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The Editor's Offering

Thisisanimportant year for SPUMS, the first when
the general membership has been asked to help with the
formulationof SPUM Spolicy. Itisinfactareturntothevery
early days of SPUMS when there were only a dozen or so
members, al of whom agreed on their views on diving
safety. With the growth of the Society thisunity of purpose
was diluted and the Executive Committee had to take deci-
sions on behalf of the membership. Now the members and
associates have been asked to put forward their views about
the teaching of emergency ascent procedures. Dr Des
Gorman'’ sinvitationto put onesviewsforward at the Annual
Scientific Meeting does not preclude those who, for any
reason, cannot attend the meeting in Palau from putting their
ideasin writing and sending them to Dr Gorman to be aired
at the workshop.

The central nervous system isthe focus of our origi-
nal articles. Dr Hodgman discusses, and dismisses, most of
the elaborate imaging techniques available to study those
who have had decompression illness (DCI) settling for
careful clinical and neuropsychological examinations. The
paper from Auckland showsthat far too many (74%) treated
divers have problems a year after treatment. Especially
worrying isthefact that while 48% had neuropsychol ogical
sequel ae another 26% developed problemsin the year after
their treatment. This is quite the opposite of the received
wisdom, which says that the residual symptoms disappear
withtime. PerhapsAustralasiandivershaveadifferentform
of DCI fromthosein other countries, but thisisunlikely. The
early reports of finding neurological signsin cases of pain
only decompression sickness came from Australia. Dr
Sutherland hasbeen bringing his patientswith neuropsycho-
logical problems to the attention of SPUMS members for
many years. Inorder to show the sortsof symptomsthat can
ruindiverslivesafter DCI wehaveincluded two appendices
describing the problems faced.

We would congratul ate Dr Wilks on his negotiating
skills which have allowed him access to the confidential
figures of the varioustraining organisations. Asaresult he
had come up with aminimum figure of dives carried out in
Queendland each year. This is the first time that such a
figure, abeit imprecise as five of his categories have no
figures, hasbeen availablein Australia. Wewish him well
in his attempts to count the other dives.

Dr Millar reports on the Worksafe Code of Practice
for Occupationa Diving. Itisavast change from the form
of AS2299. For reasons only known to the higher echelons
of Worksafe Australiathe bureaucratic decision wasto have
only one code of practice. Inour editorial opinion, but not
necessarily that of SPUMS, it would have been easier, and

more sensible, to have devel oped codes of practice for the
different forms of occupational diving. The production of
the Code has been hurried and there has been inadequate
consultation time. It is important that al those with an
interest in diving safety try to read the draft and comment on
itin order toimproveit.

Among the SPUMS notices is a statement of the
reguirements for candidates for the Diploma of Diving and
Hyperbaric Medicine. Thiswill be reprinted regularly.

Theprogramfor the 1993 Annual Scientific Meeting
appears on page 19. We look forward to publishing these
papersin due course.

TheL ettersto the Editor continuethesagaof theneed
for training for doctorswho do diving medicals. The AMA
provided a long reply to the questions raised in the last
Journal and interesting letters have come from others. The
SPUMS view, that doctors do need specia training to do
diving medicals, comesfromthefact that diving medicineis
not adequately covered in the medical course, and often is
not even mentioned.

Dr Rooney’ s paper from the 1992 Annual Scientific
Meeting contributes to the discussion on the need for train-
ing as part of a discussion about the medical care of divers
and shows that most of those trained to dive in North
Queendand never dive again. Professor Callanan and Dr
Falowfield from Townsville General Hospital advise us
about the treatment of injuriesfrom coral and the treatment
of diverswith DCI.

We print the annual British Sub-Aqua Club diving
incident report, a review of American DAN DCI figures,
three papers from NAUI about the very common symptom
of DCI denial. For the first time we have two papers from
Guidelines, thenewd etter of the Cave Divers A ssociation of
Australia(CDAA). Onedealswithincidentswhiletheother
deals with redundancy of systems, this time the buoyancy
compensator. Our final reprinted paper isfrom the Scottish
Sub-AquaClub. Their definition of anincident ismuch the
sameasthat used inthe Australian Diving Incident Monitor-
ing (DIMS) study. Over 300 incidentsweredueto malfunc-
tions of the power inflator of buoyancy vests. Seventy five
per cent of the Scottish divers wore dry suits.

Among the Gleanings from Medical Journas has
beenincluded oneonwriting clearly so that onesmessageis
easily understood. TheFog Testisasimpleway of checking
that one has kept sentences short and easy to understand.
Thisimproves most medical writing !



There are abstracts from last year's Undersea and
Hyperbaric Medical Society Annua Scientific Meeting.
They cover carbon monoxide poisoning, neurological se-
quelae in divers, decompression tables and how sports
divers do not know how to use them, with asides on table
testing and evaluation of decompression stress. There are
studies of diving deaths and the pathology of dead divers
brains and spinal cords. Included are a study of trans-
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cutaneous oxygen measurements in non-healing wounds
and a study of hyperbaric chamber mishaps.

With this issue comes an updated list of SPUMS
members, in Australia and New Zealand, who have the
proper trai ningtododiving medicalsand wheretofind them.
We intend to publish this list at regular intervals in future.
Thiswill need your co-operation by keeping us up to date.

Emergency ascent training

The utility and safety of emergency ascent training
haslong been controversial. Isit necessary? Isit effective?
Is it dangerous? The controversy has already affected
diving training “ditch and recovery” exercises have been
essentially abandoned. Some Instructor Agencies teach
emergency ascents horizontaly, that is, the emergency
ascent training does not involve an ascent! In at least one
centre, the ascent is performed as rapidly as possible. The
diving manufacturers and retailers have been quick to react
to the problem of running out of air, the usua problem
underlying the need for an emergency ascent, and have
produced a plethora of “rescue apparatus’. These include
Octopusregulatorsand Spare Air Cylinders. Whilethereis
no doubt that this has been of considerable benefit to the
manufacturers and retailers, there is no real evidence that
these apparatus have benefited the diving community in
general. Nevertheless, one solution to the “emergency
ascent problem” is to have enough levels of redundant air
supply to avoid such an ascent altogether. In practice
however, this logic is flawed and the sharing of air often
resultsin both the diver and hisbuddy having to perform an
emergency ascent.

Asinalmost any other areaof diving safety, opinions
about emergency ascents abound, but data on the cost-
effectiveness of varioustechniquesand training are limited.
Indeed, most risk-data are obtained from submarine escape
training, a not altogether analogous situation. The careful
pre-training medical screening of submariners and their
close surveillance during the emergency ascent training in
clear warm water probably contribute to a significantly
lower risk in this group (about one in every two thousand
ascents is complicated by pulmonary barotrauma and usu-
aly arterial gas embolism of their brains).

Not surprisingly, the regulators of recreational div-
ing in Queensland, “had trouble” reaching a consensus on
emergency ascent training. The debaters divided them-
selves, predictably, into amedical fraction (“It’s too dan-
gerous’) and adiver instructor fraction (“We ve been doing
it for years and haven’'t had any problems’). Obviously,
reality lies somewhere between these two extreme stances.

SPUMS was consulted for its policy on emergency
ascent training. In the past, such Society policy has been
developed by an appointee of our Executive and has conse-
guently not always been a*consensus opinion”. This may
or may not be abad practice; one outcome of this approach
is however that groups within SPUMS who disagree with
the policy feel both aggrieved and obliged to scream loud
and long and often. It was decided then, to develop a
SPUMS policy on emergency ascent training via a Work-
shop, and further, that each future SPUMS Annual Scien-
tific Meeting would feature such a Workshop on a major
issuefromwhich aSPUM Spolicy would begenerated. The
Workshops will be open to all SPUMS members and asso-
ciates, in a“turn-up and put-up, or shut-up” approach.

The Workshop on emergency ascent training is pro-
grammed for thisyear’ sAnnual Scientific Meetingin Palau
and will be co-chaired by myself and Drew Richardson
(SPUMS member and a Vice-President of PADI). The
format will include an introduction, presentations giving a
training agency and a medical perspective on emergency
ascent training, and then an open forum for discussion. A
draft SPUMS policy will subsequently be developed for
ratification by the Executive Committee and publication in
the SPUMS Journal.

Clearly, the SPUMS diving medical and diving
community should become involved in such debate and
hence contribute to the policies of this Society. Just as
clearly, thisis yet another good reason for interested phy-
sicians and divers to join SPUMS.

As for emergency ascent training, wait and watch
this space (in Dive Log New Zealand).

Des Gorman
President SPUMS

Dr Des Gorman is the Director of the Royal New
Zealand Navy Hyperbaric Unit, HMNZS PHILOMEL,
Devonport, Auckland, New Zealand.
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ORIGINAL PAPERS

NEUROLOGICAL INVESTIGATIVE
TECHNIQUESIN DECOMPRESSION ILLNESS

Martin Hodgson

Abstract

This paper reviews the neurological assessment of
the diver after completion of treatment for decompression
illness (DCI). Animpaired neurological statusisthe factor
most likely to prevent a return to diving. Investigative
procedures available to assist in delineating the neurologi-
cal injury include magnetic resonance imaging (MRI),
computerised tomography (CT), hexamethylpropyl amine
oxime (HMPAOQ) scans, electroencephalography (EEG),
neurophysiological and psychometric testing These tech-
niques rarely provide more information than a detailed
clinical examination for the individual patient. Collec-
tively, their application has provided valuable insight into
the pathogenesis of DCI.

Pathogenesis of decompression illness

Our understanding of the pathological eventsin DCI
isincomplete. As areduction in ambient pressure forces
the tissues to reduce their dissolved gas load, inert gas
bubbles are formed in intra- and extra-vascular spaces.
Vascular bubbles arise predominantly from the venous
side, although de-novo arterial bubble generation is possi-
ble. Venous gas emboli, which are produced in many
asymptomatic dives, are believed to be filtered out by the
lungs up to some unknown critical point. Pulmonary over-
load or shunting will alow bubbles to enter the arterial
system. They then travel by flow and buoyancy to the
cerebral circulationinthe upright person. Inert gasbubbles
form columns which lodge at arteriolar bifurcations pro-
ducing occlusion, distal ischaemia and neurological mani-
festations. The majority of these columns clear within 10
minutes, due to arise in mean arteria blood pressure, but
their transit produces endothelial damage with increased
permeability of the blood brain barrier.t Leucocytes mi-
grate through the endothelium as a result of chemotactic
factors and platelet activation occurs23* Activation of
complement and coagulation pathways occurs in severe
cases and can evolve to disseminated intravascular coagu-
lation.s Prostaglandins, histamine and serotonin are re-
leased in amanner indistinguishable from the acute inflam-
matory reaction.®

Extravascular, or tissue, bubbles will exert local
effects dependent on the volume of the bubble and the type
of the tissue affected. Adipose tissue can tolerate large
volumes of gas without symptoms. Small bubbles within

tightly bound connective tissue will produce pain. The
myelin sheath, a prime site for bubbles because of its high
fat content, will require only asmall critical volume before
thereisinterference with conduction of nerveimpulses. In
most cases of spinal DCI the production of such autoch-
thonous bubbles would appear amore likely causal mecha-
nism than venous stasis.”

These complex pathogenetic mechanisms act to a
variable extent, in combination, at the different levels of
neurological function (cerebral, spinal, peripheral). The
majority of DCI cases suffer amultifocal, central nervous
system insult.

Neurological assessment

Assessment of the extent of neurological damage
that has been produced by DCI is important if sensible
advice is to be given to the diver after completion of
treatment. Thediver will beinterested not only inthelikely
prognosis, but also in whether a return to diving can be
recommended. Causative factors will need to be consid-
ered, as will the nature and severity of the insult and the
response to treatment. However, the neurological statusis
the factor most likely to prevent areturn to diving.

In those divers where response to treatment is in-
complete and who have residual clinical abnormalities, the
am is to determine the site and extent of neurological
damage. Thisinformation will provide the basis for prog-
nostic advice on potential recovery and outcome. The
biggest gains in neurological recovery are seen in the first
two to three months, with smaller improvements continu-
ing for uptotwo years.® In some patientsgradual deteriora-
tion has occurred after a static period of some years. This
may be dueto natural senescence superimposed on adimin-
ished neurological reserve. If there are residual neurologi-
cal signsareturn to diving is unlikely to be recommended.
Any further episode could erode a reduced functional re-
serve and be devastating.

Where there has been an apparent full clinical re-
covery, the objective is to €licit signs of subclinical dam-
age. Determination of fitnessto return to diving will depend
on the assessment of susceptibility to DCI. Thisisvariable
both between individuals and for the same individua on
different occasions. If DCI was produced without obvious
precipitating factors and with minimal decompression obli-
gation, then increased susceptibility must be assumed. Any
advice concerning a return to diving would have to be
cautious.

Incidents which result in a severe or neurological
presentation probably produce subclinical damage, regard-



less of favourable treatment outcome and freedom from
clinical signs. A post-mortem study showed spinal cord
lesions in a case of recovered DCI.° Subtle neurological
changes have been found in cases diagnosed as muscu-
loskeletal DCI.

Mounting evidence of neurological damage in DCI
has provoked uncertainty about the safety of diving in
general. There are concerns that subclinical damage may
reduce functional neurological reservein the asymptomatic
and incident free diving population. Retinal fluorescein
angiography has been used to examine the eyes of 84
divers, 12 of whom had a past history of DCI.* The
investigators found low retinal capillary densities at the
fovea, microaneurysms, small areas of capillary non-
perfusion and increased abnormalities of the retina pig-
ment epithelium. The extent of these abnormalities corre-
lated with the length of the diving history. However, no
subject had any demonstrable visual loss. But since the
retinaisgenerally felt to be“thewindow into the CNS’, the
authors suggested that their findings may imply that
asymptomatic CNS injury occurs as a result of diving.
Post-mortem studies of the CNS of divers have demon-
strated abnormalitiesin somewho have no recorded history
of DCJ.1213

As doctors and divers become more aware of the
potential for neurological damage, there is an increasing
trend to investigate. The delineation of the neurological
injury will depend on the limitations of the availableinves-
tigative techniques. Thisreview evaluates the role of mag-
netic resonance imaging (MRI), computerised tomography
(CT), hexamethylpropyl amine oxime (HMPAO) scans,
electroencephalography (EEG), neurophysiological and
pyschometric testing in the assessment of the diver.

M agnetic resonance imaging

MRI provides detailed resolution of the brain and
spinal cord. A study of 14 patients with barotrauma dem-
onstrated brain MRI abnormalities in three out of the four
patients with cerebral presentations* Two of the abnor-
malities detected corresponded to the neurological deficits
onclinical examination. Therewere 12 patientswith spinal
cord presentations, but only three had abnormal spinal cord
MRI scans.

The Duke University Medical Center experience is
similar, with abnormal brain MRI in 56% of cerebral DCI
cases and abnormal spina MRI in 17% of cases with
clinically suspected spinal cord damage.*> Abnormalities
of T -weighted images were found, compatible with re-
gional oedema.

Two divers with severe neurological DCI demon-
strated the difficulty in isolating the level of injury.:® Both
werereported to have aBrown-Sequard pattern of deficit at
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the thoracic level with bilateral lower extremity weakness.
Thoracic cord MR images were normal in both cases, with
the one case where a cervical MRI was performed, also
normal. This suggests that either the cord was spared, the
level missed, or that the resolution of the MRI was insuffi-
cient to demonstrate  isolated tract or partial column
damage. Therewas certainly no evidence of ahemisection
of the cord. Diffuse cerebral pathology was suggested in
both cases by abnorma brainstem and somato sensory
evoked potentials. One case showed slowing of the EEG
waking background rhythm. The brain MRI showed multi-
plefoci of high signal intensity inthe peri-ventricular white
matter of the parietal region in both cases. One patient also
had right lentiform nucleus and internal capsule foci.

A MRI study of 105 divers and 49 controls showed
no significant difference between the two groups, despite
the fact that 51% of the divers had a history of DCI.»

CT scan

CT scanning techniques are less sensitive than MRI
for detecting foci of cerebral ischaemia and in the spinal
cord are unable to provide adequate definition of the soft
tissues. In astudy of 47 CT scans performed within one
month of DCI, the concordance between the initial CT
report and a blinded independent radiologist was 87%.%
Only one scan had abnormalities reported by both radiolo-
gists, small low density areas. A retrospective review of
the case notes disclosed 24 cases with symptoms sugges-
tive of cerebral involvement. No CT abnormalities could
be correlated with the clinical presentation. Although small
low density areas have been separately demonstrated in two
serious cases of dysbaric illness,*® the CT scan is not a cost
effectivetool for the post-treatment evaluation of DCI. The
majority of neurological DCI cases are not sufficiently
severe to produce areas of cerebral infarction.

Electr oencephal ogr aphy

Aspart of afollow up study of 72 post DCI patients,
EEGs were performed after completion of treatment, and
one month and one year later.® EEGs were reported as
normal, doubtful or abnormal. Slow wave abnormalities
were detected with increased theta wave activity. Focal
abnormalitieswere not found. A definitetrend of improve-
ment in the 48 (67%) who returned at 1 month was found
with eight of the 11 reported as abnormal improving. At
one year, five of the 23 who returned had shown improve-
ment. Problems with the study, included epidemiological
concerns about the high drop out rate and lack of independ-
ent and blinded EEG reporting. Recommendations for a
further study included objective, more frequent analysis of
the EEG and quantification of subjective assessment of
slow wave activity in the treatment and early recovery
phase following DCI.



SPUMS Journal Vol 23 No 1January-March 1993

Psychometric testing

Psychometric eval uations were conducted as part of
aneurological sequelae study.*® The Australian Council of
Education and Research Word Learning Test provided ex-
pected performance parameters for the Benton Visual Re-
tention Test. Thisisatest of visuo-spatial perception and
short term memory. Of 56 patients tested in the month
following treatment for DCI, 16 showed significant impair-
ment. Only four of the 16 returned at oneyear, an unaccept-
ably high drop out rate, when two were normal and two
abnormal. A further analysisfound the percentage of EEG
abnormalities was the same in both normal and abnormal
psychometric groups. This study’s preliminary findings®
are much quoted, yet are inconclusive.

Neuropsychological tests have mostly been used in
saturation diving for the assessment of the effects of ex-
treme hydrostatic pressure and the high pressure neurol ogi-
cal syndrome>* They have been used to monitor recovery
following DCI and have also been applied to diving opera-
tions where concerns about neuropsychological safety are
held.? Their sengitivity isfar greater when repeated assess-
ments of the individual are made. However pre-morbid
results have rarely been available in the clinical setting.
More frequent assessment after the incident would also
help to delineate the role of this form of testing.

Despite the concerns of the pathologists®?, no con-
vincing evidence of long term psychometric deficits has
been demonstrated in abal one diverswho areknownto dive
well beyond standard tables and who have ahigh incidence
of DCI =

HMPAO scan

This nuclear medicine technique demonstrates cer-
ebral blood flow. Hexamethyl propylene amine oxime
(HMPAO) labelled with *T misinjected and measured with
single photon emission computerised tomography
(SPECT). *T™ HMPAO crosses the intact blood brain
barrier with 3-8% becoming fixed to neuronal nuclei in the
grey matter in proportion to blood flow at the time of
injection. The technique gives an instantaneous picture of
cerebral perfusion. Scans were performed on 28 cases of
neurological DCI.>* Cerebral perfusion deficits were re-
ported in all 23 cases of neurological DCI and in all four
cases of cerebral arterial gas embolism (CAGE). No defi-
citswere present in the single case of muscul oskeletal DCI.
As cases of presumed spinal cord disease showed these
deficits, it was concluded that neurological DCI isadiffuse
multifocal CNS disease. A small follow up series of 18
patients who were rescanned at varying intervalsfound that
the majority had persistent deficits.® Criticisms of both
studies included the absence of a control population and
incompletely blinded interpretation of the scans.

A case control study was performed to investigate
further the use of the HMPAO scan.® Four groups of 10
subjects were studied:

a Diversscanned days after treatment for neurological
DCI

b Divers scanned years following neurological DCI

C Diver controls

d Population controls

All groupswere matched for age and the diverswere
further matched for general diving experience. The scans
wererandomised and reported blind to the history. Despite
a trend towards larger numbers of deficits in individuals
who had suffered DCI, the four groups were statistically
indistinguishable. Furthermore no correlation was found
between the location of the perfusion deficits and the clini-
cal presentation. This particular technique requires further
evaluation before significance can be ascribed to perfusion
deficits found in divers.

Somatosensory evoked potentials

Somatosensory evoked potentials (SEPs) were
measured on a sample of 30 divers who had received
recompression treatment for DCI at the Royal Australian
Navy School of Underwater Medicine.?” The median nerve
at the wrist and the posterior tibial nerve at the ankle were
stimulated and SEPs recorded. Median nerve studies were
normal, but nine of the 30 subjects had abnormal tibial
SEPs, with an increase in the interpeak latency for N20-
P37. Thissuggested pathol ogy affecting the postero-lateral
and posterior columns between the lumbar and low cervical
regions. Two divers had bilateral and seven had unilateral
abnormalities. Six had normal neurological examinations.
In two of the three with abnormal signstherewasacorrela-
tion between the SEP abnormalities and signs of weakness
or sensory loss. Despite the inconclusive numbers it was
suggested that SEPswere more sensitive than normal meth-
ods of neurological examination for detecting neurological
sequelae of DCI.

A more recent study performed SEPs on 23 divers
with varying degrees of residual disability from spinal cord
DCI.2 Only the four wheelchair bound patients who had
absent SEPs were statistically significantly different from
normal. The nine with obvious neurological deficits had
SEPswithin the normal range. The authors conclusion was
that careful neurological examination is a more sensitive
measure of residual deficit and SEP studies may only be
useful in very severe cases.

Conclusion

Neurological investigative techniques have been
important in the devel opment of our current understanding



of DCI. CT and MRI scans have demonstrated lesions in
caseswith asevere cerebral insult, but not in the majority of
cases. Psychometric testing, EEGs and HMPAO scans
have al indicated potential sensitivity but require further
development and evaluation to determine their roles. For
theindividual patient, none of these techniquesis as sensi-
tiveasacareful neurological examination. Sensible advice
can be given based on clinical findings and analysis of the
initiating factors without the need for detailed investiga-
tion. However, in mgor centres where alarge number of
patients are being reviewed, it is important for new and
refined techniques to be applied as they become available.

There is exciting potential for further research.
Positron emission tomography (PET) will probably be-
come the “gold standard” of functional imaging. The
resolution of PET is better than that of SPECT because it
detects the pair of gamma photons emitted simultaneously
from the positron-electron interaction. Metabolic activity
can be monitored by labelling biological substrates. Acti-
vation studies can demonstrate real time metabolic reac-
tions as the nervous system is stimulated. Evolution and
refinement of the techniqueis continuing, but limited by the
expense of the cyclotron necessary to produce the short
hal f-time i sotopes.

Computerised EEG mapping techniques should
overcome the difficulties encountered with subjective in-
terpretation of EEGs. It also provides afar more compre-
hensive and reproducible assessment. Evoked potential
physiological studies are becoming more sophisticated and
sensitive. It is only through this continuing research for
clearer elucidation of the neurological insult that we will
further our understanding of the pathogenetic mechanisms
in DCI.
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NEUROPSYCHOLOGICAL PROBLEMS
IN 25 RECREATIONAL DIVERS
ONE YEAR AFTER TREATMENT FOR
DECOMPRESSION ILLNESS

Allan Sutherland, Andrew Veale and Des Gorman

Abstract

Twenty-five recreational divers were treated for
decompression illness at the Royal New Zedland Naval
Hospital in 1987 using the the United States Navy treat-

ment algorithm. Twenty-three of these divers were re-
viewed one year later. At discharge from hospital, 11
(48%) had obvious neuropsychological sequelae. None of
these had recovered fully by one year. In contrast, 6 of the
12 who had no problemsat thetime of their discharge either
developed or were noted to have problems during the next
year. These late sequelae were mostly in the form of
personality changes. Theoverall morbidity rate at oneyear
was 74%. Alternativesto the United States Navy treatment
aogrithm should be developed and tested, and areview as
|ate as one year after DCI may be needed to assess outcome
accurately.

Introduction

The treatment of Australasian recreationa divers
with decompression illness (DCI) using the United States
Navy (USN) treatment algorithmt is associated with treat-
ment failurerates at discharge from hospital and one month
later of between 32 and 45%.>5 However, itisbelieved that
most sequelae of decompression illnesswill resolve during
the subsequent year.>¢ To test this belief, adefined popula-
tion of recreational divers who were treated for DCI were
surveyed one year later to determine the progression and
prevalence of neuropsychological sequelae.

This survey was based on questionnaires and clini-
cal examinations, as careful neurological examination ap-
pears a more sensitive measure of outcome than available
evocative, recording or imaging techniques of the nervous
system.”s

M ethods

In 1987, atotal of 25 recreational diversweretreated
at the Royal New Zealand Naval Hospital (RNZNH) for
DCI that developed after one or more air dives. The USN
treatment algorithm was universally employed. One year
after their discharge from RNZNH, letters were sent to all
these patients, requesting general information about their
invalidity, time off work, compensation or insurance claims,
and, if any, specific disabilities. Any replies suggesting
problems were followed by further contact with the patient
(including an examination, if possible), their spouse, fam-
ily, family doctor and/or diving physician.

Two patientswho claimed significant neuropsycho-
logical disability were further assessed by extensive psy-
chometric review? at Auckland Public Hospital’ s post-con-
cussion clinic.

Results
Twenty-three of the 25 patients (92%) responded to

the questionnaire. The 2 patients who could not be con-
tacted had no overt problems when they were discharged



TABLE 1

SPECIFIC PROBLEMS AND DISABILITIES
ONE YEAR AFTER TREATMENT FOR
DECOMPRESSION ILLNESS.

Problem, disability Number of patients

(% of total patients)

Normal health 6 (26%)
With problems 17 (74%)
Mood disorders * 14 (60%)
Impaired cognition **) 12 (52%)
Headache 10 (43%)
Sensory disturbances 6 (26%)
Impaired balance 6 (26%)
Motor weakness 6 (26%)
Arthralgia& myalgia 4 (17%)
Visual disturbances 3 (13%)
Dysphasia, dyslexia 2 (9%)
Bowel & bladder problems 2 (9%)
* Includes mood changes from uncontrollable irrita-

bility to depression, lassitude, and social withdrawal.

*x These patients had impaired short-term memory
and often other problems such as difficulties with arithme-
tic etc.

form RNZNH. The dive profiles, presenting symptoms,
timeto treatment and other relevant history for these divers
has been described previously.?

At thetimeof their discharge, 11 of these 23 patients
(48%) had neuropsychological sequelae. None of the 11
had recovered fully by oneyear. In particular, focal neuro-
logical deficitsdid not change significantly. Of the 12 who
were well on being discharged, 6 had deteriorated over the
year and had obvious problems. At the one year review 17
of the 23 patients (74%) had sequelae of their episode of
DCI. None of these 17 patients had any relevant past
history.

The specific disabilities prevalent in these divers at
the one year review are listed in Table 1. It is noteworthy
that the personality problems (e.g. mood disorders) largely
became evident after discharge, varied in severity from day
to day and had a greater effect on family life, relationships
and employment than the neurological deficits.
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The 2 patients who underwent extensive psycho-
metric assessment were both shown to have a considerable
cognitive disorder typical of recent organic brain damage.
Both have been the subject of individual case reports.to

Discussion

The longitudinal study reported here shows that use
of the USN treatment algorithm*in agroup of Australasian
recreational divers with DCI had an unacceptably high
failurerate. Thisisconsistent with other reviews of similar
groups of divers2® It aso underlies the urgent need to
develop and test alternative methods of treatment.

However, our results contrast with those studies
which show an continuing resolution of DCI sequelae
during the subsequent year.2¢ In this study, neurological
deficits did not change significantly and many psychologi-
cal/personality problems became apparent only after dis-
charge. Indeed, six of the twelve patients who had no
complaints at discharge, had overt problems after one year.
This natural history is very similar to that described by
Rozsahegyi*?in a popul ation of caisson workerswho devel-
oped DCI and were given asingle hyperbaric air treatment.

It followsthat alate review, perhaps as much asone
year after an episode of DCI may be needed to assess
outcome and to determine if the patient is fit to return to
diving.
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Appendix 1

A letter from the wife of one of the patients describing the
sort of personality changes discussed in the paper.

Dear Dr Sutherland

| am hoping you will remember treating my husband
approximately ayear ago at the Naval Base. | amwriting to
you as | am till rather anxious and concerned about him.

He dtill suffers from freguent depression, mood
changes, lack of concentration, and occasionally his
memory.is quite bad even after a short time of me telling
him something. These symptoms can occur months apart
or as often as 3 to 5 times aweek. | notice they are worse
when heistired or under stress.

| finally persuaded him to go along to his GP and he
has prescribed him some anti-depressants. He has been
taking these for 8 weeks now and when he got adjusted to
the tablets | found his moods were much happier but still
some of the other symptoms are present. Now heis sleep-
ing better and is more motivated in activities which he
hasn’'t been for along while e.g. running, indoor cricket and
general household chores etc.

My husband is usually a quiet, placid person and |
definitely know that heis not thetypeto complain but | can
see that he gets very frustrated with not being able to cope
with hissymptoms. | feel that you arein the best positionto
advise me on thismatter and | would be very grateful if you
could give me some guidelines on what and where do we go
from here.

| am writing thisletter in the strict confidence asfor
some reason my husband wasn’t too keen on me writing to

you when | approached him on this matter.

| realise it is very difficult for you to assess him
through a letter and | would be happy to give you any
further detailsif | haven't been specific enough.

Asthisconfidential, could you please send areply to
my work address.

Thank you for your time which | realise is very
limited and | understand that correspondence takes second
place.

Appendix 2

These two case reports are based on the neuropsy-
chological assessment reports and illustrate the disabilities
patients are suffering. Both men were severely disabled by
their residual brain damage.

CaseA

A sustained 2 episodes of decompression illness
(DCI). Thefirst mentally muddled him up, and the second
physically damaged him. After thefirst episode helost his
way a lot, was forgetful, had to write everything down,
found it hard to concentrate on things, mentally blacked out
during conversations or if things were happening fast and
had difficulty sleeping and was very irritable and argumen-
tative. Hefound irritability difficult to cope with as he had
been previously very easy-going. It has had a detrimental
effect on hisrelationship (his partner and 2 sons).

On the dive which caused his second episode of DCI
he became disorientated at the end of the dive, came
straight to the surface, and has no memory of the following
events. Apparently he was pulled from the water and taken
totheNaval Hospital. Hispraoblems, which persist, include
severe pain in the back, hips, shoulders, and headaches.
The cognitive difficulties that he experienced following the
first episode persisted and added to the severe physical pain
of the second episode, caused him to fedl irritable and to
have increased difficulty controlling his anger. He had
difficulty with relationships, coping with noise, and family
relationships. Not surprisingly he became depressed and
this further affected his deep. He has dreams. Anti-
depressants did not assist him and he had bad days most
days of the week.

The neuropsychologist’s report included the para-
graphs below.

“This man’s neuropsychological profile is not
straightforward with considerable variability within the test
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limits. These are caused because physical pain and depres-
sion are present as well as the cognitive difficulties. The
neuropsychologica profile does resemble that found in
individuals who have an organically-based dysfunction of
thebrain. Therewere sometaskson which hisperformance
fell well in the average range for the population. In con-
trast, he had slowed reaction times which reflected a slow-
ing down of the cognitive process, amarkedly reduced rate
of information processing, and areduced ability to concen-
trate over time. This was consistent with his subjective
complaints and is consistent with the kind of profile found
in individuals who have diffuse brain damage.

The findings have direct implications as to the pa-
tient’s ability to cope with daily activities, including his
home environment, and his ability to resume work. With
cognitive problems of thistype, any situation that is noisy,
requires quick thinking, doing severa things at once, or
concentrating over long periods of time, will pose major
difficulties. One direct example of thisis his inability to
tolerate much of the behaviour of the children, which is
caused, to a large extent, by his deficits in information
processing ability.

Recovery from deficits of thissort is hindered when
an individual is regularly in situations where he becomes
over-loaded and unable to cope. Appropriate management
and strategies within the home and work environments are
essential, involving:

a Physical, especially pain;
b Cognitive deficits;
C Depression

These areasinter-react with each other and thusitis
best to deal with each problem in isolation from the others.

Although the factors contributing to the neuropsy-
chological profile are complex in this case, | have no doubt
that thereisan organic dysfunctiontothebrain similar inits
effect to the closed head injury which underlies the pa
tient’ s performance.”

A was re-assessed 19 months later which was two
and a half years after suffering his second episode of DCI.
As most recovery of cognitive function occurs in the 2
years post-injury, with other forms of non-progressive in-
jury (e.g. closed head injury and carbon monoxide poison-
ing), it is appropriate to investigate any residual cognitive
disability.

At the time of this assessment, the patient “claimed
he still had alot of difficulty concentrating and was unable
to cope very well with any situation where things are
happening fast. Such situationsincluded those wherethere
was a lot noise, several people talking, or more than one
thing happening at once. This difficulty affects his family
relationship, socia relationships, and has implications on
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his ahility to work. When his children are noisy, or racing
around, he getsvery irritated and can’'t handleit. Similarly,
in many socia situations, he is unable to follow conversa-
tions and just switches off. Consequently there are many
social contacts he now avoids.

The patient has expressed awish to write, but after a
short period findsthat it all getsjumbled up and that words
he has written down get messed up and parts do not make
sense. Thisismost likely related to impaired concentration
ability, rather than alanguage deficit. Although heis able
todriveacar, hedoesnot doit often as he hasto put alot of
effort in and after driving feels like a“wreck”. A signifi-
cant change for someone who had a commercia drivers
licence.

He continuesto have difficulty sleeping and usually
feels worn out even after sleeping. His ability to handle
alcohol is markedly reduced from before his diving acci-
dent. Now he becomesdrunk very quickly onlittle alcohol.
The intense frustration and anger that concerned him dur-
ing the first assessment occurs less frequently because he
has adapted to the changes, using the words “| don’t care”
more frequently. He has developed a strategy of removing
himself from situations which frustrate him.”

The results of the neuropsychologica tests were
similar to that achieved previously. “The patient has had
somerelief from pain and this has significantly reduced his
irritability and depression and changed his lifestyle and
expectation of his abilities. He will have to beinvolved in
aprocessof grieving for hismajor loss of lifestyle before he
will be able to construct alife that adapts to such changes.
There has been come improvement in his cognitive abili-
ties, giving some capacity to devel op strategiesto copewith
his many difficulties.

The findings of the second assessment were much
more clear-cut than on the previous occasion. “The patient
being left with the kind of cognitive impairments that
frequently follow other forms of diffuse brain damage and
the pattern of his neuropsychological profile is strongly
suggestive that he has organic dysfunction of the brain.
This continues to have a profound impact on his family
relationships, his ability to work, and his ability to enjoy
life.

CaseB

B'sfirst assessment described him as having agross
problem with attention and memory. “The difference be-
tween his averageto his above-average performance on the
vocabulary and perception tests, and his poor performance
on these measures, is strong evidence that the deficits have
resulted from some CNS insult. They are consistent with
the history of the diving accident last year."



SPUMS Journal Vol 23 No 1January-March 1993

When re-assessed a year later, it was re-
ported that it was “a pleasure to see and test this man again
because he had made so much progress. He had improved
on amost all measuresand although he said that he still gets
tired and has lots of headaches, he seemed to be managing
histaxi run well."

Three tests had improved. The digit span reaction
time and word fluency to within the normal range. Tests
which had improved, but still demonstrated an impaired
score, were visual memory and verbal memory. It is un-
likely that this man would make as much progress in the
next 2 years as he has in the last, but even if he makes no
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progress at al, his cognitive function is now at a level
where he should be able to cope reasonably well.”
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THEWORLDASIT IS

CALCULATING DIVER NUMBERS:
CRITICAL INFORMATION FOR SCUBA SAFETY
AND MARKETING PROGRAMS

Jeffrey Wilks

Introduction

A question frequently asked of the recreational
scuba diving industry is “How many active divers are
there?’ The answer to that question is, of course, that
“there are no reliable estimates of active divers within
Australia’.* While the question is asked by different peo-
ple, for different reasons, two broad interest groups can be
identified.

The first group is interested in establishing the size
of a potential customer market. This group may include
tourism authorities, insurance agents, equipment wholesal-
ers and retailers, training agencies, the media and various
government departments. Infact, marketing enquiriesform
the majority of requests for diving statistics.

The second group seeks information on the number
of active scuba divers to provide a background or perspec-
tive on safety. This group may include medical practition-
ers, health and safety authorities, dive industry associa-
tions, lawyers and the scuba training agencies. To some
extent there is an overlap between the groups as those
concerned with marketing will also beinterested in safety,
sinceit is an important component of the diving product.

Obtaining accurate estimates for the number of cer-
tified divers is a difficult process, as evidenced by the
continuing debate in the United States.® One of the main
barriersto calculating accurate figuresisthe fact that scuba

certification cards do not expire. Once a diver has com-
pleted his or her entry level qualification there is no easy
way to determine whether they continue on as an active
diver or drop out from the sport. Even the definition of an
“active diver” varies, though the accepted consensus, used
in this paper, seemsto be “at least one dive in the previous
12 months’.** There are some who consider that the figure
should be 5 to 10 dives a year as fewer dives would fail to
maintain the diver's skills.

I dentifying groups of divers

One approach to the question of diver numbers is
first toidentify unique groups, then attempt to count partici-
pants. Ten separate groups have been identified in Queens-
land. A brief description of each group follows, along with
initial attempts to determine the number of dives made by
the groups during 1991.

The intention of this project was to estimate the
number of dives made in Queensland over a one year
period, rather than the number of divers. Pilot studies had
clearly shown that it would be impossible to track indi-
vidual divers, especialy if they were members of groups
which had no contact with training agencies or commercial
divefacilities. Inaddition, thetotal number of “safe” dives
completed was considered amore appropriate figurefor the
purpose of placing accident statistics in their proper per-
spective.

1 NEW DIVERS TRAINING FOR ENTRY LEVEL CERTIFICATION

The first group consists of new divers who have
recently completed an open water course. Confidential
figures were obtained from all four Australian training
agencies on the number of open water courses conductedin
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TABLE 1

FORMAL TRAINING DIVESCONDUCTED IN
QUEENSLAND DURING 1991

Training No. of Average No Total
level cour ses of dives

Open water 26,883 4 107,532
Advanced 5,169 5 25,845
Specidties 1,109 3 3,327
Rescue 839 5 4,195
Divemaster 469 20 9,380
Assistant Instructor 48 14 672
Instructor 174 20 3,480

Queensland during 1991. The combined figure for new
certifications issued was 26,883. Thisfigure can be multi-
plied by a minimum of four open water training dives to
give the total number of dives made by the group.

2 DIVERS IN CONTINUING EDUCATION COURSES

Continuing education programs are offered by all
four training agencies. Following entry level certification
diverscan take specialty courses such as photography, deep
diving, night diving and eguipment maintenance. Leader-
ship programs (divemaster and instructor) are also avail-
able for those wishing to work in the recreational diving
industry.

Table 1 isbased on confidential figures supplied by
the training agencies and shows the number of different
certificationsissued in Queensland during 1991. An aver-
age number of divesassociated with each type of course has
also been included to allow for a calculation of the total
number of dives made by the group. The average number
of dives assigned to divemaster and instructor training
programsisintentionally very conservative.

3 RESORT OR INTRODUCTORY COURSES

Resort scuba programs are an important part of the
Queensland recreationa diving industry.®” The objective
of these non-certification courses is to provide the student
with a safe, enjoyable introduction to diving under the
direct supervision of an instructor.

Because these courses do not result in acertification
being issued, the training agencies do not routinely register
participants or keep records of the number of courses con-
ducted. To gain thisinformation an independent study was
undertaken. All dive operatorsin Queensland (retail shops,
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resorts and charter operators) were contacted and asked to
provide information on the number of resort course dives
they conducted during 1991. A total of 111 companies
participated, with a reported 85,000 dives. Given that
several companies specialising in this area refused to par-
ticipate, the figure obtained is considered very conserva
tive.

4 CERTIFIED SOCIAL DIVERS USING COMMERCIAL SERVICES

Based on the replies of the 111 Queensland compa-
nies there were 383,742 non-training recreational (social)
dives conducted during 1991. This figure is considered
very conservative since there are many small charter ves-
sels operating along the Queensland coast that were not
included inthe study. Also, many dive clubsand independ-
ent instructors conduct social dives, but do not necessarily
have contact with the main commercial diving services.
The figure does, however, give some indication of the size
of the main tourist diving market being serviced along the
Great Barrier Reef.

5 INSTRUCTORS

As at 30th June, 1991 there were 636 registered
instructorsin Queendand. Instructors dive in a number of
categories: asteachers of open water and continuing educa
tion courses; as supervisors of resort courses; as guides for
certified divers;, and as social divers in their own right.
Table 2 presents cal culations of the approximate number of
divesthat may be attributed to this group, based on instruc-
tor-student training ratios. Additional figuresfor private or
social diving, and for the number of dives made as a guide
for certified customers, cannot even be guessed at. The
figuresfor theinstructor group are therefore very conserva-
tive underestimates.

TABLE 2

ESTIMATES OF INSTRUCTOR DIVESIN
QUEENSLAND DURING 1991

Open water training dives * 26,883
Continuing education dives ** 6,461
Resort course dives *** 21,250
Guide for certified divers Unknown
Private or socia dives Unknown

*  Based on an average class group of 4 students with 4

training dives.

**  Based on an average class group of 4 students with 5
training dives.

*** Based on an average class group of 4 students each
dive.
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6 DIVEMASTERS

The number of dives made by divemastersis even
harder to calculate because, as a group, they do not issue
training certifications. They are, however, involved in
training programs by acting as certified assistants to an
instructor. Divemastersalso lead orientation dives, and can
take resort course students on their second dive of the day.
Finally, they dive socialy themselves. Unfortunately,
without a comprehensive study of all divemasters in
Queensland the potentially large number of dives made by
thisindustry group remains unknown.

7 CERTIFIED DIVERS OBTAINING COMMERCIAL AIR FILLS, BUT NO
OTHER SERVICES

Currently thereisno requirement for retails shopsor
other commercia suppliers to record their number of air
fills. Since many certified divers have their own equip-
ment, including tanks, the only contact they may have with
commercia facilitiesisfor an air fill. Given thissituation,
there is no way to calculate the size of this independent
group, nor their number of dives.

8 CERTIFIED DIVERS WITH THEIR OWN AIR, REQUIRING NO COM-
MERCIAL SERVICES

As with the previous group, the number of inde-
pendent divers with access to private compressors for air
fillsis not known.

9 UNCERTIFIED RECREATIONAL DIVERS

There are probably still substantial numbers of
uncertified recreational divers in the community. This

TABLE 3

SUMMARY OF CURRENT KNOWLEDGE FOR
THE NUMBER OF SCUBA DIVESIN QUEENS-
LAND DURING 1991

Open water training dives 107,532
Continuing education dives 46,899
Resort course dives 85,000
Certified social dives

(through commercial services) 383,742
Instructors 54,594
Divemasters Unknown
Certified dives (air fills only) Unknown
Certified dives (own air) Unknown
Non-certified dives Unknown
Introductory pool experiences Unknown
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group includes people who are self-taught and have never
taken aformal course, through to new divers trying scuba
with a certified friend without an instructor rating. When a
certified diver has more than one tank filled at a commer-
cia outlet there is no reason or requirement for staff to
question whether the extra tanks are to be used by certified
buddies.

10 POOL EXPERIENCES ONLY

In contrast to the commercia resort course pro-
grams run aong the Queensland coast, there are a'so many
one-off pool scuba experiences conducted each year.
“Splash parties’ are popular inthe United Statesasaway of
creating interest in diving, and are often used by instructors
as part of general advertising and public relations. Simi-
larly, itiscommon for large groups of school studentsto be
offered anintroductory pool experience as part of an educa
tional program. Since these courses are not registered with
the training agencies it is virtually impossible to estimate
the number of dives conducted each year.

Summarising Queensland diver numbers

Table 3 presents a summary of current knowledge
for the number of scuba dives made in Queensland during
1991. A very conservative total of 677,767 dives was
recorded from the five categorieswhere datawas available.

Several large companies specialising in resort div-
ing declined to participate in the company study. Based on
industry information, the figure for resort dives per year is
probably in excess of 100,000. Similarly, the figure for
certified social divers using commercial servicesis avery
low estimate, given that there are many charter vessels and
independent instructors operating along the Queensland
coast who did not participate in the company study. As
Telford notes, some industry sources suggest that there are
conservatively 500,000 dives madein the Cairnsareaalone
each year.? In addition, the Queensland Dive Tourism
Association reports that there were 884,000 recreational
dives made in the state from July 1989 to June 1990.°
Unfortunately, the report does not provide detail s about the
sampling and methodology used to determine this number
of dives.

Assuming that most working instructors in Queens-
land would make at least five dives per week during a 40
week year, a more realistic approximation of instructor
dives (based on 636 instructors) is 127,200. Assuming
further that divemasters make at least half the number of
instructor dives (Table 1 shows there were amost three
times the number of dive masters certified in 1991 com-
pared to instructors) then the “known” figures for Queens-
land exceed 800,000. By adding in the certified divers
across the state who have little or no contact with commer-
cial facilities, aswell asthe many introductory pool experi-
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ences offered each year, the final figure is probably closer
to one million recreational dives made in Queensland each
year.

While recognising that the figures in Table 3 are
very conservative, a particular concern for the Australian
recreational dive industry should be the fact that no infor-
mation at al is available for five of the ten identified diver
categories. Without this information any diving accidents
that do occur cannot be placed in their proper perspective.
This makes policy negotiations with insurance companies
more difficult for divers, and for the industry in general. It
also makes marketing of the sport less effective if the total
number of safe dives conducted each year is not known.

At the present time, training agencies and govern-
ment departments are understandably reluctant to breach
client confidentiality and risk legal action by releasing
details (or numbers) of accidents that have been recorded.
However, in the absence of reliable figures the media will
continue to perpetuate myths that diving is a dangerous
activity. By gathering complete data on the number of
recreational dives made each year, and comparing these
figures with the relatively small proportion of accidents
occurring, some definitive statement could be made about
safety.

This initial report suggest that there are 10 diving
categories where data should be collected. There are mini-
mal statistics available for five categories and no informa-
tion about the other five. Cost-effective strategies that
guarantee commercia confidentiality, while gaining much
needed information about the five unknown categories, are
currently being investigated.
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WORKSAFE AUSTRALIA CODE OF PRACTICE
FOR OCCUPATIONAL DIVING.

lan Millar

A draft Code Of Practice for Occupational Divingis
under development. Theworking group meetingshavebeen
completed andadocumentistobecirculatedtothereference
bodies, including SPUMS, before release for public com-
ment. The following briefly describes the context and
progress of this development which isto provide areplace-
ment for Australian Standard AS2299 - 1992

“Worksafe” is a shorthand name for the National
Occupational Health and Safety Commission, a tripartite
body (employers, governments and unions) established by
the Federal Government to develop, facilitate and imple-
ment anational approach to occupational health and safety.

Among other roles, it develops “ Codes of Practice”
for the control of risk associated with specific workplaces
and activities. These must then be applied by the States.
However, with general agreement upon the principle of
national uniformity of Occupational Health and Safety
(OH& S) legidation, itisexpected that any national codes of
practice should be applied in a uniform manner from 1994
onwards.

Modern OH& Slegislation now appliesin al states,
and differs significantly from the prescriptive approach
taken previoudly. Inthe past, specific lawsallowed govern-
ment bodiesto set regul ationsthat werelegally binding upon
employers. These regulations often set very specific re-
quirements, in some cases by calling up existing standards
such as Australian Standards. Breach of any requirement
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(clauses containing " shall”) of a Standard called up by law
or regulation was a breach of the law. Under this system,
changes in recommended equipment or practice were not
legal until the regulation or Standard was changed. Also if
the activity of concern was not mentioned in the law or
regulations, then there were no requirements upon the em-
ployer.

By comparison, modern OH& Slegidlation primarily
creates a “duty of care” upon al involved at a workplace,
employersand employees. Standardsand Codesof Practice
canbeset, butarenot bindinginthemselves. “ Shall” clauses
thus all become recommendations. The onus to provide a
safe place of work allowsfor theuse of aternative strategies
to those published in Standards and Codes of Practice,
provided it can be shown that the resultant level of safety is
as least as good as that arising from compliance with the
published guidelines.

The ultimate test of this applies in the courts when
either a civil suit for damages or a prosecution under the
Health and Safety Act will use the published Standards and
Codes of Practice as evidence to establish whether a safe
place of work has been provided. When considering this
guestion, OH& S legidlation allows consideration of “prac-
ticability” and the standard of a “reasonable person” al-
thoughtheexact provisionsdiffer slightly between States. It
iswithinthisframework that the present Codeof Practicefor
Occupational Diving is being developed.

AS 2299 has applied to various section of occupa-
tional diving for some time. It was not, contrary to some
beliefs, developed for the offshore oil industry. Rather it
initially used theexperienceof theoil industry andtheNavy,
among others, to devel op a Standard to provide guidance to
the coastal and onshore commercial diving sector where a
high accident rate appeared to result frominadequate diving
equipment, training and practice.

Withtheadvent of new style OH& Slegidlation, there
was pressure for a Standard which could be applied to a
wider range of occupations, resulting in abroadening of the
scope and application of the 1990 and 1992 versions of AS
2299 and some changes in requirementsto allow for scien-
tific and fisheries diving practices. The resultant 1992
document has suffered significant criticism for failing to
meet satisfactorily requirements of some sectors whilst
being overly restrictive upon others. As a result, it was
determinedthat Worksafe Australiaand StandardsAustralia
should jointly develop a new Occupational Diving Code of
Practice to address these matters and to cover all types of
occupationa diving.

The Standards Australia devel opment process uses
committees made up of representatives of interested parties
to develop a consensus document. The Worksafe process
involves selection of an “expert working group” and a
“reference group”.
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For the Code of Practicefor Occupational Diving the
two groups were selected by both Worksafe and Standards
Australia and supported by a joint secretariat. The expert
working group consists of sixteen members drawn from a
wide variety of backgroundsincluding myself asamedical
representative. In committee the expert group membersare
supposed to work co-operatively upon solutions to prob-
lems.

The reference group members input is to provide
written advocacy for the organisations they each represent.
Most working group members are drawn from an interest
group which resultsin someindividua shaving towear aco-
operative, non-partisan “hat” in committee and a interest
group advocacy “hat” as a reference group member. My
involvement hasbeen asanindependent medi cal member of
the working group, not representing any particular body.
SPUMS is the only medical organisation on the reference
group, represented by Dr John Knight.

Asseemsall too common inthediving arena, impar-
tiality and consensus have been difficult goals given the
broad spectrum of interests that has been brought together.
The timetable set has also made the process somewhat
hurried.

Nevertheless, a draft document has now been pro-
duced in a quite different format from previous Standards,
which is hopefully consistent with the required OH& S
approach. Lack of awarenessof theframework inwhichthe
Code is being devel oped and misunderstandings regarding
the working group’s deliberations have probably added to
the confusion and concern that has been voiced to date.

However the process now requires review of the
Draft Code of Practice by the relevant Standards Australia
committee and by Worksafe' s Standards Devel opment Re-
view Committee, followed by aperiod of public comment.
Much timeisstill available for further review of proposals.

Some readers may find parts of the Draft Code
disappointingly general in nature. This has been aresult of
the need to provide a document that can be applied to all
occupational divers from al “industry” sectors. This has
beenasourceof much discussioninsideand outsideworking
group meetings, with the proposition often put forward that
“industries’ be allowed to develop their own codes which
would be suitableto their “industry”. There would thus be
a“scientific diving” code, a“fisheriesdiving code” a“con-
struction diving code” and an “occupational diversin the
recreational industry code” etc. Unfortunately, it would
appear that there are too many potential demarcation dis-
putes between such groups for such an approach to be
acceptable to regulatory authorities. Although practices
may be varied for different tasks or hazards, subdivision of
requirementsby “industry” definitionsis apparently not to
be allowed to form the basis for having arange of different
Codes of Practice.
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The task of developing hazard / risk based recom-
mendations has been a difficult one, and many will seethe
result as not serving any group well. Certainly the process
has been rushed and it is hoped that the input to come will
result in improvements. Many important provisions are
included however, and the generic statements of basic re-
sponsibilitiesare avital element that has been lacking from
more technically oriented standards.

Critics of the Expert Working Group and Secretariat
should consider the confineswithin which the document has
been produced and hopefully supply useful criticism in
context and in the appropriate directions! Readers of the
Draft Code should realisethat the Codeisnot intended to be
atextbook or alaw and that other documents, in particular
training and operations manuals, should provide the detail
for safe diving practice in any given situation.
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TheDraftwill beavailablefromWorksafe Australia,
92 Paramatta Rd, Camperdown, NSW 2050 after an adver-
tisement in the national press. | am prepared to talk to any
SPUM S member who reads the draft and wishes to discuss
particular matters. Submissionscan alsobemadedirectly to
Worksafe Australia by individuals or through Dr Knight
representing SPUMS.

Dr lanMillar MBBS, DipDHM, isavisiting Special-
istin Hyperbaric Medicineat the Alfred Hospital, Commer -
cial Road, Prahran, Victoria 3181, Australia.

He is the AMA representative on the Occupational
Diving Committee (SF17) of Standards Australia. His
addressis 53 Coverdale Road, Sale, Victoria 3850. Home
phone (051) 44 3813.

SPUMSNOTICES

CONSTITUTIONAL AMENDMENT.

At the 1992 Annual General Meeting it was agreed
to change the financial year to January to December.

The Society had been using a Financia year that
ended on 30th April. However the Rules of the Society
contain the definition “ Financial year” means the year
ending 30th June.

In order to abide within the Rulesthisdefinition will
have to be changed.

It is proposed to put the following resolution to the
1993 Annual General Meeting.

That the words “ 30th June’ appearingin rule2
(a) be changed to “ 31st December”.

Darrell Wallner
Secretary of SPUMS

SPUM S ANNUAL SCIENTIFIC MEETING 1993

will be held at
the Palau Pacific Resort
SUNDAY 16th to TUESDAY 25th MAY 1993

Theguest speaker will beProfessor David Elliott, co-
author of The Physiology and Medicine of Diving with Dr
Peter Bennett.

The theme of the conference will be
THE LONG TERM EFFECTSOF DIVING
A workshop on
FREE ASCENT TRAINING
will be part of the program

Anyone wishing to attend should contact
Allways Travel
at the address below.

SPUM S ANNUAL SCIENTIFIC MEETING 1994

will be held at
Rabaul, Papua New Guinea
Provisional dates
MAY 14th to 23rd 1994

Theguest speaker will beDr Peter Bennett, co-author
with Professor David Elliott of The Physiology and Medi-
cine of Diving.

For further information contact
Allways Travel
168 High Street, Ashburton,
Victoria 3147, Australia.

Telephone
Australia 0388563
International 61-3-885 8863
Toll Free (Australiaonly) 008 338 239
Fax
Australia 03-885 1164
International 61-3-885 1164
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SPUMS
DIPLOMA OF DIVING AND HYPERBARIC
MEDICINE.

Requirementsfor candidates

In order for the Diploma of Diving and Hyperbaric
Medicine to be awarded by the Society, the candidate must
comply with the following conditions:

1 The candidate must be a financial member of the
Society.
2 The candidate must supply documentary evidence of

satisfactory completion of examined coursesin both
Basic and Advanced Hyperbaric and Diving Medi-
cine at an ingtitution approved by the Board of
Censors of the Society.

3 The candidate must have completed at least six
monthsfull time, or equivalent part time, training in
an approved Hyperbaric Medicine Unit.

4 All candidateswill berequired to advisethe Board of
Censors of their intended candidacy and to discuss
the proposed subject matter of their thesis.

5 Having received prior approval of the subject matter
by the Board of Censors, the candidate must submit
a thesis, treatise or paper, in a form suitable for
publication, for consideration by the Board of Cen-
Sors.

Candidates are advised that preference will begiven
to papersreporting original basic or clinical research
work. All clinical research material must be accom-
panied by documentary evidence of approval by an
appropriate Ethics Committee.

Case reports may be acceptable provided they are
thoroughly documented, the subject is extensively
researched andisthen discussed in depth. Reportsof
asingle case will be deemed insufficient.

Review articles may be acceptable only if the re-
view is of the world literature, it is thoroughly ana-
lysed and discussed and the subject matter has not
received asimilar review in recent times.

6 All successful thesis material becomes the property
of the Society to be published as it deems fit.

7 The Board of Censors reserves the right to modify
any of these requirements from time to time.

17

CHANGE OF ADDRESS

The Council of the Australian and New Zealand
College of Anaesthetists (ANZCA) haskindly consented to
provide SPUM S with a permanent address.

All correspondence, addr essed to the office holder
concer ned, should be sent to
SPUMS, C/o
Australian and New Zealand College of Anaesthetists,
Spring Street, Melbourne
Victoria 3000, Australia.

MINUTES OF SPUMS TELECONFERENCE
ON SUNDAY 15TH NOVEMBER 1992
AT 10:00 HRS

Present

Drs Des Gorman (President), Darryl Wallner (Sec-
retary), Sue Paton (Treasurer), John Knight (Editor), David
Davies (Education Officer), Tony Slark (Past President),
Chris Acott, John Williamson, Guy Williams.

Apologies

None.

1 Minutes of previous meetings

Minutes of the previous meeting were accepted with
an ateration to Item 4. The Diving doctors Course run in
Perth in 1986 was given by the Australian Sports Medicine
Federation.

2 Business arising from the minutes

21 PALAUASM
Guest speaker

Dr Elliottisfinalising his presentations. Thefull
texts will be forwarded to John Knight well before the
ASM.

FreeAscent Training Workshop

Dr Gorman and Drew Richardson are co-operat-
ing on the format for the Workshop. Dr Knight wishes
to ensure that a definition of Free Ascent occurs and
includes PADI’s recommended instructor practice,
which contrary to their stated policy, does appear to be
Free Ascent.
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Dr Williams will be in Palau early and will be
available to help organization of the ASM if required.

Duties of the convener
Dr Gorman will formalisethese dutiesin astate-
ment for future reference.

Registration fee

The breakdown of this figure has been received
from Allways and will be forwarded to the Secretary.
Some re-negotiations occurred with the Hotel to lower
some unrealistic charges, particularly the Banquet
Dinner which will now be their normal menu for that
night.

22 PNGASM

Rabaul isthe venuefor 1994 ASM in the second
week of May. Three hotels have been booked. Pre- and
post- conference dive charter boats have also been
booked.

Dr Acott will arrange for CIG to supply oxygen
cylinders. Nonga Base Hospital is suffering from
equipment shortage and would be grateful for any an-
aesthetic equipment that anaesthetists may be able to
send.

David Pennefather, alocal expert from Lae, will
beinvited to givetalks on thewar history of the wrecks.

SPUMS policy on the funding of visiting speak-
ers was restated: The Society meets the costs of air
travel, accommodation, meals, but not alcohol.
Dependents of the speaker have their rooms costs
funded.

2.3 RED SEA ASASM VENUE

Dr Gorman reported it as unsuitable. Diving
was disappointing due to large number of divers, coral
damage, poor visibility and little fish life.

24 FUTURE ASMs

Quotes for other venues, nothing further. Dr
Paton would like Committee Members to supply her
with their own favoured venues. Thiswould provide a
framework for quotations from Travel Agents.

Because of delays in surface mail overseas
members should be notifie of future ASM by airmail.
These members only source of information is an-
nouncements in the Journal, which may arrive far too
late.

3 North American Chapter

Has been fully reimbursed and also a$1,400 reserve
fund has been established. It was thought reasonable that
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the North American executive could be included in the
teleconferences. However, the cost was to be investigated
by Dr Paton.

4 Diving doctor s list

This is nearly complete. Dr Davies and Dr Oxer
hope to run a course in Perth in January on diving medi-
cine.

5 Treasurer’sreport

At present we have $5,000 in aworking account and
$30,000 in an interest bearing account. Expenses each 3
months period is approximately $11,000.

After the first billing there was approximately one
third of members require a 2nd account, which will go out
shortly.

6 Journal printing quotes

Four quotes are being obtained in Melbourne, only
one has been received.

7 Correspondence

Dr Knight will ask ACOM to arrange that mail
arriving will be redirected to our new address. The Secre-
tary will inform Consecta Services of this.

71 DROXER'SLETTER

Dr Oxer’s letter referring the publication of Dr
Mark’sthesis. Dr Gorman has replied clarifying some
misconceptions.

7.2 DIVING MEDICALS

Dr Thomas' letters was tabled, and the unsatis-
factory and inconsistent views of various State
Branches of the AMA was noted, regarding properly
trained doctors performing diving medicals. Also that
doctors performing aviation medicals belonged to a
restricted list was noted. It was resolved to publish a
condensed version of the AMA’s lettersin the Journal.

7.3 DIPLOMA OF TROPICAL HEALTH AND
HYGIENE

Dr Gordon’s letter from Townsville asking for
our support to include some underwater medicine units
in their Diploma of Tropical Hedlth & Hygiene. The
Committee gave unqualified support and will liaise
with Dr Gordon about course syllabus and progress.

74 HYPERBARIC TECHNICIANS AND
NURSES ASSOCIATION



SPUMS Journal Vol 23 No 1January-March 1993

Letters from the Hyperbaric Technicians and
Nurses Association were noted.

7.5 NASDS

Letter from NASDS was discussed. The matter
of the DCIEM tables and the role of the APSF and its
independence from SPUMS was emphasised. Dr
Knight will review the letter and revise it regarding
inaccuracies of fact and misconceptions and any re-
sponse will be discussed.

8 Diving emergency insurance

Dr Acott isawaiting certain expert and legal opinion
on this package, which unlike certain travel and other
insurance available would hopefully cover decompression
illness specifically.

9 Controversial medical topics
Dr Davies will produce proposals to hold work-

shops at ASM’s on some of these topics related to under-
water medicine.

10  Visiting medical professor

Professor Harijento Mahdi from Surabaya will be
visiting Australia, and Dr Williamson will extend an invi-

tation to visit the Hyperbaric Medicine Unit at Royal Ad-
elaide Hospital.

11 Next meeting

Date of next teleconferenceis 7th February 1993, at
10:00 hrs Daylight Saving Time.

SPUMS ANNUAL SCIENTIFIC MEETING 1993
Annual General Meeting 1830 22nd May 1993
Monday May 17th

Venue Conference Room, Palau Pacific Hotel

1630-1800 SPUMS Executive Meeting

1800-1900
1900-1930

Registration
Conference business and notices (Gorman
and Allways)

1930 Cocktail Party
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Tuesday May 18th
Thelong term sequelae of diving
Chairman Gorman
1630-1645 Introduction (Gorman)
1645-1730 Dysbaric Osteonecrosis (Elliott)
1730-1800 Discussion
Open papers
Chairman Williamson
1815-1845 A first-person report on a diving accident
(Cummins)
1845-1900 Discussion
1900-1945 Risksand proceduresfor deep, driftand multi-

level diving (Richardson)
Conference business and notices (Gorman
and Allways)

1945-2000

Wednesday May 19th

Thelong term sequelae of diving

Chairman Acott
1630-1715 What are the long-term sequelae of diving ?
(Elliott)

1715-1730 Dysbaric Osteonecrosis (Elliott)
1730-1800 Discussion

Open papers

Chairman Davies

1745-1815 The 1992 PADI survey of diving consumers
anddivinginstructor candidates(Richardson)

1815-1830 Discussion

1830-1900 Diabetes mellitus and the scuba environment
(Sullivan)

1900-1915 Discussion

1915-1945 Factors in underwater escape from an in-
verted helicopter (Elliott)

1945-2000 Discussion

Thursday May 20th

Thelong term sequelae of diving

Chairman Williams

1630-1700 Studies of outcome after treatment for de-
compression illnessin Australasia (Gorman)

1700-1745 Neurological deficits after diving (Elliott)

1715-1800 Discussion

1815-1845 The development of diving safety (Elliott)

1845-1900 Discussion

Workshop on emergency ascent training: Part 1

Chairman Gorman and Richardson

1900-1945 Current philosophy and practice of emer-
gency ascent training for recreational divers
(Richardson)

1945-2000 Discussion
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Friday May 21st

Workshop on emergency ascent training: Part 2

Chairman Gorman and Richardson

1630-1645 Introduction (Gorman)

1645-1715 Divingincidents necessitating an emergency
ascent in Australasia (Acott)

1715-1745 A training agency perspective of emergency
ascent training (Cummins)

1800-1845 A medical perspective of emergency ascent
training (Knight and Williams)

1845-1900 Summary (Richardson)

1900-2000  Discussionandformulationof SPUM Spolicy

on emergency ascent training.
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Saturday May 22nd

A review of divingand hyperbaricmedicinein Australia
and New Zealand

Chairman Paton

1600-1630 A progress report on DIMS (Acott)

1630-1645 Discussion

1645-1715 A progressreport onclinical hyperbaric stud-
ies at the Royal Adelaide Hospital
(Williamson)

1715-1730 Discussion

1730-1800 A progressreport on diving medicine studies
in the Royal New Zealand Navy (Gorman)

1800-1815 Discussion

LETTERSTO THE EDITOR

LAMBADA DANCING ON A TIGHTROPE

NATIONAL ASSOCIATION OF SCUBA DIVING
SCHOOLS-AUSTRALASIA INC.

Unit 7/15 Walters Drive

Osborne Park, W.A. 6017

Dear Editor,

| write in response to Dr Des Gorman's editorial
“Lambada Dancing on a Tightrope''*.

During the preparation of the AS4005.1 NASDS
consistently voted in favour of amandatory medical exami-
nation for all candidates for scuba diving instruction. In-
deed, Dr John Knight? mentioned NASDS' consistent sup-
port.

For at least the last 14 years NASDS has maintained
amandatory standard which requiresall recreational divers
trained by NASDS (FAUI) to have completed acomprehen-
sivemedical. Themaintenance of thisstandard has perhaps
been to our commercial detriment.

The NASDS medical standard was at first based on
the AS2299 diving medical. Subsequently minor variations
were made and did not vary in any substantial manner from
the SPUMS endorsed medical® or the ultimate Australian
Standard format published in AS4005.1.

NASDS strongly believes and recommends that al
diving medicals should be carried out by physicianstrained
indiving medicine. Our failureto votefor thisasarequire-
ment for AS4005.1 was based on practical issuesand not on
a divergence of philosophy. Any requirement to make
compulsory the conduct of diving medicals by diving doc-
torswas, inour view, unworkable. Eventoday, there appear

to be too few physicians trained in diving medicine. Until
suchtimeasmoretrained physiciansareavailable, whichwe
hope is not too far away, the compromise of providing the
general practitioner with solid guidelinesto conduct diving
medicalsisthe only realistic choice.

We admit that our funding of DES has been spas-
modic. This hasbeen dueto tough economictimes. Inany
event we have managed to pay many thousands of dollarsto
DES. NASDShasalwaysmadedonationsfreeof any strings
and currently NASDSmaintainsafifty centlevy onadiver’s
entry level certification.

Atthetimeof devel oping the current funding support
for DES, NASDSwas promised, aswerethe other agencies,
access to data compiled through the Australian Patient
Safety Foundation (APSF) Critical Incident Monitoring
programme. These are statisticswhich the agenciesneedto
gaugetheeffectivenessof their instructionand aregenerally
moreuseful than reportson accidents(deaths). Todate, only
one such report has been received* by NASDS and that was
in January 1990.

Dr Gorman’'s comments on the sale by NASDS of
DCIEM Tables are at best described as his side of this
complex issue. Unfortunately thereisneither thetimeor the
space in this letter to fully detail all aspects of this matter.
Sufficeto say that conflict between APSFand NASDSarose
when both parties could not achieve a mutually beneficial
business arrangement for the sale of the DCIEM tables.

GivenNASDS' history of no-strings-attached finan-
cial support for DES, our continued endorsement of DES,
our consistent commitment to diving safety through the
promotion of the DCIEM Tables, and our earlier attemptsto
reach a commercial compromise with RAH/APSF, Dr
Gorman’s comments were totally uncalled for.
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NASDS hasfor many years been an associate mem-
ber of SPUM S and a keen supporter of the Society’ s goals.
Our record of support is probably unmatched by any other
certification agency. Our failure to attend annual SPUM S
conferences has been due to lack the finance and time. A
situation, I’ m sure, in which we are not alone.

NASDS believed that we had a close and warm
relationship with SPUMS and the medica profession. Dr
Gorman'’s editorial did nothing to contribute to the further
development of this relationship. We are disappointed.

lan Milliner
National Manager, NASDS Australasia Inc.
(Lately Federation of Australian Underwater Instructors)
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MALARIA PROPHYLAXIS

Traveller’sMedical and Vaccination Centre
2nd Floor, 393-397 Little Bourke Street
Melbourne, Victoria 3000
Dear Editor,

It was pleasing to read the DES column in the
November DIVE LOG Australia Magazine. Some impor-
tant issues were highlighted concerning diving in areas
where chloroquine resistant malaria occurs and they are
worth bringing to the attention of SPUMS members.

Thefirst issueisthat arange of personal protection
measures to avoid mosquito bites is essential and diving
medicine practitioners should offer this specific advice to
diversat risk.

Secondly, it is reassuring to read the SPUMS state-
ment on the avoidance of mefloquine (Lariam) for malaria
prophylaxisfor these areasbecause of itsknown side effects
and adversereactions. Thisis consistent with the policy of
the Traveller's Medical and Vaccination Centre clinic’'s
throughout Australia, whichalso supportstheuse of alterna-
tivesto mefloquinefor divers. P.N.G., Solomons, Vanuatu,
parts of Indonesia and Malaysia and Indo-China al report
chloroquine and antifolate drug resistant malaria.
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It is worth reminding divers that doxycycline is
associated with photosensitivity reactions so a maximum -
protection blockout is appropriate for divers using doxycy-
cline.

Lastly, the differential diagnosis of non-specific flu
like symptoms of weakness, tiredness, headache; myalgia,
vomiting and abdominal pains in diver in tropical areas
includes malaria as well as D.C.S. and specific testing for
malaria should be performed.

A Gherardin

TRAINING FOR DIVING MEDICALS

Avondae Accident & Medical Clinic
PO Box 19-253, Avondale, Auckland 7
New Zealand

Dear Editor,

As a newcomer to the New Zealand chapter of
SPUMS, onewho attended itsrecent annual scientific meet-
ing, | am disappointed that the ANZ diver death seriest is
subject to fallacious interpretation by an apparent majority
of Society members.

The study is aretrospective exercise in data collec-
tion which isbereft of any mathematics more complex than
elementary addition and from which only the most tentative
of conclusions can be drawn.

It should not be used to support arguments for com-
pulsory post graduate training of those doctorswho wish to
conduct recreationa diver medicals. Although the authors
wouldhavefound at | east 25% of the (dead) diversmedically
unfit had they taken a history before the fatal dive, no
evidence is presented as to what proportion of a matched
population of divers who did not die while diving would
have survived such a history taking.

In over haf of al diverswho died in this series, that
event occurred shortly after exhaustion of the air supply
(56%), and/or problems with buoyancy (52%), and or/a
failure of the buddy system (59%). Onthisevidence, efforts
to prevent deaths in recreational divers should concentrate
on reducing the incidence of these precipitating factors by
ensuringthat all diversreceiveappropriatetraining, and that
throughout their diving career they continue to dive in
accordance with that training.

Rhys Cullen

Reference
1 EdmondsC and Walker D. Scubadivingfatalitiesin
Australiaand New Zealand. SPUMSJ 1989; 19(3): 94-104.
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Reply
1423 Pittwater Road
Narrabeen
New South Wales, 2101
Dear Editor,

| thank Dr. Cullen for showing that there has been at
least one person who has read our paper! critically. Before
dealing with the matter which appears to trouble him most,
the requirement that adoctor must acquire some knowledge
of diving-related problems before giving an opinion on the
subject, | will answer the other matters he details.

First, as he provides no evidence to support this
statement that this paper hasbeen “fallaciously interpreted”
by the mgjority of members of this Society. | cannot find a
basisfor discussion. Indeed, | have no evidencethat anyone
other than he has given it any thought, let alone been
influenced by it.

Second, that the study wasretrospective. Asthereis
no way known to to me to monitor a significant number of
novicediversduring their first year of diving to record their
skills, understanding, experience, dive profiles, health, etc.
it has been necessary to research the problem from the
episodes of morbidity. It issadly true that the only divers
who come to notice have selected themselves by dying or
attendingfor treatment of DCSor CAGE. Asthereisnodata
concerning thenumbersof divers, their frequency of diving,
their age and health profiles or types of divesthey perform,
it was thought appropriate to provide raw numbers rather
than (meaningless but neat) statistics. Indeed it ismy view
that however small the statistical risk may be, if it can be
reduced, it should be. It is unfortunate that neither the
majority of SPUMS members nor any of the Instructor
organisations have recognised the value of seeking out
information and sharing it, and have continued resol utely to
ignoreall requeststhat they join the research project known
as “Project Stickybeak”.

While | doubt whether either of the authors would
actually have said “failed” to 25% of these diversif seenin
life, nevertheless, rightly or wrongly, the present rulesinthis
area state that asthmatics, epileptics and insulin dependent
diabetics (among others) should not be assessed as Fit to
Dive. Some such peopleare passed asFit to Diveby doctors
ignorant of the reasons for such rules, and this could have
legal and insurance consequences.

Dr Cullenisunder no obligation to undertake Diving
Medicalsso hisclaim that heisforced to take post-graduate
training needs to be moderated. It seems reasonable to
reguireanyoneoffering an assessment of another’ sfitnessto
know the parameters of the job or activity involved.

| believe that there are three questions which should
rightly demand our attention. First, is a Diving Medical
necessary (if it is, then surely it should be performed with

SPUMS Journal Vol 23 No 1January-March 1993

awareness of what are the medical problems to be consid-
ered). Second, who desires this assessment and for what
purpose, the Instructor organisations for insurance and/or
liability reasons, or the applicant. The degree of potential
risk considered acceptable is not a medical but a legal/
insurance decision. Thirdly, my research (soon to be pub-
lished) showsthat about half the scuba-diving related fatali-
tiesin Australiaover the past 20 years have involved those
who were grossly inexperienced, and that the commonest
adverse factors were low-air status and failure to ditch
weights and/or inflate the buoyancy vest. Cardiac factors
only becomeasignificant risk factor in diversaged 40 years
and over.

There is a good case for a radica review of the
content and diving practice component of present basic
courses and of the support made availableto novicesduring
their first few dives performed without benefit of supervi-
sion by an instructor. The medica factor usualy is less
critical to surviva than the experience level, but al the
Instructor organisations are likely to continue to require “a
medical” for their own reasons. It isthey, not the medical
profession, who have the simplistic belief that “medical
fitnesstodive” isasimple YES/NO decision. Remarkably,
inAustralia, they do not requirethat thismedical assessment
is performed by an appropriately informed doctor.

| thank the Editor for this opportunity to clarify
matters.
Douglas Walker
Reference

1 EdmondsCand Walker D. Scubadivingfatalitiesin
Australiaand New Zealand. SPUMSJ 1989; 19 (3): 94-104.

AMA POSITION ON DIVING MEDICALS

Australian Medical Association Limited
42 Macquarie Street
Barton, ACT 2600

Dear Sir,

| am replying on behalf of the AMA and of the
President to your letter of 6th January concerning SPUMS
views on medical certification of divers' fitness.

Ethical position

Themost recent version of the Association’ sCode of
Ethics (copy enclosed), although focused on clinical rather
than preventive aspectsof patient care, containsat least four
statements, as follows, which bear on any medica practi-
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tioner's ability to perform satisfactory examinations for
certification of adiver’'sfitness.

1 “Practise the science and art of medicine to the best
of your ability and within the limits of your exper-
tise.”

2 “Evauateyour patient completely and thoroughly”.

3 “Recommend to your patient that additional opin-

ions and services be obtained when treatment is not
within your expertise”.

4 “Accept ashare of the profession’ sresponsibility to
society in mattersrelating to the health and safety of
thepublic, health education and | egislation affecting
the health or well being of the community”.

Asagenera principleof the AMA holdsthat, except
in emergencies when there is no reasonable alternative,
medical practitioners should not attempt examinations, di-
agnoses or procedures which are beyond their ability or
training. Theimportant thing isfor medical practitionersto
be aware of their own limitations!

The AMA considers that the overall standard of
general practice throughout Australiais very high. Given
that many if not most of SPUMS' members are probably
general practitionerswho haveaninterest in hyperbaric and
diving medicine rather than full time specialists in those
arcane pursuits, SPUMS' repeated denigration of general
practitioners appear unfortunate and inappropriate.

Toanimpartial observer, SPUM Sprotestationsmight
even be construed asacynical attempt to capture the market
in diving medicals for its members. If you find such a
suggestion hurtful, | assure you that the AMA considers no
less repugnant any suggestion that its motives in opposing
early introduction of certification requirement for diving
medicals stem from cupidity rather than from ethical and
professional concerns.

TheAMA isunawareof extant or pending legislation
whichwouldrequirespecifictrainingfor medical practition-
ers who perform diving medicals. Does SPUMS contem-
plate advocacy for such legislation federally and/or in the
severa states and territories? Alternatively, does SPUM S
believe that adoption of some relevant Standard by SAA
would ensure early passage of appropriate legislation, or
doesit consider that the mere existence of such a Standard
might be sufficiently persuasive to cause non-qualified
examiners to desist? (In the absence of legislation, AMA
members, who subscribe to the Code of Ethics, might be
disadvantaged by non-members, equally untrained, who
continued to perform such examinations.)

SPUM S appearsto resist any analogy between avia-
tion and diving medical examinations. Nevertheless, itisa
fact that an acutely disabled diver can at worst lose only his
own life and perhaps that of several diving companions,
whileanacutely disabled pilot may crash anaircraft, costing
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the lives of all on board and perhaps many others besides
(e.g. in the case of an accident in a city, as occurred in
Holland last year). Presumably for this reason, public
authorities have long since required medical examinations
for crews and have designated practitioners empowered to
undertake them, while this has not yet been deemed neces-
sary in the case of divers. Of course scuba diving is a
recreational activity accompanied by considerablerisk, but
then so are mountaineering, hang gliding, bungee jJumping
andrugby. Todate, nolegidlativerequirement existsfor any
medical examination prior to those activities, let aone
examination and certification by soi disant “experts’.

Risk assessment

SPUMSS apologists appear ready to make statement
such asthat at theend of page203inthe SPUM SJournal you
enclosed:

“Some of these people died asaresult of thisfailure
to assess them properly.”

What isthe evidencefor such assertions? What does
SPUMS consider to be the incidence and total numbers of
absoluteandrel ative contraindi cationsto scubadivingwhich
should have been reveal ed by adequate history and physical
examination but are missed by “non expert” examiners?
While most clinicians “just know” some things to be so,
proving themisvery different (asthe AMA hasfound inits
attempts to have chiropractors excluded from treating vis-
ceral/somatic conditions because of their ministrations for
such complaints).

Availability of services

WhatareSPUMS' estimatesof numbersof regular or
occasional sports scuba divers throughout Australia? How
often does it believe medical examinationsfor them should
beperformed? How many medical practitionersdoesSPUM S
believe are now appropriately trained and experienced to
undertake the necessary examinations? What isthelevel of
congruence between examiners and potential examinees
numbers and locations?

Availability of training

The AMA would be grateful to receive form you
details of training courses in hyperbaric/diving medicine
which SPUMS believes would equip medical practitioners
safely to perform diving medicals. Attending longer course
isdifficult for many AMA members. Attracting a suitable
locum tenens requires considerable planning, and course
and travelling costs may considerable. You will be aware
that numerous general practitioners today earn only quite
modest incomes.
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Conclusion

The AMA obviously takesmost seriously any repre-
sentations made on behalf of a reputable and expert body
such as SPUMS. The purpose of the antecedent material is
simply to ensure that SPUM Sfully understandsthat thereis
another side to this debate. Perhaps you would care to
contact the editor of Australian Medicine, the AMA’snews
magazine, to explore with her the possibility of writing an
opinion piece on this matter for the magazine? That would
be certain to stimulate discussion of it within the AMA. |
should be happy to summarisethe countervailing arguments
for simultaneous publication.

| shall distribute copiesof your letter and of thisreply

to all AMA Branches and members of Federal Council and

invitetheir further comments on the mattersraised. Formal

dialogue between SPUMS and the AMA should as least

alow both to be more aware of the other’s views and the
reasons for them.

Y ours faithfully,

Dr. P.S. Wilkins

Australian Medical Association Limited

The above has been edited down from a
letter, of four A4 pages, typed with single spac-

Ing, sent in response to the paper IS THE AMA
REALLY INTERESTED IN PREVENTIVEMEDICINE ?

(SPUMSJ 1992; 22 (4):203-206). The Editor’s pre-
liminary reply appears below.

Dear Dr Wilkins,
Thank you for your letter of 13/1/93.

| enclose a photocopy of an article in the SPUMS
Journal* which makes it quite clear that doctors without
training in underwater medicine were not living up to your
first quote from the AMA code of ethics. They were quite
clearly outside their expertise.

This is not suprising as there is no discussion of
underwater medicine in the undergraduate curriculum in
most medical schoolsand andinsufficient to prepare people
to examine candidatesfor diving (oneor two lectures) inthe
one or two that do include the topic.

SPUMS considersthat a sports diver needs adiving
medical before using compressed air but sees no need for
regular medicalsafter that. SPUMShasno desireto restrict
diving medicalstoitsmembers. Infact about half thosewho
havedonethenecessary coursesarenot membersof SPUMS.
The whole exercise is to raise the standard of practice and
protect prospective divers.
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Unfortunately there js evidence from studies of div-
ing deaths that “ Some of these people have died as a result
of thisfailureto assessthem properly”. It will takemesome
timeto find and photocopy the casesand | wish to send this
|etter today beforegoingtowork. | will thereforewriteagain
when | have had the time to gather up-to-date information
and references to answer your questions.

Most of theinformation yourequireisonfilewith Dr
Darrell Wallner, the Secretary of SPUMS, of 114 Vasey
Crescent, Campbell, ACT 2601.

| hope that before the end of 1993 wewill be ableto

convince the AMA that SPUMS is only interested in pro-

moting good standards of practice which will offer higher
quality and safer service to diving candidates.

Dr John Knight

Editor, SPUMS Journa

Reference
1 Edmonds C. MMM, the Mickey Mouse medical.
SPUMS J 1986; 16 (10; 3-4

6 Union Street
Newcastle NSW 2300
Dear Editor,

| wish to reply to the comments made in the letter
from the Assistant General Secretary, Australian Medical
Association which makes reference to the qualifications
required to be a Civil Aviation Medical Examiner. As part
of hisdefenceof the AMA’ sposition that thereisno need for
certification of doctorswho wish to perform fitness exami-
nations of candidates who wish to undertake scuba diving,
he statesthat a precedent existswhere Civil Aviation Medi-
cal Examinersrequirenotraining to undertakethat position.
| have held my examinershipinthat capacity for anumber of
yearsnow and when | wasfirst appointed the position wasas
he stated.

However since Dr. Robert Liddell has taken the
position of Director of Aviation Medicine, to gain a new
appointment as an examiner one must have completed the
Aviation Medical Course at Monash University which is of
twoweeksduration. All thoseof uswho continueto hold our
position asMedical Examiner however, arealso required to
attend anumber of Aviation Seminarswhich are conducted
invarious centresaround Australiaand to attend at | east one
Aviation Medical Society Conference each three years. It
has also been stated that it is preferred that we should also
complete the Monash Aviation course. A comprehensive
manual is provided by the CAA.

P.C. Arnold



SPUMS Journal Vol 23 No 1January-March 1993

53 Coverdale Road
Sde
Victoria 3850

Dear Editor,

| am most concerned about the differences between
the AMA and SPUMS that are suggested by published
letters and statements. As one of the participants in the
Standards Australia committee decision that triggered this
situation, | hope that the following persona view may
perhaps assist in refocusing the debate in a more positive
direction.

Diving medicals

| believethat thebureaucracy of Federal AMA would
concur with the desirability (as opposed to the absolute
requirement) for suitable training for medical practitioners
undertaking diving medicals. | have recently written to Dr
Wilkins of the AMA urging him to publicly support this
view.

The need for training in underwater medicine arises
from the lack of training offered in normal medical educa
tionandthepeculiaritiesof thephysicsand physiol ogy of the
diving. Thosewho believethat aninformed diving medical
opinion is possible in the absence of such training are
presumably themselves misinformed or uninformed about
diving medicineanditsdifferencesfrom most other fieldsof
medicine.

However there are someindividuals, without formal
medical training, who have gained significant, appropriate
and useful knowledge of diving medicine through their
work.

Occupational health nurses, military medics, non-
medical physiologists and technicians are examples of per-
sons who may have the skills necessary to ask the basic
guestions and perform the mechanics of a standard diving
medical examination. By following astrict set of guidelines,
most applicants without any deviations from “ideal health”
could probably be identified by such persons. It is under-
standabl e, therefore, why some GPswithout an understand-
ing of diving medicinemay feel insultedwhenitissuggested
that they do not have appropriate skills for performing a
diving medical.

Theargument for trained examinersshould centreon
the need for counselling of diver candidates and for the
judgement, further investigation and interpretation that is
necessary when deviationsfrom“ideal health” are detected.

Inmy experiencethisseemsto apply for 90% or more
of divers; nearly everyonehassomehealthfactor that at | east
requires further questioning and consideration. | believe
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that it was this point of view that resulted in a change of
opinion amongst some of the representatives at the Stand-
ards Australiacommittee meeting who had supported ques-
tionnaires rather than medicals until Dr Knight and | ex-
plained the reasons for our opposition to this.

Two differing views exist as to the “purpose” of
diving medicals, with both having been aired in thisjournal
and sometimes confused within the one document.

The traditional view is that diving medicals should
result in the examiner deciding upon a verdict of “fit” or
“unfit”.

Thealternativeview of diving medicalsholdsthat the
examiner is an adviser who assists the diver to make an
informed decisionwhether to accept therisk of diving or not.
Thereis of course a continuum of “degrees of fithess” and
widevariationintheamount of risk that different individual
divers see as acceptable.

The first view is routinely applied to occupational
medicals, the second more commonly to the situation of
return to recreational diving after an incident. With regard
to entry level recreational diving medicalsit would appear
that opinion is split amongst doctors, instructors, instructor
agencies and potential divers. It should be noted however
that the basis for the second aternative is individual risk
acceptancewhich should be of aninformed nature. Without
an adequatediving medical itisdifficulttoarguethat adiver
training candidate can give informed consent to training.

Much of the discussion regarding training for diving
medical examinersusestermssuch as”requirements’. This
is very open to misinterpretation when not qualified as to
who “requires’ themedical or thetraining for the examiner.

Requirements may be dictated by legidlation, Aus-
tralian Standards, Codesof Practice, professional standards,
the speaker’s own interpretation of safety standards etc. It
should be remembered that recreationa diving itself is
basically unregulatedin most Statessothereareno* require-
ments’ for a medical examination in a legal sense nor
therefore for training of the examiner.

“Requirements’ in Australian Standards (clauses
containing "shall”) are merely guidelines for good practice
and evidence for court hearings after an incident unlessthe
Standard is called up by legislation or regulation. Thereis
avalid point of view that suggests that there should not be
regulation of recreational activity unlessthe public good is
significantly at risk, and diving has been compared with
other unregulated activities which appear to carry equal or
higher risk.

| believethat theseimportant underlying mattersasto
the purpose and place of diving medicals require further
debate, as it is differences on these points that | believe
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underliemany differencesof opinion and obscurethedesire
of al to promote continuing improvementsin diver safety.

The Australian Standards Committee Decision

As has been suggested, | personally support the
proposal that medical practitionerscarrying out recreational
diving medicalsshould haveappropriatetraining. | didhave
some concerns however about the wording used in the draft
Standard that was presented to me when | was asked tojoin
therecreational diving committee. In my postal vote onthe
draft | stated that | believed that appropriate editing could
have resolved these concerns without losing SPUM S inten-
tions. A large number of negative votes were received
however, necessitating a further committee meeting to re-
solvethese. Indiscussing the matter with Dr Wilkins of the
AMA beforethismeeting | understood hisopinionto bethat
formal training of diving medical examiners was highly
desirable and possibly inevitablein thelonger term. Never-
theless, hewasapparently mindful of the positionforwarded
fromsomebranchesandfelt that an absol uterequirement for
course compl etion should not be supported in the context of
the draft’ sinflexible wording and two year time frame.

Asit turned out, it did not prove necessary for meto
resolve the differences between my persona position and
my understanding of the AMA’s during the meeting. The
chair chose to separate the question of whether a medical
examination was required at all from that regarding the
training of the medical practitioners who would perform
such medicals. During discussion of the former question, |
supported Dr Knight's and SPUMS point of view and, |
believe, helped convert the views of some of the diving
instructor representatives who appeared to have an “anti-
medical” opinion based upon some rather unfortunate mis-
understandings.

It became clear however that some of therepresenta-
tives' preparedness to accept diving medicals at all was
conditional upontraining for medical examinersbeing“rec-
ommended” rather than “required”. This created the situa-
tionwheremy supporting anabsol uterequirementfor SPUM S
approved training would havedivided thecommitteeinsuch
away that adegree of consensusallowing publication of the
Standard could not have occurred. A pragmatic decision
thusseemed appropriate. A voteagainst the second question
wasregistered by all committee membersexcept Dr Knight
and one other, enabling thefirst question to be carried inthe
affirmative, allowing the draft Standard to pass on for
publication.

Itwashardly the AMA aonethat wasresponsiblefor
diving medical training for examining doctorsbeing recom-
mended rather than required! | would have preferred a
rewording of the section in question and further debate,
however in the context of the situation | was happy that the
best achievable outcome had been reached, publication of
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the Standard with all itsother important requirementsrather
thananindefinitestalling resulting fromthe probabl e neces-
sity tore-openthe public submission phasesof the Standards
development process. | hoped, and still hope, that time will
see rapid extension of appropriate training for medical
practitionerswho advisediversand diving trainees, and trust
that the AMA will join SPUM Sand othersin supporting this
aim.

Standar ds Australia committees and the AMA

The appropriateness of the AMA having a repre-
sentative on a diving committee has been questioned. Itis
my understanding that the AMA has historically supplied a
representativeto various Standards Australiacommitteesas
apublic service, usually at the request of others, in order to
assistin public health promotion matters. Thishascertainly
been my understanding in relation to the various diving
related committees on which | have served for some years
now and most of my input to these committees has been of
ageneral nature, in no way needing to represent the “views
of the AMA” in any political or member’s advocacy sense.
| believe that it has been very useful to have a number of
medical representativeson these committeesasmuchthatis
discussed requires medical opinion.

As such | welcomed Dr John Knight's addition to
these committeesas SPUM Srepresentative. Input and even
attendance from NH& MRC, government and Naval medi-
cal representatives has unfortunately been limited and er-
ratic in recent years. Obviously SPUMS is an appropriate
body to supply a representative, however it seems worth-
while to spread the burden of supporting travel and accom-
modation for multiple medical representatives across a
number of sponsoring bodies. The matter of training for
medical practitioners performing recreational diving medi-
cal medical examinations has been the first occasion on
which | have been asked to present aspecific AMA point of
view. | can see few other matters on which the AMA and
SPUM Swould differ, and would thus hope that such differ-
ences would not arise in the future.

| makethe pleathat both parties|eavethe past behind
by accepting that the present Australian Standard has been
published and cannot be altered until itsnext review. Surely
energies could be combined to promote diving safety, in-
cludingthat whichwouldfollow from promotion of medicals
performed by appropriately trained practitioners. Co-opera-
tionisrequired regarding acquisition of thenecessary epide-
miological datato answer some of the many questions that
canbevalidly asked about theassumptionsunderlying many
of our present fithess“standards’. Debateisrequired about
the purpose, applicability and legal standing of themedicals
we perform.

lan Millar
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BOOK REVIEWS

FIELD GUIDE FOR THE DIVE-MEDIC

C Gordon Dougherty

Coastal Aquatics Publications, 8807 Wildridge Drive, Aus-
tin Texas, 78759 USA.

Price $US47.50 + $US5.50 for post outside the USA.

This updated (second) edition should prove to be
useful not only to its specific constituency of Diver-Medics
but also to the many who go on diving expeditions and
cruises out of reach of rapid attendance by an appropriately
trained medical practitioner. It iswritten in a concise and
clear manner, as is to be expected from an author with
extensive experience in advising severa of the large em-
ployers in the off shore oil industry and involved in the
training of diver medics.

Because thetarget readership hasreceived intensive
training in emergency medicine before being given respon-
sibility for the careof othersonan il rig or adrill ship, there
is omission of some basic first aid advice, such as the
management of limb fractures or a treatment flow chart
stating that control of any significant bleeding isapriority.
Nevertheless the text gives advice on a wide range of
problemswhich adive leader out on the Barrier Reef might
have to face. There is advice on burns and on abdominal
pains in addition to the specifically diving-related prob-
lems. Perhaps surprisingly (considering the number of
womenwho are now employed asprofessional divers) there
isisno mention of any gynaecological problems. Possibly
thiswill beincluded in the next edition. Till then you will
have to rely on step by step advice given over the radio to
manage an unexpected labour!

Despitethe present day shore-based medical support
viaradio for the lay person with the responsibility for some
medical problem, there is still a great similarity with the
situation faced by the Master of asailing ship in daysof old.
He (there were no female ship’s Masters then) was armed
with alimited stock of medications, abook of basic medical
advice, and awareness of the responsibility devolving on
himself.

If you have the responsibility for a group of people,
you should plan for medial and other emergency situations.
As others have undoubtedly said, “it comes with the terri-
tory”. This book should make the problems easier to
manage. While it does not aspire to be encyclopedic in the
range of medical problems it covers, it neverthelessiis far
more than a book dealing solely with the management of
diving emergencies.

Beingintended for on the spot use, thebook hasbeen
made tough by being printed on Kimdura plastic, which
looks like paper but has a better resistance to adiver’s wet
fingers. Itsspiral binding ensuresthat it liesflat open at the
chosen page. Itisbook worthy of aplacealongsideasimple
first aid book, in the medical kit of any diving expedition.

Thereisaspecial piece of good advice at the end of
theprefacetothefirst edition, reprintedinthisedition. “The
mature, prudent medic will always get advicewhen heisin
doubt”. Marry thisto the advice onthe cover of “TheHitch
Hiker's Guide to the Galaxy”, (“Don’t panic”) and you
should be a great comfort to those seeking your care.

Douglas Walker

SPUM SANNUAL SCIENTIFIC MEETING 1992

MEDICAL PREPARATION FOR DIVING THE
GREAT BARRIER REEF

Michael Rooney
Ismedical preparationfor divingonthe Great Barrier
Reef (GBR) any different from medical preparation for
diving anywhere else? The diving that is done on the GBR
fallsinto two categories.
Scientific diving

Scientificresearchaccountsfor approximately 10,000
logged divesper year. Thetypeof divingusually fallswithin

the limits of “sport diving” tables. Most research organiza-
tionsrequire their diversto undergo yearly medical exami-
nations to a standard similar to AS 2299.

In June 1992 there was no general consensus as to
what standards should apply towhich divers. My opinionis
that if divingisawork activity for which the scientistispaid
then the medical should be current, progressive and as
thorough asis practical.

Recreational diving
Approximately 1,000 tourists perform two scuba

dives every day of the year on the GBR. This figure is
consistent with the fact that commercial diving operators
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reguire 800,000 tank-fills per year. Most of these divesare
performed by novicesunder the care of instructors. Most of
these divers spend two days on the reef, obtain their open-
water certification and then do no further diving.

In 1990 | commenced my own follow-up survey of
peoplewhom | had seenfor diving medicals. A comprehen-
sive questionnaire regarding the dive course, the medical,
and subsequently diving history was sent to them 12 months
after | saw them.

The response from around the world was good and it
provided some interesting information. In atourist orien-
tated location such as the GBR less than 5% of the people
who had taken dive courses had done any further diving
since being certified. Diving on the GBR was just part of
their holiday and they regarded it asatourist activity and not
the beginning of a new form of recreation.

Given that the first group consists of experienced
divers and the second group are in the care of competent
instructors who can usually take good care of their charges,
how rigorous does the medical preparation have to be?

Themedical

Itisnot my intention to repeat what isreadily avail-
able elsewhere. Readers are referred to “The SPUMS
Diving Medical” published in March 1992.

It should be stressed that while that document is
understood by physicianswho have an understanding of the
physics and physiology of diving, it does not necessarily
havethe samesignificancefor clinicianswithout trainingin
underwater medicine. For example, | have seen a medical
certificategiventoanovicediver whichread* Fitto Divebut
not to go too deep”. While this proviso is well-intentioned
and makes sense to the non-diving doctor and the aspiring
diver (who just happened not to be able to equalise his ears
under pressure), it is exactly the wrong advice.

Personally, | cannot remember the last time that |
certified an applicant as permanently unfit to dive on the
result of the medical examination. Thisis partly dueto the
fact that the dive schools in my area are aware of my
standards and their staff first ask afew relevant questions.
But more significantly it is due to the medical history that |
take.

Perhapsall thedive shopsknow which applicantsnot
tosendinmy direction. | anfortunatetobeinanareawhere
the diver training industry is not as large as elsewhere and
most of the operators rely on good reputations and word of
mouth referrals. | know of only one dive school inthisarea
which specifically directs its customers away from me
because, inthe operator’ sownwords, | “do thejob too well,
and that’s no good for our business’.
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Who needsa medical ?

Under present Queensland law, anyonewho isabout
to undertake a diving course must have a current medical
certificate. Less than 5% of the people whom | see for
recreational diving medicalshave any intention of taking up
scubadiving asaregular pastime. For thissmall group there
is no doubt in my mind that a medical assessment before
starting diving is an excellent idea.

But what about the remaining 95%7? Most of these
are tourists from overseas. Surprisingly, most regard the
medical as*agoodidea’. Thisopinionhoweverisinconsist-
ent with their other comments ranging from “an inconven-
ience, a waste of time, an unnecessary extra expense and
something which may prevent them from undertaking one
particular aspect of their planned around-the-world trip”. It
isinteresting to note that the people who think it is“agood
idea” aretheoneswholeast need any medical adviceandthe
strongest objections come from those who most need it.

| personally find it distressing to tell atearful young
lady who hasspecifically cometo North Queendandtolearn
todiveonthe GBR that Ventolin and compressed air are not
ahealthy combination. What makesit evenworseisthat she
could have learnt to dive back homein England, come here
with a C-card and done whatever she wanted to. An even
worse situation iswhere the super-fit triathletewho isgoing
toprovethat hisasthmaisnot goingtoruinhislifestormsout
of the office with the statement “Well I'll just go to Cairns
and not mention asthmaontheform”. | do not seeasolution
tothisproblemwhilethelegal requirementsremainsasthey
are. If atourist intends scuba diving no matter what, then
giving false information on a questionnaire is not going to
worry him or her.

How do we reconcile the situation where someone
undertaking a course hasto have a medical while someone
who is doing a one-off “resort” dive only has to fill in a
questionnaire? The only way | can make sense of this
situation isthat the resort diver is closely (and usualy very
competently) under the careand responsibility of aninstruc-
tor. But asstated before, thisalso appliesto 95% of tourists
who undertake a certification open-water course. Doesthis
mean that the medical isunnecessary for the 95% of tourist
divers? | can only make the comment that once adiver has
aC-cardinhispossession heislegally entitled to go out and
take his own risks without an instructor around to keep him
out of trouble.

What istherole of the diving doctor ?

Unfortunately, to my mind, the duty of the diving
doctor isto put asignature on alegal document which states
that a person may/may not undertake a particular activity.
Whilethishassomemeritinsituationswhereanindividual's
actions have an effect on other individuals or the general
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public, | do not seeit asthe doctor’ s duty to play policeman
where an individual should be taking personal responsibil-

ity.

| see the diving doctor as being in a unique position
to givethe peoplewho consult him for an opinion asto their
particular risk status.

Rather than saying that the candidate may or may not
go diving it seems more sensible to me to let the people
concerned makeresponsible, informed decisions. Givenan
appropriatemedical opinion, areputablediveschool will not
takeresponsibility for an unnecessarily highrisk. Thediver
training organi zationswill not support aschool which takes
unnecessary risks, andfinally, theinsurance companieswill
not support atraining organization which takes unnecessary
risks. Money is aways agood persuader.

If amedica isto be performed it should be taken
serioudly. | frequently see patientsfor diving related iliness
who comment on how long they had to wait while | was
doing another medical (usually about thirty minutes). When
| tell them that thisisfairly average for recreationa divers
they respond with “ Gee Doc, mine only took two minutes’.
Not surprisingly they are not returning to the same doctor to
havetheir problemsattendedto. My favouriteillustration of
this situation was a professiona musician with severe bilat-
eral middle ear barotrauma who noticed during her three
minute medical that her pulse and blood pressure had been
recorded without having been taken. Her tympanic mem-
branes had not been inspected and | would have been more
than happy to support her in any legal action had shewanted
totakeany. | believeitismost important to keep an accurate
record of the history and examination for the purpose of
comparison if the diver has problems | ater.

The problem with adiscourse such asthisisthat itis
preaching to the converted. The message needs to be
delivered to the consumers, the 400,000 recreational divers
who visit the GBR every year. Unfortunately there will
always be consumers who want to “save a buck” where
possible, and operatorswhowant to“ makeabuck” nomatter
what therisk. Unfortunately some peopleholdtheview that
anyonewho can pay $350.00for thedivecourseismedically
fit todive.

Very rarely do | see diving morbidity which is due
solely to a medical problem to start with. The diver who
perforatesan eardrum whiledivingwith acold and thediver
who getsdecompression sickness after five divesin oneday
demonstrate the two major causes of morbidity. Neither is
medical. They are greed and stupidity.

Dr Michael Rooney’s addressis Townsville Diving
Medicine Centre, 2-10 Walker Street, Townsville, Queens-
land 4810, Australia.
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CORAL CUTSAND ABRASIONS

Vic Callanan

Many coras have a sharp edged hard exoskeleton
which often cuts or abrades human skin, sometimes after
surprisingly littleforce. Early treatment is often ignored as
theinjury isdeceptively mild, but significant morbidity may
result from even dight coral contacts.

Theinjury

Theabrasion or laceration oftenlookscleaninitially,
however there are many possible contaminants occur in-
cluding slimeand mud, nematocysts, coral polyps, pieces of
hard coral and salt-water bacteria.

An early tissue reaction with itching and stinging is
often seen within afew hours. Thisisusualy mild and is
probably due to inflammation from nematocysts and other
contaminating toxins e.g. slime. If no infection occurs and
noforeignbodiesremain embedded theswelling, tenderness
and erythema settle in 3to 7 days.

If untreated the wound may progressto asignificant
injury. Continued exposure to the marine environment
favours progress of the lesion due to skin maceration and
further contamination. Two complications, aone or in
combination, often occur, sometimes despite adequate early
treatment. Firstly, infection by either skin organisms or
marine bacteria and secondly, foreign body reactions from
implanted coral fragments.

Thelesion becomesvery swollen and tender and may
show ulcers with a sloughing base. These are often very
slow to heal and become chronically infected. Regional
lymphadenopathy isusually present. Theselesionseventu-
aly heal with scarring and may be subject to recurrent
breakdown if foreign material remainsin the wound.

First aid

Correct early treatment isimportant for even appar-
ently mild injuries.

1 Stop all bleeding, usually by direct pressure.

2 Remove al coral fragments. Wash and scrub the
wound with clean warm water. Do not use seawater
asthismay introduce more contamination. Useasoft
brush e.g. toothbrush. If thisisnot possible because
of the extent of the injury or because the victimisa
child then seek early medical advice aslocal anaes-
thesiamay be necessary.
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3 Apply an antiseptic. This is not a substitute for
thorough cleaning of the wound.

4 Cover the wound with a dressing and bandage.

5 Inspect thewound daily and seek medical attentionif
swelling and tenderness increase or persist.

M edical management

Patients may present despite good first aid manage-
ment.

1 Indeep or badly infected woundsradiol ogical exami-
nation to exclude aforeign body is indicated.

2 If obvioudly infected or if cellulitis or lymphangitis
arepresent culturethewound. Inform thelaboratory
that marine contamination occurred as routine cul-
ture media may not grow the marine organisms
which are likely pathogens.

3 Clean and debride the wound. Loca anaesthesiais
often necessary. General anaesthesiamay be needed
for extensive or deep wounds or children. A scrub
with an antiseptic e.g. Betadine may need to be
followed by sharp debridement of dead tissue or
slough. All foreign bodies must be removed. The
wound should not be sutured.

4 Apply ano-stick dressing and bandage.
5 Ensure tetanus prophylaxisis adequate.

6 Administer antibioticsif infection is present. Some
marine bacteria may be present. Doxycylineisthe
antibiotic of choice as it is active against marine
vibrios and most skin organisms.

Resear ch needs

Large prospective studies are needed to define the
incidence of infection and the organismsresponsible so that
better antibiotic choices can be made.

Further reading

Edmonds C, Lowry C and Pennefather J. Diving and
subaquatic medicine - 3rd Edition. Oxford:
Butterworth-Heinemann, 1992.

Williamson J. The marine stinger book - 3rd Edition.
Brisbane: Queensland State Centre, Surf Livesaving
Association of Australia, 1985.

Professor Vic Callanan is Director, Department of
Anaesthesiaand I ntensive Care, Townsville General Hospi-
tal, Eyre Street, Townsville, Queensland 4810, Australia.
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MANAGEMENT OF DIVING RELATED
ILLNESSESIN TOWNSVILLE

Tom Fallowfield

Introduction

In addition to its main work of elective hyperbaric
oxygen therapy, the compression chamber in Townsville
General Hospital (TGH) is the treatment facility for all
reported cases of decompression illness, previously known
as decompression sickness and arterial gas embolism, aris-
ing from diving on the Great Barrier Reef. It also dealswith
diversfrom PapuaNew Guinea, and theidlands of the South
West Pacific out asfar asFiji and Nauru. Sofar, al thecases
referred have comeinto the above categories and it must be
presumed that other manifestations of barotrauma are dealt
with locally.

Presentation

Case management must start on first contact withthe
patient by thediving doctor. Thedoctor may then be aboard
adiving boat, at any airfield in the collection area, in the
Accident and Emergency Department (A& E) or talkingtoa
patient on the telephone at some remote location. Peatients
arriveat or areretrieved to TGH by thevariousroutesshown
in Table 1. About half reach the hospital “under their own
steam”.

TABLE 1

LOCATIONSOF RETRIEVAL OR ATTENDANCE
FOR 235 DIVERSTREATED BY TGH BETWEEN

18.11.77 AND 30.4.91
Airlie Beach 19 Hayman Is. 1
Bamaga 1 Hervey Bay 1
Brisbane 6 Ingham 2
Buderim 1 Innisfail 1
Cairns 67 Lady Elliott Is. 1
Cape York 7 Maroochydore 2
Cooktown 1 Maryborough 1
Cow Bay 1 Mossman 3
ChristmasIs. 1 Nauru 1
Darwin 2 PNG 14
Fiji 3 Rockhampton 3
Flinders Cay 1 Solomon Is. 3
Gladstone 1 Thursday Is. 3
Gympie 1 Townsville 91
Hamilton Is. 2 Unrecorded 4
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TABLE 2

PRESENTING SYMPTOMS 1991

Neurological 57
Muscul oskeletal 12
Pulmonary 3
Total 72

Unlike commercia divers, the large mgjority of
recreational diversfrom the reef treated for decompression
illness present with neurological symptoms. These vary
fromtingling extremitiesto rapidly increasing loss of power
and sensation. The presenting organ systemsfound in 1991
are show in Table 2.

About half of thosetreated in 1991 attended late, two
to five days after the onset of symptoms, for medical assist-
ance. Most of these patients made their own way to the
hospital and mostly had less severe symptoms.

TABLE 3

INTERVALSBETWEEN ONSET OF SYMPTOMS
AND REPORTING SICK 1991

Interval No. of patients
<1lhr 12
1-3hrs 7
3-12hrs 13
12-24 hrs 13
1-2days 9
2-3days 7
3-4days 2
4 - 5days 6
1 week 2
2 weeks 1
Total 72

Initial management

Away from the relative comfort of the hospital it
becomes rather difficult to obtain a full history and do a
detailed examination of the patient. Retrievals often take
place in the middle of the night from an airfield in the rain
with al facilities closed. Another scene is the deck of a
diving boat rolling at her achorage by the reef, with an
impatient helicopter circling overhead.
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The necessities are to confirm the diagnosis of de-
compression illness and to assess the severity of the condi-
tion.

The patient is frequently found to be on oxygen, but
not so frequently using a system delivering a concentration
near 100%. Dextran 40, saline, dexamethasone and di-
azepam are on hand in our emergency kit for administration
at the doctor’ s discretion after assessment. The next action
isto pursue the aim of early recompression.

If the retrieval is by helicopter, the patient is kept
horizontal during the winching operation and given oxygen
intransit to the compression chamber. Thereturnflightisas
fastandlow aspossible, typically 140knotsat 40feet. Inthe
instance of a hyperbaric retrieval from a distant airfield,
using a portable chamber, the patient is recompressed there
and then in the aircraft. This gives the major advantage of
early relief, so that while the patient is being transported he
isaready feeling the benefit of treatment. If theremaining
treatment time justifies it, arrival is followed by transfer
under pressure into the hospital chamber.

Recompression schedules

At the Hyperbaric Medicine Unit in Townsville,
threetherapeutictablesareingeneral use. RN Table62isthe
first choice  for the less severe cases of decompression
illness and for use in the portable chamber, because of the
limitations on the amount of gasthat can be carried. More
severecasesaretreated using the Comex table, CX30 (figure
1), which starts off at 30 m on 50/50 helium and oxygen. If
circumstances such as an uncontrolled ascent, indicate that
the diver may be suffering from a cerebral arterial gas
embolism, compressionwithout delay to 50 misfollowed by
RN Table 63.

If the responseto the first recompression is minimal
or unsatisfactory, a second treatment with a CX30 will
follow. This is unusual and any residua can usually be
removed by short oxygen treatments at 10 m, repeated if
necessary. Theprincipleisto continueuntil completerelief
is obtained or, unusualy, there is no further improvement.

Further management

On discharge, patients are warned of the need to rest
and of the possibility of recurrence of symptoms. In most
cases follow-up is impossible, because the patients do not
live in our area. However patients are encouraged to
telephone later if they feel the need for advice. After
complete resolution of decompression illness, they are ad-
vised not to divefor at |east onemonth. If thereareresidual
effects, the patient is brought back for review if possible. 1f
not, advice is given to seek review by a diving doctor
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Figurel. Comex treatment table CX30

elsewhere before contemplating a return to diving. After
pulmonary barotrauma, the advice isto give up diving.

As most of the patients are tourists, the question of
flying arises early. After complete resolution of the condi-
tion, a prohibition is put on flying for 48 hours. Persistent
residual symptoms or signs make this question much more
difficult. Theonly answer isadelay until the diving doctor
is happy to allow the patient to fly.

Case histories

Casel

Male, age 45, dived to 140 m, and surfaced following his
computer’s advice 42 minutes later. After 20 minutes he
developed severe vertigo, nausea, vomiting and deafnessin
theright ear. He was seen at Honiara. There was no aural
barotrauma. He had |eft lateral nystagmus and a positive
Romberg test. He was recompressed in the portable cham-
ber, started on an extended RN Table 62 and flown to
Townsville.

Next morning, still unsteady, nauseated and vomit-
ing, he was falling to the right with eyes closed and had
coarse left lateral nystagmus. He was recompressed on
Comex Table CX30 with relief from vertigo and nausea
Next morning hewasfeeling much better but still unsteady.
He swayed with his eyes closed, and had faint nystagmus.
Audiometry was normal. He was treated with hyperbaric
oxygen, 10/60/30, twice. Hewasdischarged without symp-
toms or signs.

Case?2

Male, age 29, dived to 36 m for 10 minutes. Shortly
afterwardshehad painin hisback, legsand groins, followed
by numbness in both legs. A hyperbaric retrieval with
portablechamber wasundertaken. Beforerecompressionhe
had loss of sensation below the mid chest and 1/5 power in
both legs. He was treated with an extended RN Table 62,
with transfer under pressureinto the hospital chamber.

Next morning he had numbness and tingling in both
legsand waswalking with assistance. Examination showed
4/5 power in his lower legs, diminished touch and pain
sensation below the upper right thigh and | eft knee, worsen-
ing to complete sensory loss in both feet. He was
recompressed on Comex Table CX30.

On following morning, he was cheerful and com-
plained only of flitting paraesthesiae. Diminished sensation
was present in the lower left leg. The extent of sensory
diminution decreased to zero with three hyperbaric oxygen
treatments, 10/60/30.

Case3

Female, age 23, admitted for neurological investiga-
tion of sensory loss in the perineum and right thigh. A
myelogram was negative. Shewasreferred by the neurolo-
gist onfinding that she had dived to 30 m two weeksbefore.
She had been seasick and abstained from fluids. She
devel oped extreme and unreasonabl e fatigue after the dive.
She was treated by RN Table 62 with complete relief.
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Shereturned two weeks |l ater with areas of persistent
sensory alteration after twotransient episodes. Onexamina
tion, she had partial loss of touch and pin prick sensation
over theleft shin, right shin and calf. Shewasgiven 4 daily
hyperbaric oxygen treatments, 10/60/30. Before and after
thelast treatment she had asmall area of sensory diminution
on the upper 1/3 of her right shin. Thiswas |eft to resolve.

Case 4

Female, age 45, dived to 16 m for 37 minutes. Pain,
gradually extending from the right ankle to knee and hip,
started a few minutes after surfacing. She had tingling in
both feet and theright leg. Flown ashore from anisland to
thelocal hospital, at 500 ft, her symptoms worsened during
theflight. Shewasgiven oxygen in hospital with consider-
ablerelief. Hyperbaric retrieval ,with RN Table 62 in the
portable chamber, wasarranged. Treatment continued after
transfer under pressureinto the hospital chamber with com-
plete relief.

Case 5

Diving instructress, age 26, diving three times aday
for thepreviousfivedaystoabout 12 min spiteof beingvery
tired and having right anklepainfor thelast two days. Onthe
day after her last dive she developed additional pain in the
right wrist and thumb, with palmar itching in both hands.
Shewastransferred by air at sea-level cabin pressure. Two
short generalised tonic seizures occurred during transfer.
When conscious she complained of achoking sensation and
difficulty in breathing.

When seen at TGH she had severe pain in her right
arm and achoking sensation. Shewasdyspnoeic, distressed
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and unresponsiveto questioning. Shewasrecompressed on
an extended RN Table 62.

Her residual symptomsnext day of slight paininboth
wrists and the left side of her chest disappeared after one
hyperbaric oxygen treatment, 10/60/30.

Case 6

Male, age 47, referred from A& E with symptoms,
increasinginseverity, after diveto 30 mfour daysbefore. He
complained of paraesthesiae of both legs, dizziness and
unsteadiness. Findings in A& E were nystagmus, sensory
lossontheright side of hisface, lossof power and deviation
of histongue to the right with diminished power and sensa-
tion in both right limbs.

He complained of claustrophobia and was nervous,
sweatingwith atremor. Hewastreated on RN Table62 with
the aid of a small dose of midazolam and improved. Next
morning hewas till dizzy so was given hyperbaric oxygen,
10/60/30.

Duringthistreatment thepatient’ slady friendand his
matearrived to tell usthat he had not been diving and that he
had this problem about inventing such stories! Hewastold
he was cured and given into custody of hisfriends.

Dr Tom Fallowfield, Dip DHM, is Director of the
Hyperbaric Medicine Unit at Townsville General Hospital.

The Hospital’ saddressis P.O.Box 670, Townsville,
Queendland 4810, Australia.
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DEEP DIVING DUFFERS DIVERT DOCTORS

Tim Parish

1992 hasbeen afairly quiet year for diving incidents
when compared to the previous 2 years, particularly when
compared to the increase in BS-AC membership and the
growth of diving in general, with areduction in the number
of incidentsoverall. Onthebasisof our current figuresitis
estimated that around 1,500,000 “man-dives’ were carried
out during the 1992 incident year (1st October 1991 to
September 1992 inclusive), with a total of 123 incidents
being logged (compared with 201 in the preceding year).
The dives were carried out by around 70,000 divers, of
which 47,000 are BS-AC members.

The number of incidents does not include figuresfor
“unreported” cases of recompression, which normally we
obtain via BIGHT and the Institute of Naval Medicine
(INM). A computer failure has meant that the INM have, at
thetimeof writing, been unableto provide uswith their data
for this year. The number of decompression incidents,
therefore, should belooked at whilebearingin mind that the
INM figures usually increase our own data capture figures
by 20-30 per cent (probably increasing the number of
incidents by about 40).

Considering the number of dives undertaken and the
much reduced number of incidents reported overal, it is
distressing to note that 17 fatalities have occurred this year
(9 BS-AC members, 8 independent), one more than last
year'stotal. However, three of thesefatalitieswerevictims
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of heart attacks, all three of which were not actually caused
by diving, but happened to divers while diving or just after
a dive. To make matters worse, four fatalities occurred
within the space of one month off the Pool e/ Swanage coast.
Thisled to alarge amount of bad publicity for the sport as
awholein the national press and television. In most cases
the reports have been inaccurate and very distressing for
relatives and friends of the deceased.

It is difficult to spot any specific trend in the fatal
incidents that occurred this year, all of them appearing to
have different reasons. It is apparent in many of them,
however, that basic training and diving skills are being
forgotten and the advice given in Safe Diving Practices
ignored. Sound dive planning and dive practices have got
to befollowed in order to conduct dives safely, especialy if
the diveisdeep or requires decompression stops. A distinct
lack of training has also been afactor in at least two of the
incidentsthisyear (not involving BS-AC members). Oneof
thefatal incidentsinvolved an untrained person whose only
attempt at gaining proper training was to attend a “Come
andtry it” eveningat alocal club. Atleast oneotherincident
this year ended up as afatality partly because basic rescue
training had not been part of that particular diver’ straining
program.

There have been 43 decompression-rel ated incidents
reported this year, athough the INM figures will, when
received, probably take these up to around 80-85. In this
areathe one thing that is easier to spot isthat there appears
to be a continuing trend towards deeper, more adventurous
diving, and thisis borne out by the types of treatment being
carried out by recompression chambers around the country.

There has been acontinued increasein the number of
treatments given for Type Il DCS reported this year from
recompression incidents. It isasobering thought, perhaps,
that the INM and other chamber operators are reporting
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that10-15 pe rcent of of those diversbeing treated for DCS
with neurological symptoms are left with some form of
permanent injury or paralysis.

Once again it is apparent that many of these deep
dives are being carried out without all the skills and expe-
rience necessary to conduct this type of dive in safety. In
many casesdivershave carried out ascents without adatum
line, having been unable to find the shotline, either because
of poor visibility or because they have had insufficient air
reservestoreturn to theshot. |nboth casesthisshowsalack
of planning and, dare one say it, plain common sense. Any
deep diveis a serious undertaking and needs to be planned
properly, particularly regarding air consumption, decom-
pression and methods of regaining the shotline to carry out
the required stops, such as a bottom line.

A further trend appears to be an over-reliance on a
dive computer’'s ability to return a diver to the surface
safely. Itisimportant to remember that acomputer isavery
sophisticated instrument, but it isredly little different from
awatch, set of tablesand adepth gauge. Dive planning still
needs to be carried out properly and allowances made for
general health, fitnessto dive and the possibility of compu-
ter failure during the dive.

Air sharing, from a single second stage, has contin-
ued to be asignificant factor in anumber of incidents. This
reinforces the BS-AC’'s move towards aternative air
sourcesasapieceof your standard equi pment, asintroduced
in the revised training scheme earlier this year (1992). In
severa cases this year clubs have reported making the
decision to ensure that all buddy pairs carry alternative air
sourceson al club dives, following incidents involving air
sharing. Air sharing or buddy breathing is a difficult skill
to master in a safe training environment. It becomes even
more difficult to master when someone’s life may depend
uponit. Of course, in most instances, proper planning of air
requirements would avoid the situation arising in the first
place.
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Another factor that comes up time and time againin
incident reportsisthat of diving in athreesome. Whilethis
is acceptable during atraining session when apair of divers
isbeing trained or assessed by an instructor, the number of
incidents occurring to divers on normal dives indicates the
problems that having two buddies to look after can create.
Diving as a threesome immediately introduces an extra
element of risk and should be avoided whenever possible.

The BS-AC Incidents Reporting Scheme has been
established for some 27 years, longer than some diver
training organisations. It usesinformation gathered form a
largevariety of sources, including theindividualsand clubs
involved, HM Coastguard, recompression chamber opera-
tors, the Institute of Naval Medicine and a press cuttings
service. The BS-AC uses this information to identify any
trendsindivingincidentsin order to giveitsbest adviceand,
if necessary, revise diver training prior to these trends
becoming commonplace occurrences.

The reporting of incidents is entirely voluntary and
al the information received is treated as strictly confiden-
tial, no names or personal details are ever released without
permission. It has become apparent over the past few years
that some divers and Diving Officers are beginning to
ignore this procedure on the basis that although an incident
has occurred no injury or serious damage resulted. This
attitude shows alack of understanding of the responsibili-
ties of the position of Diving Officer and alack of care for
thediversunder their control Anincident can be defined as
anything that goes wrong during a dive, whether the prob-
lem was resolved successfully or not, and should be re-
ported via BS-AC headquarters. The Incidents Scheme is
open to al divers whether members of the BS-AC or not,
and the resulting annual analysis and report are available
from Headquarters from December each year.

As previously mentioned, many of the incidents that
have occurred could have been avoided had the recommen-
dationsissued in the BS-AC publication Safe Diving Prac-
tices been followed. The 1992 revision to Safe Diving
Practicesisnow available from BS-AC Headquarters, now
printed in A6 format (the same size as the BS-AC Quialifi-
cation Logbooks and Dive Logs). Once again this booklet
isavailableto all diversand other partieswith an interest in
sport diving. Please ensure that you make the effort to
obtain a copy and take note of its advice and guidance.

Tim Parish is the British Sub-Aqua Club Incidents
Adviser.

The address of the British Sub-Aqua Club is
Telford’s Quay, Ellesmere Port, South Wirral, Cheshire
L65 4FY, United Kingdom.

Reprinted, by kind permission of the Editor, from
DIVER 1992; 37(12): 39-40.
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WHY DIVERS GET BENT:
DATA FROM DAN

IN 1990, 1,044 diving injurieswere reported, ranging
from decompression sickness to a broken foot caused by a
dropped tank.

Of course, theinjurieswe divers are most concerned
with are the bends (DCS) and embolism (Arteria Gas
Embolisms, AGE, tobemoreprecise). Of 738reported DCS
cases. The Diver's Alert Network (DAN) analyzed 459.

We have condensed DAN'’s report, pulling out the
most cogent facts to help you to dive safely. We take all
responsibility for editing errors or omissions.

Diver inexperience

Lack of experience plays arolein injuries. Of the
injured male divers, 23% had been active for only one year
compared to 41% of the injured female divers. Most had
dived 20timesor less. Roughly 80% were diving withinthe
limits of the repetitive divetablesthey wereusing. Injuries
to new divers were often among the more severe.

[lIness, exer cise and fatigue

Eighty four diverswere diving with illnesses such as
gastro-intestinal problems, back problems, muscular skel-
etal problems, asthma, etc. These, however, may be unre-
lated to getting DCS and there is no specific correlation
between any particular illness and the severity of the DCS.
However, any illness or injury that limits an individual’s
ability to perform physical activity, or inhibitsgasexchange,
may contribute to DCS.

Good physical conditioning doesnot necessarily pre-
vent DCS. A high percentage of divers felt they were
physicaly fit at the time they had decompression illness;
75% stated they exercised 3-4 times/week.

Exerciseto the point of muscle fatigue contributesto
decompression illness. More than one third performed
strenuous activity, jogging or lifting and carrying numerous
tanks, prior to or after their dive. Some conducted an
exceptionally strenuous dive.

Fatigue may affect nitrogen off-gassing. Twenty
percent of the injured divers began the dive day fatigued or
with lessthan an adequate amount of sleep. Forty percent of
thosehad dived onthe previousday. Thefatiguecould have
been a sign of decompression illness from the day before.

Nauses, diarrhea and acohol consumption contrib-
ute directly to diver dehydration and fatigue. Without
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appropriate rehydration fluids, dehydration may lessen the
body’ sahility to off-gas nitrogen accumul ated during scuba
diving.

Dive profile

A record number of DCS cases involved repetitive
diving to depths 24 m (80 ft) or greater, or multilevel
profiles. The deeper depth, longer duration and multi-level
diving may reflect thegrowing useof divecomputers. Of the
DCScases, 77% divedto 24 m (80 ft) or more. Rapid ascent
contributed in only 22% of the DCS cases.

Equipment

Thirteen percent of the 1,044 accidents involved
equipment failure or improper equipment use. Improper
buoyancy control and running out of air most generally were
associated with AGE. Other problems involved gauges, a
leaking mask, leaking octopus hose, failure to turn on
computer, and assisting another diver with an equipment
problem.

Symptoms

The most common initial symptom was pain. Com-
puter users had almost twice as many pain-only limbs bend
(DCS1) thantable users. Because many computer usersare
more experienced divers, we can assume that they are less
likely to run out of air or make arapid ascent leading to an
accident. But, multilevel profiles allow for longer bottom
timesat shallower depths; this decreasesthe partial pressure
of nitrogen in the faster neural tissues but not necessarily
slower peripheral tissue groupswhich, webelieve, iswhere
DCS 1 occurs.

Morethan 15% of diverswith decompressionillness
continued to dive after developing the first symptom of
decompression illness. They either failed to recognize the
symptoms, denied them, or were reluctant to mention their
symptoms to a group of their peers.

DCSpain can bemistakenfor normal achesand pains
common to exertion. Some individuals may prefer not to
seek evaluation due to remote |locations or do not feel their
symptoms are serious enough to seek treatment. The delay
in seeking assistance may decrease the possibility of imme-
diate and complete resolution.

Thecure
Fifty-threepercent of all decompressionillnesscases

who received hyperbaric treatment stated there was com-
plete resolution of symptoms. Resolution may have oc-
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curred after asingle treatment or after multiple hyperbaric
exposures.

Post treatment residual symptoms are present in ap-
proximately 40% of all injured dives. Divers with neuro-
logical symptoms of decompression illness were the most
likely to still have symptoms.

Reprinted by kind permission of the Editor from
UNDERCURRENT 1993; 18 (1): 90-11.

The address of UNDERCURRENT is P.O. Box
1658, Sausalito, California 94965, USA.

We reprint below three articles dealing
with the way that divers deny the possibility of
decompression illness.

DENIAL: THE TRUE NO 1 SYMPTOM OF DCS

R Kelly Hill

Onceupon atime, asall good mixed company stories
begin, there was a dive trip into the vast and occasionally
clear Gulf of Mexico. Among the many seekers of depth
were two divers, the well-known lan Structor and the less
well-known Al Sohit, acertified diver and not lan’ sstudent.
They boarded their mighty ship, the SS Minnow, and ar-
rived at the fabled diving grounds, The Rigs.

Donning his excellent gear, purchased at his excel-
lent dive store, lan activated his dive computer and that of
hisdiving partner, Bud Dee. At the sametime, Al Sohit and
his partner, Buddy Too, wereritually preparing to dive and
turned their computers on, as did the rest of the group. All
(not to be confused with Al) made an uneventful dive, with
some of theintrepid aguanautstaking photos. Thedivewas
to approximately 80' (24 m) and was within the computer’s
No-stop limitsaswell asthe USN No-stop limits. Assisted
back onto the Minnow by first mate Gilligan, al of the
diversfelt wonderful and regaled one another with tales of
sights seen, photos taken and death cheated. Little did they
know...

The second verse was the same asthefirst. A good
time was being had by all. They had a couple of hours of
surface interval, and then hit the brine again. Sure enough,
another wonderful experience in our underwater world.
(Narrator’ s note: though all of them were beyond the Navy
No-Stop limits, that isn’'t the object of this story). Asthey
rewarmed under the almost friendly sun (hopefully wearing
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sunscreen), lan noticed that his shoulder was beginning to
hurt. “Must have strained it loading tanks. It will feel better
when | get back in the cool water.” Bud Dee knew nothing
of thissymptom. Unbeknownest to them, Al Sohit wasalso
having shoulder pain, but in the other shoulder. “Must have
strained it carrying my dive bag.” he probably mused.

Like lambs to the slaughter they made good entries
into a bad situation with another dive. Their shouldersfelt
better during decent, but the pain returned with avengeance
on ascent and on the deck. lan Structor thought of using
some of the Minnow’s oxygen, “just in case”, but decided
not to partake of thismagic elixir. Bud Dee, his partner in
lifeaswell asdiving, rubbed his sore shoulder, but without
relief. Al Sohit moved around the boat, moving hisarmin
an attempt to get relief (“Nah, it couldn’t bethe bends”), but
neither victim was aware of the other’s plight. As the
Skipper docked the Minnow, our victims became aware of
the other’s infirmity. Plans were made to drive home,
skipping the excellent hyperbaric facility near the port.
They would wait and see what happened.

What happened was that the pain got worse for both
of them, finally shattering their denial of the problem. Both
ended up in our chamber in the middle of the night. Both
had abnormal neuropsychological tests as well as Type |
symptoms. Both got to experience not having their symp-
tomsgo away onthefirst part of aTable5 (apaltry 2 hours),
so they got the pleasure of a Table 6, athrilling 5 hoursin
the chamber, and since both of them still had some symp-
toms, earned a Freguent Diver return chamber ride later in
the morning.

Unfortunately, they still weren't done. Al Sohit had
complete clearance of his symptoms and a return of his
neuropsychological tests to normal in atotal of four treat-
ments (Table 6 + 3 two-hour repetitive treatments), con-
suming 2 days. lan Structor took atotal of fifteen treatments
toachievethe same clearance, hewaswith usfor aweek. At
ahospital charge of roughly $350 per treatment, triple that
for the Table V1, you can seethat Al ran up a$2,100 tab, not
including tests, Emergency Room, X-rays, or physicianfees
(paltry), and ignoring the loss of income from not being at
work. lan had right at $6K worth of treatment under the
same conditions. They werevery lucky - they got well, not
everyone does.

Themora of the story isthat every single bent diver
| have ever seen treated, denied the possibility that he or she
couldbebent if consciousenoughto speak. | haveevenseen
trained diving medical officersdeny that they had DCS. Of
all of the symptoms you might find listed somewhere for
diving accidents, this one, denial, is not on thelist, and yet
it isthe most common. If you experience a pain consistent
with DCSafter diving, giveyourself the benefit of the doubt
and breathe oxygen until you can get recompression treat-
ment.
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Just for fun, let's look at the litany of errors of
judgment on the part of lan Structor and Al Sohit.

They experienced symptoms consistent with DCS
and denied the possihility.

They didn’t let anyone else know. Both divers said
that if they had known about the “other” guy, they would
have taken the threat more serioudly.

They made another dive. Thisisabig oneand they
are lucky to be alive. Once bubblesform, additional nitro-
gen on-loading into the bubble is very easy, so the bubbles
can readily grow.

They didn't use the only first aid for diving acci-
dents, oxygen, despite its being available. Why? See first
error and foolish pride.

Lemming-like, they drove past the nearest chamber
and went home, adding hours to their suffering and doubt-
less making their treatment more prolonged.

Their profiles may have contributed to their acci-
dent, but all bed-time stories involve some limits.

Of noteisthefact that of the 20 or so diversinvolved,
diving similar profiles, only twogot hit. Thisisareal-world
example of the statistical nature of DCS. If we repeated
these dives (wouldn’'t the lawyer love that!), correcting for
lan’s and Al’ s recent injury risk factor, probably different
people or a different number would draw the black bean.
Also of noteisthat both now dive more conservatively and
lan even uses oxygen on the surface after his dive.

So, they all lived ever after, poorer, but wiser. May
you just be wiser.

Reprinted, by kind permission of the author and of
the Editor from SOURCES January/February 1990; 67-68.

Dr RKelly Hill Jr.isMedical Director, Department
of Hyperbaric Medicine, Our Lady of the Lake Regional
Medical Center, Baton Rouge, Louisiana 70808, U.SA.

DEALING WITH DENIAL: GETTING THE BENDS
OUT OF THE CLOSET

Bret C Gilliam
Decompression sickness (DCS) or “bends’ is a sta-

tistical inevitability in diving. It has no conscience and
rarely abides by any set rules. Although we can identify
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certain predisposing factors to DCS in divers it is still
impossible to explain the exact mechanisms of physiology
that allows one diver to be bent while his partner escapes
unscathed. It is best that divers, particularly those in the
high-tech community, accept that DCS hitswill eventualy
occur and take steps to deal with treatment responsibly.

What concernsmany of usinthe businessof treating
diversis the unfortunate mindset that somehow has devel-
oped with the sport diving population that consistently
denies the possibility of DCS. Indeed, a certain stigma to
reporting symptoms hasdevel oped and thistrend fliesinthe
face of all common sense and logic. Why would any
intelligent adult ignore symptoms with the knowledge that
DCSmanifestationsare progressive and they get worsewith
time? Further, any delays in reporting symptoms and
seeking treatment only contribute to a poorer prognosis for
recovery.

Historically, denial of symptoms and treatment de-
laysaretherule in sport diver DCSinjuries rather than the
exception. Theemerging high-tech diver community hope-
fully will be pivotal in reversing this “head in the sand”
mentality. We have to remove the stigma of “blame” so
improperly associated with DCS reporting. It isno one's
fault that they got bent; a diver can plan everything in his
dive plan precisely by the book and still get hit. Likewise,
adeliberately high risk dive profile may not produce symp-
toms. The point hereisdiving leaders haveto stop pointing
fingersand using antiquated anal ogies (* He screwed up and
he got bent, the idiot!”) or continued reluctance to report
symptoms will prevail.

Almost al of usknow individual swho have surfaced
after a dive and exhibited DCS symptoms but steadfastly
refused further evaluation or even basic first aid such as
surface oxygen by demand valve/mask. It isnot macho to
attempt to “tough-out” shoulder pain or progressive numb-
ness. Itisjust plain stupid.

In the working and commercia diver ranks an en-
tirely different attitude prevails. Diversaretrained to report
symptoms as soon as possible and the attitude of diving
supervisors is one of accident “containment” not accident
“crisis’ asin many sport diving situations. DCSisregarded
as an occupational hazard that will occasionally take place
and commercial operators and the more progressive sport
diving facilitiesregard DCS as amanageabl e scenario. For
the best outcome, divers and chamber supervisors work in
a partnership of honest reporting of even dlight symptoms
with prompt evaluation and treatment.

Until recently, there were few operational recom-
pression chambers at remote resort sites and divers who
manifested DCS symptoms were faced with expensive
medivac transportation and significant delays even in the
best of circumstances. Possibly asaresult of this, many so-
called “ experts’ were proneto overly broad condemnations

SPUMS Journal Vol 23 No 1January-March 1993

of sport divers who got bent and this attitude only contrib-
uted to diver denial. Negative peer pressure and profes-
sional loss of face proved to be powerful influences on
divers to ignore DCS symptoms in the mistaken hope that
they would somehow get better without treatment. Rarely
was this the case, however.

Most chamber supervisorsthat | have known in my
career feel that if DCS is promptly reported and eval uated
with ensuing on-site treatment, then the prognosis for com-
pleteresolutionisexcellent. Theattitude of many commer-
cial diver medicsand chamber operatorsis”No matter what
the problem, if reported and treated quickly, we can clean
the diver up.” Type | DCS (mild symptoms, pain only)
affords less risk than Type Il DCS (serious symptoms,
central nervous system involvement) but in either presenta-
tion aggressive oxygen therapy and prompt recompression
has produced nearly a 98% successrecord. Many academi-
ciansfind fault with the commercial operators confidence
in resolution of symptoms but their track record isenviable.

In March of 1991, | was an invited speaker at the
joint DAN/AAUS/NOAA Multi-day Repetitive Diving
Workshop held at Duke University. For the first time, this
conference included representatives from the sport, com-
mercial, scientific and “high tech” diving communities
assembl ed to compare noteson actual DCSincidenceratein
thefield. Someinteresting statistical patterns developed as
the workshop unfolded. The overall incidence of DCS for
commercia divers was (approximately) 1 in 1,000 dives,
for thesport diversitwas1in 10,000 divesand the scientific
diving community rated an extreme low of 1 in 100,000
dives. Sampling fromthe* high tech” segment wastoo low
to be statistically tallied.

With this rather startling multiplier of 10 between
groups, it would be tempting to draw the too obvious
conclusion that the scientific diving group is 100 times safer
than the commercial diving group. Actually, theincidence
rates are interesting for discussion purposes but do not
reflect much data to produce true comparisons of relative
dive safety vis-a-vis DCSrisk. Rather, aclearer pattern of
diving “attitude” was defined. Discussion of what an ac-
ceptable rate of DCSwould be provided the best indication
of how several schools of thought can basically approach a
complex problem from entirely different angles.

Most scientific diving projects are planned from
inception at eliminating as much risk as possible in all
phases of the diving operation. This is accomplished by
strict supervision and training of divers and a markedly
conservative discipline in dive profiling. In short, every
possible precaution is taken to reduce the possibility of a
DCS occurrence. At the other end of the spectrum, the
commercia diving community must deal with a job per-
formance/task completion goal motivated by economics.
Therefore, the concept of “acceptablerisk” comesinto play
for both groups but each deals with risk differently.
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By extremes of discipline, supervision and training
the scientific community hopesto prevent DCS incidence.
With the use of highly trained supervisors, diver medical
technicians and on-site recompression facilities, the com-
mercial companiesaim to effectively manage any accidents
that may occur. Itisdifficult to quantifiably gaugethe“end
user” effectiveness of either group since DCStill occursin
scientific and commercial divers; the distinction being that
if acommercia diver getshit he is benefited by immediate
and state-of-the-art medical treatment which may not be
availableto asciencediver in aremote situation. Per capita
DCSratesmay or may not reflect the effectiveness of either
approach to accident management but the commercial op-
erators are steadfast in their opinion that immediate evalu-
ation and treatment are an acceptable aternative to alesser
statistical incidence rate.

All would agree that no bends hit is a good thing,
especidly if you are on the receiving end. Terry Overland
of Oceaneering International made this point at the confer-
ence: “While most sport and scientific dive operations
would like to reach a goal of zero per cent DCS incidence
in commercial diving thisissimply unrealistic. Ideally, we
would like to reach a zero rate on Type Il hits, but we still
feel that Type | hits are essentially manageable. | guess
what | am saying isthat we accept thefact that if wegivea
worker ahammer, hewill eventually hit histhumb and when
he does we will treat it. If we put a diver in the water to
work, eventually he will get bent and we will treat that as
well. That isthe simple facts. We have the technology to
handle such hits and we feel that thisis a more responsible
outlook than attempting to unredistically eliminate the
malady. It isgoing to happen; we all know that. Let usbe
prepared to treat it. Importantly, our divers feel that our
system works and it is their butts on the firing line, of
course.”

Further distinctions are sometimes made between
“deserved” and “undeserved” DCS hits. Simply put, hits
following a dive profile that would suggest a high-risk of
DCS exposure, such asclear Tablelimitsviolations or deep
repetitive or reverse profile dives, can be categorized as
“deserved”. Hitsfollowing divesthat were within accepted
limits are considered “undeserved”. Thisisnot to say that
as chamber supervisorswe sit back and blithely passjudge-
ment on patients; categorizations of DCS hits using such
terms merely allows a perspective on reasons for the pres-
entation.

First and foremost, we have to encourage reporting
of symptomsat the earliest observation. Second, theimpor-
tance of surface oxygen by demand valve/mask cannot be
over-emphasized. Dr Jefferson Davis was one of the earli-
est advocates of aggressive 100% O2 delivery in the field
and his pioneering work has resulted in the new accepted
practice of oxygen therapy as a first line of treatment en
route to the chamber. A significant percentage of sympto-
matic DCS patientswill losetheir symptomsfollowing a30
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to 45 minute oxygen breathing period if delivered by de-
mand valve/mask. During a one year period while Vice
President of Diving Operations for Ocean Quest Interna-
tional | observed nearly adozen cases of symptomatic DCS
clear completely following demand system O, during transit
to our chamber on the ship. Free-flow systems are far less
effective and are wasteful of the gas.

| ran the Ocean Quest diving program along similar
guidelinesto alargecommercial operation: expect theworst
and be prepared to deal with it. We were very successful in
encouraging diversto report any symptomsand had a100%
resolution rate on every one of the DCS cases we treated.
Our overall incidence rate came out to be approximately 1
casein 12,000 dives; thisissignificant since we allowed an
unlimited diving program with respect to depth and number
of repetitive dives daily. In the space of one year we
conducted almost 80,000 dives!

Thankfully, we are seeing more and more fully
operable field chambers coming into use. Grand Cayman,
Cozumel, Roatan and even some live-aboard vessels all
feature state-of-the-art treatment facilities that would have
been unthinkable only a decade ago. But remember, the
chamber isonly an effective tool if used (hopefully as soon
asthe diver notes a problem). Itisincumbent on al divers
to take responsibility for themselves and report any abnor-
mality that could even be remotely, linked to DCS. Use
100% O, at once and seek professional evaluation and atest
of pressure if the possibility of DCSis suspected.

All divers should have a complete and detailed con-
tingency plan for DCS management. For higher risk dive
profiles, more attention to detail will be required and should
include the provision for on-site recompression either in
properly staffed and set-up field chamber or through use of
an evacuation chamber such as SOS's Hyperlite.

With the advent of affordable medical insurance
such as available through DAN, the financial deterrent to
admitting DCS and seeking help should beremoved. There
is nothing “macho” or “cool” about denial of DCS symp-
tomsthat could result in lasting injury such as paralysis or
worse. Itistimediverswoke up to the fact that bendsisan
injury like any other and common sense dictates its treat-
ment. Finally, the encouragement of prompt reporting with
no associated peer or professional blame will vastly im-
prove the safety of a sport infamous for symptom denial.

Reprinted by kind per mission of theauthor and of the
Editor from SOURCES January/February 1992.

Bret C Gilliamis President of Ocean Tech, HC 33,
7 Sone Tree Road, Arrowsic |sland, Bath, Maine 04530-
9401, U.SA. Telephone 207-442-0998 and fax 207-442-
9042.



ITTSOK TO SAY, “I’'M BENT”

Ronald JRyan and Andrew A Pilmanis

Diving accident treatment facilitiesaround the coun-
try see cases of air embolism and decompression sickness
with fair regularity. The large majority of these cases are
treated and resolved with no further difficulty. But it's the
cases not seen, reported or treated that are most worrisome.
Dr. Albert Behnke, the “Father of Diving Medicine”, cau-
tioned:

“The most common error in is the failure to treat
doubtful cases. Compression therapy is one of the most
innocuous treatmentsin the medical armamentarium. Mis-
taken treatment of low back strainin adiver who might have
spinal cord decompression sicknesswill never becriticized.
Failure to compress could result in a life of paraysis,
impotence and anal incontinence if we were wrong.”

Feedback from local divemastersleadsusto believe
that there probably are an undetermined number of cases of
symptomatic decompression sickness on many dive boat
tripsin Southern Californiawaters. Makingavalid estimate
of how many unreported casesare out thereisnearly impos-
sible. However, with 25-35 Southern Californiadive boats,
each going out 2-5 times aweek, we can make a projection
using the SWAG (Scientific Wild A** Guess) method, and
some “what if” figures. See Chart 1.

SOUTHERN CALIFORNIA “WHAT IF”

UNREPORTED CASES
(50 Weekd'Y ear)

Dive boat DCI Rates

tripsiweek 0.10 0.25 0.50 0.75 1.00
50 250 625 1250 1875 2500
70 350 875 1750 2625 3500
75 375 938 1875 2813 3900
20 450 1125 2250 3210 4500

The projected numbersof unreported casesshownin
thischart are based on ascaleranging from 1 casefor every
10 boat trips (10 “best case”) to 1 case on every trip (1.0
“worst case”). It may be seen that if unreported cases do
occur within this scale range the the annual potentia for
unreported cases in Southern California alone could be
significantly greater than the national average for reported
cases compiled by the Divers Alert Network (DAN) each
year.

If ascenario involving significant numbers of cases
ayear in Southern Californiaturned out to be redlistic, we
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could potentially belooking at hundreds of unreported cases
ayear in the United States.

Our experience at the Catalina Hyperbaric Chamber
has found that the average recreational diver is not well
versedinthefiner pointsof divingaccidents. Theyjustcan’t
recognize a “hit” when they see one. (Correctable by
attending one of the CatalinaChamber’ s2 or 5 day courses).
But even when they think they are “bent”, we hear alot of
excuses (second hand) for not reporting it and going un-
treated. For example:

“Oh, heck. It'll goaway intime.” (Along with your
spinal cord).

“l can’'t be bent! | run adive shop and being treated
(guess the disease doesn’'t matter) could hurt my business.
And oh, could you please help me into my wheelchair?’

“Hey, I'm macho! It don’'t hurt, much”.

“Gee, can't | just drop by next Tuesday afternoon for
aquick treatment? It's not really convenient for me now,
besides maybeit'll just go away by then”.

“1 can’tbebent. My buddy waswithinthetables. But
my big toe sure hurts...bad!”

“No, I’'mnot bent. I’mjust too tired to write clearly.
And oh, how come you gave me a cup of black hot water
instead of the coffee | asked for?’

“Oh, heck, | got bent theday beforeyesterday. It'sno
usegetting treated now. My diveinstructor told me (in 1950
maybe) that if you don’t get treated within 24 hours, you
might as well forget it.”

If you suffer decompression sickness and aren’t
treated, it may have no long-term effects; or it could lead to
dysbaric osteonecrosis® (progressive bone death) and/or
permanent spinal cord degeneration.* Y ou might not even
know for sureuntil you' reold and grey. It’snot uncommon
for decompression sickness (and especially air embolism)
symptomsto “magically” disappear in time. But that does
not mean that the bubbles have all dissolved. Aslong as
bubbles remain in your system, further tissue damage can
continue. It’s not know how long bubbleslast in the body,
but some researchers have suggested as much as 30 daysin
sometissues. Typically, the longer you wait to get treated,
the harder it isto resolve your problems, and thelonger it'll
take to treat you. Don’t take unnecessary chances. If you
think you might be “bent” call your local hyperbaric cham-
ber (onethat treats diving accidents). Talk tothem! If you
don’'t know where your closest chamber is, call DAN at
(919) 684-2948 and find out. They can answer your ques-
tions, tell you where your nearest chamber isand refer you
toa“Diving Doc” inyour areaaswell. Not every physician
iswell versed in diving accidents and find one who is.
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Once “bent” get treated. And don’'t wait, or try to
deny it. There' snothing to be embarrassed about. Think of
it like twisting an ankle or a knee while playing Saturday
afternoonfootball. If youdive, sooner or later it may beyour
turn. Y oudon't necessarily haveto do anythingwrongto get
hurt. For some, it’s even considered an acceptable occupa-
tional risk.

Don't misunderstand, divingisavery safesport. It's
safety record is a tribute to all of the training agencies.
Allowing ourselves to admit we' re bent, when we are, will
only make diving safer for everyone. So instructors, teach
your studentsthat it's okay to say “I’m bent”, then practice
what you preach.

Further reading

1 Pilmanis, AA. (Ed). Emergency Diving Accident Man-
agement. Avalon, California: University of South-
ern California, 1988 :1

2 Preliminary Report on Diving Accidents. Durham,
North Carolina: Divers' Alert Network, 1988

3 EdmondsC, Lowry C and Pennefather J. Diving and
Subaquatic Medicine. 2nd Ed. Mosman, New South
Wales: Diving Medical Centre, 1981: 127

4  Pamer AC. and Calder IM. “Neuropathological evi-
dence for neurological defects in divers’, in Diag-
nostic Techniques in Diving Neurology. London:
Medical Research Council Decompression Sickness
Panel, 9-24.

Reprinted by kind permission of the authors and the
Editor from NAUI DIVING ASSOCIATION NEWS 1989;
March/April:45-46.
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UPDATE ON RECENT CAVE DIVING INCIDENTS
JUNE 1991

Peter Horne
Duringthe past 12 monthsor so, adisturbing number

of serious cave diving incidents have occurred around the
country involving divers of all levels of experience; inci-
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dentswhich could quickly haveturnedintofatal accidentsif
the victims had not been rescued by others or kept their
“cool” while sorting out their problems. In these days of
more advanced training, techniques and equipment, such
stories are indeed cause for concern; it iswith the hope that
other cave divers will avoid the dangers of such situations
that the following summaries are presented.

The most dangerous incidents involved sudden out-
of-air (OOA) situations, caused by human error rather than
equipment malfunction , and unstable rockpilesor boul ders,
or acombination of both factors.

Air supply problems- the “terrible twins?”

At our new Cave and Penetration levels, where cave
divers cannot reach the surface by simply ascending, they
obviously need to be sure that a failure of their main air
supply will not endanger their lives. We now have several
caves “in the system” which require much greater safety
planning and awareness that was required to safely explore
the sinkholes known to the Association just five years ago.
However, the simple act of donning two scuba cylinders
does not automatically mean that a diver is safer; indeed,
such divers can feel over confident and may neglect the
safety advantages offered by the “ buddy system”. Because
they can penetratefurther fromthesurface, they canasofind
themselves getting into more serious trouble.

One case involved an experienced diver who had
been inactive for a while, was unfamiliar with the gear he
was using and had not set up his regulators correctly.
Beginning his ascent from considerable depth with his
companions, thediver reached thelimit on hisfirst tank and
proceeded to change regulators...unknowingly initiating a
series of simple mistakes which rapidly combined to create
alife-threatening situation.

Although the diver knew that his No. 1 regulator’s
purge button was faulty (in fact, it was completely inopera-
tive), hedid not anticipateany problemschanging overtohis
No. 2 regulator (which worked normally), and neglected to
take a deep breath before removing hisfirst regulator from
hismouth. However, when hethen attemptedtofind hisNo.
2 regulator, he could not locate it where he thought it would
be and he suddenly realized that he had a problem.

Equipped only with his now-flooded first regul ator
(which could not be purged) and lacking hisNo. 2 regulator
(which, because it was not held in place by a neck-strap or
similar tether, had become hooked up behind histanks), the
diver suddenly found himself completely deprived of an air

supply!

Struggling to locate his missing regulator, the diver
did not attempt to signal hiscrisisto hisdive buddies, and it
was only through the attentiveness of his nearest diving
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companion that his emergency was recognised. Thisdiver
instantly rushed to hisaid and provided both emergency air
and much-needed positive buoyancy, and with the assist-
ance of one of the other divers nearby, they were able to
ascend safely.

Other life-threatening OOA emergencies involved
very experienced divers who, through becoming distracted
while setting up for their dives or using unfamiliar equip-
ment configurations, accidentally turned their air supplies
off and then only partially onimmediately prior to descend-
ing. Eventhemost experienced cave diversneed to concen-
trate on what they are doing if they want to avoid extra
problems.

Failuretoknow whether atank hasbeen partly turned
on or off isavery common problem which most of uswould
have experienced. While partially-activated cylinders can
usually bereadily detected and corrected without too much
fussin open-water or sinkhole environments (wherethereis
a buddy to help or immediate access to the surface), such
remedia actionisnot available while diversare negotiating
sgueezes or low, one-person passages. Unfortunately, itis
precisely during such relatively hazardous activities that
OOA emergenciesaremost likely to occur through acciden-
tal bumping of equipment against the ceiling or walls of the
cave.

Although snagged and ruptured hoses and connec-
tionshavebeen reported previously, impact betweendivers
exposed (and barely turned-on) taps and rock surfaces has
caused the total shut-down of air supplies in recent cases.
Onediver barely survived after helost hismainair supply in
this manner while negotiating a squeeze; recognizing a
malfunction by the sudden increase in inhalation effort, he
held his breath and reached for hisNo. 2 regul ator only find
that, due to it having an overly long neck-strap, it had
become tightly jammed between his chest and the boul der!
With his buddy oblivious to his distress and disappearing
into thedistance, thediver had only secondsto play with and
pushed forward and to one side, fortunately succeeding in
forcing the trapped regulator to dlip free for hisimmediate
use.

It isinteresting to note that, while it is possible that
such accidental ceiling-bumps could conceivably turn any
tap, every incident reported to date hasinvolved only DIN
valves. Perhapsdiversneedtotakeextracarewith how they
set such units up for cave diving.

Unstable boulders and rockpiles

Near-entrapment involving the unexpected shifting
of bouldersand rubblein water-filled caves caused extreme
anxiety for several diversduringthepast year. Inevery case,
thediverswere pushing areaswhich had only been cursorily
explored previoudly (if at all!) because of the nature of each
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site. While open cavesin themselves may be considered to
beextremely stablefeatures, unstable moundsof introduced
rubble are to be found in many of the popular sinkholes
(especially under cut ramps and near roadways), and divers
need to realize that these unnatural, teetering additions can
quickly collapse at the mere presence of an avid diver who
attempts to manoeuvre aong the base. Severa divers
learned about such unstable mounds the hard way, but
fortunately they were able to extricate themselves from the
area before too many rocks fell on them!

Even some of the well-known, frequently visited
caves contain natural regions of instability in their more
restrictiveregions, and it only takesasingleaccidental push
on the wrong object to suddenly cause a seemingly-stable
slab to suddenly slide and settle, perhaps cutting off acave-
diver's only escape route.

One of the most potentially-seriousincidents of this
nature recently occurred just after adiver had exited from a
very small entry pool, ahead of hiscompanionwho wasstill
underwater afew metres behind him. A hugeboulder, more
than a metre long, suddenly slid down from just above the
water-level and fell into the narrow underwater passage,
completely silting-out the exit tunnel for the second diver
and blocking hisway! Feelingthat hisexit wasobscured, he
realized that his only hope was to try to dide the boulder
further down under his body, adesperate ploy which fortu-
nately worked, thanksto theboul der’ sshape, size, underwa-
ter weight, angle of fall, thefact that the (experienced) diver
managed to keep calm and no doubt, al ot of sheer good luck!

Discussion

It is the author’s belief that the number of “close
calls’ reported recently (or heard about through discrete
sources due to victims unwillingness to come forward
themselves) involving the use of twin scuba cylinders, in
anything more than asimple “pony bottle” setup, indicates
that many divers fail to appreciate that the use of such
systems, likeall facetsof diving, requirestrainingand agood
appreciation of the special problems inherent in their use.

Independent twin tanks provide both a reliable
source of additional air for more lengthy penetration and
another management headache if things are not set up
correctly. It is strongly recommended that divers always
perform afinal check before they enter the water (istheair
really on or almost off? Isthat old J-valve lever still taped
in the “on” positioned, etc?), and to detect other regulator
faultsand thelike, divers should always perform underwa-
ter regulator check on each of their units immediately
before commencing their descents. These checks will
quickly show up leaky exhaust valves and (usualy)
partially-turned on tanks, among other things (e.g. foreign
objects such as lumps of clay or algae inside the mouth-
piece).
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Thereportsof rock movement (and other less-serious
instances of falling blocks etc, which are by no meansrare,
and this danger has to be appreciated by cave divers who,
after al, are entering the subterranean world; there are no
guarantees of safety once you leave the comfortable sunlit
surface of our planet. While some may feel the need to
criticize diverswho wish to push thelessinviting regions of
our underwater realm, it woul d bewisetoremember that was
only through such determined diving practicesthat many of
the recent major discoveries (e.g. Engelbrechts, Three Sis-
ters, Tank Cave) were made. Such exploratory diving
should never be attempted by al but the most experienced
cave divers who have had the benefit of many years of
slowly-gained experienceto guide themintheir risk assess-
ment and decision-making.

The author would like to thank those divers who,
despite their fear of ridicule about their mistakes or tech-
niques by their peers, were brave enough to report their
rather hair-raising experiencesfor the benefit of their fellow
members. Such responsibleactionisvery much appreciated
anditishopedthat other cavediverswill likewisebewilling
todiscusssuchinstancesto enhancethesaf ety of cavedivers
should they occur. Members are invited to forward any
information regarding their cave diving problems to the
author at 12 Addison Road, Hove, S.A. 5048, or to the
director of “Project Stickybeak” (Australia's diving acci-
dent reporting organisation), Dr Douglas Walker, PO Box
120, Narrabeen, NSW 2101.

Peter Horneisa cave diver of great experience and
theauthor of SOUTH AUSTRALIAN DIVING FATALITIES
1950-1985. It wasreviewsinthe SPUMSJournal (1988; 18
(3): 113).

Reprinted, by kind permission of the Editor, from
GUIDELINES the Newsletter of the Cave Divers Associa-
tion of Australaia (CDAA.) 1992; 42: 10-12

REDUNDANCY, OR WHY ONE BC ISNOT
ENOUGH

Tony Curtis

Y ou hit the water right ontime. Looking down into
the“ GinClear” expansebel ow it wasobviousthiswasgoing
to be a dive to remember. Equipment check over, with a
quiet sighthefinal air escaped your BC and you submerged.

The divewent well. Slowly descend to the rockpile
at 50 m then off to the side of the cave and commence
circuiting round the walls, often thefloor vanishing into the
inky blackness over 60 m down. At this depth, with your
wetsuit compressed to 1/4 of what iswas at the surface you
inject moreair into your BC, hearing the overpressurevalve
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open, alowing excess air to escape. Continuing on and
down, another sguirt into the BC and then the problems
started.

The overpressure valve stuck open. All your pre-
cious buoyancy going fast. Your BC now empty, you
plummet towards the bottom whilst wildly flashing you
torch at your buddy. When hefinally seesyou, you areat 55
m and falling fast. When he reachesyou, you are at 65 m -
and panic almost taking control of things. With a fully
inflated BC your buddy is still having trouble stopping the
wild descent. Thetwin steel tanks and large torch housings
addingtoyourtroubles. Theair wasseemingvery hardtoget
at, you arefeeling dizzy withtheeffectsof narcosisand, shit,
what a spot you arein.

Theabovescenarioisfictitious- thistime. Although
adistinct possibility for those of us who explore the fresh
water sinkholes or “cenotes’ that abound in the Mount
Gambier region. Redundancy is something that is drilled
into us right through our cave diving training. Hey, we use
3 or more torches, twin tanks, two regs, some also use two
masks and two knives. But almost EVERY ONE only uses
one BC.

Considering al the other paraphernalia we cave
diversuse, heavy torch housings, twin steel tanks, etc, it’ sno
wonder the old BC getsathorough workout. Y ouwould be
surprised just how negative you really are carrying al this
stuff. Add the compression factor of your wetsuit at depth
and without a BC you are looking like a Polaris Missilein
reverse. Most of usstill use ajacket styleBC and itisvery
easily adapted to taking a set of BC wingsaswell. Simply
slipthemonyour tank bandsbeforebolting onyour usua BC
and you're away.

I know what you must be saying right about now.
“These guys never giveup. Wemay aswell now tow afull
set of gear behind usfor that problem that may never arise.”
Well, considering the environment we choose to dive in,
mostly steep sided sinkholes, how else are you going to get
outif your BC shouldfail? If you do manageto crawl upthe
sidesyou’ll probably runout of air half way or get bent doing
it. Great choice, huh?

A dua BC system makes very good sense for deep
diving anywhere, not just cave diving, and you won’t know
it isthere, until you need it. Some have started using twin
BCs. I’'m not saying | advocate it for everyone, but it does
seem to make sense, doesn't it? After all, what'syour life
worth?

Guidelines Editor’ snote. Theopinionsexpressedin
this article are those of the author only, and should not be
taken as those of the CDAA.

Reprinted by kind permission of the Editor from
GUIDELINES, the Newsletter of the CDAA. 1992; 42: 9



THE 1991 SSAC INCIDENT SURVEY
Adam Curtis

The 1991 survey wasthe sixth survey carried out by
the Scottish Sub-Aqua Club (SSAC). Twenty-eight men
and eight women replied to the questionnaire. Thisis a
rather lower figure than previous surveys, see Table 1, but
some clear conclusions can be drawn from the survey. As
before, the latest results are reported and compared with
previous surveys.

The 1991 survey reports on atotal of 9,761 dives
(8,134 by men, 1,627 by women) covering 5,501 hours
underwater over atotal diving experience of 242.45 years.
The 1991 sample had arather higher frequency of divesthan
seenin earlier surveys.
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together with those that were no more than incorrect diving
or only potentially injurious, and called incidents. But their
dataisnot based on our attempt to get some diversto report
al their mishaps. The accident rate in the SSAC, where
injury or death occurred, isvery muchlower. Slight scarring
of your reputation to yourself (or others) is not that serious
but much may be learnt from it, both by the individual to
whom it happened and by people, e.g. the NDC members,
reviewingthegenera statistics. Table2 showsdetailsof the
incident rate over the last five surveys.

The 1977 survey gave results very similar to those
reported from the 1979 survey. There seemsto havebeena
marked reduction in incidents between 1979 and 1986 and
the low rate of incident achieved by 1986 has been main-
tained in most categories since then. It is dismaying,
however, that shared ascent and free ascent (SEAA) inci-

TABLE 1

SURVEYING THE SURVEYS

Survey 1987 1979
Number of divers 44 65
Number of dives 6,606 8,298
Y ears of diving 217 309

Thenumber of divesper year and thetotal number of
yearsof divingareshowninTablel. Thesurvey coversboth
diverswhoonly started recently aswell asanumber of divers
who havehad many yearsof experience, asinearlier surveys
diverswithfour or lessyearsexperienceform half the group
surveyed.

What doesthe surveyed diver look like?

Heor sheislikely to beusing adry-suit. For exactly
75% are now using one regularly. Just over 50% use a
decompression computer. They have been diving for an
average (mean) of 6.7 years, though the most frequent
number of years of diving in the sasmplewasfour, and carry
out an average of 40 dives per year.

Details of incident rate

Incidents are events that should not have occurred,
e.g. free ascents, air failure, hypothermia, shared ascents,
rescues etc. Incidents in SSAC definition are events that
should not have happened, not those that necessarily led to
injury let alonedeath. Thisdefinitionisnot that used by the
BS-AC, whereeventsthat ledtoinjury and death arelumped

1981 1986 1989 1991
40 105 39 36
7,001 17,099 9,917 9,761
161 465 208 242

dents have increased recently. Comments on some of the
forms and the high incidence of direct feed failures (sur-
veyed for the first time in this survey) suggest that |oss of
buoyancy control may be responsible for the increase in
SEAA ascents. The increase in shared ascents is unex-
plained. The dataon SEAA and shared ascent deliberately
excludeany such ascentscarried out aspart of training. The
high rate of direct feed failures (usually of thetypeinwhich
the direct feed cannot be turned off) isworrying and at least
one accident has occurred in SSAC because of this.

The perfect diver

Eight of the men and two women reported that they
had never been involved in an accident. Thisincident-free
group, the ‘ perfect divers' were not inexperienced for they
had atotal of 1,241 dives amongst them spread over 618
hours underwater over 39 years. Can there really be such
‘good’ orisit ‘careful’ divers? Perhapsthat isafairer and
more interesting question to ask rather than ‘Are there
accident prone divers? If these incident-free divers were
likethetotal group they should have had 29 incidents onthe
basis of numbers, or, after acorrection for their rather lower
rateof diving, 13incidents. Soastatistical test (seenote) can
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TABLE 2

DIVESPER INCIDENT

Survey 1979 1983
Air supply failure 252 291
Shared ascent 286 975
SEAA 237 558 1,315
Rescue from UW 237 304
Hypothermia 422 368
IlIness during adive ND ND
Direct feed defect ND ND
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1986 1989 1991

854 620 650

551 1,903 390
1,239 443

854 826 813

854 826 1,084

ND 1,239 1,084

ND ND 305

ND means no data was collected. SEAA standsfor Swimming Exhaling Air Ascent ie, “Free Ascent”.

be applied and thistells usthat such adifference could only
have avery small probability of being anything but real. In
this comparison | ignored direct feed misaction but since
these marvellous divers had only oneinstance of direct feed
failure between them they must be nearly perfectinthat area
too! Arethere going to be more of these marvellous divers
in the next survey? It would also be interesting to survey a
larger group of diversjust asking themyearly over athreeor
four year period what incidents if any they had in the past
twelve months.

First twoyears

When | first started these surveysit became obvious
that the majority of incidents experienced by diverswerein
the first two years of their diving and that thereafter their
incident ratedropped. Thisevenincluded theincidentsthat
really happened to their buddiesthoughinvolvingthemina
secondary way. In the present survey 26 of the 36 divers
surveyed were involved in 38 incidents in their first two
yearsof diving. Thiswasinatotal of 51 yearsof diving (not
52 because some divers had done less than two years of
diving). Twenty-five divers of the survey had 39 incidents
in 143 years of diving after their first two years.

Thus the incident rate per year per diver fell from
0.021t00.01. (Thisdataexcludesdirect feed defects.) This
result is probably to be explained by the fact that they
became more experienced and skilful and were ableto take
precautions which prevented incidents in their later dives
andintheir buddies’ dives. Didthismean that they divedin
their first two yearswith persons|ess experienced than they
themselvesbecame? Well, thereissomereason for thinking
that thismay be so becausethe overall incident rate hasbeen
falling from survey to survey so that the newer comers to
diving re being better trained that their instructors were or/
and their equipment is less likely to let them down. How
very pleasing!

Dive frequency and incident rate

Intheearlier surveysclear evidenceemerged that the
morefrequently you divetherelatively lesslikely you areto
have an incident in any give dive. What exactly does that
mean?

It means that though the number of incidents the
average diver experiences, increases as the total number of
dives per year rises, it does not rise asrapidly asyou would
expectif diveexperiencedid nothing for safer diving. Inthis
survey the same effect was found, divers with a high fre-
quency of dives have alower frequency of incidents for a
givennumber of dives, say inayear, thanlessfrequent divers
who take four years to do the same number of dives.

Conclusions

Inthe main the conclusionsremain the sameasinthe
last two surveys, namely that the incident rateis reasonably
low, that thefirst two years of diving are the most incident-
prone, and that thereisagroup of diverswho areappreciably
different from the rest asregards incident rate, the “ perfect
divers’. The survey gives no indication that incident rates
are continuing to drop and this in turn might make you
wonder astowhether changesintraining have contributedto
safer diving or are we close to the irreducible minimum of
incidents? Direct feed malfunctions are the most frequent
cause of incident and manufacturersshould giveattentionto
redesign of this type of equipment.
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Note on statistics

Two by two contingency test used for comparisons
incident ratesin paired groups, e.g. “ perfect divers’ versus
the“therest”, “first two years’ against “subsequent years’.
Linear regression analysis used to test drive freguency
against incident rate. Resultsonly accepted assignificant if

SPUMS Journal Vol 23 No 1January-March 1993

thereislessthan a1% chancethat theresult could have been
obtained by chance.

Photocopiesof thefiveincident surveyspublishedin
Scottish Diver are available as a set for £1.4 (including
postage within UK), £1.70 within the rest of Europe and £3
airmail in other countries. Cheques or bank drafts on UK
banksshouldbesentto A. Curtis, 2Kirklee Circus, Glasgow
G12 0TW Scotland, UK.

Reprinted, by kind permission of the author and the
Editor, from SCOTTISH DIVER 1992; 6: 124-126.

GLEANINGSFROM MEDICAL JOURNALS

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

FITNESSTO DIVE

Compressed air diving and respiratory disease. A dis-
cussion document of the Thoracic Society of Australia
and New Zealand.
Jenkins C, Anderson SD, Wong Rand Veale A. Med J Aust
1993; 158: 275-279

Abstract

Objective: To review the pathophysiology and respiratory
complications of compressed air diving, and to formulate
guidelines for assessing respiratory fitness to dive so that
diving candidates can beadvised of therisksassociated with
respiratory disease, in particular asthma.

Data sources: Specialist medical journals in the area of
respiratory medicine, physiology and diving medicine.
Morbidity and mortality statisticswere obtained frominter-
national diving bodies, diving medicine scientific meetings,
and papers.

Synthesis: Themajor complicationsof underwater divingin
subjectswith compromised respiratory function are drown-
ing, pulmonary barotraumaand arterial gasembolism. Div-
ing candidates with a history of asthma, pneumothorax,
obstructiveor restrictive lung disease, lung cystsor thoracic
trauma should be advised not to dive in view of these risk
factors.

Conclusions. Severa respiratory diseases carry an in-
creased risk of morbidity and mortality from compressed air
diving. An accurate history and measurement of lung
function are an essential part of assessing fitness to dive,
both to advise potential divers appropriately and to reduce
risks associated with thisincreasingly popular recreational
activity.

Copyright © 1993 The Medical Journal of Australia,
reprinted with permission. This paper appeared in The
Medical Journal of Australia, 1993; 158 (February 15): 275-
279.

MARINE ENVENOMATION

Current challenges in marine envenomation: an over-
view.
Williamson J. Wilderness Med 1992; 3: 422-431.

Marine envenomation isacommon, frequently seri-
ous, and sometimes neglected medical event. Studies in
marine envenomation are now on afirm scientific basis, but
remain unfledged in many respects. Present ignorance
includesthetaxomony of the Cubozoan and Physalia‘jelly-
fish’,theworlddistributionandlifecyclerelatedtolrukandji
and ciguatoxic fishes, and the true incidence of human
fatalities from envenomations by stonefish, sea snakes,
chirodropids, Carybdea organisms, and sting rays.
Toxinologicstudy of marinevenomsindicatesthat | rukandji
and Chironex venoms are of particular significance. Little
isknown about stingray or Crown-of-thorns starfish venom
chemistry. Venom retrieval, purification, fractionation,
lability, and immunology (including antibody cloning) are
current research challenges. International appreciation of
the value of the Australian first-aid technique of compres-
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sion/immobilization bandaging in selected envenomation
situations, andtheavailability of safeand specificantivenoms
for marine envenomations are future goals. Although the
International Consortiumfor Jellyfish Stingsisactive, world-
wide collaborationistill fragmentary. Crucial to advances
inthissubject istheexchangeof multi-disciplinary informa-
tion between epidemiologists, chemists, biologists, immu-
nologists, medical clinicians, and divers working in the
field.

Key words: envenomation, marine, first-aid, venom, al-
lergy, immunology.

Fromthe Hyperbaric Medicine Unit, Department of
Anaesthesia and Intensive Care, Royal Adelaide Hospital,
North Terrace, Adelaide, South Australia 5000, Australia.

WRITING TO BE UNDERSTOOD.

How readable are practice |eaflets ?
Albert T and Chadwick S. BMJ 1992; 305: 1266-8

A review of practiceleafletsand how understandable
they were. The authors found that many were difficult to
understand because they used long words and long sen-
tences.

They advisethat authorsshould useasimpleindex of
readability (fogtest) totest for clarity. Thisisprinted below.

THE FOG TEST

1 Choose a passage of about 100 words, which must
end in afull stop.

2 Find the average sentence length by dividing 100 by
the number of sentences.

3 Find the number of long words, defined as those of
three syllables or more, excluding
(a) proper nouns;
(b) combinations of easy words, like photocopy;
(c) verbsthat become three syllables when “-es’,
“-ing”, and "-ed” are added,;
(d) jargon that the reader will know.

4 Add the average sentence length to the number of
long words.

5 Multiply by 0.4 to get the “reading score”.

Asageneral rulethelower the scorethe
easier the passageistoread.
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The address of the Undersea and Hyperbaric Medi-
cal Society, Inc. is 9650 Rockville Pike, Bethesda, Mary-
land 20814, U.S.A.

CARBON MONOXIDE POISONING

Delayed neuropsychiatric sequelae following CO poi-
soningand theroleof treatment with 100% O, or hyper-
baric oxygen - aprospective, randomized, clinical study.
Thom SR, Taber RL, Mendiguren I, Clark JM and Fisher
AB. Undersea Biomed Res 1992; 19 (Supp): 47

This is a preliminary report of an on-going study.
Patients with a history of CO exposure and symptoms such
as nausea, vomiting, headache, dizziness, near syncope,
ataxia, lethargy and/or blurred vision, were evaluated, and
treatment begun, within 6 hours of removal from a CO-
contaminated environment. Informed consent wasobtained
and following treatment (determined randomly) quantita-
tive evaluation of neurological function was achieved with
apsychometric test.!

Treatment consisted of 100% O, by non-rebreather
mask until asymptomatic (duration of tx. 2-8 hours), or
hyperbaric O, (2.8 ATA x 1/2 hr, 20 ATA x 1 1/2 hr).
Patients were evaluated, as a minimum, at 1 week (tel-
ephone), and formal psychometrictesting at 3to4 weeks. If
abnormalities occurred, follow-up was continued until pa-
tients were asymptomatic, and test scores normalized (de-
fined asfirst test score).

To date, 27 patients have been entered, and 2 lost to
follow-up, in each treatment arm. The groups are closely
matched according to age, symptoms, and COHb levels (8-
40%). Following 100% O, treatment, 5 patients have devel -
oped symptoms/signs, and 4 of these 5, deteriorations in
psychometric tests scores, from 3to 14 dayslater. Changes
are consistent with the diagnosis of delayed neurological
sequelae.  Following hyperbaric O, treatment, no patients
have suffered deteriorations (p<0.005, x?, two-tail test).

Reference
1 AmJEmerg Med 1983; 2: 226

Fromthelnstitutefor Environmental Medicine, Uni-
versity of Pennsylvania, Philadel phia, Pennsylvania, USA.
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Carbon monoxide off-gassing of patients poisoned by
CO and treated with 2.8 ATA hyperbaric pressure: a
prospective clinical series.

Langston PG, Ramsay R, Frye INR, Williamson JA and
Russell WJ. Undersea Biomed Res 1992; 19(Supp): 49

Carbon monoxide (CO) poisoning remains a com-
mon form of death. Although hyperbaric oxygen (HBO) is
widely used asthe definitive treatment, limited information
is available about the efficacy oxygen under hyperbaric
pressurefor thiscondition. Inapilot study presented to this
Society in 1985, Willms, Scott and Norman* claimed a
greater expired concentration of CO with HBO (pressure
unspecified) than with normobaric oxygen (NBO) in 9
patients. However, quantitative data were not given in the
abstract. Weare studying theelimination of CO by monitor-
ing the quantity of CO exhal ed before, during and after HBO
treatment. Patient expired gas from the built in breathing
system was measured at 1 ATA for the concentration of
carbon monoxide by a Drager PAC I CO monitor. The
minute volume of the patient was simultaneously measured
and the total elimination in ml (1 ATA) per minute calcu-
lated. Blood carboxyhaemoglobin (COHb) was measured
directly on arrival, immediately before and after the HBO
treatment.

Preliminary dataindicate that the elimination of CO
is a simple single exponential function during 2.8 ATA
HBO. The haf life of the elimination is about 20-30
minutes. Air breaks are given every 15 minutes and during
these breaksthe CO elimination fell sharply, and rose again
when HBO was recommended.

Thedataare consi stent with eliminationfrommainly
thewell and moderately perfused compartments of the body
and may reflect the elimination from the muscles. If the
single compartment model proves reliable, it may give a
more accurate method of quantifying thetotal CO load than
COHb.

Reference

1  WillmsSJ, Scott AA and Norman PN. Carbon monox-
ide off gasing during hyperbaric and normaobaric
oxygen therapy of CO poisoned patients: A prospec-
tiveclinical series. Undersea Biomed Res 1985; 12
(1) Suppl: 56

From the Hyperbaric Medicine Unit, Department of
Anaesthesia and Intensive Care, Royal Adelaide Hospital,
North Terrace, Adelaide, South Australia 5000, Australia.

Theroleof neuropsychological testingin thehyperbaric
management of the carbon monoxide patient.

Schiltz KL, Millington JT, Wilmeth JB and Label LS.
Undersea Biomed Res 1992; 19(Supp): 48

SPUMS Journal Vol 23 No 1January-March 1993

Threecasestudiesare presented that demonstratethe
necessity of hyperbaricinterventionin severecasesof chronic
carbon monoxidepoisoning. Thecasehistoriesdemonstrate
the difficulty in identifying carbon monoxide poisoning as
the causative agent due to the nonspecificity of symptoms
and physical findings. Aggressivehyperbarictreatment was
instituted following the appropriate laboratory testing de-
spite the significant delay in diagnosis. Comprehensive
neuropsychological testing wasinstituted prior totheinitial
hyperbaricexposuretreatment with serial testingsperformed
across hyperbaric treatments. In these case studies, we
present neuropsychological test datademonstrating the pro-
gressiverecovery of selective cognitive domainsalongwith
the continuation of selective cognitive residuals across the
seria treatments. The relevance of comprehensive neu-
ropsychological testing as another measurement tool in the
hyperbaric care of the patient will be discussed.

From the Los Robles Regional Medical Center,
Baromedical Unit, Thousand Oaks, California91360, USA.

Evaluation of neuropsychiatric dysfunction after car-
bon monoxide poisoning.

DavisPH, Shelton DL, Piantadosi CA, Moon RE and L ogue
PE. Undersea Biomed Res 1992; 19 (Supp): 68

Patients presenting with acute carbon monoxide poi-
soning may have subtle neuropyschiatric abnormalities not
detected by routine history and physical exam. Thereisalso
aproblem of accurately documenting readily apparent neu-
ropsychiatric abnormalities in quantitative terms. In addi-
tion to these problems there is a need for an instrument to
evaluate the effectiveness of treatment aswell as standard-
ized long term follow up. Our center has utilized the
Neurobehavioral Cognitive Status Examination (NCSE)
(TheNorthern CaliforniaNeurobehavioral Group, Inc) asan
instrument to address the above concerns. The NCSE
provides form-referenced scores of orientation, attention,
memory, language, calculation, constructional paraxis and
higher-level reasoning. We chose the NCSE because it is
brief, valid, reproducible, sensitive, specific and well toler-
ated. Patientsare evaluated at the time of theinitial clinical
examination prior totheir first hyperbaric oxygen treatment,
immediately post-treatment and at a variable interval. All
but one had follow up testing at | east 2 weekspost treatment.
Twelve patients have been evaluated using NCSE. Four
patients received pre-HBO evaluation, post-HBO evalua-
tionand follow uptesting. Eight patientsreceived pre-HBO
and post-HBO evaluations. Three patients were given 2
HBOtreatments. Thecarboxyhemoglobinlevel foundranged
from 7.1 to 42.7 and 5 of 12 patients experienced loss of
consciousness. Eleven of 12 patients had abnormal NCSE
at presentation. Nineof 11 showed significant improvement
inoneor two measurement levelsafter HBO treatments. Of
these, 7 patients improved into the norma range in all
parameters. A third examination administered when the
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post treatment eval uation was abnormal showed continued
improvement in 3 of 4 patients without additional HBO.
There was variable correlation between the levels of meas-
ured carboxyhemogl obinand measured pyschometric scores.
TheNCSE appearsto be an effectiveinstrument to evaluate
and quantitate subtle as well as apparent neuropsychiatric
abnormalities after carbon monoxide poisoning. It isalso
effective in quantitatively establishing the condition of
patients after asignificant interval post treatment.

From the F.G. Hall Hyperbaric Center and Depart-
ments of Anesthesiology, Medicine and Psychiatry, Duke
University Medical Center, Durham, N.C., USA.

Carbon monoxide poisoning - an account of a mass
gassing.
Pirone C. Undersea Biomed Res 1992; 19 (Supp): 22

Forty nine patients presented to city hospitals with
suspected carbon monoxide (CO) poisoning following an
evacuation from a fish factory. Fork-lift trucks had been
operating in a closed work, space and employees were
reported to have collapsed whileworking. All patientswere
referred to theHyperbaric Medicine Unit. Of the49 patients
reviewed, 33 could not speak or understand English and 31
patients required hyperbaric oxygen treatment. Over sev-
eral daysto total of 85 HBO treatments were given for 31
patientswith arangeof 1-8and anaverageof 2.57 treatments
per patient. Therewas a 35% incidence of varying degrees
of aural barotraumabut no other side effect of thetreatment.
The influences of culture, language, and group response
upon the management of amass gassing will be highlighted
aswell as recommendations for a hyperbaric mass casualty
plan.

FromtheHyperbaric MedicineUnit, Royal Adelaide
Hospital, North Terrace, Adelaide, South Australia.

NEUROLOGICAL SEQUELAE IN DIVERS

Predictorsof longterm neurological sequelaein recrea-
tional divers.

Dear GdeL, CorsonK, Dovenbarger J, Moon RE and Bennett
PB. Undersea Biomed Res 1992; 19 (Supp): 19

The Diver Alert Network (DAN) database contains
the detail sof 1384 cases of decompressionillnessinrecrea-
tional divers from 1987-1900. Mean age was 35.3 years
(range 15-71 years). Analysisreveaed 396 diverswho had
neurological sequelae (NLS) post treatment, 128 for more
than 3 months. symptoms are defined as; mild (severity
codet 1-3), severe (severity code4-6). NLSwerecounted as
present at the end of recompression treatment (NLS End
HBO) and =90 days (NL S 3 months).
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NoNLS NLS NLS
end of HBO 3 months
n=988 n=396 n=128
Mean Severity Code  3.71 4.28*** 4.5%**
Mean delay to 22 21 17
treatment(hr) (1-1440) (1-2376) (1-2376)
USN TT6 use % 58.7 58.5 58.6
Male divers % 77.3 68.6 58.6
Oxygen
before HBO % 29.3 29.3 313
Progressive
symptoms% 68.1 68.6 70.3
Age>40 % 20.3 30.6** 31.9**
Symptom onset
<10 min % 39.8 47.5* 55.5***

Compared with no LNS: * p<0.05, ** p<0.01, *** p<0.001

There was no significant relationship between the
following and NL S: delay from onset to recompression, use
of USN TT6, gender, use of O,, temporal progression of
symptoms and history of previous decompression illness.

Severity of symptoms, age over 40 years and short
latency of onset wererisk factorsfor NLS. Ageand latency
were still significant when corrected for severity.

Reference
1  Severity Codein Appendix to 1989 Report on diving
Accidentsand Fatalities, DiversAlert Network 1991.

From the Hyperbaric Center, Department of
Anesthesiology, DukeUniversity Medical Center, Durham,
North Carolina, U.S.A.

DECOMPRESSION TABLES

Theaveragesport diver’sinability tocalculaterepetitive
dives.
Schinazi E. Undersea Biomed Res 1992; 19 (Supp): 63-64

Proper cal cul ationsof repetitivedivesusing standard
divetablesisaskill requiredfor certification asabasic Open
Water scuba diver. Previous surveys have suggested that
many diverslosethisability after completion of their course.
A survey was designed to test the ability of trained diversto
calculate residual nitrogen and repetitive dive designation
groups utilizing examples similar to those taught during
scubatraining. Subjectswere allowed to use any divetable
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configuration taught in training. Of those approached dur-
ing a national meeting, only 10% (284 divers) agreed to
participate in this survey. Surveyed diversranged in certi-
fication from basic open water to instructor level and from
1 month to 20 years experience. Overal, 65% (186) had
difficulty in determining the repetitive group and residual
nitrogentimesfor astraightforward multiplediveprofile. A
score of 100% was considered “passing”, which is equiva-
lent to certification requirements. Subjectswith onetothree
years experience accounted for the highest number of incor-
rect surveys. Thosewithmoreexperienceperformedslightly
better. Interestingly, 23 of the 72 instructors who took the
survey were unable to completeit. Since participation was
voluntary, it may be assumed, individual swho agreed to be
tested were more likely to do well than those who refused
and the results were skewed to the positive. We conclude
that more than half of certified divers are unable to utilize
divetablescorrectly. Thishasgreat implicationsfor diving
safety of which training agencies and dive tour groups
should be aware.

From the Hermann Center for Hyperbaric Medicine,
Hermann Hospital, 6411 Fannin, Houston, Texas. 77030
and Department of Anesthesiology, University of Texas
Medical School, 6431 Fannin, Houston, Texas 77030, U.S.A.

Theuseof apigmodel to evaluatedecompression tables.
Brubakk AO, Reinertsen RE, Eftedal O, Flook VV*and James
P.2 Undersea Biomed Res 1992; 19 (Supp): 76

Decompression tables have mainly been evaluated
by using human divers and decompression sickness as the
endpoint. However, since even mild decompression sick-
ness and exposure to decompression stress can lead to
changesinthe central nervous system and thelungs, thereis
aneed for methodsthat, during development, allow tablesto
betested without using humans. The amount of intravascu-
lar gasbubbles has been used asanindex of risk. Documen-
tation of identical gas bubble formation in experimental
animals and humans would make it possible to perform
inititial testing of decompression tables without exposing
humans. We have developed an experimental pig model
where gasbubblesin the venousreturnismonitored with an
ultrasonic scanner and evaluated semi-quantitatively by
computer post-processing. The model has been evaluated
by comparing gas formation in pigs with gas formation in
humans performing air dives with heliox decompression
following the same profiles. The results show good agree-
ment between the number of bubbles in humans and pigs
being tested on the same decompression profiles following
anair dive. Thus, thepigmodel providesauseful methodfor
evaluating decompression tables. Furthermore, through
measurements of circulatory and ventilatory parameters,
such a model makes it possible to study how gas bubbles
affect the organism.

SPUMS Journal Vol 23 No 1January-March 1993

From the Department of Biomedica Engineering,
University of Trondheim and SINTEF UNIMED, Section
for Extreme Work Environment, Medical Technical Centre,
N-7005 Trondheim, Norway, *Department of Physiology,
Aberdeen University, Aberdeen, and 2Wolfson Institute,
University of Dundee, Dundee, United Kingdom

Doppler analysis of sport diver profiles: a second look.
Dunford RG, Wacholz C, Huggins K and Bennett PB.
Undersea Biomed Res 1992; 19 (Supp): 70

Inaninitial series(S1) wereported (UBR Supp 1991
#95) that multiday, repetitive warm-water sport dives pro-
duced detectable Doppler bubbles (DDBs) with a mean
Kisman-Masurel code(KMC) of 1-in42% of thediversand
18% of their profiles. In the present study (S2) of 5
additional tripsfrom 1989-1991, we added subclavian sites,
replaced a 5 MHz Doppler with a 2.5 MHz system and
upgraded technician skills. 1n S2 93% of 57 diversand 73%
of 260 profiles produced DDBswithamean KMC of 1+. In
comparing dive depth, age and divetime, each were greater
inS2vsS1 (85.0vs68.3fsw, 44.4vs39.5yearsand 44.2vs
39.1min.). However, acomparison of each parameter at 10
unit interval s showed that the % of diveswith DDBswas 2+
fold greater in S2, indicating that protocol changes had a
significant effect on the observed increasesin DDBs. Ina
separate comparison of S2 scores, post triplaboratory analy-
sis of magnetic tape records increased the % of dives with
DDBs from 44% to 73% and increased mean KMC from 1
to 1+ when compared to on-site, real-timedataanalysis. We
conclude that 1) subclavian monitoring, Doppler system
type, andtraining havesignificant effectson DDBsscores?2)
real-time Doppler scores from field data may be unreliable
and 3) probability of venous gas bubble production in sport
divers during multi-day, repetitive dives of similar nature
may approach 100%.

From the Hyperbaric Department, Virginia Mason
Medical Center, Seattle, Washington 90101 and Divers
Alert Network, Duke University Medical Center, Durham,
North Carolina 27710, USA.

Combined use of ultrasound and a mathematical model
to evaluate decompression stress.

Flook V and Brubakk AO. Undersea Biomed Res 1992; 19
(Supp): 69

We have modified and extended a simple model of
gas transport in the body, which is based on verifiable
physiological parameter values.! This has been combined
with a semi-quantitative model of bubble growth and used
for the simulation of a series of decompression profiles,



SPUMS Journal Vol 23 No 1January-March 1993

including somewithanair to heliox gasswitch. Theprofiles
havebeen eval uated both in pigsand man with measurement
of pulmonary artery bubbles using ultrasonic scanning.
Based upon thebubblecount, someprofileswereconsidered
more severe than others. By using the model, the critical
tissuesfor the different profiles could beidentified. Tissue
gastensions and supersaturations in these tissues indicated
why some profileswould produce more bubblesthan others
and permit a ranking of the profiles in terms of different
decompression stress. The model has also demonstrated
how small changes in the deep stops following the gas
switch, can significantly influence the amount of bubbles
recorded. Theinitial resultsindicate that this method could
be used to compare decompression profiles of different
severity.

Reference
1  Mapleson 1963; 18: 197-204

From the Department of Biomedical Engineering,
University of Trondheim and SINTEF-UNIMED, Section
for Extreme Work Environments, Medical Technical Cen-
tre, 7005 Trondheim, Trondheim, Norway and Department
of Physiology, University of Aberdeen, Aberdeen, UK.

Competition between tissue and bubble for gas when
ther e are many bubbles per volume of tissue.

Van Liew HD and Burkard ME. Undersea Biomed Res
1992; 19 (Supp): 74

Growth and decay of gas bubbles in tissue can be
simulated by numerical solutions of equations which ac-
count for many of the pertinent variables.! This communi-
cation focuses on the number of bubble formation sites
within a given volume of tissue. When there are many
bubblesin atissue unit after adecompression, the growing
bubbles deplete the excess dissolved gas in the tissue.
Consequences. @ The many individual bubbles do not
become as large as they would if there were fewer of them
competing for gas. b) More gasis evolved when there are
many sites per unit of tissue, but the bubbles are absorbed
sooner than the bigger bubbles which grow when there are
few sites. c) Transfer of gasinto the many bubbles causes
partial pressure of N2 in the tissue to fall immediately to a
low level, rather than washing out in exponential fashion. d)
Duringthelifetimeof themany bubbles, dissolved N, which
is washed out of the tissue by blood is replenished by
diffusion of N, from the bubbles, so N, in the tissue and the
exiting blood remain “ clamped” to thelow level reached by
theinitial fall of PN, inthebubble. €) Thelong-termwashout
of the total system (tissue plus bubbles) islinear, not expo-
nential, aslong asthemany bubblespersist. Our simulations
indi cate that the number of bubbleformation sitesper unit of
tissueisanimportant variableinthedetermining thebehavior
and persistence of decompression bubbles.
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Reference
1 Van Liew, Undersea Biomed Res 1991; 18: 333-345

From the Department of Physiology, University at
Buffao, Buffalo, New York 14214, USA.

COMMERCIAL DIVING EMERGENCIES

A diving medical emergency service experience of 211
cases arising during commercial diving in the UK.
Gunnyeon WJ, McLeod TNN, Rhodes PM, Ross JAS and
Watt SJ. Undersea Biomed Res 1992; 19 (Supp): 21

Requestsfor medical advicefrom diving supervisors
for incidents arising during commercia oil related divingin
the years 1985-90 were analyzed. Incidentswere classified
according to type of medical disorder, type of diving, body
system or anatomical region affected and whether a doctor
attended the dive site. Dysbaric illness was less common
than expected .51 incidents (24%) of decompression sick-
nessincluded 36 during air diving (16 Type 2) and 15during
heliox diving (6 Type 2). Barotrauma accounted for 7
incidents (5 ear/sinus, 1 teeth and 1 AGE). The most
common incidents were infective (76 cases, 36%) .69 of
these occurred during heliox sat dives and included 23 ear,
15 respiratory tract, 7 gastro-intestinal and 25 superficial
skin infections. Trauma accounted for 31 cases (15%),
toxicity arising from gas or other chemical agents for 12
(6%) and miscellaneous causes such as psychosis, pancrea-
titis, and porphyriaaswell as omitted decompression for 23
(11%) cases. The 21 casesattended by aphysician included
dysbaric problems, infections and major trauma. The most
complex medical management problems were associated
with major traumasuch asamputations, compound fractures
and suction or blast injury. The detailed analysis of these
incidents and the associated management problems has
resulted in recommendations from improvement of emer-
gency services and facilities at commercial dive sites.

From OM SLtd., Aberdeen, and Department of Envi-
ronmental and Occupational Medicine, University of Aber-
deen, Scotland, UK.

DIVING FATALITIES

A six year review of scuba diving fatalitiesin San Diego
County.

Powers AT, Bass B, Stewart J, Flahan M and Neuman TS.
Undersea Biomed Res 1992; 19 (Supp): 20
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A panel of 4 members, knowledgeable in various
aspectsof scubadiving, appointed by theMedical Examiner,
investigateseach scubadiving fatality in San Diego County,
Cdlifornia. Areas of inquiry by the panel include autopsy
findings, equipment status, water conditions, and training or
safety issues. Thereview board examined 19 scuba diving
fatalities, 17 men and 2 women, from 1985 to 1991. Their
diving experiencewasjudged to befair to good for 13 of the
casualties, fivewerenovices (one of whomwasnot certified
as adiver), and one had an unknown diving background.

Drowning wasthe cause of deathin 7 victims. Myo-
cardial infarctionwith subsequent drowning occurredinone
instance. Drowning secondary to gasembolism (AGE) was
diagnosed in 7 decedents, and another 4 presumed AGE
victims were resuscitated, but died several days after the
accident. Intheselatter 4 victimsonly 1 had AGE asafinal
diagnosis. The other 3 victims had AGE by history and
clinical presentation; however, the cause of death was offi-
cialy listed as hypoxic encephalopathy. Investigation into
each diving accident reveal ed multiple contributing behav-
ioural and/or environmental factors leading to the deaths.
Theseincluded panic (11), poor air management (9), buddy
systemfailure(8), entanglementinkelpor line(7), improper
use of/or lack of equipment (4), difficult water conditions
(3), drug or acohol ingestion (2), pre-existing medica
condition (1), and possibly one equipment malfunction.

By reviewing the scuba fatalities as a group in this
particular region of the country, certain trends were dis-
cerned. Panic reactions, lack of air, buddy system failure,
and entanglement were repeated factors that contributed to
scubadiving deathsin San Diego County. Morethan half of
the diving deaths were due to gas embolism.

From the University of California San Diego, San
Diego City Lifeguard Service, Scripps Institution of Ocea-
nography and San Diego State University, San Diego, Cali-
fornia92103-8676, U.S.A.

Brain pathology in divers- areview of recent findings.
Palmer AC and Calder IM. Undersea Biomed Res 1992; 19
(Supp): 75

I'n continuation of our studies on the neuropathol ogy
of the brain in divers-2 we have re-assessed our original 25
cases (12 amateur and 13 professional) and added a further
10 (5 amateur and 5 professional). Control brain material
was obtained from 15 male airmen who died as a result of
flying accidents. In the divers, microscopically, grossly
dilated empty vessels were present in atotal of 17 brains.
Thisfinding is probably related to the presence of intravas-
cular gas bubbles from accidental rapid decompression.
Lacunar spaces around vessels were observed in 10 brains
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and hyaline degeneration of small arteriesin cerebral white
matter in 12. Small foci of necrosisin cerebral grey matter
occurred in 8 brains and evidence of patchy white matter
changes in 10. These abnormalities probably arose from
periodic arterial obstruction by intravascular bubbles.

References

1 Pamereta. Proc EUBS, 1990, 137

2 Pamer et a 1992, Neuropath appl Neurobiol 18, in
press.

From the Wellcome Laboratory for Comparative
Neurology, School of Veterinary Medicine, University of
Cambridge, Cambridge, CB3 OES, England.

Does diving really damage the spinal cord? A neu-
ropathological study of 20 professional and amateur
divers.
Mork SJ, Morild I, Eidsvik S*, Nyland Hz, Brubakk A® and
Giertsen J.2 Undersea Biomed Res 1992; 19 (Supp): 111
The unnerving presence of clinically silent spinal
cord myelin lesions in diverst initiated us to perform an
extensive study of the human central nervoussystem (CNS)
in amateur and professional divers. Of the 10 professional
divers (age range 29 to 52, median 38 years), 7 were
experienced saturation divers, including two with a maxi-
mum exposure to 300 and 500 msw (31 and 51 bar). The
experienceof therecreational diversvariedfromafew dives
tomany yearsof activediving. Theageof theamateur divers
ranged from 17 to 51, with a median of 29 years. To our
knowledge, none of thedivershad ahistory of CNS decom-
pression sickness. The spinal cords were examined grossly
after adequate fixation, transversely cut in suitably sized
tissue blocks and routinely processed for microscopy. Ad-
jacent sections from every block were stained for myelin
with luxol fast blue, and for axonswith the Bodian method.
Immunocytochemical staining was performed using
monoclonal antibodiesagainst glial fibrillary acidic protein
(GFAP), toreveal reactivechanges(CNS*" scarring”), against
microglia/macrophage marker (CD68), monocyte/macro-
phage marker (MAC387), and T cell marker (CD43).
Astrocytes react unspecifically to any damage of the CNS,
and microglia/monouclear cells take part in disease and
“repair” of CNS tissue breakdown. A total of up to 200
sectionswas studied in each diver. The microscopic exami-
nation did not reveal signs of nervous tissue lesions or
reactive changesin any of the spinal cord sections from the
20 divers. Of particular interest is the fact that this also
applied to the spinal cords of the saturation divers. The
extensive sampling and the various histochemical and im-
munocytochemical methods applied, underscores the sig-
nificance of our results. Our findings establish the spinal
cord as atissue of great resistance to the strains associated
with the hyperbaric environment. In conclusion, previous
uncomplicated diving activity, notably saturation diving,
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and even exposureto extreme depths, do not initself lead to
degeneration or lesions in the human spinal cord.

Reference
1 Palmer, Calder and Hughes, Lancet 1987; ii (8572):
1365-6

From ‘The Gade I nstitute, Department of Pathology;
2 Section for forensic medicine; 2 Department of Neurology,
Haukeland Hospital, University of Bergen; ¢+ The Roya
Norwegian Navy, Haakonsvern; ® Department of Biomedi-
cal Engineering, University of Trondheim, Norway.

HYPERBARIC OXYGEN

Transcutaneous oxygen measurements in non-healing
wounds.

AtlasG, Josfesen L, Rickets L and Camporesi EM. Under-
sea Biomed Res 1992; 19 (Supp): 58

Transcutaneous oxygen (tcO,) measurements were
obtained from a chart review of 20 patients undergoing a
total of 70 hyperbaric oxygen treatments for non-healing
wounds or graft preparation. To assessif the initial and/or
final tcO2 levels would predict the outcome of the non-
healing wound, two extremes of the tcO, distribution were
compared andthemeasurementscategorizedintotwogroups:
Whilebreathingair at 1 ATM absgroup | had tcO, values of
<4mmHg, whereasgroup |l hadtcO, valuesof 240 mmHg.
Measurementswereobtai ned by placement of thetcO, probe
near the wound or graft site. Values were acquired using
roommadeusingtheWilcoxon rank sumtest. Woundswere
followed and healing was then evaluated as either satisfac-
tory or unsatisfactory. Treatments associated with initial
tcO, values<4 mm Hgwerenotedt reach significantly lower
final tcO, values, at pressure, than those with aninitial tcO,
=40 mm Hg (P < .001, see Table).

Occurrence of one or more low initial tcO, values,
taken while breathing air at 1 ATM abs pressure, did not
appear predictive of wound outcome. The data suggest that
hyperbaric oxygentherapy, for non-breathing woundsor for
graft preparation, may be beneficial despitelow woundtcO,
values observed during normobaric room air conditions.
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From the Department of Anesthesiology and Hyper-
baric Unit, SUNY Health Science Center, Syracuse, New
York 13210, USA.

Hyperbaric chamber mishap study.
Brown GA, Dart TSand Workman WT. Undersea Biomed
Res 1992; 19 (Supp): 120

The objective of this project wasto collect, anayze,
and report hyperbaric chamber mishaps and fires, allowing
comparison of mishap causes and recommendations for
accident prevention. Key interest areaswere determination
of mishap trends, major factors causing mishaps, the cham-
ber subsystemsinvolved, and therole of the human element
in the mishap. Letters requesting information about inci-
dents and accidents were sent to all United States and
international hyperbaric facilities listed with the Undersea
and Hyperbaric Medical Society. Thirty (30) fire and 57
non-fire incidents were reported or found in the literature
with 63 occurrences inside and 24 occurrences outside the
chamber. Non-fire mishapswere attributed to human error
(31), equipment failure (29), design flaws (9), and high
pressure, greater than 450 psi (5). Some mishaps involve
morethan onefactor. firedataincluded hypobaric environ-
mentsusing 100% oxygen (Apollo 204, for exampl e) aswell
ashyperbaric chambers. Firesinsidethe chamber (20) were
caused by electrical/electrostatic (14), adiabatic compres-
sion (1), welding equipment (1), heating element (1), im-
ploding light bulb (1), microwave-heated material (1), and
undetermined cause (1). Fires outside the chamber (10)
were caused by adiabatic compression (6), electrical/elec-
trostatic (1), welding equipment (1), or unlisted cause (1).
Fire caused 28 deaths; improper ascent caused 5 deaths due
to air embolism (Hanover incident) and 1 death dueto Type
[1 DCS. Thereported majority of non-fatal injurieswereal so
fire-related, caused by mainly burns from ruptured high
pressure oxygen systems which had undergone adiabatic
heating. Final results will be compiled into a single docu-
ment for publication as an Air Force Technical Report.

From the Armstrong Laboratory, AL/AOH, Brooks
AFB, Texas 78235-5000, U.S.A.

TABLE 1

INITIAL TCO, AND WOUND OUTCOME

Initial tcO,(mmHQ) Number of tcO,

room air at latm abs measur ements
<4 9
=40 11

Averagefinal tcO,(mmHg)*

Wound outcome
100% O, at 2 atm abs

546
1,118

2 failed, 6 successful
0 failed, 11 successful

* P<0.001
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MEETINGSAND COURSES

THE SPARK OF LIFE

Cardiopulmonary Resuscitation and
Emergency Life Support Conference

(NOT restricted to medical practitioners)

The Hilton International, Melbourne, Australia.
April 30th and May 1st 1993

Provisional program, abstract and registration forms
available from

The Australian Resuscitation Council
Royal Australasian College of Surgeons
Spring Street, Melbourne,
Victoria 3000, Australia.

Workshops on heart and lungs, casualty simulation,
protected EAR, advanced cardiac life support and special
rescue techniques for victims in water, will be held on
Thursday April 29th 1993.

FIRST ANNUAL SCIENTIFIC MEETING OF
DIVING AND HYPERBARIC MEDICINE

will be held in Darwin, Northern Territory, Australiaon
July 29th and 30th 1993.

The meeting is sponsored by the
Hyperbaric Technicians and Nurses Association (HTNA)
and the
Australian and New Zealand Hyperbaric Medicine Group
(ANZHMG).
Non-members are welcome to attend.

The AGMs of both associationswill be held on July
3ist.

The main topics will include, but are not limited to,
wound healing, decompression illnesses, hyperbaric treat-
ment profiles, recreationa nitrox diving, new technica
developments and current hyperbaric research.

For further information contact
Ms Jodie Perris
Royal Darwin Hospital Hyperbaric Unit,
Rocklands Drive, Tiwi,

Northern Territory 0810, Australia.

Telephone
Australia
Overseas

089-22 8563
61-89-22 8563

BIOMEDICAL SEMINARS

UNDERWATER MEDICINE AND PHYSIOLOGY
27th November - 3rd December, 1993
and
THE MANAGEMENT OF
MEDICAL EMERGENCIESIN DIVING
4th - 11th December, 1993

Two inter-linked five day courses for medical prac-
titioners are being planned. Each isbeing submitted for 20
hours of Postgraduate Education Allowance (PGEA) inthe
United Kingdom and for CME Accreditation in the United
States.

They will beheld onthe Caribbeanisland of Cayman
Brac and are intended for all physicians who may have
divers among their patients.

Theinitial course”Underwater Medicine and Physi-
ology” is introductory and will be on the fundamental
principles and the prevention of diving accidents. Thisfirst
week is offered as an additional option only to those regis-
tering for thesecond week. The secondweek “ The Manage-
ment of Medical Emergencies In Diving” will address the
practical aspects of diving accident management. It can be
combined with the first week, or taken on its own.

The directors of these two seminars will be Prof.
David Elliott of the Robens Institute of Health & Safety,
University of Surrey and Dr. Nick Mclver of the North Sea
Medical Centre, Great Y armouth.

Unlimited diving will be available but does not
form part of the cour se and non-divers are welcome.

Travel from Europe, North America and elsewhere
canbearranged by our ABTA travel agent tomeet individual
reguests, and accommodationwill beat theDivi TiaraBeach
Hotel, Cayman Brac.

Course Fee: £700 for two weeks or £375 for those
attending the 2nd week only. Cheques should be made
payableto Biomedical Seminars. (Payment by credit cardis
not accepted). The course fee is fully refundable until 1st
July, 1993.

Applications should be sent by 30th April 1993
together with the course fee to:

Biomedical Seminars

7 Lyncroft Gardens,

Ewell, Epsom,

Surrey KT17 1UR, UK

Tel: 081 393 3318

Fax: 081 786 7036
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Medical
Diving
Texts:

4 Diving Medicine, 2™ edition

& The Physiology and Medicine of
Diving

@ Atlas of Aquatic Dermatology

& Medical Examination of Sport
Scuba Divers

@ Stress and Performance in Diving

@ Proceedings of the Eighth Int’l
Congress on Hyperbaric Medicine

# Problem Wounds

& Offshore Health Handbook

& Hyperbaric Physiology & Medicine

€ Man in the Sea, volume I

4 Man in the Sea, volume II

# Diving in High Risk Environments

# Nitrox Manual

@ Recompression Chamber Life
Support Manual

@ Basic Decompression Theory and
Application

For more informa-
tion on these & the
other Besr diving
books, send for your
FREE catalog:

A complete list of authoritative books
dealing with various facets of the
underwater world such as: dange ous
marine animals, business, construction &
salvage, diving medicine, decompression
sickness, photography, equipment
maintenance, treasure, cave diving, safety,
wreck diving, and first aid.

To get your catalog,
mail this coupon to:

Best Publishing Co.

e B — —— A W — — — ——

Best Publishing Co.
P.0. Box 30100
Flagstaff, AZ USA 86004

Yes, Please send a Free Catalog.

Name

Address

City
State Zip

Country
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Dive all year
round with
Australia’s

prestige
scuba diving
magazine.

SUBSCRIBE NOW!

r-—---—-—-—----—-—_1
} Tick boxes. Please send me I
| (1 One full year (6 issues) of Sportdiving Magazine |

I for $34.50 (Within Australia) I

I overseas Subscribers. 1 year (6 issues) I

I ) AUD$67.00 Surface Mail i

: (1 AUD$81.00 Airmail |

Please find enclosed my cheque money ord '

I Charge my credit card (Joteaue L y oreer i

| JBankcard (JMastercard [JVisa |

I USE BLOCK LETTERS :

]

" |

|

| AAATBSS:......o ettt ses s s et :

I City, State: oo Postcode: ................ |

: My phone:..........coeeiiiiiccceeeen, FaX: oo :

| Padyable to Mountaia Ocean & Travel Publications AcN 006 642 422 |
P.0. Box 167, Narre Warren, Victoria, Australia 3807

I Phone: (059) 44 3774 Fax: (059) 44 4024 |

VOTED AUSTRALIA'S No. 1 DIVE MAGAZINE! |

L-—----_---—-—-----J

sportdiving
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ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

Basic Coursein Diving Medicine
Content
Concentrates on the assessment of fitness of candi-
dates for diving. HSE-approved course
Dates October or November 1993
March 1994
Cost $A 500.00
Advanced Coursein Diving and Hyperbaric Medicine
Content
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.
Dates October or November 1993
March 1994
Cost $A 500.00
$A 800.00 for both courses

For further information or to enrol contact
Royal Adelaide Hospital Courses,
Dr John Williamson, Director, HMU,
Royal Adelaide Hospital, North Terrace
South Australia, 5000.

Telephone  Australia08-224 5116
Overseas 61-8-224 5116
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ROYAL AUSTRALIAN NAVY
SCHOOL OF UNDERWATER MEDICINE

DIVING MEDICINE COURSE
Provisional dates 18th to 29th October 1993

Apply directly to
The Officer in Charge,
School of Underwater Medicine,
HMAS PENGUIN,
Balmoral Naval P.O, New South Wales 2091
Telephone (02) 960 0333

DIVING MEDICAL CENTRE
SCUBA DIVING MEDICAL EXAMINATIONS

Thee day (long weekend) courses are conducted to
instruct medical practitionersin diving medicine, sufficient
to meet the Queensland Government requirements for rec-
reational scubadiver assessment.

For further details contact
Dr Bob Thomas
Diving Medical Centre, 132 Y allambee Road,
Jindalee, Queensland 4047.
Telephone (07) 376 1056 / 1414

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

For all your domestic and international travel requirements contact

ALLWAYS TRAVEL
on
(03) 885 8818
or
TOLL FREE
008 338 239

AlLway

TOURS

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



