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PROJECT STICKYBEAK

This project is an on-going investigation seeking to
document all types and severities of diving-related
incidents. Information, all of which is treated as being
CONFIDENTIAL inregardtoidentifying details, isutilised
in reports (such as this) and case reports on non-fatal
incidents. Suchreportscanbefreelyusedbyanyinterested
person or organisation to increase diving safety through
better awareness of critical factors. Information may be
sent, in confidence, to:-

Dr DG Walker
PO Box 120
NARRABEEN NSW 2101

FIRST AID PRIORITIES FOR DIVERS
THE TOBERMORY VIEWPOINT

G Harpur

Due to the large number of divers attracted to the
Tobermory area by the clear waters and abundant marine
artifacts, we are provided with many opportunities to
examinethose events surrounding diving accidentswhich
influence their outcome. In the past year approximately
30,000 dives were committed, principally between the
24th May and the Thanksgiving weekend in October, by
some 7500 divers of whom 30% were student divers on
theirinitial openwater experience. Since 1974, therehave
been 36 accidentsresultinginmajor injury todiversaswell
ascountlessminor incidentswithlessserioussequelae. In
this paper | intend to present areview of the more serious
incidents and accidents with particular attention to those
factors which contributed to the serious or fatal outcome.

Our figuresindicate that on any given divein the last two
years, the diver’s chance of being injured was 0.04% and
of being killed was 0.003%. These figures do show a
higher incidencethanisreported el sewhere, eg. the Rhode
Island surveys, and may reflect the effects of cold water
andthehigh proportion of novicedivers. Trainingaccidents
havebeenrare, with only 1 fatality and 2 seriousincidents
occurring in the past 7 years.

There have been 16 deathsin the period 1974 to 1981, out
of atotal of 36 seriousaccidents. Of these deaths, 11 died
before reaching the surface, 3 died after reaching the
surface but before reaching the recompression facility and
2 died after completing an initial treatment table. The
remaining 20 diversall survived and were entirely intact,
so far ascould be clinically determined, after one or more
treatment runs. There were no survivors who sustained
any long term injuries as aresult of their accidents. This
typeof sharp divisionisprobably unusual and can be most
likely explained by the unique character of our situationin
Tobermory. Most of the diving takes place within the
confines of Fathom Five Provincial Park and this areais

controlled by both OPP (Ontario Provincia Police) and
Park staff routinely, so a very rapid response to any
accident is possible. The average time from the victim
arriving at the surface until being placed back under
pressure, when indicated, is between 30 and 40 minutes.
Thisorganizational so permitsavery detailedinvestigation
of each incident and accident to be carried out at the same
timeasthevictimisbeingtreated. Park staff and OPPdive
team members conduct interviews with other members of
thedivinggroup. Inmoreseriouscases, exhaustivestudies
are conducted on the equipment and air supply, with the
assistance and such technical support asDCIEM (Defence
and Civilian Institute of Environmental M edicine) and the
Centre for Forensic Science in Toronto.

TABLE1
FACTORS RESPONSIBLE FOR INCIDENTS

WHERE A DIVER FAILED TO SURFACE OR
SURFACED WITH ASSISTANCE

DIVER FITNESS
Training

None or taught by afriend

Diving alone

Improper response to:
freeze-up
emergency ascent
buoyancy control
shallow water blackout

Psychological State

Unfit
Temporary conditions
Pre-existing long term conditions

Medical Conditions

Temporary
Pre-existing long term

EQUIPMENT

Inadequate
Malfunction

RESCUE

Poorly organised or no plan
Improper technique

If we consider first the group of diverswho failed to make
thesurfaceontheir own, wecandividetheminto subgroups
according to the various factors which accounted for this
failurein each case. In some of the accidents, more than
oneof thefactorslistedin Table 1 may have been present.
The following brief case histories serveto illustrate these
points.



DIVER FITNESS
TRAINING

Fortunately we have not encountered many casesof diving
without formal instructionwhich haveresultedinproblems
in Tobermory, althoughthesearecommon el sewhere. The
oneexamplewehaveillustratesacombination of informal
instruction, diving alone and inadequate equipment.

Diving Alone

PH, a26 year old male, who had just completed hisPhD in
Maths and Physics, and who was a self taught skin diver,
wasfreediving to 50-60 feet depth in an area off the shore
of Georgian Bay which hadaflat bottom, sloping gradually
to depth in excessof 100 feet. He had no buddy, but there
were several groups of scuba divers in the same general
area. Hisfriendson shorewandered away for aperiod, as
they were accustomed to hisbeing out for periodsupto 90
- 120 minutes. He was not on the shore or visible in the
water whenthey returned. After aperiod of confusionand
tripsto his car 1 mile away, the alarm wasraised. It was
now dusk. Hisbody waslocated the next morning by OPP
diversin 70 feet of water. 1t wason the bottom with 16 1b
of lead in place, afull wet suit, mask and flippers and no
buoyancy device. Another weight belt, visible from the
surface, with 18 Ib of lead on it, lay nearby. Autopsy
determined the cause of death to be drowning. Hislack of
adequate training undoubtedly left this diver unaware of
how rapidly shallow water blackout occurs, and hislack of
avest reduced his options.

We have not been able to document asingle casein which
equipment malfunction directly caused adiver’s death or
injury. It has always been the diver's response to the
problem which results in the pathology. Recognition of
the malfunction and effective management of it are part of
good diver training. The following casesillustrate areas
where the job is still being inadequately done.

Inappropriate Responses. Freeze-Up

Regulator freeze-up is a common event in cold water,
whichisto say in all water deeper than the thermoclinein
Canadian lakes at any time of the year. Proper training
should reduceunnecessary useof the purgebutton, anxious
panting and heart exertion which encourage this problem.
All students should be aware of the problem, exposed toit
and taught how to recognize it and how to respond
appropriately. That is by breathing off the free flowing
regulator to the surface. Failure to do this has been the
initiating event in several incidents, two of which resulted
in fatality.

In the first of these, the individua who died was an
innocent bystander.

JM wasan 18 year old malediver who, after qualifying the
day before, was persuaded to participate in a badly
conceived dive to 70 feet off Flower Pot Idand. Four
diverstook part. Two had previous experienceto 70 feet
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in warm water, and formed one buddy pair. JM’s buddy
had one previous dive to 100 feet in cold water. None of
the divers were familiar with the site. No shot line was
dropped to confirm depth, despite the fact that depthsin
excess of 300 feet are encountered in this area.

Difficulty with buoyancy control was encountered by all
the divers during the descent as they had all weighted to
neutral trim at the surface and failed to anticipate the
effects of wet suit compression. Thisresulted in arapid
descent and thediversfoundthemsel vesvery unexpectedly
at 90 feet, just 20 feet off the bottom in clear 4°C water.

At this point, one of the pair of warm water divers
encountered afreeflow probably secondary to anxiety and
overbreathing. Heabandoned hisregulator and attempted
buddy breathing, but was unsuccessful due to numb lips.
His buddy now abandoned him, ascending rapidly. JM’s
partner, the most experienced diver, took over. Thethree
remaining divers were on the bottom at 110 feet at this
point. The CO2 cartridge, a25 g sizeonthevictim’'svest
had been pulled with no apparent effect. (See the later
section onvests). Theattemptsto force buddy breathethe
victim were moderately successful. This pair of divers
swamup after droppingthevictim’ shelt. JM wasfollowing
in no apparent difficulty. At 50 feet the rescuer ran out of
air, pulled his reserve and continued up with the victim.
IM wastill inattendance. At 30feettherescuer completely
ran out of air, dropped his weight belt, blew his vest and
released thevictimwhowasnow positively buoyant. Both
divers arrived on the surface where the other diver was
waiting. Thevictimwasinfair shapealthough heunderwent
prophylacticrecompressionfor possiblecerebral embolism
at Toronto General Hospital later.

JM never arrived at the surface. Lack of planning led to
confusion and delay in the rescue attempts. Thebody was
recovered 4 hourslater by OPPdiversonthebottom, infull
gear withhisvestand CO2 cartridgeintact (ie. not activated).
Autopsy showed death was due to massive air embolism.
The degree of mask sgqueeze present suggested that IM
made a breath hold lunge for the surface when the other
divers took off from 30 feet. Histank contained air and
there was no evidence of equipment malfunction.

Although JM did not encounter freeflow, thefailure of the
initial victim to deal properly with this event initiated the
sequence which led to his death.

The second exampleillustratesamuch more direct effect.

SG, also an 18 year old male, was making a dive on the
Arabia, whichliesin 110 feet of water. Hetoo wasalow
timediver, but did have several hours of post certification
diving at depths of up to 40 feet in cold water. The
temperatureat 110 feet was4°C asusual and thevisibility
40-50feet inlow light. He encountered afreeflow at 100
feet early in the dive, and abandoned his regulator. His
buddy commenced buddy breathing with him, but SG
refused to return the regulator. The buddy dropped his
belt, activated his CO2 yest and swam up, dragging the
victim, he thought, by the regulator. When he arrived on
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thesurface, SG wasnot withhim. Thebody wasrecovered
several hours later in full gear and with an intact C0O»
cartridge. Autopsy showed death had been dueto massive
air embolism to al major vessels, with damage to both
lungs. Panicinduced by aninappropriate responseand the
surprise of an unfamiliar problem had claimed another
victim.

There were also many minor incidents which avoided a
similar conclusion only by chance. One, which was
somewhat amusing, involved a fellow and his girl in 30
feet of water. The girl encountered a free flow and
abandoned her regulator. He being chivalrous, gave her
his. She refused to relinquish it. Asin the last case, he
bounced to the surface, dragging her with him, but in this
case she was unharmed. The abrupt development of a
romance-shattering insight was the only damage done.

The major problem in all these cases arose because of an
inappropriate responseie. abandoning theregulator. This
indicatesaflawinbasictraining. Goodfreeflow simulation
ispossible. OUC have recently published amodification
to astandard scuba set, devised at Tobermory, which will
permit any student to be exposed to this problem and its
management, in the safety of the pool.

| nappropriate Responses: Emergency Ascent

Evenwiththebest of training and planning and equipment,
if one dives long enough one will encounter an out of air
situation, more frequently if one neglects any of the
foregoing.

Theinadequacy of theresponsescurrently being taught for
use in this situation, are illustrated by the next series of
cases.

JK was another 26 year old malediver. The frequency of
this age and sex combination begins to look like an ill
omen. Hewas performing an emergency ascent from 30
feet in open water aspart of hisgraduation exercises. The
drill to be followed was:

1 remove the mouthpiece
2. undo the weight belt and pass it to your buddy

3. swim up, humming constantly, with the instructor
and flare at about 5-10 feet.

JK commenced hisdrill but fouled up at 2, when he undid
his tank strap. He replaced his regulator, refastened his
strap and after abrief rest, started again. He completed the
exercise correctly and was observed to be exhaling,
presumably by humming, throughout the ascent, by his
instructor. At the surface he wasimmediately asked how
hefelt. Hereplied, “I feel fine”, just before passing out and
convulsing. CPR was effectively applied and he was
evacuated to the beach and subsequently to the hyperbaric
chamber, inapproximately 25 minutes, whereanimmediate
table 6A with extensions was commenced. He recovered

spontaneous respiration and circulation after drainage of
bilateral pneumothoraces, and remained stable without
any recovery of cerebral function despite repeated
recompression. He died 4 days later of brain infarction.
Examination of his equipment and gas analysis revealed
no problems.

JK had approximately 10litrelungs. If weassumedthat he
near filled his chest before his attempted ascent, the
outcomeiseasy to explain. Humming doesnot permit alot
of air to escape. Theamount necessary to produce agood
hum can be aslittle as 50 ml/second. A hard hummer can
get rid of 500 ml to 1 litre/second, but averages are
probably around 250 ml/second. From 30 feet to the
surface, JK had to clear 9 to 10 litres if he was to avoid
disaster and hisascent timewas6to 7 seconds. Humming
obviously could not do the job. Unfortunately the lungs
providelittlewarning of theimpending disaster asevidenced
by his“fine”. Thetragic partisthat hisunimpeded airway
had the capacity to handle flows in excess of 10 litre/
second, more than 6 to 7 times his requirement. The
obvious solution is to teach an ascent technique which
keeps the airway open. (See continuous breathing cycle
ascent below).

Probably the commonest emergency ascent technique
taught isthe continuously exhaling pattern. This mode of
ascent wasdefinitely used in 8 of our embolism caseswho
survived, in one of the fatal cases for certain, and it is
highly probableit wasthetechniqueusedin4 others. This
constitutesabout 60% of thefatalitiesand about 75% of the
casualties due to ascent technique.

The case of diver TR, a42 year old male, assistant diving
instructor illustrates this very well.

TR had completed awell organized dive with his club on
the Arabiaand was making the ascent from 110 feet when
he decided that since he was ascending alittle faster than
thenormal 60 feet aminute, he should probably dowhat he
taught hisstudentsto do during fast or emergency ascents,
ie. exhale continuoudly.

Thiswas the last thing he could recall until he cametoin
the hyperbaric chamber some hourslater. He had arrived
at the surface unconscious and not breathing, brought up
by hisown vest due solely to vest expansion. Hehad some
frothy red sputum coming from his nose. His group
followedtheir emergency trainingand commencedartificial
respiration (AR) with the victim on a 20° head low slant
and transported him to the chamber. On arrival there he
was breathing spontaneously, coughing up some bloody
sputum. He was still very obtunded, responding only to
deep pain. Rapid recompression on atable 6A resultedin
dramaticrecovery within 15 minutes. Hewasconfusedfor
the first 90 minutes after full recovery of consciousness.
He kept asking how he could possibly have embolised, as
he was so positive about his decision to exhale. We
reassured him that although many would doubt him, we
did not and explained the mechanism of small airway
closuretohimandthehazardsof exhaling ascents. Thesad
part isthat this diver had adequate air supply and stopped



breathing only because he was misinformed.

Thedegreeof embolismsustainedinthiscasewasobviousy
dlight and thisis typical of the injury which results from
low volumeair embolism. Theembolism doesnot usually
kill directly, but does alter consciousness and lead to
drowning. These casesare often missed at post mortem as
not many pathologists are well versed in the mechanics of
diving injuries. This problem, like that created by the
humming ascent, is avoided by the continuous breathing
cycle ascent protocol.

Inappropriate Responses. Buoyancy Control

In many of the cases where the diver died, the cause of
death was drowning and the embolism or hypoxia or
fatigue which led to this outcome were not in themselves
serious. Intheseinstancesafailureto get to the surface or
a failure to remain there, was the critical factor in
determining the outcome. Many critically injured divers
survived because they reached the surface. All of those
who remained on the bottom or returned to it, died.

This underscores the importance of the diver making
certain that he will continue to ascend even if he loses
consciousness. None of the divers recovered from the
bottom had dropped their weight belt, and none had
deployedthe CO2 cartridgeor otherwisefully inflated their
vest.

The case of PH cited earlier, illustrated the effects of
hypoxiainfreediving. Many scubadiversfail toappreciate
that oncethey are out of air they too can becomecritically
hypoxic during ascent for the samereasons. Calculations
show that adiver who runs out of air and then attemptsto
swim up with no assistance from vest or from dropping a
weight belt runs a significant risk of abrupt loss of
consciousness during the ascent if he starts deeper than 50
feet. Intria runsfrom 60feetinthechamber at Tobermory
while exercising at alevel equivaent to such aswimming
ascent, two subjects were unable to complete a simple
secondary task all theway up, both becoming confused at
depths greater than 6to 7 feet. A repeat run from 90 feet
resultedinonesubject gettinginto difficulty with confusion
at 21 feet, the other at 13 feet. Such confusion under water
could result in loss of control and breath holding, with
subsequent embolism or aspiration of water and drowning.

A good exampl eof thisisthecaseof LC, a27year old diver
on her first night dive in the company of an older more
experienceddiver. Thedivewasplannedto 30feet, butthe
area of the dive included depths to 90 feet. Both divers
were weighted for a neutral trim at 18-20 feet with 12 |b
and 14 b lead respectively. Some incident led to both
women embolizing and neither shed her weight belt or
inflated her vest, but one surfaced, the other, LC, was
recovered the following day, having drowned following a
minimal embolism. | wish | could say the other survived,
but shedid not for aseriesof reasons| shall deal withlater,
but she had a chance, LC had none.
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PSYCHOLOGICAL FITNESS

Many of theincidents, especially those which commence
with free flow, indicate that the diver involved was under
excessive pressure at the time of the incident. Most
frequently thisstressappearsto originatein peer pressure.
Thelow timediver attempts adive which takes him out of
hisdepth and experiencein order to beoneof thegroupand
provethat he can hack it thus setting the stagefor tragedy.
Asthisfactor isapparent in many of the casescited, | will
give no specific example.

This same problem, diving while under excessive duress,
has |ed to two cases of spurious decompression sickness.
Both of these cases presented as type two decompression
sickness but the findings were inconsistent and the
complaints variable. Resolution of one case required a
sham chamber treatment with descent to 3 feet on
compressed air resulting in an abrupt and total resolution
of al symptoms and signs.

MEDICAL CONDITIONS

Temporary

Medical fitness or rather the lack thereof has been a
significantfactorinbothincidentsandfatalities. Temporary
disability of minor degree has served asthe trigger factor
in several cases and the commonest exampleis difficulty
with ear clearing. It would appear that we are not doing a
very goodjob of training peopleinthisarea. Weconducted
asurvey of novicediversduring the summer of 1978 with
the results shown in table 2.

TABLE 2

DAMAGE TO THE EARS OF 186 NOVICE DIVERS

No Barotrauma 79
Minimal 29
Moderate 70
Severe 8
(Bilateral) (11)

The interesting point about thisis that despite the fact the
two-thirdshad significant traumato their ears, only oneor
two recognized this fact.

Most of the problems created by this sort of trouble have
been minor. We see asteady stream each summer that we
refer to asinvestors. The people leave home 200 or 300
kilometresaway without checking that their earscanclear.
They arrive in Tobermory, pay for their charter, rent
equipment and get teamed up with abuddy, and still have
not checked that their earsclear. Finally at 10-15 feet on
thefirst dive, with all their money and timeinvested, they
discover that their ears are going to be difficult. They
proceed to try everything known to God and Man to get
thoseearstowork, frequently winding upinour handswith
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various types of squeeze or worse.

Theeffectsarenot alwaystrivial. Therehasbeenonecase
of adiver, GP, inwhom air embolism resulted from panic
at 10to 12 feet over ear pain. Hemadeabreath hold ascent
and becameconfusedwith bl oody cough and voicechanges.
Responseto therapy wasexcellent and amodified table 6A
resulted in histotal recovery.

Most serious problems arising as a result of temporary
disability are aresult of diving while under the influence
of drugs, the commonest being alcohol. The partner inthe
case of LC cited earlier, was a 42 year old female, KC.
What event led her to embolize during that night dive was
unknown. She cameto the surface where she added fresh
water drowning to her problems because her face was not
supported free of the surface with her weight belt on and
thevestwasnotinflated. Shevomited and aspirated during
resuscitationattempts. Despiteeffective CPRand surviving
her initial chamber treatment, sheeventually died with the
following injuries: massive air embolism of the cerebral
vessels, aspiration pneumonitisand fresh water drowning.
Her blood alcohol was reported as twice the legal limit.

Fatigue, al cohol and decongestantsfiguredinthetemporary
disability whichled tothedeath of. TR, a26 year oldmale
diver. TR drove up to Tobermory during the night,
arriving at 0600 hours having imbibed liberally en route.
Duringhisfirst diveof theday at 1000 hoursheexperienced
difficulty with his ears. So he took a couple of Sudafed
tablets. Thiswas hisfirst experience with this particular
medication, and for good measure he washed them down
with a couple of ounces of rye. Two hours later he made
a dive to 40 feet for 45 minutes. He made an abrupt
swimming ascent for reasonswhichwerenever elucidated.
At the surface, he was confused and could not stay up,
succeeding neither in releasing his weight belt nor in
inflating his vest. He subsequently lost contact with his
buddy and sank. Hewasrecovered by other diversinafew
minutesat adepth of 4feet. Hewasunconsciousandfailed
torespond to attemptsat resuscitation. The cause of death
was drowning secondary to minimal air embolism.

Street drugs probably played asignificant rolein the death
of LS. This23year old diver approached two other divers
at 100 feet with his regulator out. He took the regulator
offered him and took one breath, returned it, then refused
to take it back. The rescuer had located his octopus and
offered the regulator to keep, but it was refused. The
victimwasnow intotal panic and holding tightly onto part
of thewreck Arabia. Therescuers pried hisfingersloose
andtook him up, squeezing hischest, pounding hisgut and
doing al the things they had been taught to make him
exhale.

Unfortunately an air breathing mammal underwater in
severe panic will giveyou aimost anything, hislunch, his
blood, but not hisair solong asheremainsconscious. Thus
the diver predictably held his breath and sustained a
massivedegreeof embolismresultingininstantirreversible
death. Subsequentinvestigation showedthat hallucinogens
and cannabis had both been in use.

A more effective job of educating sport divers to the
hazards of diving whileimpaired physically, emotionally
or pharmacologically istheonly thing that will reducethe
frequency of these occurrences.

Long Term Pre-existing Conditions

Thepresenceof alongterm pre-existingmedical condition
whichshould contraindicatedivingisbecomingalarmingly
common. What ismost disturbing about thisisthat many
of these diverswith ahistory of epilepsy, or asthma, have
reportedtheir illnesstothephysicianwhodidtheir screening
physicals, requiredto enter Scubatraining by most agencies,
and were cleared as completely fit to participate in the
sport. The consequences of thisare well demonstrated by
several incidents. | will cite two.

GB wasa42 year old diver with along history of epilepsy
which had been under control for more than 20 years, but
which still required that he take Diazepam (Valium) on a
regular basis. During a dive to 50 feet, off Lighthouse
Pointinthe Tobermory harbour area, helost consciousness
during ascent whileseparated from hisbuddy. Fortunately
he was positively buoyant and continued to the surface.
Hisluck at the surfacewas good as he popped up under the
nose of some well trained people who cleared his airway
of vomitus and administered effective CPR, which was
required. When he arrived at the Hyperbaric facility 20
minutes later hewas still comatose and requiring AR, but
now had spontaneous heart action present. After 15
minutesat 165 feet heshowed no signsof recovery. When
placed on a breathing mixture of 50% N2 and 50% O2 he
responded rapidly. Within 5 minutes he was awake but
struggling and confused. He remained confused for 4
hourswhilean extended table 6A wascarried out. Hethen
abruptly recovered totally except for a short period of
amnesia surrounding the dive. The difficulty with short
term memory persisted for several days. His subsequent
course was one of total recovery with no sequelae. Heno
longer dives.

Thesecond caseisthat of a59 year old male, VK, who had
pre-existing arteriosclerotic heart disease with a rhythm
disturbance, requiring medi cation, and chronic obstructive
lung diseaseof moderatedegree, al sorequiring medication.
At 110feet on the Arabiathisdiver became stuporousand
confused, but was brought up under control by hissmaller
femalebuddy in atruly remarkabledisplay of good diving
skills effectively and calmly applied. He was coughing
bloody sputum and unconscious at the surface requiring
AR. Recovery was rapid but complicated by aggressive
behaviour and confusion adding to the problem of his
management. Atour unit he presented asacase of definite
pulmonary barotraumawith bloody, frothy sputum and of
fresh water near-drowning of significant degree
superimposed on the original maladies. Hew as hypoxic
and confused to beginwith. Thishad been clearing during
evacuation and with O2 and ahead | ow position continued
to do so. He had no pneumothorax. However X-rays
confirmed the presence of near-drowning and the pre-
existing emphysema. Ashewasimproving he elected not
to use the chamber in the face of the serious pre-existing



disease. Had he been worse or deteriorating our hand
would have been forced. He subsequently made a full
recovery. | am surethe possibility of afatal outcome was
not missed by much.

To reducethissort of problem we havejust drafted ashort
articleoutlining the hazards of scubadiving and listing the
factors to be looked for during medical examination to
determinefitnessfor the sport. Thisisto bereproducedin
the journal of Family Medicine and the Medifacts tapes
system, which should bring it to the attention of amajority
of primary care physiciansin Canada.

EQUIPMENT

Regulators

Many of the cases aready cited illustrate equipment
shortcomings. Regulator freeze-up canbemanaged. While
it cannot be completely prevented by current single hose
designs, many companies have produced products which
are more resistant than others. To achieve low breathing
resistance, high peak flows are required. Many designs
havepursuedthisgoal, neglectingthefact that thesehigher
flow ratesimply greater cooling and therefore greater risk
of freeze-up. Divers should be made aware of those
designswhich best meet both criteriasuch asthe excellent
line by Sherwood which we have found very freeze-up
resistant.

COp Vest

In cold water the performance of these vests at depth is
pitiful (Table 3). Below 60 feet CO» vests are wholly
inadequate in our 4°C waters, even with the largest of
cartridges. A vest can be used asalast resort air supply if
fitted withtheright mouthpieceandif theskill ispracticed,
butif itisfull of CO2 breathingwould of courseonly hasten
your demise. A CO2 cartridge with a power inflator does
not ease the problem as the one time you really need that
vest iswhen your air supply has gone.

Twoyoung divers, MZ and JSdied whilediving thewreck
of the Forest City. These diverswere wearing C0O2 vests
which at 150 feet would provide 1.25 pound lift when
depl oyed agai nst net negativebuoyanci esof approximately
10to 12 pounds. Neither reached thesurfacenor survived,
so the exact role played by this deficiency remains
speculative.

The diver TR referred to earlier droned because he failed
to inflate his vest on the surface. He was unableto do so
becauseit had apower inflator but hewasout of air. It had
an oral inflator but he was fighting so hard for breath he
could not spareany. It had no CO2 or alternativelast ditch
fill system.

Thesolutionsarefairly obviousandsimple. Anindependent
fill system for the vest. This should be breathable oneis
diving in cold water deeper than 50 feet. The training
required for safe use of the system should be part of all
diver courses. There is a new inadequacy in equipment
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TABLE 3
C02 VEST BUOYANCY
Cartridge size Lift at 90 feet
in 5°C water
38g 51b
259 2-31b
12 g 151b

(AverageCanadiandiver-buoyancy at theend of expiration
is4 |b negative. Thisbecomes 6 to 8 Ib negative if water
isinhaled).

which, asfar as| am aware, has yet to produce a casualty
that | would like to mention in passing.

Stabilizing jacket

Thestabilizer jacket isbeing widely promoted astheideal
buoyancy device. Whileitiscompact and comfortablein
most circumstances, fully inflated many models cause
significant restrictionsto respiration and asensation rather
like what | have always imagined the grip of an octopus
might feel like. These effects could be devastating if
experienced for the first time in an emergency situation.
Divers should be cautioned in thisregard. Details of the
restriction to respiration will be included in a study to be
published shortly.

Malfunction

Equipment malfunction was an initiating factor in many
cases, including JM, SG and L Sand acomplicating factor
inothers, including TR and JG. | would liketo emphasize
that the malfunction per sekilled none of these divers. It
was their reaction to the malfunction that did.

RESCUE

Thisbringsmetothelast areaof difficulty, theresponseto
the accident by other divers. The most frequent cause of
difficulty in relation to technique waswith CPR. Inthree
of four cases where divers reached the surface but died
before reaching the recompression units, faulty or no CPR
wasinvolved. Inthecaseof TR1oosebridge-work lodged
inhisthroat. Therescuersabandoned CPR on RR because
thevictim vomited. AsResusci-Anne never did that they
weretotally unprepared. Inonecase, no CPRwasattempted
because the victim was cold, blue and had dilated pupils.

Most divers could get 2 out of 3 on that test after any dive
at Tobermory. Inthecaseof KCtheinitial problemswere
compounded by faulty CPR, which fractured ribsand may
have lacerated the lungs.

CPRtrainingfor diversneedsto emphasizethat unconscious
diversin ahead low position amost inevitably vomit, ina
passive way and that to save these people you must be
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prepared to clear the airway, spit out the chunks and keep
going. Divers must also be taught that the pupillary signs
aretotally unreliablewhendealingwithapotential cerebral
air embolism.

Organisation and Planning

The following case illustrates almost every factor | have
discussed and many more besides.

JG was a 30 year old diver, with low time diving with a
group who did not know him or hisexperience beyond the
fact that he possessed a C card. Hisgirl-friend was along
as part of the group so the pressure was on as the group
decided to dive the Arabia. Dive organisation had been
fairly good throughout the weekend, but for some reason
whichwasnever clear, itwasnow let dlip. Thediverswere
not in standard buddy teams. On the descent one female
diver aborted after crossing the thermocline at 80 feet and
was|eft alone onthedescending line. JG continued down.
After completing a part of the distance around the wreck
one of the more experienced divers noticed that JG was
already down to 750 psi and directed him back toward the
ascending line. He then turned to signal the rest of the
group to follow. The girl left behind was at 70 feet and
came to the surface with the rest of the group, having
encountered no other diver. At the surface, the captain of
the charter boat, an interested bystander, pointed out that
the group was a diver short and the search for JG began.
There was no-one who had not aready dived. So four of
thoseinthewater madeimmediate repetitive dives, one of
them twice, using fresh tanks. Finally 20 minuteslater JG
was brought to the surface, dead. Death was due to
massive air embolism of the brain and heart. Subsequent
investigationreveal ed that thediver had encountered afree
flow, ascended, embolized and sunk to the bottom where
hewasfound. Asaresult of therepetitivedivescommitted,
we wound up treating 1 case of type 1 decompression
sickness and 4 cases of missed decompression. | do not
believe an additional comment is required

Thedual fatality of JSSand MZ on adive conducted without
a safety diver, reserve air or communication 8 miles off
shore, illustrated the same deficiencies. The old maxim,
plan your dive and dive your plan really saysit all.

LESSONS FOR FIRST AID PRIORITIES

In this review of the accidents at Tobermory | have
attempted to review thosefactorswhich could bealtered to
improvethesituationand prevent theaccidentsorimprove
the outcome.

First aid has obviously got to start with training if the
figures are to change much. Of 15 deaths, 11 failed to
surface which certainly limits one's options in dealing
withtheseaccidents. Universal adoption of thecontinuous
breathing cycle ascent protocol below would eliminate

most of theair embolism cases. Detail sof thisprotocol are
available on request.

1. Do not remove the regulator from your mouth
unless you have another to replace it with, or in
cases of entanglement. The regulator provides a
safety valve, and a possible source of air.

2. Continuetoattempt tobreatheinand out at all times
even if out of air or without your regulator. This
ensures an open glottis and larynx, and minimises
the chance of small airway closure.

3. Make certain you become positively buoyant by
inflating your buoyancy compensator or dropping
the weight belt or both. This guarantees that you
will reach the surface despite hypoxia.

CPRtrainingisthemost critical factor todateindetermining
the outcome if the diver surfaces.

Good diveorgani zationensuresrapid responseand prevents
incidents from becoming complicated.

Thereis no conclusion to this paper, itisin fact merely a
beginninginwhat wehopewill becomeabroader, ongoing
review of Canadian diving accidentsand incidentsleading
to improved First Aid for Divers.

SPUMS MELBOURNE MEETING

A very interesting programme was available to members
on November 20th. Unfortunately few memberstook the
opportunity to hear Dr Peter L averick present two cases of
spinal decompression sickness and Dr Geoff Macfarlane
discussthe pitfalls of histories as given by divers and the
newly available recompression chamber stationed at
Morwell. They werefollowed by Dr Harry Oxer discussing
decompression accidents in Western Australia and Dr
CharlesHackmanwho presented two casestreated recently
at PrinceHenry’ sHospital. Thefinal speaker wasDr John
Knight who outlined “First Stepsin First Aid for Diving
Accidents’ using achart devel oped from that presented to
thejoint SPUM S Singapore Navy meeting in June 1980 by
Dr Mike Davis and published in the SPUMS Journal
Supplement 1981. The new chart appears opposite.

Those who missed the meeting will not need to miss the
information as the papers will be published in the Journal
during 1982.



