
Tables, assuming a635 minute controlling compartment for
atitude excursions. Overall, the procedure is quite con-
servative and consistent with the contemporary 24 hour rule
for flying-after-diving because:
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TABLE 2

REPETITIVE GROUPSAND MINIMUM DELAY TIMESFOR ALTITUDE EXCURSIONS

Altitude
or
change
ft D E F G
2,000 0:00 0:00 0:00 0:00
3,000 0:00 0:00 0:00 0:00
4,000 0:00 0:00 0:00 0:00
5,000 0:00 0:00 0:00 0:00
6,000 0:00 0:00 0:00 0:00
7,000 0:00 0:00 0:00 341
8,000 0:00 0:00 4:08 6:50
9,000 0:00 4:50 8:06 10:48
10,000 6:18 10:37 13:25 15:56
1 The extrapolation (exponential) of critical tensions

(M-values) to dtitude is even more conservative than the
tested (linear) schemesof Biihimann?and Bell and Borgwardt*
below 10,000 ft;

2 The introduction of a 635 minute controlling com-
partment requires longer surface intervals.

Other factors! certainly affect the diver at atitude.
We mention two briefly in closing, in the interests of safety
and operationa procedures.

Buoyancy changesoccur when diversmovebetween
fresh and salt water, or different elevations. Since fresh
water isless dense than salt water, buoyancy islost in fresh
water relative to salt water. Similarly, since ambient pres-
sure at altitude is less than at sealevel, wet suits expand at
elevation, increasing buoyancy. Effects, however, tend to
offset each other. Theincreased wetsuit buoyancy amounts
toroughly .2% of body weight for each multiple of 1,000 ft
elevation. Thefresh water decreasein buoyancy, relativeto
salt water, is approximately 2.5% of total diver weight.

Capillary, diaphragm, and Bourdon depth gaugesare
usually calibrated at sealevel insalt water. Freshversussalt
water reading errors alone, as with buoyancy changes, are
small, but all register increasing error with increasing alti-
tude for actual depth. Diaphragm and oil-filled gauges
indicate depths that are shallower than the actual depth,
while capillary gauges indicate depths that are deeper than
the actual depth. But the capillary gauge is a blessing in
disguiseat atitude, sinceit automatically registerssealevel
equivalent depthsfor tableentry.®'* Today, samegaugesare
available that are adjustable for re-zeroing at altitude, cir-
cumventing the problem except for the 3% density correc-
tion. Inany case, afew simple rules suffice for correcting
salt water, sea level gauges at altitude. To obtain actual

Repetitive group

H | J K L
0:00 0:00 0:00 0:00 2:26
0:00 0:00 0:00 2:37 4.08
0:00 0:00 2:53 4:30 551
0:00 3.04 4:57 6:29 7:44
3:20 5:24 712 8:38 9:54
6:02 8:06 9:43 11:10 12:36
9:11 11:04 12:41 14:19 15:40

12:58 14:51 16:39 18:11 23:09
18:05 20:10 21:18 23.24 24:50

depths from capillary gauge readings, subtract 3.5% of the
reading for each 1,000 ft increment of elevation. For all
other gauges, add 1 .ft for each 1,000 ft increment of
elevation, and then add 3% of the reading.
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WHO’SMORE AFRAID,
WHO TAKESTHE RISKS,
MEN OR WOMEN?

Clinical psychology graduatestudent Edith Hoffmann
from Miami’ s Barry University recently conducted a study
to determine whether male or female divers exhibit greater
anxiety and risk-taking behaviour. Her researchwascarried
out in cooperation with Quiescence Diving Servicesin Key
Largo, Florida.

Thirty nine male and 39 female sport divers were
chosen from 100 respondents. Excluded were those who
wereunder 19 yearsof age, had not dived within the past six
months, or did not divewith their regular buddies; included,
however, were those subjects who generally dived with
different partners.

Using an accepted test to assess how respondents
“feel right now” and how they “generally feel”, Hoffmann
found no significant difference anxiety levels of male and
female divers.

Surprisingly, male and female divers, as a group,
were significantly calmer before diving than they reported
being in their everyday lives.

To determine the extent to which divers engage in
risk-taking behaviour, Hoffmann developed a scale which
assesses risks divers take in the maintenance of their scuba
equipment, with their physical health and mental well-
being, and in adherence to diving rules.
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Theresultsshowed significantly higher level sof risk-
taking behaviour in male than in female divers.

Thirty-six percent of the male divers violated the
commandment “never diveaone’, whereaseight percent of
the women had dived without a buddy.

Forty-three percent of the men admitted to diving
with a hangover compared to five percent of female divers.

Both female and male divers succumbed to peer
pressurewhenthey werehesitanttomakeadive. Thefemale
diversled with 46 percent, followed by themalediverswith
33 percent.

No correlation was found between anxiety and risk-
taking behaviour. Of the male divers with low anxiety, 38
percent took low risks, 51 percent moderate chances, and 11
percent exhibited high risk-taking behaviour. Of thefemale
divers with low anxiety, 65 percent took low risks, 31
percent took moderate chances, and one woman exhibited
high risk-taking behaviour.

Hoffmann concludesthat risk-taking behaviour may
not beaffected by anxiety and may beamatter of choice. The
tendency toward risk-taking is culturally defined in some
males.

However, just as men who are very sure of them-
selves as human beings reject the “male” role of taking
chances, some female divers take more risks than expected
to ensure their safety and that of their diving buddies.

Reprinted by kind permission of the Editor, from
UNDERCURRENT 1989;14 (2);10

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

DUIKMEDISCH CENTRUM
Diving medical centre Roya Netherlands Navy

Medical Aspects of Diving Emergencies
HMSTHETIS
9th - 14th August 1992

This practical course in diving medicine is for doc-
tors who may be required to rspond to a diving-medical
emergceny

Full board and 5 mights accomodation on boardare
included in the course fee of 2,500 Dutch guilders (NI fl).

For both courses apply in writing to
Biomedical Seminars,
7 Lyncroft Gardens,
Ewell, Surrey KT17 1UR
Fax (UK 44) 81 786 7036
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GLEANINGSFROM MEDICAL JOURNALS

Thefollowing articles have come to the notice of the editorial staff and these notes are printed to bring them to the
attention of membersof SPUMS. They arelisted under variousheadingsof interest to divers. Any reader who comesacross
an interesting article is requested to forward the reference to the Journal for inclusion in this column.

ENRICHED AIR (NITROX)

Evaluating enriched air (“nitrox”) diving technology
Hamilton RW.
Abstract

This report summarizes the findings of a group of
diverse experts examining the means for proper practice of
enriched air or “nitrox” diving, which employs mixtures of
oxygen and air having oxygen percentages between 23 and
50% and the balance nitrogen. The group endorsed the
NOAA exposurelimitsfor preventing CNS oxygentoxicity
(maximum exposure 1.6 atmospheres PO, for 45 minutes) as
physiological limits, but felt lower limits should be taught.
It was concluded that equivalent air depth decompression
table computations are valid and should bereliable if based
on reliable tables. DCS/embolism treatment procedures
good for air diving are entirely appropriate and should be
equally effective for enriched air diving. The oxygen
exposure during recreational -type enriched air diveswithin
the NOAA limits would have a minimal effect on subse-
guent treatment for decompression sickness, and if kept
below the CNSlimitswould not belikely to cause any other
oxygen exposureproblems. Air usedfor preparing mixtures
should be il freeand acceptablefor oxygen service, prefer-
ably from an oil-free compressor; a specification for “oil-
free” air has yet to be written. Booster pumps for final
compression into scubatanks have to be oil free or compat-
ible with oxygen service. If enriched air is mixed in scuba
tanks, tanks should be cleaned and equipped for oxygen
service. Pending confirmatory testing, prepared mixes can
be used in standard scuba gear under rigorously enforced
conditions: Oxygen must not exceed 40% at any time,
oxygen compatiblelubricants must be used, and air must be
oil free. Mixing in standard tanks by filling initially with
oxygen and toppingwith air isconsidered unsafe and should
not be practiced or condoned. Standard scubatanks may be
used for mixing only if prepared for oxygen service. En-
riched air mixtures do not corrode tanks or equipment any
faster than air, but gasmust be kept dry. Mixturesshould be
analyzed after stabilizing and before use. Dive shopsdesir-
ing to dispense enriched are encouraged to acquire pre-
mixed gasfrom anindustrial gassupplier. Existing training
agencies for enriched air (“nitrox”) are accepted as ad-
equate, but they areto co-ordinatetheir teaching and develop
auniform standard for enriched air divers, instructors, and
dispensers; additional agencies conforming to a uniform
standard are encouraged. Specific remaining tasks were
identified: A new commodity specification for oxygen-

enriched air in the range of 23-50% should be prepared, a
unique tank connector for this mixture should be designed
and testing of flammability of standard equipment in the
range of 40-50% oxygen should be performed. A working
group was established to implement these and other needs.

From the Workshop Findings of a Symposium, held
in January 1992, sponsored by Scuba Diving Resource
Group, P.O.Box 3229, Boulder, Colorado 80307, U.S.A.

PATENT FORAMEN OVALE

Safety of subaqua diving with a patent foramen ovale
CrossSJ, EvansSA, ThomsonLF, LeeHS, JenningsK Pand
Shields TG. Brit Med J 1922; 304: 481-2 (22 Feh)

Patent foramen ovale and subaqua diving (L etter)
Wilmshurst P. Brit Med J 1992: 304 1312 (16 May)

Patent foramen ovale and subaqua diving (Reply)
CrossSJ, EvansSA, ThomsonLF, LeeHS, JenningsK Pand
Shields TG. Brit Med J 1922; 304: 1312

AFTER RESCUE COLLAPSE

Circum-rescue collapse; collapse, sometimesfatal, asso-
ciated with rescue of immersion victims.

GoldenF St C, Harvey GRand Tipton J. JRoy Nav Med Ser
1991, 77: 139-149.

This article deals with the fact, first reported during
the Second World War, that many people rescued from
immersionin cold water died very quickly after being pulled
out of the water. The same has happened since and these
authors have investigated this phenomenon. They have
come to the conclusion that, although hypothermia does
affect the victims of immersion, the best explanation for
collapse during rescue is not the after drop effect of hypo-
thermiabut afailure of the body to vasoconstrict enough to
compensate for the loss of the mechanical support that the
immersion in water gives. They have shown that, in health
volunteers, a vertical lift out of water causes a heart rate
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increase of about 20% while a horizonta lift increases the
heart rate less than 5%. The hypothermic person being
rescued is unable to increase his cardiac output sufficiently
when lifted vertically out of the water.

They recommend that nobody should be lifted from
the water in a vertical lift with a single strop, as this is
associated with many collapses. Preferably they should be
lifted horizontally which reduces the heart rate change. If
thereisnot astretcher that can be put under the person being
rescued, it isbest to usetwo stopsto lift with. Onethat goes
round the chest and another under the knees. Thiskeepsthe
victim as near horizontal as possible.

DIVING MEDICINE REVIEW

Medical problems associated with underwater diving
Melamed Y, Shupak A and Bitterman H. New England J
Med 1992; 326 (1): 30-35.

A review article, presented in Current Concepts,
covering barotrauma, decompression sickness, nitrogen
narcosis.and treatment for theseillnesseswritten simply but
comprehensively. There are 51 references.

ABSTRACTSFROM THE 1991 ANNUAL SCIEN-
TIFIC MEETING OF THE UNDERSEA AND
HYPERBARIC MEDICAL SOCIETY

Theaddressof theUnderseaand Hyperbaric M edical
Society is9650 Rockville Pike, Bethseda, Maryland 20814,
U.SA.

DECOMPRESSION ILLNESS

An analytic survey of 111 cases of decompression sick-
ness.
Robertson AG. Undersea Biomed Res1991; 18 (Supp): 47.

Decompression sickness (DCS) follows a reduction
inevironmental pressure sufficient to causetheformation of
bubbles from gases dissolved in body tissues. DCS may
produce long term health effects even after treatment. The
purpose of this study wasto identify factors associated with
a poor outcome in DCS which may be predictive of an
increased risk of incompleterecovery. Ananaytical survey
was conducted of 111 divers who had presented to the
HMAS STIRLING recompression facility for treatment
between 1984 and 1990. Univariate analysis showed that
treatment delay and type of DCS were strongly associated
with poor outcome. Logistic regression analysisidentified
various predictors of outcome. Delay of greater than 48
hours, spinal cord disease, other neurological disease and
absence of diving qualifications, werethe best predictors of
poor outcome. The major implications of these findings
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were twofold. Firstly, the factors associated with poor
outcome in decompression sickness provide a basis for
defining high risk patients at the time of diagnosis and will
assist in the development of a new disease classification
system. Secondly, this study has generated a number of
hypotheses which require further research, particularly in
the areas of delayed treatment in different typesof DCSand
the cost-benefits of the different types of transportation and
treatment currently available.

FromHMASSTIRLING, POBox 228, Rockingham,
Western Australia, 6168.

Risk assessment of asthma for decompression illness.
Corson KS, Dovenbarger JA, Moon RE, Hodder S and
Bennett PB. Undersea Biomed Res1991; 18 (Supp):16-17.

Asthma has traditionally been considered a signifi-
cant risk factor for decompression illness, particularly arte-
rial gas embolism (AGE). In order to assess the risk of
asthma for AGE and decompression sickness (DCS) a
retrospectivereview wasmade of DAN accident datacover-
ing the four years 1987-1990. A total of 1,213 cases of
decompressionillnesshad beenreportedto DAN at thetime
of thiswriting, of which 196 had suffered AGE based upon
the clinical diagnosis of the treating physician. 755 had
suffered type Il DCS. In this accident group there were 54
divers who had a history of asthma, of which 25 were
currently asthmatic (defined as having had an attack within
one year or taking bronchodilator therapy). 16 diverswith
AGE had a history of asthma, of which 7 were currently
asthmatic; 30 diverswith typell DCS had asthma, of which
16 were currently asthmatic. In order to provide a control
population 1,000 questionnaires were resent out to a ran-
domly selected group of DAN members; 696 questionnaires
werereturned. Of thesecontrol individuals37 diversadmit-
ted to a history of asthma, of which 13 were currently
asthmatic. Odds ratioswere calculated in order to establish
theratio of the probability of each condition (AGE and type
[1 DCYS) in a diver with asthma compared to the same
praobability without asthma. Results are shown in the table

Condition OddsRatio 95% Confidence P
Interval

AGE

al asthmatics 1.58 0.80-2.99 ns
current asthmatics 1.98 0.65-5.33 ns
Typell DCS

all asthmatics 0.74 0.43-1.24 ns
current asthmatics 1.16 0.51-.259 ns

below:

Wewereunabletodemonstrateastatistically signifi-
cantincreaseinrisk for Typell DCSinasthmatics. Thedata
suggest an approximately two-foldincreaseinrisk for AGE
in asthmatics but the data does not reach statistical signifi-
cance. On the basis of these data it appears that the incre-



120

mental risk of AGE in the asthmaticsin this sample popula-
tionissmall. A definitive study will require amuch larger
sample.

From the Divers Alert Network and FG Hall Hypo/
Hyperbaric Center, Duke University Medical Center, Dur-
ham, North Carolina, USA.

Patent foramen ovale (PFO) and decompression illness.
Moon RE, Kisslo JA, Massey EW, Fawcett TA and Thell
DR. Undersea Biomed Res 1991; 18 (Supp): 15.

Right-to-left shunting through a PFO provides a
mechanism by which venous gas emboli can enter the
arteria circulation. Evidence suggest that PFO is a risk
factor for decompression illness (DCI). 90 divers with
previous DCI were studied using bubble contrast
echocardiography (BCE) and color flow doppler (CFD)
imaging in order to detect right-to-left shunt through a PFO.
Of these divers 59/90 had experienced serious symptoms
(defined asweakness, cerebral symptoms or difficulty with
balance); 31/90 divers had experienced pain or sensory
symptoms only. A control group of similar age and sex
distribution were also studied. After CFD imaging, BCE
was performed on each subject during resting breathing (R)
while 10 ml of agitated salinewasinjected V. If shunt was
not evident, repeat injection was administered during the
release phase of each of 2-3 Valsalva manoeuvres (V).
Imageswereinterpreted by acardiol ogist unawareof whether
thesubject wasadiver or control. Thepercentageof subjects
with right-to-left shunt detected by BCE and odds ratios
(OR[95% confidence interval]) are shown below:

Shunt Controls  Serious P OR

(%) DCI (%)
RorV 19.8 49.2 0002  39[1.8-84]
R only 10.9 37.3 0002  4.9[2.0-12.2]
V only 8.9 11.9 743 1.4[0.4-4.4]
Shunt Controls Non-serious P OR

(%) DCI (%)
RorV 19.8 355 0.119 2.23[0.82-5.82)
R only 10.9 19.4 0.355 1.96[0.54-6.47]
V only 8.9 16.1 0419 1.97[0.47-7.19]

There was a statistically significant relationship be-
tween PFO and seriousDCI. Thepresenceof aresting shunt
increasestherisk of serious DCI amost five-fold. Thedata
also suggest increased risk of DCI with shunt after Valsalva
but the result is not statistically significant. CFD was poor
at detecting inter-atrial shunt: of atotal of 60 shuntsdetected
by BCE only one(inacontrol subject) wasdetected by CFD.

Depts. of Anesthesiology and Medicine, and Hyper-
baric Centre, Duke University Medical Center, Durham,
North Carolina, USA.
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Comparison of treatment of compressed air-induced
decompression sickness by recompression to 6 ATA
breathing air and heliox.

Pearson RR, Bridgewater BJM and Dutka AJ. Undersea
Biomed Res 1991; 18 (Supp): 25.

Acute spinal cord decompression sickness (DCS)
wasinducedin 16 air breathing, pentobarbital anaesthetised,
ventilated male dogs by compression at 60 fpm to 300 fsw
for 15 minutes followed by decompression to the surface at
60fpm. Post-decompression lumbar spinal cord somatosen-
sory evoked potentials (SSEP) were recorded every 2
minutes by electrodes at T13/L1 and L1/L2. DCS was
deemed to have occurred when the summated amplitude of
the peaks of the SSEP signal was below 40% of pre-dive
control values for two consecutive measurements. Addi-
tional physiological monitoring included systemic arterial
blood pressure, right ventricular pressure and arterial blood
gases. Inthecase of 9 dogswhere DCSdid not occur within
30minutesof surfacing, afurther compressionto 300fsw for
8 minutes was carried out with similar compression and
decompression rates. Oncethecriteriafor spinal cord DCS
had been met, recompression to 165 fsw was carried out at
60 fpmin an air filled chamber breathing either air (n-8) or
21%/79% oxygen/helium mixture (n-8). SSEPs were re-
corded at 5 minuteintervalsfor thefirst 15 minutesand then
every 15 minutes for afurther 105 minutes. A good abeit
incomplete, response to recompression (asjudged by SSEP
recovery) occurred in all animals with mean 15 minute
recoveries to 77% (SD=24) pre-dive control valuesin ar
breathing animals and 61% (SD=23) in the heliox group.
Thereafter, minor degrees of deterioration occurred in both
groups but the mean response of the heliox animals re-
mained below that of those breathing air. There was no
statistical significant betweenthegroupsaswasalsothecase
for thehaemodynamic responses. Thismodel of spinal cord
DCS generates both autochthonous and intravascular gas
bubbles, and the claimed theoretical advantages of a heliox
mixture should have been seen to best advantage, particu-
larly withtheearly resort to therapy once DCShad occurred.
Asit wastherewas no demonstrabl e benefit from the use of
a heliox mixture as an adjuvant to recompression. (Sup-
ported by NMRDC Work Unit M0099.01C-1053).

FromtheNaval Medical Research Institute, Bethesda,
Maryland 20814-2089, U.S.A.

Intravascular bubble composition in guineapigs: a pos-
sible explanation for differencesin decompression risk
among inert gases.

Lillo RS. Undersea Biomed Res 1991; 18 (Supp): 24-25.

Differencesinrisk of decompressionsickness(DCS)
that have been observed among inert gases may reflect
differencesin gassolubility and/or diffusivity. A riskier gas
might generate a larger volume of evolved gas during
decompression thereby increasing the probability of DCS.
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If thishypothesisiscorrect, the composition of bubblesthat
developed during decompression should reflect such gas
differences. These experiments expand on a preliminary
reportt examining bubble composition. Unanesthetized
guineapigswere compressed to depthsranging from 250 to
350 fsw with air, H -0, (21% 0,), or one of anumber of N,-
H.-0,mixturesor N_-A -0, mixtures(21%0,). Animalswere
held at depth from 15 to 60 min, and then decompressed
slowly (1 fsw/sec) or rapidly (<15 sec) to 5 fsw. If severe
DCS developed as judged by changes in physiological
variables, death usually quickly occurred. Gas/blood sam-
pleswerethenimmediately withdrawnfromtheright atrium
or theinferior venacava, and the gas phase analyzed for H ,
N, A, CO,and0,viagaschromatography. Bubblesfromall
dives contained 5-9% CO,, 2-6% O,, with the balance inert
gas. Bubblesfollowing N,-H -O, dives contained substan-
tially more N, than H_ (up to 1.9 times more); bubbles
following N,-A -O, dives more Ar than N, (up to 1.8 times
more). For N,-H_-O, dives, the actual inert gas makeup of
bubbleswas dependent on thetime-at-depth and the decom-
pression profile. Results may reflect differencesamongH,,
N, and A, in tissue solubility/diffusivity and gas exchange
rates, and support the rank order of increasing DCSrisk (H,
<N,<A) andrateof gasexchange(N,<H ) observed during
rat dives.

FromtheNava Medical Researchnstitute, Bethesda,
Maryland.

Reference

1 MacCalum ME, Lillo RSand Caldwell M. Inert gas
composition of intravascular bubbles in guineapigs
followinf decompression from experimental dives.
Undersea Biomed Res 1989; 16 (Supp): 30.

I s oxygen inhalation at the decompression stops of any
interestinreducing bubbleformation? DucasseJL, |zard
PH, Gutierrez N, Masurel G and Cathala B. Undersea
Biomed Res 1991; 17(Supp): 62.

Material and method

Twenty six healthy subjects (34 year +16) were
submitted to two air simulated dives. The same diving
schemewasfollowed b(30 minutesbottom timeat 36 msw),
including 2 minute stop at 6 msw and 11 minute stop at 3
msw, according to the French worker’ s scuba diving table.
This scheme was automatically controlled, including gas
selection, thanksto the fully computerized chambers of our
hyperbaric facility. The kind of gas decompression, air or
pureoxygen (O,), wasrandomized for each diver whodidn’t
know which gas he was breathing. After each dive, al the
subjects were investigated, at rest 9 standing motionless)
and after adeep knee bend (flexing), by precordial Doppler
bubbledetection. Thistimingwas: T=0 minute (opening the
chamber), T=30 minute, T=60 minute, T=90 minute and
T=120 minute. Each detection was recorded on tape for
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listening and interpretation accordingtotheK.M code.* The
mean bubble grade (MBG) was calculated for each diver.

Results

After air decompression and at rest, 5 divers (19%)
showed bubble flows. After limb flexion, the MBG nor-
mally increased. After , decompression, only subject No 6
still showed bubbleflow at rest. After flexing, 2moredivers
(N010,23) had positivebubbleflows. However, inall cases,
and for each subject, the MBG was lower at O, than at air
breathing decompression.

Discussion
AIR OXYGEN

Subject Atrest Flexing  Atrest Flexing
No6 0,6 18 0,2 04
Nol10 04 18 0 0,6
No22 04 12 0 0
No23 0,6 12 0 0,2
No26 0,2 14 0 0

The proof of O, inhaation efficiency in the preven-
tion of decompression sickness was never achieved. How-
ever, theseresultsshow that O, inhal ationsat thedecompres-
sion stops decrease the bubble flows in all the “bubbling”
divers.

From the Reanimation Hyperbare, CHU PURPAN,
F-31059 Toulouseand CERTSEM DCAN, F-83000 Toulon
Naval, France.

References
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Decompression sicknessas an etiology of acute cerebral
symptomatology in divers.

TolsmaKA and Arnold AA Jr. Undersea Biomed Res 1991,
18 (Supp); 51-52.

It has been the practice to attribute cerebral symp-
tomsto AGE, evenwhen seeninthepresenceof Spinal DCS.
However, it would be preferable to assume a single patho-
physiol ogi c mechanism, autochthonous (ti ssue-based) bub-
bleformation in both cerebral and spinal tissues, especially
when the dive and medical histories are not consistent with
AGE. Recent animal studies have demonstrated that auto-
chthonous bubbles are common in both spina cord and
cerebral tissues, with the differences in the overall occur-
renceof spinal and cerebral bubble disease accounted for by
the disparity in the gas-clearing blood flow between spinal
and cerebral tissues |In support of this hypothesis, we
believe that the presence of cerebral bubbles has been
demonstrated on clinical groundsaswell. During theperiod
of 3/83 through 12/90, 15 cases of Type |l DCS with
involvement of neural structuresrostral to the cervical cord
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were treated at the Hyperbaric Treatment Center. All
historieswere carefully eval uated to exclude casesin which
CNS symptoms could likely have arisen from other causes
(e.g. AGE or migraine). There was a high incidence of
concurrent spinal DCS. Consequently, we would suggest
that not all cerebral symptoms are due to AGE, but that a
significant number are due to autochthonous bubble forma-
tion in cerebral and brainstem tissues.

From the University of Hawaii, Hyperbaric Treat-
ment Center, Honolulu, Hawaii.

1 Hardman JM, Beckman EL and Francis TJR. In situ
bubbleformation in the canine cerebral central nerv-
oussystem. Undersea Biomed Res1990; 17 (Supp);
138.

Congenital anomaly associated with decompression ill-
ness.

Debatin JF, Moon RE, Spriter CE, Woodley Jand Gayle P.
Undersea Biomed Res 1991; 18 (Supp): 45.

A 42 year old femalewith ahistory of approximately
15 uneventful dives made a dive to 68 fsw for 35 minutes.
After a slow ascent she developed left hemiparesis and
difficulty urinating. She was treated with USN table 6 and
then a follow up treatment, after which she was asympto-
matic. Past history included previous cardiac catheteriza-
tion showing absent promixal left pulmonary artery. She
described having anumber of episodes of pneumonia, and a
continuing need for antibiotic therapy around six times per
year. She denied respiratory infection at the time of her
accident. Chest X-ray showed volume loss in the left
hemithorax with mediastina shift to the left. There were
diffuse serpiginous peripheral opacities in the hypoplastic
left lung, compatiblewith bronchial collaterals. MRI of the
thorax wasperformed using agaited spin echo sequence (GE
SIGNA 1.5T Scanner: TR = RR; TE = 20/40). Cardiac
anatomy was normal, with a right sided aortic arch. The
main pulmonary artery fed theright pulmonary artery. Cine
imagesshowed no flow totheleft pulmonary artery. Pulmo-
nary venous return was normal. A Turboflash sequence
confirmed flow to the right pulmonary artery only. No
intracardiac shunt was visible on MRI scan and this was
confirmed with bubble contrast echocardiography. Pulmo-
nary function tests showed normal lung volumes and vital
capacity. There was evidence of mild airways obstruction
(FEF,,..51% predicted). We hypothesize that this lady
suffered pulmonary barotrauma due to air trapping within
the left lung and transpulmonary passage of gas into the
bronchial circulation, resulting in cerebral gas embolism.

FromtheDepartmentsof Radiology, Anesthesiol ogy,
Medicine, and the Hyperbaric Center, Duke University
Medical Center, Durham, North Carolina, U.S.A. and The
Marine Lab, Discovery Bay, Jamaica.
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Case control study of decompression illnessusing *Tc™-
HMPAO SPECT

Hodgson M, Smith DJ, MacLeod MA, Houston AS and
Francis TJR. Undersea Biomed Res1991; 18 (Supp): 17: 5.

Inapreliminary report in 1989, Adkisson et al. used
®Tc"-HMPAO SPECT to provide evidence for cerebral
perfusion deficits in 28 cases of dysbarism.t The report
caused concern because these deficits were found even in
cases in which the clinical manifestations were apparently
limited to the spinal cord.

To addressthisissue further, a case-control study of
cerebral perfusionusing®Tc™-HMPAO SPECT ispresented.
Four groups of 10 subjects were studied: a) divers scanned
on average 11 days after treatment for neurological decom-
pressionillness (DCI). b) divers scanned threeto five years
after treatment for neurological DCI, c) diver controls, and
d) population controls. All groupswerematched for ageand
the divers were further matched for general diving experi-
ence. The scans were randomized and reported blind to
history. Experience with the technique suggests that only
perfusion deficits of 12% or greater are of probable clinical
significance. Using this criterion, 8 new cases, 6 old cases,
5 diver controls and 5 non-diver controls demonstrated
‘significant’ deficits. Despite atrend towards larger num-
bersof deficitsinindividual swithDCI, thefour groupswere
statistically indistinguishable. No correlation was found
between thelocation of theperfusiondeficitsand theclinical
presentation in thetwo groupswith ahistory of DCI. There
was a higher proportion of positive resultsin the diver and
population controlsthan might be expected even using high
percentage cutoffs. Thiswassurprising sinceno abnormali-
tieswerefound in their history or on careful clinical exami-
nation.

Wewereunabletofind other published*Tc™-HMPAO
SPECT seriesreporting controlswith which we could com-
pareour data. Oneexplanationfor thesefindingsisthat DCI
generates a diffuse cerebral injury for which the scan is
insufficiently sensitive to discriminate from normal varia-
tion, thereby producing an unacceptably high false-positive
rate as presently analyzed. With the lack of a distinct
positive/negative split, this study hasinsufficient statistical
power for firm conclusions to be drawn. However, these
results do indicate that *Tc™-HMPAO SPECT scanning
requires further evaluation before clinical significance can
be ascribed to perfusion deficits found in divers.

From the Institute of Naval Medicine and Depart-
ment of Nuclear Medicine, Royal Naval Hospital Hadlar,
Alverstoke, Hants PO12 2DL, U.K.
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Estimation of PO, in tissuesfor computationsabout the
oxygen window for decompression bubbles. Van Liew
HD and Conkin J. Undersea Biomed Res 1991; 17(Supp):
65-66.

The gradient of inert gas betwen a bubble and the
tissues is known as the “oxygen window” or “inherent
unsaturation”. Few pertinent measurements have been
made. The process for estimating the tissue PO, and PCO,
is as follows: enter a blood-gas nomogram with alveolar
PO,-PO, pairsto get O,-CO, content pairsfor arterial blood,
account for metabolic removal of O, and addition of CO, in
thetissueto get O,-CO, content pairsfor venous blood, and
then reenter the nomogram to translate these back to PO,-
PCO, pairs. window = PaP,+PaCO,-PvO,-PvCO,, where
subscriptsaand v signify arterial and venous. Calculations
for air-breathing subjects over a wide range of pressures
show that in hyperbaricenvironments, thewindow increases
asastraight-line function of ambient pressure until it levels
off at values as great as 200 kPa at very high pressures. In
contrast, the window isonly 1 or 2 kPafor air breathing in
extreme hypobaric environmentswhere ambient pressureis
below 60 kPa. Breathing of pure oxygen increases the
window for any ambient pressure by afactor of 5 or 6 in
hyperbaric environments and by a factor of 20 or 30 in
hypobaric environments.

From the Department of Physiology, University at
Buffalo, Suny, Buffalo, New York, U.S.A.
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The aim of the conferenceisto exchange of knowl-
edge between civil engineers, health and safety profession-
as, medical practitioners and researchers, to enable fuller
understanding of the risks to health, improved engineering
and medical practices, andrespondtotechnol ogical changes
in construction methods.

Subjects to be discussed

Construction projects, Bone necrosis, Engineering
design, Occupational health and safety, Decompression
illness, Codes and regulations, Developing technoligies
and the Challenges of the future.

For further information contact
Mr F M Jardine, Research Manager, CIRIA
6 Storey’s Gate, London, SWLP 3AU, U.K.
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