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ABSTRACT

Aim: To review incidents of immersion pulmonary edema
(IPE) from Oceania, to determine the demographics, diving
parameters, and comorbidities that may be related to this
disorder.

Method: Incidents of IPE, most of which were documented
by Divers Alert Network Asia-Pacific (DAN AP) or reported
in our medical literature, were analyzed. They included inter-
views with the survivors and a review of available medical
records. Only incidents diagnosed as IPE by specialist diving
physicians or pathologists with experience in the investigation
of diving accidents were included.

Results: Thirty-one IPE incidents in divers from Oceania
were documented. There were two surface snorkelers, 22
scuba air divers and seven nitrox divers, which included
three closed-circuit rebreathers (CCR). The mean (SD) age
was 53 (12) years, 58% of victims were females, and the

average dive profile was to a maximum depth of 19 msw
for 25 minutes. Six victims (19%) had previous episodes of
IPE. There were nine recorded fatalities in this cohort.

Medical comorbidities were recorded in 68%, with 42%
being cardiac. The latter included valvular disease in 29%,
transient cardiomyopathies in 26% and dysrhythmias in 16%.

Conclusion: IPE was more likely in middle-aged
females, in experienced divers, and during ascent or after
surfacing. Commonly reported associations such as exertion,
stress, cold exposure, negative inspiratory pressure, hyper-
tension, overhydration, tight wetsuit, aspiration and certain
medications were identified.

This series supports the hypothesis that the elderly IPE
subjects are likely to have comorbidities and be susceptible
to IPE recurrences and fatalities unless the contributing
factors can be identified and addressed. I

Pathological and historical perspective

Pulmonary edema is a well-described clinical entity with
established causes, recognized symptomatology, stan-
dardized investigations and accepted treatments [1]. If it
occurs during immersion, then the diagnosis is more
problematic, and the etiological factors are more nu-
merous and less validated.

Pulmonary edema develops when fluid accumulates
in the lung tissue or alveoli [1]. If the pressure gradient
between the pulmonary capillary and the alveolar space
exceeds the functional integrity of the capillary/alveolar
membrane, fluid accumulates in the alveoli. Thus, a rise
in pulmonary capillary pressure, or a reduction in alveolar
pressure, or damage to the alveolar-capillary membrane,
may contribute, alone or in combination, to pulmonary

edema. Also, capillary hydrostatic pressure may exceed

the plasma oncotic pressure, favoring transudation of
fluid into the alveolus and cause pulmonary edema.

Pulmonary edema in scuba divers (SDPE) was estab-
lished as a bona fide, if rare, condition when reported
in 1981 [2]. It presents clinically with dyspnea, fatigue,
cough, frothy expectoration which is often blood-stained,
hypoxia and auscultatory signs of pulmonary edema. It
is confirmed radiologically by chest X-ray and/or pul-
monary CT scan. The clinical symptoms, diagnostic in-
vestigations and treatments are not contentious, and so
are not analyzed further in this report. Other diving
disorders that may contribute to pulmonary edema need
to be excluded and are described elsewhere [3].

The early SDPE case series comprised only a handful
of otherwise healthy subjects, selected to validate the entity
of SDPE and exclude other diagnoses [2-5]. Nevertheless,

KEYWORDS: diving incidents; immersion; pulmonary edema; medical conditions and problems; cardiovascular; deaths

Copyright © 2019 Undersea & Hyperbaric Medical Society, Inc.

603



UHM 2019, VOL. 46 NO. 5 - IPE: ANALYSIS OF 31 CASES FROM OCEANIA

the major initiating factor, the physiological effects of
immersion per se, was complicated by two other observed
stressors: systemic hypertension and excessive physio-
logical responses to cold exposure [2,4].

Pulmonary edema while swimming was observed, occa-
sionally, in victims who also experienced SDPE. Later it
was reported in very fit swimmers, after extreme exer-
tion or overhydration. This latter condition was labeled
swimming-induced pulmonary edema (SIPE) and was
recorded especially in combat/military swimmers under-
going severe endurance training [6,7]. More pulmonary
edema cases were described in triathletes (during their
aquatic activities) and even in other species (race horses).
There was a presumed relationship between SIPE and the
well-described exercise-induced pulmonary edema [8,9].

The entities SDPE and SIPE are collectively termed
immersion pulmonary edema (IPE). The demographics
of these subgroups differ, as do some of the other
contributors and comorbidities.

Subsequently, other series from the Northern Hemi-
sphere included cases with cardiac disorders, either per-
manent or transitory, associated with SDPE [10-12].
Fatalities from SDPE were reported from the Southern
Hemisphere [13].

In a seminal study at Duke University, subjects who
had reported symptoms consistent with IPE were mon-
itored and compared to controls who had not [14,15].
They were exposed to immersion, hyperbaria and hyper-
oxia. Higher pulmonary artery pressures and pulmonary
capillary wedge pressures were found in those with IPE,
indicating that IPE can be a form of hemodynamic pul-
monary edema. It was deduced that cardiopulmonary
disease may be a common risk factor in the recreational
divers/swimmers (with a mean age of 47.8 + 11.3 years),
whereas pulmonary hypertension may be more relevant
in military divers/swimmers (mean age 23.3 + 6.4 years).
They concluded that the role of underlying cardiopul-
monary dysfunction may be underestimated, especially in
older swimmers and divers, and an episode of IPE should
prompt the evaluation of cardiac and pulmonary function.

SDPE had evolved from a presumed disorder of healthy
divers into a disease of older divers with multiple comor-
bidities, especially cardiac [16].

An increasing number of divers have presented with
IPE over the last decade, possibly because of the increasing
age of divers, a greater recognition of this disorder during
that period and a greater use of specific cardiac investi-
gations.
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Most of the clinical series described to date are from
Europe and North America, with the demographics,
diving profiles, possible contributors and comorbidities
reflecting the diving population of those regions. Our
report is based on cases in Oceania (the Indo-Pacific
region), and so complements the previous series. More
detailed summaries of the individual cases on which this
report is based are available [17].

METHODS

For reporting of fatal cases ethics approval was received
from the Victorian Department of Justice Human Research
Ethics Committee (to access data from the Australian
National Coronial Information System); the Royal Prince
Alfred Hospital Human Research Ethics Committee; the
Coronial Ethics Committee of the Coroner’s Court of
Western Australia; and the Queensland Office of the State
Coroner.

Cases included those reported to DAN AP by sur-
vivors, instructors and diving physicians from January
2002 to May 2018, inclusive. These were followed up with
interviews, where possible, and a review of clinical infor-
mation and investigations. These victims provided
informed, written consent to review and publish their
medical and diving data in a non-identifiable form and
provided these data for this purpose.

A search was made of the Divers Alert Network Asia-
Pacific (DAN AP) internal fatality database and asso-
ciated autopsies for diving-related deaths in Australia
during the same period. In addition, a Medline search
was conducted using the terms “diving,” “immersion”
and “pulmonary edema” to identify cases reported
within Oceania. Several of these were followed up with
the authors in order to elicit further details.

Only cases validated by a diving physician or path-
ologist with experience in diving accident investigation
were included. The main criteria were: symptomatology
being related to immersion, clinical and radiological ev-
idence of pulmonary edema, and/or autopsy findings.
Other diving related causes of pulmonary edema
were excluded.

We have not itemized the already well-established fea-
tures of IPE, such as symptomatology and treatment. We
have instead documented the features associated with
IPE. These may be causative, provoking or contributing
factors.

The demographic records were compiled and included
age, gender, maximum depth of immersion, dive duration,
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Table 1. Demographics of IPE cohort

age (yr)

gender F/M

maximum dive depth (msw)
incident depth (msw)

dive duration (min)
previous episodes of IPE

dive experience* (n = 26)

mean (SD) 53 (12), range 21-67

18/13 (58% female)

mean (SD) 19 (18), range 0-87

mean 14, range 0-70

mean (SD) 25 (14), range 4-56

6/31 (19%)

novice 6/26, moderate 4/26, very 16/26

*novice , <10 dives, moderate 10-50, very > 50

type of diving (snorkel, scuba air, nitrox, rebreathers),
depth and time of incident commencement, dive exper-
ience and previous IPE incidents. Possible contributing
factors, as described previously by others, were also
noted when this information was available. These cases
often occurred in remote localities, and medical records
were sometimes unreliable or incomplete. As a result,
the incidences of these possible contributing factors are
likely to be underestimates.

The possible aggravating factors, comorbidities and
physiological stressors included:
« negative inspiratory pressure (regulator resistance,

reduced gas supply, depth, spatial orientation and

counterlung positioning);

chronic cardiac pathology (mitral or aortic valve
disease, ischemic heart disease, myocardial fibrosis,
ventricular hypertrophy, etc.);

transient cardiac disorder, (dysrhythmias, stress
cardiomyopathies);
o hypertension;

o cold exposure;

o aspiration;

o overhydration;

o drugs;

o ascent or surfacing ;
e anxiety/stress;
 exertion;

o tight wetsuit;

o others.

Clinical summaries of the incidents put these asso-
ciations and possible contributing factors in context
and are available [17].

The subject’s decision to continue with an immersion/
diving activity after an IPE event was noted in some cases.
However, this information was often not available.
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The autopsy findings in our cohort were recorded,
and the number of cases ending in death was noted.
The survivor cohort was derived from victims who re-
ceived medical attention for IPE and thus was likely
an underestimate of the total incidence of IPE.

Some associations, such as medication usage, were re-
corded but without clinical knowledge of their relevance.
Others, such as negative inspiratory pressure, were de-
duced from the dive data.

The transient cardiomyopathy (stress cardiomyopathy,
takotsubo cardiomyopathy and other reversible myocardial
disorders such as reversible myocardial dysfunction
- SCM/TC/RMD) was assessed based on the clinical data
available. As these transient cardiomyopathies are not well
defined, an arbitrary checklist was designated, viz: The
diver must have a confirmed diagnosis of IPE and
have no evidence of coronary artery disease or myo-
cardial ischemia on conventional cardiac investigation
or autopsy. With this prerequisite, three of the following
five characteristics were required:

« transient ST-T changes on the ECG, from the time

of the incident;

« transient elevation of cardiac enzymes (especially
troponins) from the time of the incident;

« ventricular wall motion dysfunction;

 excessive stress events;

o typical myocardial histopathology at autopsy.

RESULTS

Details of 31 cases of IPE from Oceania, from January
2002 to May 2018, inclusive, were documented [17].
There were two surface snorkelers, 22 scuba air divers
and seven nitrox divers, which included three closed-
circuit rebreathers (CCR). The relevant demographics
are shown in Table 1.
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Death, with autopsy findings, coroners’ inquests and
boards of inquiry, occurred in 9/31 cases. Cardiac anom-
alies were substantial but diverse in 13/31 cases. These
included:

o mitral or aortic valve disease of greater than mild
severity in 9/31;

o transitory cardiomyopathies (SCM/TC/RMD) in
8/31 cases;

« ventricular wall dyskinesis in 6/31;

« a significant rise in serum troponin level was recorded
in 8/10, a slight rise of 4x normal in one and no rise
in another. In none of these cases was there other
evidence of myocardial ischemia or infarction’

o dysrhythmia clinical history (other than ventricular
premature beats) in 5/31;

« autopsy findings included left ventricular hypertrophy
(5/9), mitral or aortic valve disease (4/9), myocardial
fibrosis (3/9) and contraction bands (3/9).

Left heart impairment, exacerbated by situational
factors, was the presumed contributor to IPE in most of
these cases. Detailed and more specific cardiac infor-
mation is available elsewhere [17].

Hypertension was present in 7/31 cases. Excessive ex-
ertion was specifically noted in the clinical history in
12/31 cases, and anxiety/stress in 11/31.

It is possible that drugs may have contributed to be-
tween 6-10/31 incidents, mainly beta blockers [18], but
also sympathomimetics, arrhythmogenics, diclofenac and
once with possible edema-inducing pregabalin.

Excess negative inspiratory pressure was likely in
3/31 of cases, based on subjective assessments. This was
implied from the divers” impressions, regulator resistance,
and a low-on-air situation, postural effects with surfacing
and CCR dynamics.

A tight wetsuit or buoyancy compensation device was
noted in 6/31 cases.

Possible slight aspiration or swallowing of seawater
was elicited on specific interrogation on three occasions.
This was an admitted possibility, more than an ob-
servation, and was not followed by the typical salt
water aspiration syndrome [3]. One case specified swal-
lowing sea water. In the one definite case of aspiration,
this occurred on a previous dive a day earlier than the
incident and without clinical symptoms supervening

Only 5/31 incidents were in cold water (15°C or low-
er), and even then, there was appropriate insulation
worn and rarely an excessive cold sensation described.
At least 10/31 were in waters > 20°C; full temperature
range was -1°C to 30°C.
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Voluntary over-hydration was possible in 4/31.

The maximum dive depth averaged 19 msw. Symptoms
commenced at an average depth of 14 msw after an average
of 24 minutes diving, and worsening upon ascent and
surfacing.

Some individual cases had very specific possible but con-
tentious contributing factors, such as asthma, diabetes,
an adrenal adenoma, a dopamine-secreting non-malig-
nant vagus paraganglioma, and gas toxicity.

Only 7/31 incidents could be classified as idiopathic
IPE, and some of these may well have been so desig-
nated because of inadequate or delayed interrogation
and investigation. Possible contributors to the IPE
incidents are shown in Table 2.

DISCUSSION

IPE Demographics

Explanations for most of the possible contributing factors
are postulated elsewhere [1-5,8,18,19 ].

In the Oceania case series, the clinical symptoms of
IPE replicated those of other series [2,4,5,10,11,12,19]. In
most of the larger Northern Hemisphere IPE case series,
females dominated, as did older divers, and they were
diving in cold water (< 15°C) to an average depth of 37 msw
[5]. The earlier series excluded those with cardiac comor-
bidities.

The demographic factors in this Oceania IPE series
are consistent with the various North Hemisphere series
in that they were older than the average scuba diver, with
females predominating - reversing the gender ratio of the
diving population [20]. Most were experienced divers.
There was also a high incidence of recurrences.

The diving circumstances of the Oceania cohort did
differ in some respects from the Northern series. Our
cases were in warmer waters, with shallower shorter
dives and less decompression stress. They had an over-
whelming predominance of cardiac co-morbidity and a
higher fatality rate.

Immersion

The one common feature in this disorder is the exposure
to immersion. This causes a central blood shift, which
increases pulmonary capillary pressure and the cardiac
preload. Immersion with cold exposure increases vaso-
constriction and systemic hypertension, with an in-
creased afterload on the left heart [8,18,19,21]. These
two factors together create an increased pulmonary cap-
illary/alveolar gradient favorable to the development
of pulmonary edema. Engorgement of the pulmonary
vessels may contribute to capillary stress failure [1].
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Table 2. Associations and possible contributors to IPE

ascent or surfacing
medical comorbidity
cardiac comorbidity
mitral/aortic valve dysfunction
transient cardiomyopathy
dysrhythmia

exertion

anxiety/stress

drugs

hypertension

tight wetsuit/BCD

cold water exposure
aspiration/swallow water
overhydration

negative inspiratory pressure

nil identified other than immersion

frequency %
21/29 72
21/31 68
13/31 42
9/31 29
8/31 26
5/31 16
12/31 39
11/31 35
6-10/31 26
7/31 23
6/31 19
5/31 16
5/31 16
4/31 13
3/31 10
7/31 23

Immersion and the many physiological implications
of diving may trigger the development of IPE. This and
previous studies attempt to recognize these aggravating
factors.

Without any evident contributing factors, other than
immersion effects, IPE could be classified as idiopathic.
If there are evident provoking or contributing factors,
other than immersion, IPE could be described as symp-
tomatic, to be qualified by the contributing factors.

Comorbidity
Previously reported subgroups of Australian divers have
had 28-34% medical comorbidities with only 2-3% being
cardiac [20]. However, the prevalence of comorbidities
in the non-IPE Australian diver groups is likely to be
underestimated, as they were not subjected to the same
degree of medical examination as this Oceania IPE series.
In the Oceania IPE series, medical comorbidity was
present in 68% (mean age 53 * 12 yr) of the divers, with
62% of these being cardiac. In a Duke University study,
36 IPE subjects were identified (mean age 50.11 + 10.8
years), of whom 72.2% had one or more significant
medical comorbidities [14].
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Ascent and surfacing

Ascent to the surface and exiting the water is required
once IPE has developed [3]. However, aggravation of IPE
on ascent and after surfacing was encountered in both
the Oceania and Northern Hemisphere series [5,19,22,
23]. This accentuation of IPE could be explained by:

« spatial positioning effects on negative static lung loads,
whenever the diver is ascending vertically or in the
head-out position on the surface;

« reduction of respiratory oxygen pressures during ascent;

« redistribution of pulmonary edema fluid from the
expansion of intrathoracic gas, due to Boyle’s law;

o The natural progression of the disease with time.

Cardiac disorder
Chronic cardiac pathology is recognized as a cause of left
ventricular failure and may be a basis on which IPE
develops. The pathologies include cardiac ischemia, cor-
onary artery disease and structural disease, especially
with mitral and aortic valve dysfunction.

Transient cardiac disorders are also associated with
IPE, either as contributors or sequelae. These include dys-
rhythmias and transient cardiomyopathies.
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A recent review highlighted the increasing association
of IPE with cardiac dysfunction and deaths [16]. This
and multiple case reports also demonstrated an associ-
ation of IPE and takotsubo cardiomyopathy [22,23,24].
Transient cardiomyopathies encompass such clinical
subdivisions as SCM, TC, “atypical TC” and RMD,
depending on which characteristic appears more promi-
nant [25]. Coronary artery disease needs to be excluded
for these diagnoses. In one series of 54 divers with SDPE,
28% werefoundtohave RMD, including takotsubo. Mosthad
elevated cardiac troponin levels, electrocardiograhic and/
or echocardiographic abnormalities [26]. These disorders
could be either a consequence of IPE or a contributor to it.

Takotsubo cardiomyopathy was first described in 1990.
It is a clinical syndrome that occurs in the absence of
significant coronary artery pathology, but presents as an
acute, reversible disorder of the heart, with dyspnea or
pain. It may be related to a catecholamine release causing
a “stunning” of the myocardium. A stressful physical or
emotional trigger is often, but not always, present. Women
are affected in 90% of incidents, recurrences are common
and there is a fatality rate of about 5% for those hospital-
ized. There is a transient left ventricular wall dyskinesis,
often presenting as a ballooning and usually demonstrated
by TTE. ECG abnormalities are often suggestive of
ischemia. There is a modest elevation of cardiac enzymes
and troponins [25]. Because it is transient, delay in inves-
tigation can result in a failure to diagnose this disorder.

The incidence of transient cardiac abnormalities is
almost certainly an underestimate, as during the chrono-
logical first half of this series, cardiac investigations were
less frequent and less extensive. During that period the
association of IPE and transient cardiac disease was only
just being recognized. Thus, for example, cardiac troponin
levels were performed in only 3/10 in the earlier half
of the series.

Autopsy findings of SCM/TC vary from insignificant
cardiac histology to focal necrotic lesions, inflammatory
changes, interstitial fibrosis and contraction bands (myo-
cytolysis) — especially in the left ventricle and possibly
dependent on the survival time.

Exertion

During strenuous exercise, the lung must accommodate
a more than doubling of the pulmonary vascular flow
[1]. Elevated pulmonary artery and left atrial pressure,
coupled with a decreased intrathoracic pressure during
inspiration, results in increased capillary transmural pres-
sures and the exudation of fluid from the capillary to
the alveolus.
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Anxiety/stress

Anxiety is a contributing factor to many of the IPE sce-
narios. It is associated with hypertension, increased
respiration, cardiac disorders such as ischemia, dys-
rhythmias and SCM/TMD/TC.

Equipment constriction

This may contribute to increased work of breathing, cen-
tralization of blood volume, and anxiety. However, any
relationship between IPE and a tight wetsuit or buoy-
ancy compensator remains conjectural.

Drugs

Drugs may influence the likelihood of IPE. Negative
inotropes, including beta blockers, weaken muscular
contraction and have various cardiorespiratory effects.
Sympathomimetics may potentiate hypertension, dys-
rhythmias or SCM/TC/TMD. The contribution of drugs
was conjectural and could not be quantified in this report.

Hypertension

Although systemic hypertension may play a role in in-
creasing the afterload on the left heart, and despite its
association with the other cardiac stressors (e.g., cold
exposure, anxiety and exertion), this was not as frequent
as anticipated. Nevertheless, its incidence was greater than
recently reported in some other Australian diver cohorts,
including divers of a similar age [20].

Minor aspiration/swallowing of seawater

The occurrence of subclinical minor aspiration or swal-
lowing of seawater in the Oceania series did not repli-
cate the drowning syndromes or the saltwater aspiration
syndrome, as described [3]. It may still have contributed
to IPE by damaging the integrity of the pulmonary alve-
olar-capillary barrier, if seawater was inhaled directly,
through a snorkel, or sprayed from a leaking regulator.

Negative-pressure inspiration

Negative respiratory pressure may occur under certain
circumstances. This reduces intra-alveolar pressures, in-
creasing the capillary-to-alveolar gradient and may en-
hance pulmonary capillary engorgement. Negative respi-
ratory pressure may occur from a poorly tuned regula-
tor, with increased resistance to breathing, increased gas
density with depth, and increased respiratory volumes
with exertion or anxiety. With CCRs, the added respira-
tory resistances of the equipment, the relative position of
the counterlung and the spatial orientation of the diver may
influence the extent of the negative inspiratory pressure.
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Cold

Exposure to cold may intensify systemic hypertension
and thus increase afterload on the left heart, but thermal
stress was not particularly frequent in this series. Most
incidents occurred in temperate or tropical waters and
with adequate thermal protection. Thermal protection
does not preclude the cooling effect of the gas laws,
however. As respiratory gases are decompressed prior
to inhalation the temperature of the gas decreases. This
is inevitable with use of open-circuit scuba. Cold could
potentially increase cardiac preload, enhancing redis-
tribution of blood volume to the central circulation.

Voluntary overhydration

This was not common and not excessive in this series, as
it was in others. The rationale for its use was to re-
duce decompression sickness.

Oxygen

Although there is no disagreement regarding the value
of oxygen supplementation in treatment of IPE, there is
no such consensus regarding its preventative effect. Seven
of our cases were classified as technical divers employing
a higher partial pressure of oxygen (PPO,) near the end
of the dive in which they developed IPE.

Recurrences

As IPE is purportedly a rare event, recurrences imply a
predisposition. This recurrence may be based on indiv-
idual susceptibilities, possibly from one of the medical
comorbidity disorders, or contributory diving and
environmental conditions that are then replicated to
produce a recurrence.

The current experience with IPE, especially related to
recurrences, cardiac implications and fatalities, has im-
posed a more conservative approach to resumption of
scuba diving or snorkeling. This is discussed elsewhere

[3,16].

LIMITATIONS

As with most other clinical series of IPE, it is likely
that there is a selection bias by recording the more
severe and fatal events, because these are the ones likely
to be investigated or be reported.

Many cases of IPE, even some relatively severe cases,
rapidly improve after retrieval from the water and there-
by avoid medical intervention. Some IPE events are
misdiagnosed as an aspiration/drowning incident and
other cases are only reported in the internet blogo-
spheres. Thus, it is reasonable to assume that IPE is
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often undiagnosed, and its frequency underestimated.

There is particular difficulty in differentiating between
IPE and drowning at autopsy and cases of IPE may
be attributed to drowning [3,27,28].

The associations of some transient factors could in
some cases be the result of IPE rather than its causation.

It was not possible to incriminate or quantify certain
possible contributors. These include: cold-water exposure
(as there were far more cases in temperate and tropi-
cal waters), the influence of drugs, and the relative in-
fluence of negative inspiratory pressures (as these were
unrecorded and thus a matter of clinical conjecture).

CONCLUSION

In this series of 31 IPE incidents from Oceania, cardiac
disorders dominated the co-morbidities. These includ-
ed mitral or aortic valve disease, stress cardiomyopathy,
takotsubo or reversible myocardial disorder and dys-
rhythmias.

Coronary artery disease, dysrhythmias and structural
cardiac pathology should be investigated and excluded
in possible IPE cases.

Prior to 2000 there were few cases of SCM/TC/RMD or
other takotsubo-type cardiomyopathies being reported,
and none with IPE. As over a quarter of our cases were
identified as having a transient cardiomyopathy, it is
likely that this association with IPE is not coincidental.
All cases of IPE should include an early chest X-ray or CT
scan, ECG, TTE and cardiac biological markers, includ-
ing cardiac troponins. If abnormal, these tests should be
repeated.

Other suggested contributing factors such as exertion,
cold exposure, negative inspiratory pressure, hypertension,
overhydration, tight wetsuit, aspiration and certain medi-
cations were also identified in various cases.

This series supports the hypothesis that the elderly IPE
subjects, mostly females, are likely to have comorbidities
and be susceptible to recurrences and fatalities, unless
the contributing factors can be identified and addressed.

[

Acknowledgments

The authors acknowledge Monash University National Centre
for Coronial Information for providing access to the National
Coronial Information System; State and Territory Coronial
Offices which provided information on the fatalities.

We are also indebted to the survivors who provided
information on their diving incidents.

Thanks also to Dr Andrew Fock for his assistance.

Conflict of interest: None reported.

609



UHM 2019, VOL. 46 NO. 5 - IPE: ANALYSIS OF 31 CASES FROM OCEANIA

REFERENCES

1. West JB, Tsukimoto K, Mathieu-Costello O, Prediletto R.
Stress failure in pulmonary capillaries. J Appl Physiol. 1991; 70:
1731-1742. doi: 10.1152/jappl.1991.70.4.1731. PMID: 2055852.

2. Wilmshurst P, Nuri M, Crowther A, Betts I, Webb-Peploe MM.
Cold-induced pulmonary edema in scuba divers and swimmers
and subsequent development of hypertension. Lancet 1989;
1(8629):62-65. PMID: 2562880.

3. Edmonds C. Scuba divers pulmonary edema. In: Diving &
Subaquatic Medicine. 5th ed. Edmonds C, Bennett M, Lippmann J,
Mitchell S, editors. Boca Raton, FL: Taylor & Francis; 2016. 357-
360.

4. Pons M, Blickenstorfer D, Oechslin E, Hold G, Greminger P.
Pulmonary edema in healthy persons during scuba diving and
swimming. Eur Respir. 1995;8:762-767. PMID: 7656948

5. Coulange M, Rossi P, Gargne O, Gole Y, Bessereau J,
Regnard J, et al. Pulmonary edema in healthy SCUBA divers:
new physiopathological pathways. Clin Physiol Funct Imaging.
2010;30:pp181-186. doi: 10.1111/j.1475-097X.2010.00922.
PMID: 2014.1520.

6. Weiler-Ravell D, Shupak A, Goldenberg I, Halpern P,
Shoshami O, Hirschhorn G, et al. Pulmonary edema and
haemoptysis induced by strenuous swimming. 1995. BMJ;311
(7001): 361-362. PMID: PMC2550430.

7. Adir Y, Shupak A. Gil A, Peled N, Keynan Y, Domachevsky L,
et al. Swimming-induced pulmonary edema: clinical presentation
and serial lung function. Chest. 2004; 126: 394-399. PMID:
15302723.

8. Adir Y, Bove AA. Lung injury related to extreme environments.
Euro Respir Rev. 2014, 23:416-26. doi:
10.1183/09059180.00006214. PMID: 25445940.

9. Miller CC, Calder-Becker K, Modave F. Swimming-induced
pulmonary edema in triathletes. Am J Emerg Med. 2010;28(8):
941-946. doi: 10.1016/j.ajem.2009.08.004. PMID: 20887912.

10. Koehle MS, Lepawsky M, McKenzie DC. Pulmonary edema
of immersion. Sports Med. 2005; 35:183-190.

11. Cochard G, Arvieux J, Lacour J-M, Madouas G, Mongredien H,
Arvieux CC. Pulmonary edema in scuba divers. Recurrence and
fatal outcome. Undersea Hyperb Med. 2005;32:39-44. doi:
10.2165/00007256-200535030-00001. PMID: 15730335.

12. Henckes A, Lion F, Cochard G, Arvieux J, Arvieux CC.
Pulmonary edema in scuba - diving: frequency and seriousness
about a series of 19 cases. Ann Fr Anesth Reanim. 2008;27:694-
699. doi: 101.1016/j.2jem.2009.08.004. PMID: 20887912.

13. Edmonds C, Lippmann J, Lockley S, Wolfers D. Scuba divers’
pulmonary edema: recurrences and fatalities. Diving Hyperb Med.
2012;42:40-44. PMID: 22437975.

14. Moon RE, Martina SD, BS; Peacher DF, Potter JF, Wester TE,
Cherry AD, et al. Swimming-induced pulmonary edema: patho-
physiology and risk reduction with sildenafil. Circulation
2016;133:988-996. PMID: 26882910. doi:10.1161/CIRCULATION-
AHA.115.019464.

610

15. Peacher DF, Martina SD, Otteni CE, Wester TE, Potter JF,
Moon RE. Immersion pulmonary edema and comorbidities: case
series and updated review. Med Sci Sports Exerc. 2015;47:11-34.
doi: 10.1249/MSS.000000000000524. PMID: 35222821.

16. Edmonds C. The evolution of scuba divers pulmonary edema.
Undersea Hyperb Med. 2016; 43:83-91. PMID: 27265985.

17. Edmonds C, Lippmann J, Fock A. Immersion pulmonary
edema in Oceania — Case reports. Undersea Hyperb Med. 2019;
46(5):5581-601.

18. Mitchell S. Immersion pulmonary edema. SPUMS J. 2002;
32:200-203.

19. Slade JB, Hattori T, Ray CS, Bove AA, Cianci P. Pulmonary
edema associated with scuba diving. Chest. 2001;120:1686-1694.
PMID: 11713154.

20. Lippmann J, Taylor D McD, Stevenson C, Williams J.
Challenges in profiling Australian scuba divers through surveys.
Diving Hyperb Med. 2018;48:23-30. doi: 10.28920/dhm48.1.23-
30. PMID: 29557908.

21. Castagna O, de Maistre S, Schmid B, Caudal D, Regnard J.
Immersion pulmonary edema in a healthy diver not exposed to
cold or strenuous exercise. Diving Hyperb Med. 2018;48:40-44.
doi: 10.28920/dhm48.1.40-44. PMID: 29557101.

22. Chenaitia H, Coulange M, Benhamou L, Gerbeaux P. Takotsubo
cardio-myopathy associated with diving. Eur ] Emerg Med. 2010;
17:103-106. doi: 10.1097/ME].0b013e32832dd8ee. PMID:
19543098.

23. Ng A, Edmonds C. Immersion pulmonary edema and Takotsubo
cardiomyopathy. Diving Hyperb Med. 2015;45:255-257. PMID:
26687314.

24. Reed T, Sorrentino D, Azuma S. Immersion pulmonary edema
in the setting of takotsubo cardiomyopathy. International Cardio-
vascular Forum Journal. 2016;5:62-63. doi: 10.17987/icfj.v5i0.260

25. Templin C, Ghadri JR, Diekmann J, Napp C, Bataiosu DR,
Jaguszewski M, et al. Clinical features and outcomes of takotsubo
(stress) cardiomyopathy. N Engl ] Med. 2015;373:929-938. doi:
10.1056/NEJM0a1406761. PMID: 26332547.

26. Gempp E, Louge P, Henkes A, Demaistre S, Heno P, Blatteau
JE. Reversible myocardial dysfunction and clinical outcome in
scuba divers with immersion pulmonary oedema. Am J Cardiol.
2013; 111(11): 1655-1659

27. Vinkel J, Bak P, Knudsen PJ, Hyldegaard O. Pulmonary edema
as a differential diagnosis in fatal diving accidents. J Forensic
Sci. 2017;63:299-304. doi: 10.1111/1556-4029.13526. PMID:
28464277.

28. Edmonds C, Caruso J. Recent modifications to the investi-
gation of diving related deaths. Forensic Sci Med Pathol. 2014;
10:83-90. doi: 10.1007%2Fs12024-013-9491-x. PMID: 24166195.

+

Edmonds C, Lippmann ], Bove A





