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nomic imperatives of running a competitive recreationa
diving enterprise. Itisinevitablethen that at timesSPUMS
will disagree with the practices of these training organisa-
tions. Thisisappropriateand should not consistently lead to
sustained conflict.

Contrary to some current claims from both sides of
the debate, Drew Richardson is not the first non-medico to
become a full member of SPUMS. From its foundation,
SPUMS has had non-medical full members. John
Pennefather, the foundation Treasurer, Glen Egstrom and
Peter Bennett are good examples. Therequirement wasand
isacommitment to diving medical research.

Given the prevalent paranoia, cynicism and hostility
(as manifested during recent code of practicediscussionsin
Queendland), SPUMS' attempts at maintaining a balanced
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positionand of sustai ning communicationsisvery muchlike
lambada dancing on atightrope. The Executive Committee
believes that al our members and associates must have
access to our Journal, regardless of the polarity of their
opinions. However, on some issues, regardless of the
debate, there will be no compromise by the Society on such
matters as the obligate need for all scuba diving training
candidates to have amedical fitness assessment performed
by a trained physician. Finally, we will welcome active
participation in our annual scientific meeting (1993 - Palau,
1994 - Rabaul) by al of our members and associates. The
aternative is an inevitable regression to open warfare, and
consequent little benefit to anyone involved.

Des Gorman
President of SPUMS

ORIGINAL PAPERS

CARBON MONOXIDE POISONING: A REVIEW

Paul Mark

Introduction

Carbon monoxide (CO) is a colourless, odourless,
tastelessand non-irritant gas. Itisthecommonest agent used
in suicide by poisoning in the United States!, Britain?® and
Australia* Inaddition eighty percent of immediatedeathsin
burning buildings are due to CO.5¢

Following non-fatal poisoning, 10-40% of victims
develop neurological or psychiatric sequelae.” The risk of
death or major disability is increased in the young, the
elderly and those with cardiovascular, cerebrovascular, or
pulmonary disease.®

Hyperbaric oxygen (HBO) wasfirst used totreat CO
poisoning by Smith in 1960.” Numerous published series
have established its benefit when compared with historical
controls#®> CO poisoning is regarded as an “accepted’
indication for Hyperbaric Oxygen Therapy by the Undersea
and Hyperbaric Medical Society.*®

A recent review of thirteen published seriescontain-
ing 3,441 CO poisoned patients has shown clearly that
administration of hyperbaric oxygen at 2-3 atmospheres
absolute (ATA) soon after admission to hospital and re-
peated daily, or as made necessary by the patient’s condi-
tion, is the only effective treatment of CO poisoning yet
demonstrated.”

This paper reviews recent advances in our knowl-
edge of the pathophysiology of CO poisoning and describes
its clinical presentation. It outlines the management of the
CO poisoned patient in the emergency department and
discussestheindicationsfor referral to ahyperbaricfacility.

Circumstances of poisoning

The clinica features of CO intoxication are non-
specific and may outlast the detection of carboxy-haemo-
globin (COHb) in the blood. A thorough history often
suggests the diagnosisin less obvious cases.

ATTEMPTED SUICIDE

Patients attempting suicide usually park their vehi-
clesin isolated places with a hose connecting the exhaust
pipetotheinterior of thevehicle. Occasionally they park in
aclosed garage with the vehicle windows open. Evenif the
motor stops, the exhaust fumes persist for hours. The
Australian changeto unleaded petrol for new vehiclesshould
reduce the opportunity for suicide as catalytic convertors
significantly reduce the output of CO.1#»

FIRE

Persons trapped in building fires usually collapse
from CO poisoning before being burnt. The mortality from
CO poisoning isfour timeshigher whenitiscomplicated by
smokeinduced chemical pneumonitis.* Thedelayed seque-
lae of smoke inhalation greatly increase the mortality from
cutaneous burns.? This may be partly due to the concomi-
tant production of cyanide which is difficult to detect spe-
cifically.s# A number of other irritant chemicals such as
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acrolein, hydrochloric acid, toluene diisocyanate and nitro-
gen dioxide are produced by fires. These cause bronchos-
pasm and pulmonary oedema.*?

ACCIDENTAL

Itislikely that many cases of accidental exposure go
unrecognised.? Mechanicsoccasionally poison themselves
when the car engine is run with the garage doors closed,
especially in cold weather. It has been shown that a lethal
concentration of CO can bereachedin aclosed garagein 10
minutes.”

Faulty exhaust systemsin cars or home heaters can
result in whole families being affected. Following severe
exposure the patients may present in coma or with atered
mental states. Confusingly with less severe exposure they
may present with symptoms similar to aviral illness.

M ost paint stripperscontainmethylenechloridewhich
may beinhaled or absorbed through the skin. It is metabo-
lised to CO.*® The COHb level continues to rise after the
patient has been removed from the source of poisoning and
thenfallsslowly.*3t However theclinical disturbanceisnot
as severe as the COHb level would indicate.®

Divers using a compressor for surface supplied air
(hookah) are often poi soned when theair inlet isdown wind
of the exhaust from the pump motor. If scuba divers
cylinders are filled with CO containing air several persons
arelikely to be affected. CO poisoning can be mistaken for
cerebra arterial gas embolism.®3

Pathophysiology
HYPOXIA

A small amount of CO is produced by the normal
enzymatic breakdown of haem. Unlessthereis significant
haemolysisthe normal COHb level islessthan two percent.
However smokersmay haveupto 10% of their haemoglobin
(Hb) bound to CO.*

Research by Haldanedemonstrated that Hb bindsCO
240timesmoreavidly thanit binds oxygen.®* Thiscreates
afunctional anaemiawhichisexacerbated if the patient has
atrue anaemia.

CO movesthe oxy-haemoglobin (oxy-Hb) dissocia-
tion curvetotheleft, further reducing oxygen delivery tothe
tissues.® Thiswill beexacerbated by alkalosis, hypothermia
and concomitant poisoning with cyanide.®® Mild to moder-
ate acidosis is said to improve tissue oxygen delivery.*

HISTOTOXIC EFFECTS

A further conseguence of poisoning isthebinding of
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CO to mitochondrial enzymes, including reduced cyto-
chrome A3 oxidase, reduced cytochromes of the P450 type
and tryptophan dioxygenase.0%474 Thispreventscellsfrom
utilising oxygen and is thought to be a major cause of the
disordered physiology. In 1975 Goldbaum replaced two
thirdsof alaboratory dog’ shaemoglobinwith COHb. There
was no deleterious effect. However, when dogs were al-
lowed to breathe CO until an equivalent COHb level was
reached they died.® Itisthe CO dissolvedin thetissuesthat
isimportant in producing clinical effects.®

Short term exposure, especialy in an exercising
fireman, will lead to high COHb levels but little CO in the
mitochondria. In such cases collapse may be due solely to
hypoxia:® Longer exposurein an overdose victim will give
lower COHb levels but more tissue bound CO.2 Thisthe
setting most likely to give rise to neurological damage
including delayed neuropsychiatric sequelae.®* Concomi-
tant intoxication with ethanol may afford some protection,
probably because of an ethanol induced decrease in blood
flow and CO intake.s2%

Cytochromes have been shown, in-vitro, to bind
oxygen ninetimesmorereadily than they bind CO.>* Tissue
hypoxia, dueto cardiopulmonary or cerebrovascul ar disease
and to the effects of COHb, promotes CO binding with
cytochromes.® With time, the mitochondria may be over-
whelmed as the cytochrome-CO bond is probably not en-
tirely competitive.*

Thetissueswith the highest metabolic rate suffer the
most damage especially in areas of poorly devel oped collat-
eral blood supply.## Children are moreat risk than adults.?

THE FOETUS

Thefoetusisparticularly susceptibleto the effects of
CO.%+% Foetal Hb binds CO more avidly than adult Hb
resultinginahalf lifetwiceaslong asthat of maternal COHb
and COHb levels 10-15% higher. The oxy-Hb dissociation
curveisfurther totheleft andthelow arterial partial pressure
of oxygen facilitates CO binding to cytochrome. The risk
period extendsinto thefirst year of life, asat threemonths of
age the child still has 25% of foetal Hb.

OTHER TISSUES

Injury to other tissuesis often complex.* Traumato
muscle, chemical damage to the lung and sludging in the
glomeruli as aresult of rhabdomyolysis all complicate the
direct cellular damage produced by CO.#

DELAYED SEQUELAE

The events at cellular level are not clear. Early
deterioration may be due to death of tissue with previously
impaired blood supply or to cerebral oedema. Thisdoesnot
explain why some patients improve for up to three weeks
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beforerelapsing. Onetheory suggeststhat enzymesynthesis
disruption occurs but the cells continue to function until the
existing enzymes are used up. The ability of hyperbaric
oxygen therapy toimprove delayed function is possibly due
to reactivation of theseenzyme systems.® A variation of this
model emphasi sesthe strong binding of carbon monoxideto
solid surfaces and its ability to compete for receptor sites
slowing the rates of physiological reactions.t%

More recent research has concentrated on the simi-
larity to re-perfusion injury following cardiac arrest.®%
Thom has shown that exposure of |aboratory ratsto carbon
monoxide is associated with an increase in brain lipid
peroxidation, which commences only after the animals are
returnedto COfreeair.®®* Hyperbaricoxygenat 3ATA, but
not oxygen at 1 ATA (sedevel), was shown to antagonize
lipid peroxidation possibly by increasing the scavenging of
oxygen free radicals by superoxide dismutase.>%

POST MORTEM

Post mortem findings show widespread petechial
haemorrhages consistent with hypoxia, also infarction, par-
ticularly intheglobuspallidus, substantianigraand myocar-
dium, and cerebral oedema.®#*4& |nthose who die after a
delay, thefindingsarethose of cell degeneration and demy-
eination.®

Clinical features
MILD EXPOSURE

Low level exposure causes protean symptomswhich
may easily be mistaken for influenza or gastroenteritis.®®
Headacheisthe most frequent symptom and is often accom-
panied by nauseaand light headedness.®*¢” Fatigue, muscle
pains, diarrhoea, vomiting and difficulty in concentrating
occur as exposureincreases.®® Dilation of superficial veins
occurs early and flame-shaped retinal haemorrhages may
occur if exposure has lasted twelve hours or more® A
sudden increase in angina or the occurrence of palpitations
may result from occult exposure.z*

MODERATE EXPOSURE

More severe exposure leads to subtle neurological
dysfunction reflecting diffuse damageto the higher centres.
Many of these patients appear vague and psychometric
testing will uncover deficits. Neurologic examination often
shows generalized muscle weakness, impaired balance and
diplopia.™

Studies have shown that psychometric scores corre-
late better with the eventual outcome than does the COHb
level measured on arrival at hospital.”>? Psychometric
scoring measures the actual neurological deficit. When
there has been a delay between the CO exposure and the
taking of the blood sample some CO will havebeen rel eased
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from the haemoglobin, but not necessarily from the tissues.
Thecorrect first aid treatment of 100% oxygen by mask can
reduce the COHb level very rapidly.

A brief psychometric format appropriateto an emer-
gency department includes orientation, short term memory
andrecall, seria 7's, spelling aword backwards, drawing a
three dimensional house, writing a sentence, naming items
and following verbal and writteninstructions. Itisuseful to
have a standard formula available, such asthe Mini-Mental
State Examination (MM SE).™

SEVERE EXPOSURE

Severe exposure resultsin gross neurological abnor-
malities, lethargy, coma, agitation and convulsions.?® Often
these patients are abusive and combative when disturbed.
They may appear tobehyperventilating, hysterical or frankly
psychatic.# Muscle spasm, including trismus, has been
described.® Peripheral neurologica involvement isinfre-
quent.™

DELAYED SEQUELAE

Delayed neuropsychiatric sequel ae devel op between
two and twenty one days following exposure, often after
apparent recovery fromtheacuteinsult.** Higher functions
areimpaired, especially short term memory. Psychometric
abnormalities may reappear. Korsakoff’'s syndrome may
occur. Personality changes range from apathy to uncon-
cerned incontinence. Ataxia, incontinence and Parkinson-
ism may develop.*# Almost any neurological syndrome
may be produced.

In a series of 206 patients treated by Smith and
Brandoninthe1960’s, only the moreseverely affected were
given 100% oxygen at atmospheric pressure. There was a
33% mortality rate. Only 2.2% of the 138 survivors had
neuropsychiatric sequelae at discharge.” When reviewed
three years later the situation was considerably different as
10.8% had gross neuropsychiatric deficits, 28.4% had an
obvious personality deterioration and 36.5% had someloss
of memory.”

Theclinical state at the scene of poisoning correlates
better with therisk of sequelaethan doestheclinical stateon
arrival at hospital.***7 Variable recovery occursin 75% of
survivors at one year.”® Characteristically the most severe
delayed sequelae are seen in the elderly and in children.®
Delayed sequel ae are more common following severe poi-
soning.

Depression occurs frequently, even in patients who
do not attempt suicide. Following an attempted suicide, itis
oftendifficult todiagnosean antecedent psychiatric disorder
due to the presence of the neurological and psychiatric
sequelae of CO intoxication.”™
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CARIORESPIRATORY EFFECTS

The cardiovascular effects include ischaemia,
arrhythmias and hypotension. Most early deaths from CO
poisoning are due to ventricular arrhythmias and are more
common in patients with coronary heart disease or cardi-
omegaly .

Non-cardiogenic pulmonary oedema, due to other
toxic agentsin smoke, isparticularly likely if thevictim has
been trapped by fire in an enclosed space.*® Aspiration of
fluidsisahazard in anyone who isunconscious and is often
implicated in the death of patientswho die afew days after
admission.®

OTHER EFFECTS

In severe cases the effects of CO on other body
systems become apparent. Skin blistering, which usually
occursin pressureareas, isuncommon unlessthe COHb has
exceeded 40%.8* The classically described cherry red
discolouration of the skinis rare but venous blood samples
may appear arterial in colour.®

Raresequel aeincluderhabdomyolysis, acutetubul ar
necrosis, pancreatitis, hepatitis, haemolytic anaemia and
thromboti ¢ thrombocytopenic purpura.®* CO exposure dur-
ing pregnancy may result in premature labour, stillbirth and
severe neurological deficitsin the infant.s-6

Laboratory investigations

Arterial blood gas analysis shows a normal partial
pressure of oxygen if thereisno lung pathology. Sincethe
saturation figure given by most blood gasanalysismachines
is calculated from the measured oxygen partial pressure it
will befalsely elevated. Thetruesaturationisreduced by the
percentage of Hb bound to CO. Most pulse oximeters are
unable to distinguish between oxy-Hb and COHb and aso
over estimate the true oxygen saturation.®

Theimportanceof metabolic acidosisasameasureof
severity hasrecently been questioned. Several authorshave
demonstrated that both alkalosis and acidosis can accom-
pany clinically severe poisoning.2%® The lactate level is
probably a more reliable guide.®

The ECG commonly shows sinustachycardia, often
with ST depressionandflat or inverted T waves.”” Thechest
X-ray is often normal on admission but may display the
features of pulmonary oedema or of aspiration.
Haematological and biochemical analysis usualy reveal a
neutrophiliaand may show hypokalaemiaand hyperglycae-
mia21,88

The COHb percentage can be measured readily by
most laboratories and often helps to confirm the diagnosis.
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Whereasit was oncethe solecriterion upon which treatment
was based it is now only one of a number of factors to be
considered. Attemptsto calculate the past likely maximum
COHb are unreliable due to variationsin its half life.*

Only when alternative diagnoses require exclusion
should CT scanning from the emergency department be
performed. The presence of bilateral low density regionsin
the globus pallidus 24 hours after poi soning has been found
to predict ahigher incidence of death or magjor disability but
not all such patients show these lesions.1>#

M anagement
IMMEDIATE TREATMENT

Initial prioritiesarecontrol of theairway and support
of respiration and circulation. 100% oxygen should be
givenassoonasthediagnosisissuspected. Inaco-operative
patient this can be achieved with atightly fitting face mask
using a non-rebreathing valve and a reservoir bag. The
Hudson mask isinadequate and should not be used asit will
deliver no more than 50-60% oxygen even at 14 litres per
minute oxygen flow. In a comatose or unco-operative
patient aspiration must be avoided so endotracheal intuba-
tion, and possibly positive pressure ventilation, may be
required. Before hyperbaric therapy the cuff of theendotra-
cheal tube should be filled with water or saline. Cardiac
monitoring is required and 1V fluids should be started.
Hypotension usually responds to IV fluids. A urinary
catheter is required as in any other severely ill patient.
Patients with chronic obstructive airways disease and hy-
poxia-dependent respiratory drive present problems and
require careful assessment.

COMPLICATING FACTORS

Fire victims are at risk of airway problems from
chemical or thermal injury and should be observed closely.
Bronchospasm, pulmonary oedema and traumatic injuries
may need to be treated. In arapidly deteriorating patient
who does not respond to oxygen, treatment for cyanide
intoxication should be considered.? Sodium thiosulphate
and cobalt EDTA arethe preferred treatments.2? Methae-
moglobinaemia is dangerous in the presence of CO.%%

Suicide victims should be assessed for the effects of
ingested drugs, particularly tricyclic anti-depressants. Hy-
pothermia should be corrected.

Intravenous solutions containing dextrose are best
avoided ashyperglycaemiamay adversely affect neurol ogi-
cal outcome.®* Increased interstitial and intracellular lactate
levels produce acidosis which results in neuronal damage.
Several retrospective studies both in CO poisoning and in
other ischaemicneurol ogical conditionssupport thistheory.*
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Metabolicacidosisshould betreatedif itisassociated
with resistant ventricular arrhythmias or decreased cardiac
output not responding to intravenous fluids. The preferred
method of correction, if the patient is ventilated, is by
increasing the minute volume. Any sudden correction of
acidosiswill decreasethe serum potassiumand may precipi-
tate arrhythmias.

Hyperbaric oxygen
RATIONALE OF THERAPY

The purpose of hyperbaric oxygen therapy is two
fold.

Firgtly, it accelerates the removal of CO from Hb,
myoglobin and cytochromes. The half life of COHb in air
is 320-480 minutes. Thisis reduced to 60-80 minutes by
100% normabaric oxygen and to 8-23 minutes by HBO at
2.8ATA 7243 Atthispressurethearterial partial pressure
of oxygen is around 1,800 mm Hg which should displace
any remaining CO from the cytochromes. Intensevasocon-
striction due to hyperoxiarapidly reduces cerebral oedema
while increasing cerebral oxygen flux. Numerous pub-
lished case reports attest to the ability of HBO to awaken
unconscious patients whose COHb level has been zero for
hoursandtothe additional benefitsof repeated treatmentsin
patients with persistent deficits.564949

Secondly, it prevents delayed neuropsychiatric se-
guelae. Myersstudied two groups of patients.’® Thosewith
a normal psychometric score, normal ECG and a COHb
level of less than 30% were given normobaric 100% oxy-
gen. Delayed sequelae developed in 12%. The more
severely affected patients, with gross neurological signs,
psychometric abnormalities or a COHb level greater than
30%, received HBO at 2.8 ATA. There were no delayed
sequelae in this group. Those patients who developed
delayed sequel ae following normabaric oxygen were later
treated with HBO and all recovered.

While it was not a prospective controlled trial, this
study demonstrates two important points. Patients who
appear well when they reach the emergency department can
develop sequelae, and HBO iseffectiveboth for the preven-
tion and treatment of neurological sequelae.

Only oneprospectivecontrolledclinical trial of HBO
in CO poisoning has been reported,” but this trial used
oxygen doses which have been shown previously to be
i neffectiVe.10,12,14,17,41,75,96

In arecent review, Gorman and Runciman collated
the results of 13 clinical series in which the long term
mortality (at one month) could be determined.” A total of
1,847 patients had been treated with varying combinations
of normobaric oxygen, a single HBO treatment or HBO
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therapy confinedtothefirst 24 hoursafter admission. These
therapies accelerated the natura early recovery from CO
poisoning but did not prevent the delayed deteriorations.>
Another group of 1,594 patients had been treated withHBO
onadmission and then either daily, or asmade necessary by
the patient’s condition. Mortality in this group varied
between 0 and 9.6% and was essentially seen only in those
who had acardiac arrest prior to arrival at hospital. Inthese
patientslong termmorbidity varied between 0and 4.4%and
none suffered alate deterioration in cerebral function.

Indicationsfor HBO

HBO should be given as early as possible to the
unconscious patient and to the conscious patient with gross
neurological or psychometric abnormalities, clinical or
electrocardiographic evidence of ischaemia, arrhythmias,
significant hypotension, pulmonary oedemaor severemeta-
bolic acidosis, even if this requires transfer. Normally
transfer should not be attempted until the airway is secure
and the cardiac rhythm and blood pressure are stable.

The COHb level upon arrival in the emergency
department hasrepeatedly been showntoanunreliablebasis
for determining treatment.81°1% Rather arbitrarily, an iso-
lated level greater than 40% has been recommended as
indication for urgent HBO.2* Some authors recommend a
level of 25% in the emergency department on the basisthat
the maximum level at the scene would have been higher.*”

Pati entswho wereunconsciousor who had an abnor-
mal mental state at the scene but who are clinically normal
onarrival intheemergency department areat risk of delayed
sequelae. 07 Adultswithanisolated carboxyhaemoglobin
level greater than 25% and children with alevel greater than
15% are aso at risk.® Transfer to a hyperbaric facility
should occur within 24-28 hours of presentation.

In the absence of indications for early HBO therapy
100% oxygen should be administered for six hours.

The question of timing is important since most pa-
tients will have to be transferred for hyperbaric therapy.
Goulondemonstratedimproved resultsin comatose patients
when HBOwasgivenwithin six hours.® Norkool reviewed
115 cases over six years and concluded that it was possible
to achieve good results as late as 20 hours after exposure.*

REMOTE LOCATIONS

Patients in remote | ocations with minor psychomet-
ric abnormality should be treated with 100% normobaric
oxygen but if they do not improvewithin six hours, transfer
should be arranged. If they improve they must be reviewed
closely over the ensuing weeks for the development of
delayed neuropsychiatric sequelae. If these occur they
should be treated by HBO as soon as possible.*
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SAFETY IN PREGNANCY

There has been concern about the safety of HBO in
pregnant patients. A careful review of the literature by van
Hoesen has revealed that fears regarding teratogenicity,
foetal blindness and alterations in foetal circulation are
unfounded.®* It has been found that the maternal condition
at the site of exposure predicts the risk of foetal sequelae.®
Normabaric oxygen may decrease the maternal, but no the
foetal, CO load.* HBO should be given for any maternal
intoxication, foetal distress or a maternal COHDb level ex-
ceeding 15%.% In all casesit should be given as early as
possible.

Treatment schedule

In 1992 HBO is a very safe treatment. Multi-place
chambersallow medical staff toremainwithany seriouslyill
patient. All patientsare accompanied by aspecially trained
registered nurse. Intensive care, mechanical ventilation,
therapeuticinfusionsand arange of other procedures can be
performed in the chamber. Continuous cardiac monitoring
and invasive blood pressure monitoring can be employed.
Regular “air breaks’ are provided which amost eliminate
therisk of oxygentoxicity. Thepressurechangesaregradual
and the difficulty in clearing the ears is little worse than
descendinginan aeroplane. Claustrophobiaisovercomeby
distracting the patient, constant reassurance and the judi-
cious use of benzodiazepines.

At Fremantle Hospital the initial treatment is con-
ducted at 2.8 ATA. Following compression (often referred
to as descent) there are two 25 minute oxygen sessions
during which the patient breathes 100% oxygen, each fol-
lowed by five minutesbreathing air (air break). The patient
also breathes oxygen during the 35 minute decompression
(ascent) including afive minute stop at 1.9 ATA.

Follow up

Psychiatric review is important after attempted sui-
cide. Precautions to prevent recurrence are essential after
accidental cases. Reviewing patients seven daysafter expo-
sure provides an opportunity to detect delayed sequelae.
Relatives should betold to bring the patient back to hospital
earlier if thereisany changein their behaviour or personal-

ity.

Summary

Patients with carbon monoxide poisoning present
many challenges to emergency physicians and hyperbaric
unit staff. The role of hyperbaric oxygen has been well
researched and indications for its use are now clear. Itis
essential treatment to prevent post-poisoning neuropsycho-
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logical sequelae. In view of this, emergency physicians
should know how to arrange treatment at the nearest hyper-
baric facility.
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HAWAIIAN SCUBA DEATHS

Carl Edmonds and Roy Damron

Background

During the 1980’ s anumber of surveyswere carried
out on the causes of recreational scubadiving deaths. Also,
the death rate in recreational divers was revised upwards.!
Previously and also during that timethe National Underwa-
ter Accident Data Center (NUADC), under the control of
John McAniff carried, out annual surveys on the causes of
diving deaths.?* NUADC have recorded amost 3,000
fatalities, but the documentation relies heavily on second
and third hand information. Neverthelessthe great numbers
ensure that the information is of value. More recently the
Divers Alert Network (DAN) has aso become involved in
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the compilation and analysis of diving deaths in Northern
America

In the Australia and New Zealand survey (ANZ
series), by Edmonds and Walker*$, the deaths were less
numerous, but more data was available and it was far more
comprehensively catalogued. It included, as a routine,
comprehensive police reports, autopsy details, equipment
analyses and re-enactment trials. The information so ob-
tained was used as abasisfor aseriesof reports showing the
factors contributing to death, and not merely the “final”
cause.

This paper covers a nhumber of scuba deaths in
Hawaii over the same period. It is reminiscent of the
NUADC reports, relying more on newspaper and unofficial
reports than did the ANZ series.

Itishard to quantify the relative amount of material
available in the three series. The ANZ series had far more
detail than either of the American series. The Hawaiian
series may well be a little more comprehensive than the
NUADC reports because of the smpler logistics of obtain-
ing information from within a single State of the USA, as
opposed to trying to obtain information from all States and
overseas.

M ethods

These case fileswere compiled by one of the diving
expertsin Hawaii (RD), initially obtained from newspaper
reports but supplemented with follow upinvestigation, both
on an official and personal level, to ascertain more details.
Theanalysiswasthen made by anindependent expertinthis
field (CE).

Diving deaths data

For the80 deaths, thedatawasoften not completeand
therefore the percentages recorded are those of the number
onwhich that specific datawas available, usually not of the
total 80 cases. Thedataavailablefromthissurvey doesgive
some appreciation of the population being studied.

Approximately half the deaths were in divers aged
below 30. Another thirdwereaged between 31and40. None
were over 60 (Table 1). The great majority of the deaths
were in males. Only eight out of the eighty (10%) were
females.

Divingqualificationswerenct alwaysrecorded. This
information was available for 53 (66%) of the 80 deaths
(Table?2). Threedied on their first dive; one aone and two
with companions whose diving expertise was unstated.
Although 15%died while under instruction during their
basic “open water” diving certificate training, this figure



