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Abstract

(Lippmann J, Taylor D McD. Medical conditions in scuba diving fatality victims in Australia, 2001 to 2013. Diving and
Hyperbaric Medicine. 2020 June 30;50(2):98-104. doi: 10.28920/dhm50.2.98-104. PMID: 32557410.)

Introduction: This study identified pre-existing medical conditions among scuba diving fatalities in Australia from 2001
to 2013, inclusive, and assessed whether these conditions likely contributed to the deaths.

Methods: The National Coronial Information System (NCIS) was searched for scuba diving-related cases during 2001-2013,
inclusive. Coronial findings, witness and police reports, medical histories, and autopsy and toxicology reports were scrutinised
for pre-existing medical conditions and autopsy findings. Predisposing factors, triggers, disabling agents, disabling injuries
and causes of death were analysed using a validated template.

Results: There were 126 scuba diving-related fatalities identified during the study period. Forty-six (37%) divers were
identified as having a significant medical condition which may have contributed to their incident. The most common condition
was ischaemic heart disease (IHD) which had been diagnosed in 15 of the divers. Thirty-two (25%) deaths were attributed
to cardiac disabling injuries (DI) such as ischaemic heart disease and arrhythmias, although a cardiac DI was thought likely
in another six. Respiratory conditions were implicated in eight (6%) deaths, at least four associated with cerebral arterial
gas embolism. At least 14 (11%) divers who had contributory pre-existing medical conditions had been cleared to dive by
a medical practitioner within the year prior.

Conclusions: Chronic health-related factors played a major role in almost half of these deaths; primarily cardiac conditions
such as IHD and cardiac arrhythmias. Although fitness-to-dive (FTD) assessments have limitations, the high incidence of
cardiac-related deaths indicates a need for ‘older’ divers to be medically assessed for FTD.

Introduction

Scuba diving is conducted in an inherently hostile
environment and sometimes under conditions which can be
challenging to even the most healthy and fit individuals. It
is generally accepted that divers should have an appropriate
level of medical and physical fitness and psychological
health in order to facilitate safe diving.! However, some of
the medical conditions believed to constitute an unacceptable
risk have been subject to debate over the years.

Historically, most cardiac conditions, asthma and diabetes
were considered absolute contraindications to scuba diving.
However, over time, various diving medical organisations
have modified their positions and a substantial number of
divers with these and other comorbidities are diving, largely
without incident.>*

Coupled with this, the sport is attracting and accepting a
more widely-aged cohort of the population and long-time
divers are ageing.>¢ Associated with increasing age is a

higher prevalence of co-existing disease.” Such conditions
may have been diagnosed and medically managed. However,
they may often be undiagnosed as the diver may have been
asymptomatic, or symptoms may not have been reported
and appropriately investigated and managed.

Diving fatality reports reflect a substantial increase in the
prevalence of deaths in older divers.®® This is likely the result
of the combination of increased participation and increased
risk imposed by age-related co-morbidities. It is, therefore,
important to better understand the impact that pre-existing
medical conditions may have had on diving fatalities to better
inform physicians and divers about the potential risks. Given
this, we aimed to identify pre-existing medical conditions
in the victims of scuba diving fatalities in order to assess
whether these conditions likely contributed to the deaths.

Methods

We undertook a retrospective review of scuba diving-related
deaths reported to various Australian State Coronial Services
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during 2001-2013, inclusive. Approval for the study was
received from the Human Research Ethics Committees of
the Victorian Department of Justice, the Royal Prince Alfred
Hospital and the Coroner’s Court of Western Australia,
the Queensland Office of the State Coroner and Deakin
University.

The methodology for identifying relevant cases is described
in detail elsewhere.® In brief, it included a comprehensive key
word search of the National Coronial Information System
(NCIS)." Relevant coronial findings, witness statements,
police, autopsy, toxicology and equipment reports, as well
as medical histories were critically reviewed by a team
which included an experienced forensic pathologist, at least
two diving physicians and an experienced diving fatality
researcher. Possible contributing factors to the deaths,
including the impact of identified medical conditions,
were discussed until consensus was reached. Annual
case series were prepared and published.!! These were
used in conjunction with a validated template to identify
predisposing factors to each of the deaths.!

Results

One hundred and twenty-six scuba diving-related fatalities
were identified during the study period. Forty-six (37%)
divers were identified as having a total of 62 significant
medical conditions which may have contributed to their
incident (Table 1).

DIAGNOSED OR UNDIAGNOSED BUT REPORTEDLY
SYMPTOMATIC CARDIAC CONDITIONS

The most common condition was ischaemic heart disease
(IHD) which had been diagnosed in 15 (12%) of the divers.
However, another eight had not been diagnosed with cardiac
disease but had experienced previous dyspnoea and/or
chest pain prior to the incident. These divers had significant
autopsy evidence of IHD. The disabling injury (DI) in 19 of
these 23 divers appears to have been cardiac-related.

Pre-existing cardiac arrhythmic conditions were assessed
as likely to have contributed to the deaths of two divers.
One of these had known atrial fibrillation. The other was
a 17-year-old with undiagnosed prolonged QT syndrome.
Cardiac dysfunction associated with viral myocarditis was
believed likely to have contributed to the rapid ascent and
subsequent cerebral arterial gas embolism (CAGE) in one
diver. One other diver is believed to have been disabled
by an arrhythmia precipitated, in part, by mitral valve
incompetence.

CARDIAC FINDINGS AT AUTOPSY

Internal post-mortem examinations were available for 123
(98%) of the divers. Overall, it was determined that 32 (25%)
deaths resulted from a cardiac-related DI. Some cardiac
pathology was found in 25 (20%) other cases although this
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was not believed to have been contributory in most of these
as other more likely DI’s were identified. However, in six
cases, a cardiac event was believed to have been reasonably
possible, although the overall evidence was not sufficiently
strong to make a confident determination.

Details of cardiac findings believed to have been contributory
are shown in Table 2. The data in the table relate to the 38
cases (i.e., the 32 attributed to cardiac causes and the other
six thought likely).

Autopsy evidence of left ventricular hypertrophy (LVH)
was found in 24 (20%) of all divers (i.e., those with either
cardiac or non-cardiac DIs) for whom internal post-mortem
examinations were conducted and pertinent details reported
(Table 3).

RESPIRATORY CONDITIONS

Pre-existing respiratory conditions likely contributed to the
deaths of eight (6%) divers. These included asthma (three
divers), chronic obstructive pulmonary disease (COPD,
two), pulmonary cyst (one) and pleural adhesions in two
divers, one of whom had a prior pneumothorax. Five of
these divers were disabled by pulmonary barotrauma (PBT)
and/or CAGE.

OTHER CONDITIONS

Twelve (10%) divers were being treated for hypertension,
two for non-insulin dependent diabetes mellitus (NIDDM)
and two had suffered a previous stroke. At least 11 of these
divers appear to have had a cardiac event while diving. Three
divers had a history of seizures or epilepsy. The asphyxia-
related deaths of two of these three divers were unwitnessed,
and itis possible, albeit unproven, that an underwater seizure
occurred.

MEDICAL ASSESSMENT

There was some information on prior medical examinations
in only 38 (30%) of the cases. In these, the assessments
ranged from several days to 17 months prior to the incidents.
At least 14 divers who had pre-existing medical conditions
that contributed to their deaths had been cleared as fit-to-
dive by a medical practitioner within the year prior to their
incident. Although there might have been more, only three
of these 14 reports specifically indicated that the examining
doctor had training in the assessment of fitness to dive (FTD)
and it is likely that most of the doctors had no specific
FTD training. Three of the victims had pulmonary disease
(emphysema and pleural adhesions) and the remainder had
cardiac conditions. One of these had undergone a cardiac
stress test five months prior, with a negative result.

MEDICATIONS

The medications taken by 38 of the divers were known,
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Table 1
Sixty-two pre-existing medical conditions found in 46 scuba divers and the associated disabling injuries. CAGE = cerebral arterial
gas embolism; COPD = chronic obstructive pulmonary disease; CVA = cerebrovascular accident; PBT = pulmonary barotrauma;
IHD =ischaemic heart disease; [PO = immersion pulmonary oedema; MV = mitral valve; NIDDM = non-insulin dependent diabetes mellitus

Condition Cases Disabling injur::dli:sg ;s:(:fg?:ljgr\;f:h the condition
Respiratory
Asthma 3 PBT 1, asphyxia 1, unknown (cardiac? CAGE?) 1
Pleural adhesion 2 CAGE 2
Lung cyst 1 CAGE
Emphysema 1 cardiac (also had IHD)
COPD 1 CAGE
Cardiac
IHD (diagnosed) 15 Cardiac 12, CAGE 1, unknown (cardiac? CAGE?) 2
;ﬂi;ﬁ;ﬁiﬁ%ﬁd 8 cardiac 7, IPO 1
Myocarditis 1 CAGE
MYV incompetence cardiac
Arrhythmia 2 cardiac 2
Other
Hypertension 13 cardiac 7, asphyxia 3, CAGE 1, IPO 1, unknown (CAGE?) 1
Diabetes (NIDDM) 2 cardiac 2
PO 1 PO
CVA 2 cardiac 2
Aneurysm 1 asphyxia
Epilepsy/seizures 3 CAGE 1, asphyxia 2
Bipolar 1 CAGE
Ankylosing spondylitis 1 cardiac
Alcohol/drug abuse 2 cardiac 2
IgA nephritis 1 cardiac
although seven others were reported to have been taking =~ CARDIAC ARRHYTHMIAS

medications, the nature of which were unknown to
investigators. It is possible that some others were also taking
medications, but this information was not gathered by local
investigators. Non-steroidal anti-inflammatory agents (n =9),
ACE inhibitors (n = 7), SSRI agents (n = 7) and antiplatelet
agents (n = 6) were the most common medications taken by
the scuba victims. The specific medications and potential
impact of these will be discussed in a future report.

Discussion

Pre-existing health-related factors were determined to
have played a major role in many of these deaths, the main
ones being cardiac-related conditions such as IHD. Many
incidents were believed to have resulted from cardiac
arrhythmias occurring during the dive, generally based on
existing cardiac pathology and its interaction with various
diving-related precipitants.

Arrhythmias can be precipitated by immersion per se,
especially in cold water.*-'® Immersion counters the effect of
gravity and encourages redistribution of venous blood from
the limbs into the thorax. As a result, there is a substantial
increase in the cardiac pre-load and work.'*"* In addition,
myocardial work can be further increased during diving by
exercise, anxiety, cold-induced vasoconstriction, respiratory
resistance and increased heart rate. The potential for an
arrhythmia may also be increased by hyperoxia associated
with diving.” Together these factors increase the likelihood
of a cardiac-related event in a predisposed diver.?'->

As there is no definitive post-mortem test to confirm whether
an arrhythmia has occurred, such a determination must be
based on witness reports, medical history, and surrogate
markers such as evidence of cardiac disease or abnormality
at autopsy. Attributing a death to an arrhythmia is, therefore,
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Table 2
Cardiac findings at autopsy of 38 cardiac-related scuba deaths.
Multiple abnormalities (e.g., atheroma and ischaemia) were found
with many. "Significant atheroma usually taken as > 75% vessel
occlusion. *includes two divers with reported myocardial infarction
(MI) and two with a previously diagnosed MI. *includes eight
divers with reported MI and five with a previously diagnosed MI

Condition ?::;l;s
Atheroma’ 26 (68)
Ischaemia* 23 (61)
Cardiomegaly* 18 (47)
Left ventricular hypertrophy 14 (37)
Undiagnosed cardiac symptoms 6 (16)
Aortic stenosis 1(3)
Left ventricular bridging 1(3)
Cardiomyopathy 1(3)
Tunnelling coronary arteries 1(3)

somewhat speculative and must be carefully assessed
on the basis of the available evidence. Arrhythmias are
commonly associated with coronary atherosclerosis.?* A
critical stenosis believed likely to result in ischaemia is often
regarded as being greater than 75% narrowing of the lumen.
However, a substantially smaller stenosis may be significant
when associated with other potential risk factors.”

Left ventricular hypertrophy, generally consequent to
hypertension, is a known risk factor for sudden cardiac
death and an increased incidence of serious arrhythmias.?6-2
A comparative study of matched scuba diving and traffic
accident victims reported that both heart mass and left
ventricular wall thickness were greater in the scuba victims.?
In this current Australian series, although the numbers are
small and should be interpreted cautiously, 37% of the 38
divers who were believed likely or possibly to have died
as a result of a cardiac-related disabling event were found
to have LVH of varying degrees at autopsy. This is an area
that merits further investigation with larger groups of divers
matched with appropriate controls.

The 25% incidence of cardiac conditions as the disabling
injury in this series is consistent with the 26% incidence
reported for divers in the USA.*® That at least one quarter
of scuba deaths in this era are cardiac-related is a reflection
of the increased participation of older divers, as reported
elsewhere®' -3} and confirmed in this Australian series.

Although potentially limited by low response rates, some
Australian diver surveys have indicated a prevalence of
cardiovascular disease and/or abnormality in the diver
respondents ranging from 9 to 16%.° These reports are
considerably higher than the 6% prevalence reported for the
general Australian community,* and are consistent with the
higher age of the divers. This may help explain the incidence
of cardiac-related deaths in divers.
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Table 3
Autopsy findings of left ventricular hypertrophy (LVH) in scuba
divers with either cardiac or non-cardiac disabling injuries.
CDI = cardiac event as the disabling injury

LVH LVH LVH
CDI non-CDI | combined
n =38 n =81 n=119
n (%) 14 (37) 10 (12) 24 (20)
Age (years)
Mean (SD) 53(11) 41 (12) 45 (13)

As reported elsewhere,® the prevalence of obesity in victims
in this series is substantially higher than in the general
community and suggests that being overweight or obese may
be a risk factor for a scuba diving fatality, which is often
cardiac-related. The body mass index (BMI) of scuba fatality
victims in the USA has increased over the last decades.’

Our findings suggest the need for ‘older’ divers to be
medically assessed for fitness-to-dive in order to identify
or risk manage medical conditions associated with diving
fatalities. Current diving medical screening guidelines
recommend a cardiovascular review for all males at age
45 and females at age 55 years.*> However, Divers Alert
Network Asia-Pacific insurance records indicate that these
guidelines are often not followed.*

RESPIRATORY CONDITIONS

Pre-existing respiratory conditions including pulmonary
adhesions or cyst, previous pneumothorax, emphysema and
COPD were, unsurprisingly, mainly associated with CAGE
and/or PBT. These conditions, where known, would have
rendered the individuals unfit to dive.

There is a considerable number of individuals with
asthma who are diving in Australia,”> and elsewhere.’’*
Although asthma was a contributing factor in several deaths,
asthmatics are not over-represented in this series. Some
individuals with well-controlled asthma appear to be able
to dive relatively safely, especially under appropriate diving
medical guidance.?

IMMERSION PULMONARY OEDEMA

Three of the deaths in this series were attributed to immersion
pulmonary oedema (IPO). However, it might have been a
contributing factor or the disabling injury in another five
incidents. There have been an increasing number of reported
cases in divers, both fatal and otherwise but it is probable
that IPO is substantially under-reported.*

Most of the victims with pre-existing medical conditions
were aware of these conditions, although, in others, it
was occult. Some divers, both with diagnosed or occult
conditions, had prior symptoms which were unrecognised
or ignored, sometimes shortly before the fatal dive. This
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can be particularly problematic in the diving environment
with its physical and psychological challenges and where
immediate first aid and rapid medical intervention is rarely
readily available.

Some divers with potentially contraindicated conditions
have dived with relatively few adverse incidents, often doing
many dives over many years.? However, this survivor cohort
of divers may not have been representative of the victim
cohort as they were typically managed medically and, given
that they had taken out diving insurance, might be generally
more aware of their health limitations.

FITNESS TO DIVE ASSESSMENT

Until relatively recently in Australia, diver certification
agencies required diver trainees to undergo a FTD assessment
prior to certification. However, this has been progressively
abandoned since about 2013 and a FTD assessment is now
only required in limited circumstances based on responses
to a self-reported medical questionnaire.

Although widely-used and supported by some data,* this
self-reporting system has limitations.** It relies on the
divers or prospective divers, as well as the dive professionals
overseeing them, to fully understand the questions and
the potential implications of failing to declare a relevant
health condition. In any event, even if a FTD dive medical
assessment was required initially, there is generally no
requirement for further assessments, except for some higher-
level training. This means that much of the diving population
have aged without having undergone a subsequent diving
medical check.

There are several on-going issues with FTD assessments.
Many are conducted by doctors who have no specific training
or knowledge of diving medicine and, therefore, have little
or no appreciation of the physiological effects and demands
of diving. This can lead to a poor assessment of a candidate’s
suitability.*® Only one half of a survey cohort of DAN AP
members with known medical conditions had discussed their
condition with a diving doctor.? All divers with potentially
contraindicated conditions should be encouraged to consult
with a diving medical specialist in conjunction with their
treating doctor.

Some individuals intentionally withhold information for fear
that they will be prevented from participating.*’ An honest
and complete medical history needs to be provided in order
to facilitate a more accurate assessment.

Even when conducted by appropriately trained doctors, FTD
assessments are fallible and have some inherent limitations.*
Relatively few tests are routinely performed and appropriate
tests will not always reveal underlying problems. Fitness-
to-dive examiners are faced with the difficulty of selecting
which diver candidates to investigate further, and what are
the most appropriate tests to conduct. Medicals for older
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divers should be viewed somewhat differently to those of
younger prospective divers due to the increased likelihood
of cardiovascular disease with age.** Cardiac investigations
may often be considered based on medical history, apparent
fitness and/or family history. Such investigations have a
cost, an associated risk, and are prone to both false positive
and false negative results. However, if concerned about the
cost of such investigations, the diver or prospective diver
should balance these against the cost of equipment, dive
travel and the potential implications of failing to detect a
serious condition.

As mentioned, despite having been assessed as FTD within
the previous year, at least 14 divers in this series died as a
consequence of their pre-existing health conditions. Well-
considered guidance is available to FTD examiners and much
of the experienced diving medical community readily avail
themselves to medical colleagues to discuss and advise on
diving medical issues'#

Although most divers who undergo diving medicals are
assessed to be ‘low risk’, a dive medical, especially one
performed by a doctor with appropriate training, will
sometimes determine that an individual has an unacceptable
risk of a diving accident. This risk assessment is usually
carefully explained to, and discussed with, the individual.
However, there is anecdotal evidence that some undeterred
and determined individuals resort to ‘doctor shopping’ to
obtain a diving medical clearance. In fact, in this series, a
diver with a history of significant emphysema sent a friend
as a substitute for another assessment. His subsequent death
was a result of a pulmonary barotrauma and CAGE while
diving.

LIMITATIONS

As with any uncontrolled case series, the collection and
analysis of the fatality data are subject to inevitable limitations
and uncertainties associated with the investigations. Witness
reports varied in their likely reliability. Police and medical
reports varied in their content. As many incidents were
unwitnessed, some of the assertions in the reports are
speculative. The diagnoses of cardiac disabling injuries
were made based on available evidence, including autopsy
reports, medical histories and witness reports and determined
by consensus of an expert panel which included a forensic
pathologist. However, in some cases, the final diagnoses
may not be correct.

Many data items were not available which rendered the
study data incomplete, thus limiting the conclusions that
can be drawn.

Conclusions
Chronic health-related factors were determined to have

played a major role in more than one third of the deaths in
this series. The main factors identified were cardiac-related
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conditions such as IHD and cardiac arrhythmias. At least
one quarter of the deaths likely resulted from a cardiac
disabling injury.

The comparatively high prevalence of obesity in the victims,
as reported elsewhere, suggests that obesity may be a risk
factor for a cardiac-related diving fatality, as may left
ventricular hypertrophy. A variety of other conditions such
as respiratory disease, diabetes, hypertension and possibly
epilepsy were likely or possible contributors to these fatal
incidents.

Fitness-to-dive assessments have limitations and relatively
recent FTD assessments had failed to prevent some health-
related deaths in this series. The high incidence of cardiac-
related deaths indicates a need for ‘older’ divers to be
medically assessed for FTD.
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