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Dl VI NG FATALI TI ES AND STATI STI CAL | NTERPRETATI ONS:
| NTRODUCTI ON

This chapter deals with statistics avail abl e on diving deaths and draws heavily on
data obtai ned fromthe USA where the vast nunber of divers engaged in the pursuit
(2million Americans in skinand SCUBAin 19661) has resultedin a consi derabl e nunber
of fatalities. These have been analysed in great detail and published in the
University of Rhode Island (URI) Scuba Safety Report Series 2, 3 and 4.

Dat a on t he causes of diving fatalities is necessary tooutline deficienciesindiver
trai ni ng and di vi ng conduct and to recogni se trends and patterns in order to prevent
future fatalities.

GENERAL

Schenck et al 2 conpared their series of 135 cases from1970, 132 cases 1971 (gat hered
fromfol | owup of newspaper reports) and 261 cases from1946- 1964, 1966- 1969 ( gat her ed
from personal comunications and newspaper reports with the series of 94 cases
gat hered by Websterl from newspaper reports only. These are tabul ated bel ow.

Included in the table is an i nconplete series of Australian fatalities conpiled by
Val ker S,

TABLE 1
DI VI NG FATALI TIES I N USA 1946-1970 AND AUSTRALI A 1965-1972

Webst er URI Wl ker URI URI
1965 1946- 64 1972-73 1970 1971
1966- 69
% Mal e skin divers 26.6 17.6 16. 3 12.9
% Fenal e skin divers 2.1 0.4 1.5 0.0
Total skin divers % 28.7 18.0 26.5 17.8 12.9
% Mal e SCUBA di vers 69. 2 81.2 76. 3 81.1
% Fenml e SCUBA di vers 2.1 0.8 59 5.8
Total SCUBA divers % 71.3 82.0 73.5 82.2 87.1

Snorkel diver fatalities are clearly outwei ghed by SCUBA deaths in all series and
thereis atrend towards a declining proportion of skin diver deaths in recent years.
It is likely the skin divers outnunber SCUBA divers but the skin diver faces fewer
hazards and the scope of his dives is considerably restricted. Thus it seens
under st andabl e that the nortality incidence is less with this group.



SEX

Femal es accounted for only a small proportion of both skin and SCUBA deat hs al t hough
this proportion seens to be i ncreasing, possibly reflecting an increasi ng nunber of
femal es participating in the sport. Denny and Read® recorded 1 fenal e death (4. 8%
in 21 cases from 1959-65 in Mchigan, their results being derived from accident
reports fromthe State Police. Their figures are conparable with the US figures for
t he same peri od.

Bayl i ss’” noted 2 femal e (2.8% deaths anong 71 Australian fatalities between 1957-
67, asimlar incidence tothe URl series2 whichdrewnmany of its cases froma sinilar
period. his figures were extracted fromreports of governnent nedi cal officers and
coroners t hroughout Australia. Lowy and Thonmas® (1974) found t hat femal es account ed
for 18%of Australian divers who passed the diving nedical exam nation in a series
of 382. This woul d suggest that a smaller proportion of fenale diversis killedthan
mal es. However it may not be conpletely valid to relate these figures as the
proportion of females successfully conpleting the nedical exam nation does not
necessarily represent the proportion actually diving.

AGE
TABLE 2
AGES COF DI VI NG FATALI TY VI CTI M5
Age Webst er URl UR UR Bayl i ss
1965 1946- 64 1970 1971
1966- 69
10- 15 4. 1% 4. 2% 7.8% 4. 0% 0%
16-20 28.2 29.6 23.8 26. 4 19.7
21-25 24.0 33.7 21.6 20.0 29.6
26- 30 11.4 11.7 13.8 16.8 12.6
31-35 10.2 11.3 .5 8.0 14.1
36-40 8.2 3.3 3.8 4.0 11.3
41-45 8.2 2.3 11.5 4.8 4.2
46- 50 3.6 0.8 5.4 7.2 8.5
51-55 1.1 1.9 1.5 4.8 0
56- 60 1.1 0.4 2.3 1.6 0
61-75 0 0.8 0 0.8 0
TOTAL NUMBER 86 213 130 125 71

In the reports mentioning the ages of victins nost deaths were recorded in divers
aged bet ween 16-30. These victinms were in the prinme of youth and presumably at their
peak of physical fitness. Thereports of Bayliss and URI (1946-1969) found t he hi ghest
i nci dence of deaths in the age group 21-25. However the latest URl series and
Webster’'s series, found the highest incidence (Averaging 26% in the age group 16-
20, suggesting anincreasing nortality rate anong young di vers inrecent years. This
age group accounted for only 16.5% of candidates for diving who passed medical
exam nationreportedin Australiaby Lowy and Thomas, suggesting a di sproportionately
hi gh incidence of fatalities in divers under 20.



The relative immaturity and/ or i nexperience of young divers are probably inportant
factors in their deni se.

EXPERI ENCE
TABLE 3
EXPERI ENCE COF VI CTI M5
URI URI UR Denny and Read
1946- 64 1970 1971

First dive 7.8% 13. 6% 14. 3% )

)
First dive in open water 5.2 8.7 12.8 )

)
Early open water ) 71.5%
(2-6 divers) 33.4 14. 8 18.7 )

)
Some experience )
(rmore than 1 year) 24.2 30.7 28.6 )
Consi der abl e experi ence )
(several years) 13.6 16.0 20.8 )

)
Very Experienced ) 28. 5%
(commerci al divers or 33.4 14. 8 18.7 )
divers with very good )
reput ati on) )

TOTAL DI VERS 155 81 91 21

The URI series showed t hat over one third of the deat hs occurred i n experienced divers
(those with fewer than 6 dives), with an increasing proportion being killed on their
first dive, the proportion reaching 14.3%in 1971. This UR paper inplicated the
i ndi scrinminate hiring of equi pnent to novices in these fatalities, and al so poi nted
out the inportant environnental difference between swi nmi ng pool s where many novi ces
are taught, and open water. O the deaths, 13%were novi ces who di ed whi | e under goi ng
i nstruction, half of whom were being taught by professional instructors.

Al arm ngly al so, those di vers who woul d be consi der ed experi ence (wi th over one year’s
experience) contributed over half the fatalities inthe URI series. Those with many
year s experience conprisedhal f of thisgroup. It is probablethat the highproportion
of relatively experience divers being killedreflectedthe nore anbitious dives they
woul d tend to undertake, and a neglect of safety principles.

Denny and Read found 3 divers (14.2% diedduringtheir first diveanda sinilar nunber
di ed whi | e under instruction. These figures are consistent with URl series. Fifteen
of the divers (71.4% were regarded by the authors as i nexperience (with |l ess than
2 years experience) inthis series. These figures are also sinmlar tothe UR group.

O 91 SCUBA cases where training was recorded in the URI series, 39% had no fornal
trai ning and 31%had sonme course and held a certificate in the other cases there was
sonme training of an unspecified nature. Anmong the 91 victins were 7 instructors.



Thus nei t her the possessi on of “experience” nor acertificateis adequate protection
against diving fatalities.

O 17 snorkel divers in the URl series, 19% were novices, 24% had sone experience
and 47% were very experienced. Although it is difficult to draw concl usions from
smal | nunbers, here again the experience diver is in the mgjority and |ack of
experience seens to be aless inportant factor in fatalities. Experience may bring
withit adisregard for hazards and a conpetitiveinclinationto hazardous procedures
such as hyperventilation prior to diving. Presunably experienced snorkel divers are
nore nunerous, and are |l ess |likely to avoi d hazardous situations. Bayliss reported
three cases (4.3% in his series in which the diver was known to practise
hyperventilation. O the 16 Australian deaths in 1973 reported by Wal ker, three (19%
occurred in swi mm ng pool s and resul ted fromunconsci ousness and drowni ng fol | owi ng
hyperventilation. Hyperventilation prior to diving is a hazardous practice and is
probably a significant cause of skin diver nortality.

BUDDY DI VI NG
TABLE 4

ANALYSI S OF THE BUDDY SYSTEM RECEI VED CAREFUL ATTENTION I N THE URI REPCORTS COF
1970 AND 1971

Ski n SCUBA Skin & SCUBA
conbi ned

Al one 50% 11. 3% 17. 0%

1 buddy 15. 8 45. 7 41. 3

2 buddi es 18. 4 14.0 14. 7

3 buddi es 7.9 9.1 8.9
Sever al 7.9 16. 3 15.0
Surface tender 0 3.6 3.1
TOTAL NUMBER 38 221 259

The i nportance of buddy diving has been | ong taught to divers. The high proportion
of snorkel diving victins diving alone woul d seemto enphasi se the consequence of
ignoring this rule. These divers are also those nost suited to rescue and
resuscitation by a buddy since they are likely to be diving in relatively shall ow
wat er and are not prone to the effects of breathing conpressed gases.

Surprisingly, however, the nmajority of SCUBA victins were diving with one or nore
buddi es. In fact over 40%were with one buddy, the potentially nost efficient buddy
system

These figures sonetines have been quoted by divers in defence of diving al one.
However, as the URI report rightly point out, the figures may well indicate afailure
of the application of the buddy systemrather than a fault in the systemitself. A
buddy who i s not physically attached to or in direct conmuni cation with his partner
is merely another human swinming in the same ocean. |n fact, the URI exanined the
activity of buddies in 1971, it found that in 42%of cases, the buddy | ost contact
with the victimduring rescue, enphasising the inportance of buddy |ines.



In the 1970 and 1971 URI series only 7%and 6%respectively of all fatalities arose
from cave diving o the figures are not significantly biased by nmultiple cave
fatalities.

The URI group then exanined the activity of buddies in 1971

Buddy stayed with victim 29 %
At t enpt ed buddy breat hi ng 18
Buddy | eft water ahead of victim 11
Buddy | ost victimon surface 14
Buddy | ost victi munderwater 28
TOTAL NUMBER 85

O interest in these figures is the nunmber of fail ed buddy breathing attenpts. As
pointed out by URI series there seens to be a need for training in buddy rescue
t echni ques.

BUDDY BREATHI NG

URI studies 24 cases of fail ed buddy breathing in 1946-70 group. They stressed the
followi ng characteristics:

1. Over half were attenpted deeper than 20 netres, the depth ranging from 2-
45 netres, except for one fatality at 100 netres.

2. In noinstances did the assisting buddy di e while the rescuer survived (this
shoul d encour age woul d-be rescuers to share their air). The inportant point
however is the advant age of having one’s own regul ator delivering air. This
enphasi ses the advantage of octopus rigs.

3. In 29%of cases the victimor buddy’s face mask was di spl aced, consi derably
conplicating an already difficult operation

4, There were 3 cases (12.5% of air enbolism It is easy to imagine
overinflation of the lungs occurring during the situation involving
consi derabl e victimanxiety, regulator sharing, purging and ascendi ng.

5. There were 3 instances (12.5% of thevictimrefusingtoreturnthe nouthpiece
and fighting for it.

These figures certainly suggest a case for reconsi deri ng buddy breathi ng as a rescue
net hod. As the URI report points out, thereis a vast difference between controll ed
buddy breat hing in the pool or sheltered ocean environnment during training and the
critical emergency situation with a frightened and possibly hypoxic victimw th
limted visibility.

Except in the cave situation, there appears to be a good case for abandoni ng buddy
breat hing i n favour of free ascents with the buddy gui ding the victi mto the surface,
or for using an alternative source of air eg. octopus rig or air inflatable vest.



EQUI PMENT FAI LURE

Regul ators: In the URI series there were only 4 cases (1.5% nentioned. In one of
these the regul ator had been inproperly assenbled and in two cases regul ators had
been fouledwith foreign material. Regulator failure does not seemto be an i nportant
factor.

In 1970-71 URI series 13%had run conpletely out of air and 6%had very little air
left. It was stated that the |ack of air was an i nportant factor in these deaths.
More wi despread use of tank pressure gauges nmay hel p obviate this risk.

LI FE VESTS

The URI series, considering vests worn and | ater checked, showed:

Vest worn, not used 31%
Vest worn, mal function or

no gas cartridge 33.3
Vest worn,

inflated during accident 35.7
TOTAL CASES 42

Inonethird of cases where vests were requiredthere was a nal function. Thesereports
referred to CO cartridge vests which were then popular. The safer air inflatable
vests are now being used nore frequently

Inasimlar proportion of cases the vest failedto savethe victim The URl reports
suggest that this fact is partly expl ai ned by the poor quality of sone vests avail abl e
wi t h i nadequat e buoyancy or failure to keep the unconscious victims face clear of
the water.

LOCATI ON
URI SERI ES
Sea 58. 9%
Fresh Water 30. 3%
Cave 10. 8%
TOTAL CASES 360
Cave deaths constitute a considerably proportion of deaths. In Australiain 1973-

74 of 13 diving deaths, 30% occurred during cave diving.?®

The hi gh proportion of fresh water deaths may refl ect the Anerican continent’s | arge
i nl and wat erways and t he practi ce of quarry di ving, and may not be appli cabl e t o ot her
countri es.

CAVE DEATHS

Most of the cave deaths in URI and Wal ker’'s series resulted fromwhat could only be
descri bed as fool hardy dives. |n 1946-70 series, 82 cave or sinkhole deaths were
recorded. Only 6%of victins were consi dered adequately equi pped. Twenty five per
cent were diving on air in excess of 40 netres, at which depth the risks of poor
visibility and a restricted environment are conpounded by the problemof nitrogen
narcosis. Fifty per cent of victins either had nolifeline to the surface, or |eft
it to explore further.
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Inatragic quadruple sinkhole fatality in Australia in 1973, eight divers dived to
depth in excess of 60 netres with no shot line, reserve tanks, or safety |ines. Four
of the group were fortunate to survive.

DAY DI STRI BUTI ON

As expected, the mpjority of cases occurred on weekends - Sunday nobst commonly,
fol | owed by Sat urday and Monday. Fatalities were nore conmoninsumrer thaninw nter.

WEATHER

In half the URI cases the weather was cal m suggesting that weather per se is not
of dom nant i nportance.

OTHER FACTORS

Less than 1% of deaths were caused by shark attack, contaminated air or spearguns
inthe URl series. Injuries to the diver froma boat caused the death of over 3%
of the cases in the latest UR report.

DEPTH OF BODY

The URI series showed that in half the cases the body was recovered in water |ess
than 30-40 feet in depth. In the Denny and Read series, 85%of the 21 cases were
in depth Iess than 30 feet. It is in this depth that one woul d expect the novice
to dive with some feeling of security.

TI ME UNTI L RECOVERY

In only 34%of the cases in the URI 1970-71 reports was the body recovered within
15 minutes. Resuscitation was attenpted on nost of these victins, but the delay in
recovery made the efforts futile.

In only one fifth of the cases was the body recovered in | ess than 5 m nutes when
a good chance of resuscitation m ght be available. This again reflects the need for
an efficient buddy system

AUTOPSY FI NDI NGS
TABLE 5
AUTOPSY FI NDI NGS

UR URI Denny Bayl i ss kal yi Ml es
1970 1971 & Read % % %
% % %
Asphyxi ati on
and dr owni ng 49 56. 6 37.5 63.3 12.5 44. 0
Pul monary
Bar ot r auna 17.6 26.1 50.0 15.5 58.3 10.0
Head I njury
and Dr owni ng 9.8 4.3 0.0 0.0 0.0 0.0
Myocar di al
Infraction 9.8 2.2 12.5 0.0 0.0 0.0
Vom ting and
Aspiration 5.9 2.2 0.0 0.0 0.0 0.0
Pr opel | er
I njuries 3.9 0.0 0.0 0.0 0.0 0.0
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UR URI Denny Bayl i ss Ckal yi Ml es

1970 1971 & Read % % %
% % %

Drowni ng after

ot her nedi cal

illness, eg.

di abetes 0.0 0.0 0.0 8.5 8.4 6.0
Anoxi a (usual ly

on O, equi pnent) 0.0 0.0 0.0 0.0 0.0 16.0
O, Toxicity 0.0 0.0 0.0 0.0 0.0 10.0
Shark attack 0.0 0.0 0.0 0.0 0.0 6.0
O hers 0.0 0.0 0.0 0.0 0.0 6.0
TOTAL CASES 51 45 8 71 24 51

As expected drowning is the nbst common cause of death and, where possible those
factors which have incapacitated the patient leading to the drowning have been
separated. It isinteresting to note that the second nost comon cause of death in
series other than MIlesl0 and Denny and Read’s is pul nonary barotrauma (usually
resulting in air enbolisn).

kalyi’'s figures deal with Torres Strait |slander pearl divers who are not typica
of sport divers. Helnmet diving was used and any mi shap was usually followed by a
free ascent, often | eadi ng to pul nonary barotrauna, deconpression si ckness, or both.
The divers rarely followed standard deconpression tables and conmonly devel oped
deconpressi on sickness. The | ow incidence of unconplicated drowning is probably
expl ai ned by the divers being always well attended fromthe surface.

The URI 1946-69 survey nentioned autopsies in only two categories. These were 23
cases of lung over pressure and 5 of myocardial infarction

It has been suggested in the URI series that the increasing incidence of pul nonary
barotrauma reported was an indication of increasing awareness of the injury by
coroners and that air enboli smoccurredin aconsiderably greater proportion of cases
than was found at autopsy. O the 101 cases screened in the 1970 URI report for
synpt ons suggesting air enboli smas observed by eye wi t nesses, 28 specul ative cases
emerged (17% . Eight of these were diagnosed at autopsy as air enbolism Since the
aut opsy technique required to detect air enbolismis critical it is quite possible
that cases renain undi agnosed. Denny and Read found synptons suggestive of air
enbol i sm observed in eye witness reports in 52% of 21 victins. Autopsies were
performed on 4 of these cases and pul nonary barotrauma with air enbolism was
denonstrated. There were only 8 autopsy reports nentioned in the series.

Ml es’ cases are drawn fromrecreational, professional and nmilitary divers and it
i s not cl ear whet her they are obtai ned fromautopsy findi ngs. The spectrumof causes
of death i s considerably broader since potentially hazardous rebreathi ng equi pment
is commonly used by military divers and rarely used by civilians. The highincidence
of deaths subsequent to nmedi cal di sease, conbined with the probability that some of
t he pul nonary bar ot rauma deat hs i nvol ved a pre-existing | ung condition, enphasises
the need for regul ar nedical exaninations.
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CONCLUSI ONS

The bul k of the data presented was gathered inthe United States. However the diving
patterns are not unlike those in Australia and other devel oped nations, and the
findings are probably quite rel evant to these countries. Were conparable figures
for Australia exist, in general they show simlar trends to the US figures.

Victins of Diving Fatalities

Fewer skin (snorkel) divers are killed than conpressed air divers even through there
are probably nore snorkel divers operating. It seems reasonable that the surface
swi mer who rmekes internittent excursions to relatively shall owdepths and breat hes
air at atnospheric pressure faces fewer risks than the conpressed air diver.

Sex of Victins

Fewer fenales are killed in diving accidents than mal es, probably reflecting the
relatively small nunbers of females in the diving population. The proportion of
female fatalities appears to be increasing, at least in the USA as nore femal es
participate in the sport.

Age

The majority of victins are drawn fromthe young and undoubtedly fittest group of
t he di vi ng popul ati on, nost being inthe 16-25 age group. Cearly youth and physi cal
fitness, while desirable in divers, are no insurance against fatality.

Buddi es

The majority of skin divers die al one enphasising the need for buddy diving.
Surprisingly however the najority of SCUBA divers diein spite of their lip service
to the buddy system The inportant question is whether the buddy systemis being
applied correctly. A diver who cannot contact his buddy has none. |n nany cases
the buddy failed in his attenpt to rescue the victi mthrough | osi ng contact with him
(no buddy line) or through failed buddy breathing.

There appears to be a need for training in all aspects of buddy rescue.

Equi prent Fai | ure

Regul at or failure was not aninportant factor. Inonethird of cases where an attenpt
was nade to use COy i nfl at abl e vests, there was a nal function. Oteninadequate vests
were used and in one third of cases the vest failed to save the victim The newer
air vest may prove considerably safer.

Location

The majority of deaths occurred in safe water. Ten per cent of fatalities occurred
in cases, despite the relatively low incidence of cave diving. Most cave deaths
resulted from poorly equi pped and ill-conceived dives.

Day/ Mont h Di stribution

Most deat hs occurred on weekends during the sumrer nonths.
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Weat her
In half the cases the weat her was calm
Dept h of Recovery

I n 50%o0f cases, the body was recovered fromdepth |l ess than 30 feet. Thisis a depth
of water in which novices could be expected to feel nore confident.

Ti mes of Recovery

Inonlyonethirdof cases was t he body recoveredintinefor any hope of resuscitation.
This again reflects deficiencies in the application of the buddy rescue system

Cause of Death

Drowning is often the ultinmate cause of death and conprises the majority of autopsy
findi ngs.

Pul monary barotrauma was di agnosed in 10-20% of nost series.

A simlar percentage of fatal deconpression sickness was recorded in an Australian
series.

The autopsy techniqueindivingfatalitiesiscritical and nore cases of air enbolism
may be detected as techniques are refined.

Reprinted with perm ssion of the publishers, from Diving and Subaquatic Medicine
(1976) by Ednonds, Lowy and Pennefather, a Diving Medical Centre Publication,
avai l able from The DMC, 6 Hal e Road, MOSMAN 2088, for $18.00 plus $2. 00 post age.
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" | see that SPUMS dives here ! "
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