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ABSTRACT

Background: Diving is a popular recreation with an excellent safety record, with an estimated 1.8 deaths
per 1 million dives. This study investigated the relationship between intentional deviation from accepted
diving practices (violations) and diver fatalities.

Materials and methods: The authors examined 119 incidents/122 diver fatalities that did not involve diver
training in North America and the Caribbean, and identified the presence of violations of accepted diving
safety practices, as well as if the death was associated with an acute medical event such as heart attack.
Results: Of the 122 fatalities, 57% (n = 70) were associated with a medical event and 43% (n = 52) were
non-medical. Violations were found in 45% of fatalities (n = 55) overall. Violations were recorded for 23%
of the 70 medical and 75% of the 52 non-medical fatalities. Divers who died from something other than
a medical cause were 7 times as likely to have one or more violations associated with the fatality (OR 7.3,
95% Cl 2.3-23.2). The odds of dying from something other than a medical condition increased approxi-
mately 60% for each additional 10 metres of depth. The odds of a death being associated with a medical
condition increased approximately 9% per year of age, or 2.4 times for every 10 years older a diver was.

Conclusions: Medical events are associated with over half of the non-training related diver fatalities in North
America and the Caribbean, with the odds of death being associated with a medical condition doubling
each decade of additional age. These data support recommendations that divers stay physically fit and
have regular medical checkups, particularly as they get older. They also strongly support the safety benefit

of adhering to established safe diving practices.

(Int Marit Health 2018; 69, 2: 94-98)
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INTRODUCTION

Although an activity with inherent risks, recreational
diving has a low mortality rate, estimated by the Divers Alert
Network (DAN) at 1.8 deaths per million dives [1]. In its most
recent Annual Diving Report, DAN estimated that for the
United States, around 2 out of every 100,000 recreational
divers die while scuba diving annually [2]. Cardiac-related
medical problems are a leading cause of death in divers
and risk factors for an acute coronary event are well doc-
umented even in dive professionals, including smoking,
overweight/obesity, and high blood pressure [3]. Deviation
from established safe diving practices has also previously

been found associated with recreational diving mortality
[4, 5], morbidity and near-miss incidents [6, 7]. Previous
researchers in non-diving settings have noted that many
unsafe deviations appear to be intentional choices, later
thought associated with fatalities [8, 9]. Lagache [10] found
87% of fatalities in the 1989 Ontario Underwater Council
reports had such deviations, with 86% contributing to the
chain of events leading to death.

The intention of this study was to assess what proportion
of diver fatality reports (in which it was possible to make
a determination) have such intentional deviations. If cor-
relations between intentional deviations and fatalities were
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also found, then it would be another step in understanding
behaviours that lead to, or contribute to, diving mortality,
and would support further improvements in diver training,
supervisory techniques and dive community practices.

MATERIALS AND METHODS

Two authors reviewed 236 cases involving diving fatali-
ties outside of training in North America and the Caribbean
that were reported, as is contractually required, by Profes-
sional Association of Diving Instructors (PADI) members
during 2010 through August 2016. The reviewers identified
cases in which it could be determined, by reported facts or
reasonable inference, whether or not a violation of accepted
safe diving practices likely occurred and if that violation was
causative or merely contributory.

An “accepted safe diving practice” was defined as a be-
haviour that is taught in diver training courses and accepted
in practice by the broad diving community. This study used
the definition of “violation” as consciously choosing to not
follow a safe diving practice and knowingly creating avoid-
able risk of harm to self or others. An “error”, by comparison,
was defined as attempting to follow safe practices, but
failing to do so. Both of these definitions are consistent
with previous research [11].

In analysing each case, the reviewing authors deter-
mined whenever there was a violation by the victim, buddy
or other directly involved diver, based on either a violation
being reported, or being clearly inferable from the data. If
there was no reported violation and/or if all deviations from
accepted practices in a particular case could reasonably
be explained by circumstances or error (i.e., trying to do
the right thing but doing the wrong thing), then no violation
was noted. This is similar to the approach previously used
[4, 10]. The reviewers recorded the binary classification
of “present” or “absent” in each case, irrespective of the
number or type of violations. The reviewers also assessed
whether each fatality likely commenced with a medical
event in the diver, not directly attributable to diving, such
as a heart attack. The determination of each death being
associated with a medical event was made by reviewing
information in the report, including autopsy, medical infor-
mation, reported statements by individuals with medical
expertise, and/or witness accounts of events that left no
other reasonable explanation. Nonetheless, the absence of
formal medical reports for all incidents is a study limitation
the authors acknowledge.

Fatalities involving divers undertaking training dives
were excluded to avoid ambiguity around the choice to follow
or deviate from a practice. The majority of cases (n = 113)
involved recreational no decompression diving, but there
were some (n = 9) involving technical diving (a specialist
sub-set of recreational diving that uses special equipment

and procedures to manage risk beyond the limits of main-
stream recreational diving).

Case reviews were conducted by the two reviewing au-
thors independently, each going through half the reports.
Cases with insufficient detail to provide useful data were
excluded (n = 112/236, 47%), as was one breath-hold
case. Data for the remaining cases were tabulated in Excel
for analysis. The reviewing authors then reviewed each
other’s cases, noting any disagreements in classification of
violations or medical triggers. Disagreements were noted
in 30 (13%) cases. These were resolved for 29 cases, with
one discarded due to no clear resolution.

In some instances (n = 11 medical events and 10 viola-
tions, 9% of the data), violations and medical events were
categorised as “Likely,” meaning there was some room for
doubt but the reviewing authors considered it more likely
than not, or “Possible,” meaning considerable room for
doubt but the variable could be inferred. In the final anal-
yses, the “Likely” variables were tabulated as present and
the “Possible” variables absent. A comparison with and
without this categorisation showed no meaningful effect
on the results and conclusions.

Lastly, one reviewing author went through the retained
fatalities, comparing the reports to the tabulated data to
double-check consistency. The end data set included 122
(52%) fatalities from 119 incidents (there were 3 double
fatality incidents), and these are the data described in
the results that follow. An application for ethical approval
was made to the Institutional Review Board of the Divers
Alert Network and this analysis was deemed exempt from
needing approval.

RESULTS

Fatalities were classed as medical (57%, n = 70/122)
or non-medical (43%, n = 52/122) events.

Violations were reported or inferable in 45% (n = 55) of
the 122 fatalities. Of these 55 fatalities, the violations in
58% (n = 32/55) were reported or inferable as being the
primary cause, and in 95% (n = 52/55) as contributing
to the incident. The medical and non-medical groups had
significantly different (p <0.0001) proportions of violations.
All of the causative medical violations involved diving with
a known medical condition that required a physician’s clear-
ance before diving, as defined by the Recreational Scuba
Training Council (RSTC) medical screen, but not having that
clearance. Diving with such a medical condition, but with
a physician’s clearance, was not considered a violation.

Table 1 summarises the distribution of violations by
age and sex, violations group, and incident and maximum
depths.

The hypothesised model was that the odds of a fatality in
these data being medically related would be associated with
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Table 1. Distribution of violations by age and sex, violations group, and incident and maximum depths

Medical group (n = 70)

Non-medical group (n = 52)

Overall ( n =122)

Age? [years] 61 (22-81)
Males® 53 (76%)
Cases with violations 16 (23%)
Violations causative 4 (6%)
Violations contributive 13 (19%)
Incident depth® 0 (0-37)
Maximum depthd 19 (0-40)

Data are shown as number (percentage) or median (range).
aAge was known in 120 (98%) fatalities.
bSex was known in all fatalities.

41 (15-67) 56 (15-81)
44 (85%) 97 (80%)
39 (75%) 55 (45%)
28 (54%) 32 (26%)
39 (75%) 52 (43%)
11 (0-79) 6(0-79)
25 (5-79) 20 (0-79)

‘Depth at which the incident started, in metres of seawater, was known in 95 (78%) fatalities.

dMaximum dive depth reached, in metres of seawater, was known in 85 (70%) fatalities.

Table 2. Significance and point estimates of variables in the final model, with 95% confidence intervals (for the outcome Medical = yes)

Chi-square  Pr > Chi-square  Odds ratio 95% confidence intervals
Violations (no vs. yes) 11.48 0.0007 7.34 2.32-23.24
Incident depth (per msw deeper) 4.55 0.033 0.95 0.91-1.00
Age (per year older) 11.60 0.0007 1.09 1.04-1.15

age, sex, dive depth, incident depth, causative violations
and/or any violation. After initial examination, sex, causative
violations and dive depth were found least closely associ-
ated and were eliminated from the model. The final model
is shown in Equation 1, where «, and ﬂl_a are constants.

Medical (yes or no) =« + ﬁl(VioIations) (1)
+ f,(Incident Depth) + B,(Age)

The R? was 0.41, indicating 0.64 correlation, which
means the final model accounts for 41% of the data vari-
ability around the mean. The significance of each variable
is shown in Table 2.

Based on these data and this model, the authors found
that divers who died from something other than an asso-
ciated medical event (or from an unknown cause) were
approximately 7 times as likely to have at least one viola-
tion associated with the fatal dive. Or, conversely, divers
who died following an associated medical event were one
seventh times as likely to have a violation associated with
the fatality.

The odds of dying from something other than a known
medical event increased 1.05 (5%) for each metre of depth.
In broader increments, for each 10 msw deeper when the
incident commenced, the odds of dying from something
other than a known medical event increased 64% (1.0510 =
1.64). Among the medical cases where depths were known

Table 3. Incident and maximum depths (msw) among
non-medical fatalities (n = 52)

Range [msw] Incident depth Maximum depth
0-9 14 (27%) 6 (12%)

9-18 6 (12%) 6 (12%)

18-40 10 (19%) 13 (25%)

> 40 4 (8%) 7 (13%)

Unknown 18 (35%) 20 (38%)

(n = 54), only 7% of these (n = 4) had a maximum depth
of 0 msw, yet 50% (n = 35/70) of the incidents involving
a medical case initially started on the surface. Maximum
dive depths and incident depths in the non-medical cases
are shown in Table 3.

The odds of dying in association with a known medical
condition increased 9% for each additional year of age,
or approximately doubled every additional 8 years (1.098
=1.99). Moreover, there was a marked difference in median
age between medical and non-medical reports, being 61
years vs. 41, respectively. This study also found 61% (n = 43)
of the 70 medical cases had reported or inferable factors
consistent with heart disease; these ranged from medical
reports and the reported opinions of medical personnel on
scene, to signs such as sudden unresponsiveness coupled
with age, obesity and/or exertion.
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Tolerated buddy separation or solo diving was report-
ed/inferable in 26% (n = 32/122) of cases overall. It was
present in 40% (n = 21) of the 52 non-medical cases, and
was considered contributive in 38% (n = 20) in that it pre-
cluded the possibility of assistance or rescue. The lone
exception was a solo technical dive. This was not counted
as a violation, because solo diving is accepted (though not
universally endorsed) in technical diving. Solo/buddy sepa-
ration was noted in 16% (n = 11) of the 70 medical cases;
of these 9 were considered contributive. The authors noted
no incidents in which having a buddy was a causative or
contributive factor.

In 41% (n = 29) of 70 medical cases, the victim ended
the dive early, (with ample breathing gas remaining and
before reaching a planned limit), without an apparent cause
or explanation. In these instances the victim commonly be-
came unresponsive during ascent, or shortly after reaching
the surface. The authors noted reported signs consistent
with Immersion Pulmonary Oedema (IPO), such as frothy
expectorant, in 14% (n = 17) of the 122 cases. There was
no attempt to further diagnose IPO, because there was no
basis for doing so; the authors acknowledge that in some
of these cases, the signs may have been explainable due to
drowning and other possible causes. The majority of cases
with IPO signs (71%, n = 12/17) were fatalities associated
with medical events.

Neither age nor sex was found to be closely associated
with signs of IPO, likely due to the small data set and/or the
inability to further separate IPO from other maladies that
cause overlapping signs. The authors noted no meaningful
patterns or associations between sex and incident depth,
buddy separation/solo diving or violations, with the excep-
tion of technical diving and double fatalities. All technical
diving exposure cases, (those involving technical diving en-
vironments where the victim was not necessarily qualified),
and all double fatality victims were male.

DISCUSSION

The data in this study support the community-held
premise that violating safe diving practices is likely one of
the primary causes/contributors to diver fatalities, though
the degree to which it does remains unquantified. Also,
it should be remembered that these data were reported
by PADI members in the United States and Caribbean
and the results and conclusions may not be applicable to
recreational divers in other geographic locations or diving
situations.

The authors acknowledge that quantifying violations
is problematic and that, doubtlessly, additional violations
existed in cases classified either with or without violations.
Also, the authors acknowledge that, as stated earlier, quan-
tifying medical events presents a potential study limitation.

Nonetheless, the overall findings are consistent with pre-
vious findings [4, 10]. The maximum depth range was also
consistent with DAN dive distribution findings from Project
Dive Exploration [12, 13].

The ages of the fatalities in this study are consistent with
those reported for 2014, which showed that more than half
the deceased were 50 years or older [2]. Given that many in-
dividuals continue to dive well into their senior years without
incident, it is plausible that it is not age per sé that increases
the odds of a medically-related death while diving, but the
tendency for risk factors for cardiac disease to increase
in prevalence with age [3, 14, 15]. Although comparable,
DAN'’s data are not identical to those analysed in this study
because they cover different geographic areas, DAN do not
segregate medical/non-medical causes of death and their
fatality data include training as well as non-training dives.
It is likely that some, but not all, the cases in this study are
included in the DAN fatality dataset but the reports compiled
by PADI members are not forwarded to DAN and not included
in the DAN case files. Therefore, the data reported in this
study have not been previously reported.

The data presented in this study appear to support
the assertion that diving with a buddy has a risk reduction
benefit. Given that 41% of the medical cases ended the dive
early, we suggest that when a diver indicates terminating
a dive early then dive buddies stay together all the way
to the boat/shore, even in circumstances when it would
otherwise be reasonable to observe the diver's ascent and
exit from below.

SUMMARY AND RECOMMENDATIONS

1. Violations of safe diving practices have been found
associated with diving incidents of varying serious-
ness. By comparing medical and non-medical diving
fatalities, this study found a demonstrable difference
that correlates non-medical fatalities with greater
prevalence of at least one safety violation. Our rec-
ommendation, therefore, is that divers discipline
themselves with respect to following accepted safe
diving practices, even when deviating from accepted
practices may offer convenience and appear rea-
sonable.

2. Beingin good health and fitness for diving is import-
ant atany age, but these data highlight the prevailing
recommendation that as one gets older, the need to
maintain fitness and regular medical assessment
becomes increasingly important for risk management.

3. Solo diving (intended or tolerated buddy separation)
was not found to be a causative violation, but ap-
peared in 26% of cases over all, and 44% of non-med-
ical cases. It was found contributive in the majority
of both groups by precluding any possibility of assis-
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tance. No incidents where diving with a buddy was
a causative factor were noted. Our recommendation
is for recreational divers to adhere to the buddy sys-
tem, even in circumstances such as technical diving
in which solo diving is currently acceptable to many
participants. This recommendation is not directed at
research, commercial, military or public safety diving,
all of which use different protocols.

Based on the large proportion of medical case dives
that were ended early by the victim (41%), our rec-
ommendation is to maintain the buddy system with
a diver who wants to terminate the dive early, even in
circumstances where it may be otherwise reasonable
to observe the diver's ascent and exit from below.
With such a small sample size (n = 122) the odds
ratios reported in this study may not approximate
relative risk among recreational divers. Despite the
high proportion of violations among non-medical fa-
talities, and the causative/contributive role these
played, it remains nonetheless likely that not all dives
with violations are fatal and that dives with violations
are more common than fatal dives. While the data
strongly point to a substantial increase in risk due
to violations, the increase in absolute risk remains
unquantified. Therefore, the authors recommend
continuing efforts to gather data on common diving
behaviours as well as more detail concerning inci-
dents that get reported. It may be useful to develop
an incident reporting system that collects data with
the intent of investigating violations/errors and oth-
er variables that might not otherwise be apparent,
whether they do or do not contribute to the incident.
For example, multiple violations were found among
Western Australian recreational diving fatalities [4].
A prospective study may determine which violations
are the most common, the most serious and/or the
more likely to contribute to diving fatalities.
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