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ABSTRACT

PEACHER, D. F., S. D. MARTINA, C. E. OTTENI, T. E. WESTER, J. F. POTTER, and R. E. MOON. Immersion Pulmonary Edema

and Comorbidities: Case Series and Updated Review. Med. Sci. Sports Exerc., Vol. 47, No. 6, pp. 1128–1134, 2015. Purpose: Im-

mersion pulmonary edema (IPE) occurs in swimmers (especially triathletes) and scuba divers. Its pathophysiology and risk factors are

incompletely understood. This study was designed to establish the prevalence of preexisting comorbidities in individuals who experience

IPE.Methods: From 2008 to May 2010, individuals who had experienced IPE were identified via recruitment for a physiological study.

Past medical history and subject characteristics were compared with those available in the current body of literature. Results: At Duke

University Medical Center, Durham, NC, 36 subjects were identified (mean age = 50.11 T 10.8 yr), of whom 72.2% had one or more

significant medical conditions at the time of IPE incident (e.g., hypertension, cardiac dysrhythmias or structural abnormality or dys-

function, asthma, diabetes mellitus, overweight or obesity, obstructive sleep apnea, hypothyroidism). Forty-five articles were included,

containing 292 cases of IPE, of which 24.0% had identifiable cardiopulmonary risk factors. Within the recreational population, cases

with identifiable risk factors comprised 44.9%. Mean age was 47.8 T 11.3 yr in recreational divers/swimmers and 23.3 T 6.4 yr in military

divers/swimmers. Conclusions: Cardiopulmonary disease may be a common predisposing factor in IPE in the recreational swimming/

diving population, whereas pulmonary hypertension due to extreme exertion may be more important in military cases. Individuals with

past history of IPE in our case series had a greater proportion of comorbidities compared to published cases. The role of underlying

cardiopulmonary dysfunction may be underestimated, especially in older swimmers and divers. We conclude that an episode of IPE should

prompt the evaluation of cardiac and pulmonary function. Key Words: EXERCISE, SWIMMING, DIVING, LEFT VENTRICULAR

HYPERTROPHY, MYOCARDIAL ISCHEMIA

I
mmersion pulmonary edema (IPE; also termed swimming-
induced pulmonary edema) occurs in swimmers and divers
who are often otherwise healthy. Deaths after IPE have

been reported in recreational divers (23). Since the syndrome
was first described by Wilmshurst et al. (65) in 1981, there
have been numerous cases reported; however, its pathophys-
iology and risk factors are still incompletely understood. The
prevailing hypothesis is that IPE results from stress failure of
pulmonary capillaries due to increased hydrostatic pressure
owing to a combination of factors (40): increased intrathoracic

blood volume, increased cardiac output, and, possibly, exag-
gerated pulmonary vasoconstriction (arterial or venous) in sus-
ceptible individuals. It has also been suggested that susceptible
individuals may have a smaller-than-normal pulmonary lym-
phatic network and hence reduced absorptive capacity for ex-
cess lung water (10).

During immersion, there is central redistribution of blood,
resulting in increased preload and higher pulmonary vascu-
lar pressures (64). This effect is augmented in cold water,
where there is active venoconstriction (64). This would tend
to increase the likelihood of pulmonary edema, especially in
the setting of left ventricular (LV) systolic or diastolic dys-
function, valvular disease, or hypertension (67). High airway
resistance could also predispose to pulmonary edema owing
to the associated greater pleural pressure variation and aug-
mented inspiratory increase in pulmonary vascular volume
and increased cardiac preload (57). Obesity may also be a
risk factor because of its link with obstructive sleep apnea,
which, in turn, is associated with diabetes, metabolic syndrome,
and pulmonary hypertension (58).

A typical case of IPE begins during diving or swimming and
is characterized by an acute onset of dyspnea, cough, expec-
toration of frothy sputum, radiographic findings of pulmonary
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edema, and rapid resolution for the subsequent 24–48 h. Nor-
mal underlying cardiac and pulmonary functions are com-
monly reported (57). IPE occurs more commonly in cold water
(37). Koehle et al. (37) found an average age of 36.1 T 14.2 yr
(mean T SD) for all IPE cases and 47.1 T 11 yr among scuba
divers, and only 10 (17.9%) of 56 patients had preexisting
medical conditions.

As the number of reported IPE incidents grows, however,
patterns in susceptibility are starting to emerge. For example,
scuba divers who develop IPE tend to be an older population
than military swimmers and thus may be more likely to have
preexisting medical conditions or yet-undiagnosed cardiac or
pulmonary dysfunction (22). Heavy exertion is more likely to
be a characteristic of combat and endurance swimmers than
of scuba divers.

We hypothesized that the prevalence of risk factors for IPE
as determined by survey has been underestimated. We review
the demographic characteristics and risk factors in case reports
and case series of IPE through January 2014 and report our
experience on cases obtained by recruitment.

METHODS

Subjects. After institutional review, subjects with a history
of IPE were identified via recruitment for a physiological study
from 2008 to May 2010. Methods of recruitment included the
Divers Alert Network (DAN) Alert Diver publication, the Pro-
fessional Association of Diving Instructors (PADI), National
Institutes of Health Clinical Trials registry (ClinicalTrials.gov),
a consumer health information Web site (Healthline.com), and
referral by physicians. Subjects answered by e-mail or phone
correspondence a list of questions regarding diving or swim-
ming circumstances and medical history. Most medical and
IPE history was obtained by self-report; however, medical re-
cords were reviewed when provided. Subjects from this group
are referred to in this article as the ‘‘Duke Group.’’

Literature review. PubMed/MEDLINE and EMBASE
were searched using terms ‘‘swimming’’ or ‘‘diving’’ or ‘‘scuba’’
and ‘‘pulmonary edema.’’ ISIS Web of Science was used to
search for articles that cited selected IPE articles. Case reports
and series were included if they met these criteria and exhib-
ited manifestations reported by Adir et al. (1) or radiogra-
phically identified pulmonary edema. Non–English-language
case reports were not excluded. An effort was made not to
double-count cases that were likely to have been included in
more than one case report or series (25,45,68). One additional
article was also included, in which the case described a syn-
drome consistent with IPE but was not labeled as IPE or
swimming-induced pulmonary edema (20). Articles related to
breath-hold (apnea) diving were excluded owing to the dis-
tinct mechanism for pulmonary edema in apnea diving that
does not occur during scuba diving or surface swimming (lung
squeeze) (38). If published series did not specify whether
more than one risk factor was present in a given individual,
there was the potential for double counting. For these series,
when assessing the number of individuals with risk factors, we

used only the single risk factor with the largest number of
instances. Cases from the literature were classified as military
or recreational.

We defined predisposing conditions as risk factors as either
overt cardiopulmonary or peripheral vascular disease (PVD)
or risk factors for such conditions. These conditions were di-
agnosed before the incident or during the subsequent evalua-
tion immediately after the incident.

Descriptive statistics are reported as mean T SD. Compari-
son of age between recreational group and military group was
carried out using two-tailed unpaired t-test. Comparison of
prevalence of risk factors between the Duke series and the
compiled published cases was performed using W

2. Statistical
tests were performed using JMP Pro version 11.0.0 (SAS,
Cary, NC) software.

RESULTS

Duke experience. A total of 41 individuals contacted
us after incidents consistent with IPE. Sex and age at the time
of incident were obtained on all subjects except for three. Past
medical history was available for 36 of subjects (15 bymedical
records and 21 by self-report). A total of five individuals were
excluded from the analysis because of insufficient medical
history or age/sex data. Ten subjects and their medical records
were evaluated in person.

Mean T SD age at the time of IPE incident for subjects
was 50.11 T 10.8 yr (median = 49.0 yr, range = 25–71 yr).
Compared to the literature, the age of the Duke cases is similar
to the recreational group, with a difference of 2.3 yr [95%
confidence interval (CI) =j6.55 to 1.95, P = 0.29]. Of the 36
subjects with available medical history data, 9 (25%) did not
have significant past medical history (defined for the purposes
of this review as hypertension, pulmonary disease, overweight/
obesity, diabetes, sleep apnea, hypothyroidism, or cardiac ab-
normalities of structure, function, rhythm, or conduction).

The most common medical conditions were overweight/
obesity (n = 12 with BMI 9 25 kgImj2, of whom 4 had BMI 9
30 kgImj2) and hypertension (n = 7). For cardiac abnor-
malities, there were four cases of dysrhythmias [paroxysmal
atrial fibrillation (n = 1), symptomatic sinus bradycardia (n = 1),
‘‘irregular heartbeat with history of syncope’’ (n = 1)] or con-
duction abnormalities [left bundle branch block (n = 1)], two
cases of valvular abnormalities [mitral valve prolapse, (n = 1)
‘‘leaky valve’’ (n = 1)], two cases of abnormal cardiac function
[nonischemic cardiomyopathy (n = 1), depressed LV ejection
fraction (n = 1)], one case of repaired patent foramen ovale,
one case of repaired atrial septal defect, one case of repaired
patent ductus arteriosus in infancy, and one case of pulmonary
hypertension. There were five cases of pulmonary disease:
three cases of asthma [childhood asthma (n = 2), active asthma
(n = 1)] and one case each of obstructive lung disease and
reactive airways disease. There were three cases of hypothy-
roidism, two cases of diabetes mellitus, and one case of poly-
cystic ovary syndrome. Two subjects had obstructive sleep
apnea. Twelve subjects had more than one concurrent medical
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condition. Of note, at the time of the IPE incident, 3 of the
36 subjects had elevated blood levels of cardiac biomarkers.
Two of the 36 subjects had discontinued oral diuretic medi-
cation shortly before their IPE incident.

Representative cases from Duke survey. Case A.
A 58-yr-old male recreational diver with medical history sig-
nificant for obstructive sleep apnea, hyperlipidemia, and obe-
sity (BMI = 32 kgImj2) was making his second dive of the
day, to 30 feet of sea water (fsw), in heavy current. He expe-
rienced a sudden onset of dyspnea during the dive that wors-
ened with time. Decompression was shortened owing to
dyspnea, and on surfacing, he was noted to be coughing and
expectorating bloody sputum. He was evacuated by heli-
copter to a nearby emergency department. He was hemody-
namically stable and hypoxic (SaO2 94%, PaO2 69 mm Hg on
2 LIminj1 O2). A chest radiograph showed a prominence of
central pulmonary vessels suggestive of pulmonary venous
hypertension. Notably, cardiac biomarkers troponin, crea-
tine kinase MB, and creatine kinase were elevated. The
patient was monitored overnight in the hospital, with serial
cardiac biomarkers. As the patient was clinically improving and
serum troponin levels began to decrease after 12 h, the patient
was discharged for outpatient cardiology follow-up. Subsequent
exercise myocardial perfusion scan revealed no evidence of is-
chemic heart disease, and resting echocardiogram revealed nor-
mal systolic and diastolic function and no valvular abnormality.

Case B. A 49-yr-old female with hypertension, severe
obstructive sleep apnea, iron deficiency anemia, hyperlipid-
emia, anxiety, and obesity (BMI = 41 kgImj2) had completed
a single 23-min dive to 25 fsw on air in 11-C–15-C water.
During the surface swim to return to the boat, she developed
a sudden onset of dyspnea and productive cough. She was
transported to a local emergency department, where chest ra-
diograph revealed mild pulmonary edema, while EKG and
laboratory studies were otherwise normal. Symptoms resolved
with supplemental O2 and intravenous diuresis.

Literature review. Forty-five articles met the criteria
for inclusion with a total of 292 cases (see Table, Sup-
plementary Digital Content 1, list of articles reviewed,
http://links.lww.com/MSS/A544). There were 156 recreational
divers or swimmers (53.4%) and 136 military swimmers or
divers (46.6%). Of the recreational group, 67 subjects were
female and 89 subjects were male. Except for one, all cases in
the military group were male.

For cases reviewed for this article, average age for recre-
ational swimmers and divers in whom ages were reported
individually was (n = 106) was 47.8 T 11.3 yr. Wilmshurst
et al. (67) had reported a similar mean age (45.6 T 2.6 yr) in
their series of 11 cases, as had Gempp et al. (27) in their
series of 54 cases (mean age 46 T 13 yr). In military swim-
mers and divers (n = 136), all reported cases of IPE occurred
in those between 18 and 47 yr old. In the two largest series
(n = 91), all cases were 18–19 yr old (1,56). Average age for
11 military divers as reported by Gempp et al. (26) was 29 T
5 yr. Mahon et al. (43) reported a series in which the age
range was 22–28 yr (n = 3). Mean age in combat swimmers
and divers was 23.3 T 6.4 yr in the remainder of cases re-
viewed (n = 20) (36,40,41,54,55,62,69). Comparison of
age between recreational and military groups in the cases in
which individual ages were reported reveals significantly
higher age by 24.5 yr (95% CI = 19.4–29.7) in the recrea-
tional group (P G 0.0001).

Of the entire cohort of 292 cases, 70 (24.9%) were re-
ported to have significant preexisting risk factors (Table 1).
Of these 70 cases, there was evidence of cardiac dysfunction
in 50 cases (71.4%) defined as valvular disease, LV dys-
function, or clinical or laboratory evidence of cardiac dysfunction
or injury (Table 2). When considered within the recreational
subgroup only (n = 156), this higher risk group comprises
nearly half (44.9%) of cases. Of the 70 with preexisting risk
factors, hypertension (35.7%) (14,15,27,32,34,57,61,67),
hyperlipidemia (14.3%) (17,27,34,61), and LV hypertro-
phy (LVH; 8.6%) (6,29,34) were the most common
comorbidities. Other conditions included coronary artery
disease (14,23,27), cardiomegaly (34), chronic atrial fibrillation
(21,57), diabetes (6,27), exercise-induced cough (30), asthma
(9,57), PVD (14), and sleep apnea (27,34,61) (Table 1). On
further follow-up by Wilmshurst (67), Carter and Koehle (9),
and Gempp et al. (27), additional subjects were noted to
develop diagnoses of Raynaud syndrome (n = 1) (67), hy-
pertension (n = 8) (9,27,67), and atrial fibrillation (n = 1) (67).
(These latter diagnoses were not included in Table 1.) Of the

TABLE 1. Preexisting risk factors at the time of immersion pulmonary edema incident from
literature review.

Asthma (9,57) 4
Cardiomegaly (34) 2
Chronic atrial fibrillation (21,57) 2
Coronary artery disease (14, 23, 27) 3
Diabetes (6,27) 4
Exercise-induced cough (30) 1
Hyperlipidemia (17,27,34,61) 22
Hypertension (14,15,27,32,34,57,61,67) 25
Left ventricular hypertrophy (6,29,34) 9
Peripheral vascular disease (14) 1
Sleep apnea (27,34,61) 6

TABLE 2. Evidence of cardiac dysfunction reported in immersion pulmonary edema cases
in literature review.

Valvular disease
Mitral valve prolapse (34) 1
Mitral regurgitation (6,34) 4
Ruptured chordae tendineae (34) 1
Tricuspid regurgitation (34) 1
Bicuspid aortic valve with trivial insufficiency (29) 1

Left ventricular dysfunction
Ventricular hypokinesis (5,11,14,20,27,35,60) 21
Alcoholic cardiomyopathy (35) 1
Takotsubo cardiomyopathy (5,11,14,20) 4

Hypotension (11,14,16,17,20,31,32,35,66) 8
Cardiac arrest (14,16,23,34) 6
Dysrhythmia (extrasystoles) (34) 1
Jugular venous distension (29,34) 2
EKG ischemic changes (5,6,11,14,16,20,27,34,35,66) 21
Elevated cardiac biomarkers (troponin, creatinine kinase)

(5–7,11,14,16,18,20,27,34,60)
28

Elevated pulmonary artery pressure (echocardiographic) (60) 1

Because more than one condition may exist in the same patient, these numbers do not
add up to the number of patients.
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50 IPE cases found to have evidence of cardiac dysfunction,
valvular disease was found in 6 cases (6,29,34) and LV
dysfunction was found in 26 cases (5,11,14,20,27,35,60)
(Table 2). The mean age of those with risk factors for coro-
nary artery disease (hypertension, hypercholesterolemia, or
smoking history) was 53.0 T 6.8 yr versus 45.7 T 12.0 yr in
those without risk factors (P = 0.0001).

The percentage of cases with possible predisposing factors
in the Duke experience (72.2%) was significantly greater than
both the literature as a whole (24%, P = 1.9 � 10j9) and the
subset of civilian cases (44.9%, P = 0.0031; Fig. 1).

Twenty-two subjects (14.1%) in the recreational group and
27 subjects (19.9%) in the military group, 16.8% overall, had
previous episodes suggestive of IPE or recurrent episodes on
follow-up (1,9,14,21,23,28,32,35,52,59,61,62). Death was re-
ported in six cases (14,16,23,34). No significant past medical
history was reported in the remaining cases (7,11,16,18–20,
22,25,31,33,48,53,59,63).

DISCUSSION

IPE is typically thought to affect relatively young, healthy
swimmers and divers. A review by Koehle et al. (37) in 2003
reported of a mean T SD age of 36.1 T 14.2 yr for all IPE
patients and 47.1 T 11 yr among scuba divers. For cases re-
viewed for this article, mean age differed between popu-
lations, falling in the fifth decade of life (40–49 yr) in the
recreational diving/swimming groups and the third decade of
life (20–29 yr) in the military diving/swimming group. Our
mixed population of 36 recreational and commercial divers/
swimmers had an average age similar to the recreational group
reported in the literature.

In the literature, 70 (24.9%) of 292 reported cases occurred
in patients with preexisting cardiopulmonary disease or risk
factors for cardiopulmonary disease, warranting the conclusion
that IPE is generally a condition affecting healthy individuals.
Indeed, these figures are higher than those found by Koehle
et al. (37), in which 17.2% of cases had any preexisting medical
conditions. When considered within their subgroups (recrea-
tional vs military), however, the proportion of IPE cases with

preexisting comorbidities is 44.9% in the recreational popu-
lation (total n = 156) compared to 0% in the military popu-
lation (total n = 136).

In our case series, we saw a proportion more similar to the
recreational population: 72.2% of subjects had significant
preexisting medical conditions, which is significantly greater
than the 44.9% reported for civilian cases in the literature (P =
0.0031), consistent with our hypothesis of underreporting.

Cases A and B are illustrative examples of recreational di-
vers who did not have known history of cardiovascular disease
but did have significant risk factors (e.g., obesity and hyper-
lipidemia). In addition, obstructive sleep apnea would be a risk
factor for developing systemic and pulmonary hypertension.

It is possible that divers with cardiac risk factors are at a
higher risk for IPE owing to subclinical cardiopulmonary
dysfunction that is exacerbated by immersion and exertion
during diving or swimming. Those with underlying valvular
disease or LV dysfunction may manifest as IPE in these set-
tings. Ventricular distension by central redistribution of blood
and increased afterload due to peripheral vasoconstriction in
cold water could exacerbate or unmask valvular dysfunction
(e.g., worsen mitral regurgitation by distorting the mitral valve
annulus), which would increase the likelihood of developing
pulmonary edema. Those without diagnosed heart disease may
still be susceptible to demand ischemia or stress cardiomyop-
athy (Takotsubo). The possible contribution of demand ische-
mia to the pathophysiology of IPE is supported by evidence of
myocardial dysfunction (defined by elevation in troponin T
with EKG or echocardiographic abnormalities consistent with
ischemia) present on admission, which later normalized (27).
Curiously, stress testing at the time of hospital admission for
IPE or on follow-up was negative in all cases (n = 13), and
coronary angiography in six of those cases showed no sig-
nificant disease. These findings suggest that the physiological
changes that occur with immersed exercise are significant to
the pathophysiology of IPE. Central redistribution of preload
during immersion increases blood volume in the heart and LV
wall stress, in turn increasing myocardial oxygen consumption
(42). Myocardial dysfunction seen in some IPE cases could be
due to a combination of increased myocardial oxygen con-
sumption (e.g., due to increased HR due to exercise, increased
ventricular wall stress) and decreased myocardial oxygen
supply (e.g., due to hypoxia, coronary vasospasm, or micro-
vascular vasoconstriction) (27). In the presence of ventricu-
lar hypertrophy, the combination of increased subendocardial
pressure, higher muscle mass, and reduced diastolic time due
to tachycardia and aortic stiffening could induce myocardial
ischemia even with normal coronaries (50).

There is a well-recognized correlation between IPE and
hypertension (and conceivably LVH) (44,67). A recent in-
vestigation of IPE cases found a high prevalence of hyper-
tension, with 27.8% in all IPE cases and 60% in IPE cases
with reversible myocardial dysfunction (27). Hypertension
was the most common medical condition among IPE cases
reviewed for this article (25 of 156 recreational swimmers
and divers, representing 16.0%).

FIGURE 1—Percentage of patients with one or more risk factors for
IPE. The greater fraction in the unselected Duke cohort significantly
exceeds that of the population reported in the literature. None of the
military cohort had any identifiable risk factor.

IMMERSION PULMONARY EDEMA REVIEW Medicine & Science in Sports & Exercised 1131

C
LIN

IC
A
L
SC

IEN
C
ES

Copyright © 2015 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



It is conceivable that myocardial ischemia in some cases of
IPE represents a form of silent ‘‘syndrome X,’’ which is clas-
sically described as angina with normal coronary angiography.
It has been proposed that syndrome X is caused by myocardial
ischemia due to microvascular dysfunction (8) or reduced
coronary reserve as a result of hypertension and LVH (49,50).
Although the diagnosis of syndrome X classically requires
angina, it has been speculated that myocardial ischemia in some
patients with syndrome X could occur without chest pain (8).

Whatever the underlying cause, demand ischemia can in-
crease diastolic LV stiffness (3), which, in the face of increased
preload, could predispose to pulmonary edema due to increased
LV end-diastolic pressure and thus pulmonary venous pressure.
Relevant to the association between IPE and coldwater, impaired
diastolic function has also been demonstrated in response to the
cold pressor test, particularly in older individuals (46). Impaired
diastolic function due to LVH is also highly prevalent in those
with chronic systemic hypertension, obesity, and sleep apnea.

One possible contributing factor to the discrepancies in age
and comorbidities seen between this article and previously
published articles may be publication bias. A healthy, extremely
fit, 19-yr-old military trainee who develops pulmonary edema
during swimming is certainly remarkable, whereas a sedentary
65-yr-old recreational diver with risk factors for coronary artery
disease who develops pulmonary edema during diving would
be less surprising to most clinicians. Cases like the latter are
less likely to be reported, which may lead to an overall skewed
characterization of the disease process and its risk factors. In
addition, there seems to be a striking difference with regard to
comorbidities between the recreational and the military cases
of IPE, with essentially all of the comorbidities reported in
the recreational diving/swimming population. Whereas car-
diopulmonary dysfunction may play a significant role in IPE
in recreational divers/swimmers, other factors could be more
important in the military population. Pulmonary artery and pul-
monary artery wedge pressures (PAP and PAWP) both increase
monotonically with increasing cardiac output (47). Owing to
the central redistribution of blood, both PAP and PAWP in-
crease further during immersed exercise (2,12,13,24,39,51),
particularly in cold water (64), thus providing a mechanism
for pulmonary edema in healthy individuals engaged in
extreme exercise, such as in military recruits during swim
training. Elevated PAP and PAWP could be accentuated by
impairment of diastolic filling associated with LVH occur-
ring as a result of strength training (4), which is unlikely to
be detected during a standard prerecruitment examination).
It is further likely that the contribution of cardiopulmonary
disease to IPE in the recreational population has been un-
derreported and underestimated.

LIMITATIONS OF THE STUDY

First, in one subset of patients in the series published by
Gempp et al. (27), it was not possible to determine whether
some individuals had more than one risk factor. For that
series, we assumed the minimum possible number (six with

hypertension). Second, not all cases were exhaustively in-
vestigated or reported. In such instances, some risk factors
(e.g., LVH) may not have been detected. Thus, the total
percentage of civilian cases with factors predisposing to IPE
may have been underestimated. We would also like to em-
phasize that while EKG changes and troponin elevation are
suggestive of myocardial damage, the fact that most cases
recovered satisfactorily without any evidence of coronary
artery disease reveals the limitations of these parameters as
markers of heart disease. Abnormalities could occur as a
result of secondary hypoxemia due to pulmonary edema.
Finally, we included as possible risk factors any reported
abnormality suggesting lung or heart disease, some of
which may have been incidental. Nevertheless, in the cases
where we were provided details of medical conditions
(Duke series), the percentage of cases with risk factors was
significantly higher than in the published cases. This sup-
ports our hypothesis that underlying risk factors are more
common than supposed by reading the literature. Exclud-
ing military cases, it is appropriate to examine each indi-
vidual with a history of IPE to exclude treatable causes.

In the reported cases, approximately 17% experienced a
recurrence. This undoubtedly represents an underestimate be-
cause some individuals probably avoid the circumstances in
which their IPE occurred.

CONCLUSIONS

IPE has been reported in healthy divers and swimmers
without cardiac or pulmonary dysfunction; however, our
data indicate a high prevalence of comorbidity in civilian
cases of IPE. The latter type of cases may be underreported
in the literature. Military cases of IPE seem to lack the same
association with cardiopulmonary comorbidities, and other
pathophysiological factors may be more important in that
population.

We conclude that a search for predisposing conditions
is warranted in all individuals with a history of IPE who
have not previously been medically screened (as in military
trainees). Specifically, the evaluation should include a search
for hypertension, valvular heart disease, diabetes, lung dis-
ease, and, in individuals with risk factors, silent coronary
artery disease. If obstructive sleep apnea is suspected, it may
be useful to search for its possible secondary effects. IPE
recurrence rate reported in the literature of 16.8% suggests
that factors that increase susceptibility to IPE may be per-
sistent, although the multifactorial nature of IPE may make it
difficult to predict recurrence. Swimmers and divers who
have experienced IPE should be advised of the potential for
recurrence.

This study was supported by NAVSEA Contracts N61331-03-C-
0015 and N0463A-10-C-0005 and Divers Alert Network. The authors
declare that they have no conflicts of interest.

The results of the present study do not constitute endorsement by
the American College of Sports Medicine.

http://www.acsm-msse.org1132 Official Journal of the American College of Sports Medicine

C
LI
N
IC
A
L
SC

IE
N
C
ES

Copyright © 2015 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



REFERENCES

1. Adir Y, Shupak A, Gil A, et al. Swimming-induced pulmonary
edema. Chest. 2004;126(2):394–9.

2. Arborelius M Jr, Ballidin UI, Lilja B, Lundgren CE. Hemodynamic
changes in man during immersion with the head above water. Aerosp
Med. 1972;43(6):592–8.

3. Aroesty JM,McKay RG, Heller GV, Royal HD, Als AV, GrossmanW.
Simultaneous assessment of left ventricular systolic and diastolic dys-
function during pacing-induced ischemia. Circulation. 1985;71(5):
889–900.

4. Baggish AL, Wang F, Weiner RB, et al. Training-specific changes
in cardiac structure and function: a prospective and longitudinal as-
sessment of competitive athletes. J Appl Physiol (1985). 2008;104(4):
1121–8.

5. Beinart R, Matetzky S, Arad T, Hod H. Cold water–induced pul-
monary edema. Am J Med. 2007;120(9):e3.

6. Biswas R, Shibu PK, James CM. Pulmonary oedema precipitated
by cold water swimming. Br J Sports Med. 2004;38(6):e36.

7. Boggio-Alarco JL, Jaume-Anselmi F, Ramirez-Rivera J. Acute
pulmonary edema during a triathlon occurrence in a trained athlete.
Bol Asoc Med P R. 2006;98(2):110–3.

8. Cannon RO 3rd. Microvascular angina and the continuing dilemma
of chest pain with normal coronary angiograms. J Am Coll Cardiol.
2009;54(10):877–85.

9. Carter EA, Koehle MS. Immersion pulmonary edema in female
triathletes. Pulm Med. 2011;2011:1–4.

10. Carter EA, Mayo JR, MacInnis MJ, McKenzie DC, Koehle MS.
Individual susceptibility to high altitude and immersion pulmonary
edema and pulmonary lymphatics. Aviat Space Environ Med.
2014;85(1):9–14.

11. Chenaitia H, Coullange M, Benhamou L, Gerbeaux P. Takotsubo
cardiomyopathy associatedwith diving. Eur J Emerg Med. 2010;17(2):
103–6.

12. Cherry AD, Forkner IF, Frederick HJ, et al. Predictors of increased
PaCO2 during immersed prone exercise at 4.7 ATA. J Appl Physiol
(1985). 2009;106(1):316–25.

13. Christie JL, Sheldahl LM, Tristani FE, et al. Cardiovascular reg-
ulation during head-out water immersion exercise. J Appl Physiol
(1985). 1990;69(2):657–64.

14. Cochard G, Arvieux J, Lacour JM, Madouas G, Mongredien H,
Arvieux CC. Pulmonary edema in scuba divers: recurrence and
fatal outcome. Undersea Hyperb Med. 2005;32(1):39–44.

15. Cochard G, Henckes A, Deslandes S, et al. Swimming-induced
immersion pulmonary edema while snorkeling can be rapidly
life-threatening: case reports. Undersea Hyperb Med. 2013;40(5):
411–6.

16. Cordier PY, Coulange M, Polycarpe A, Puidupin A, Peytel E.
Immersion pulmonary oedema: a rare cause of life-threatening
diving accident (in French). Ann Fr Anesth Reanim. 2011;30(9):699.

17. Cosgrove H, Guly H. Acute shortness of breath: an unusual cause.
J Accid Emerg Med. 1996;13(5):356–7.

18. Coulange M, Rossi P, Gargne O, et al. Pulmonary oedema in healthy
SCUBA divers: new physiopathological pathways. Clin Physiol Funct
Imaging. 2010;30(3):181–6.

19. Deady B, Glezo J, Blackie S. A swimmer’s wheeze. CJEM.
2006;8(4):281, 297–8.

20. Dessardo S, Tomuli( V, Dessardo N. Tako-Tsubo syndrome in a
12-year-old girl: exhausted heart, not broken heart. Pediatr Cardiol.
2011;32(7):1008–11.

21. Dwyer N, Smart D, Reid DW. Scuba diving, swimming and pul-
monary oedema. Intern Med J. 2007;37(5):345–7.

22. Edmonds C. Scuba divers’ pulmonary oedema. A review. Diving
Hyperb Med. 2009;39(4):226–31.

23. Edmonds C, Lippman J, Lockley S, Wolfers D. Scuba divers’
pulmonary oedema: recurrences and fatalities. Diving Hyperb Med.
2012;42(1):40–4.

24. Fraser JAV, Peacher DF, Freiberger JJ, et al. Risk factors for im-
mersion pulmonary edema: hyperoxia does not attenuate pulmo-
nary hypertension associated with cold water–immersed prone
exercise at 4.7 ATA. J Appl Physiol (1985). 2011;110(3):610–8.

25. Gempp E, Boussuges A, Poyet R, Blatteau JE. Accident coronarien
aigu revele par un oedeme pulmonaire survenu en plongee sous-
marine. Ann Cardiol Angeiol (Paris). 2009;58(4):240–3.

26. Gempp E, Louge P, Blatteau J-E, Hugon M. Descriptive epide-
miology of 153 diving injuries with rebreathers among French
military divers from 1979 to 2009. Mil Med. 2011;176(4):446–50.

27. Gempp E, Louge P, Henckes A, Demaistre S, Heno P, Blatteau J-E.
Reversible myocardial dysfunction and clinical outcome in scuba di-
vers with immersion pulmonary edema. Am J Cardiol. 2013;111(11):
1655–9.

28. Glanvill P. The diving doctor’s diary: a case of diving-induced
pulmonary oedema. Diving Hyperb Med. 2006;36(4):198–200.

29. Gnadinger CA, Colwell CB, Knaut AL. Scuba diving-induced
pulmonary edema in a swimming pool. J Emerg Med. 2001;21(4):
419–21.

30. Grindlay J, Mitchell S. Isolated pulmonary oedema associated with
SCUBA diving. Emerg Med. 1999;11(4):272–6.

31. Halpern P, Gefen A, Sorkine P, Elad D. Pulmonary oedema in
SCUBA divers: pathophysiology and computed risk analysis. Eur
J Emerg Med. 2003;10(1):35–41.

32. Hampson N, RG D. Pulmonary edema of scuba divers. Undersea
Hyperb Med. 1997;24(1):29–33.

33. Hempe S, Lierz P. Lung edema in scuba diving (in German). Anasthesiol
Intensivmed Notfallmed Schmerzther. 2003;38(10):648–50.

34. Henckes A, Lion F, Cochard G, Arvieux J, Arvieux CC. Pulmo-
nary oedema in scuba-diving: frequency and seriousness about a
series of 19 cases. Ann Fr Anesth Reanim. 2008;27(9):694–9.

35. Kenealy H, Whyte K. Diving-related pulmonary oedema as an
unusual presentation of alcoholic cardiomyopathy. Diving Hyperb
Med. 2008;38(2):152–4.

36. Knutson T. Swimming-induced pulmonary oedema—a hazard in
intensively military training? J R Army Med Corps. 2010;156(4):
258–9.

37. Koehle MS, Lepawsky M, McKenzie DC. Pulmonary oedema of
immersion. Sports Med. 2005;35:183–90.

38. Lindholm P, Lundgren CE. The physiology and pathophysiology
of human breath-hold diving. J Appl Physiol (1985). 2009;106(1):
284–92.

39. Lollgen H, von Nieding G, Koppenhagen K, Kersting F, Just H.
Hemodynamic response to gradedwater immersion. Klin Wochenschr.
1981;59(12):623–8.

40. Ludwig BB, Mahon RT, Schwartzman EL. Cardiopulmonary
function after recovery from swimming-induced pulmonary edema.
Clin J Sport Med. 2006;16(4):348–51.

41. Lund KL, Mahon RT, Tanen DA, Bakhda S. Swimming-induced
pulmonary edema. Ann Emerg Med. 2003;41(2):251–6.

42. Magder S, Linnarsson D, Gullstrand L. The effect of swimming
on patients with ischemic heart disease. Circulation. 1981;63(5):
979–86.

43. Mahon RT, Kerr S, Amundson D, Parrish JS. Immersion pulmonary
edema in Special Forces combat swimmers. Chest. 2002;122(1):
383–4.

44. Miller CC, Calder-Becker K, Modave F. Swimming-induced pul-
monary edema in triathletes. Am J Emerg Med. 2010;28(8):941–6.

45. Mitchell S. Immersion pulmonary oedema. SPUMS J. 2002;32(4):
200–5.

46. Muller MD, Mast JL, Patel H, Sinoway LI. Cardiac mechanics are
impaired during fatiguing exercise and cold pressor test in healthy
older adults. J Appl Physiol (1985). 2013;114(2):186–94.

47. Naeije R, Chesler N. Pulmonary circulation at exercise. Compr
Physiol. 2012;2(1):711–41.

IMMERSION PULMONARY EDEMA REVIEW Medicine & Science in Sports & Exercised 1133

C
LIN

IC
A
L
SC

IEN
C
ES

Copyright © 2015 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



48. North VJ, Mansfield H. A case of acute breathlessness in a swim-
mer. Emerg Med J. 2013;30(5):429.

49. O’Rourke MF, Nichols WW.Microvascular angina or ‘‘Vis a Tergo.’’
J Am Coll Cardiol. 2010;55(6):611.

50. Opherk D, Mall G, Zebe H, et al. Reduction of coronary reserve: a
mechanism for angina pectoris in patients with arterial hyperten-
sion and normal coronary arteries. Circulation. 1984;69(1):1–7.

51. Peacher DF, Pecorella SR, Freiberger JJ, et al. Effects of hyperoxia
on ventilation and pulmonary hemodynamics during immersed
prone exercise at 4.7 ATA: possible implications for immersion
pulmonary edema. J Appl Physiol (1985). 2010;109(1):68–78.

52. Pons M, Blickenstorfer D, Oechslin E, et al. Pulmonary oedema in
healthy persons during scuba-diving and swimming. Eur Respir J.
1995;8(5):762–7.

53. Roeggla M, Roeggla G, Seidler D, Muellner M, Laggner AN. Self-
limiting pulmonary edema with alveolar hemorrhage during diving
in cold water. Am J Emerg Med. 1996;14(3):333.

54. Shearer D, Mahon R. Brain natriuretic peptide levels in six basic
underwater demolitions/SEAL recruits presenting with swim-
ming induced pulmonary edema (SIPE). J Spec Oper Med.
2009;9(3):44–50.

55. Shupak A, Guralnik L, Keynan Y, Yanir Y, Adir Y. Pulmonary
edema following closed-circuit oxygen diving and strenuous swim-
ming. Aviat Space Environ Med. 2003;74:1201–4.

56. Shupak A, Weiler-Ravell D, Adir Y, Daskalovic YI, Ramon Y,
Kerem D. Pulmonary oedema induced by strenuous swimming: a
field study. Respir Physiol. 2000;121(1):25–31.

57. Slade JB, Hattori T, Ray CS, Bove AA, Cianci P. Pulmonary
edema associated with scuba diving. Chest. 2001;120(5):1686–94.

58. Somers VK, White DP, Amin R, et al. Sleep apnea and cardio-
vascular disease: an American Heart Association/American Col-
lege of Cardiology Foundation Scientific Statement From the
American Heart Association Council for High Blood Pressure
Research Professional Education Committee, Council on Clinical
Cardiology, Stroke Council, and Council on Cardiovascular
Nursing In Collaboration With the National Heart, Lung, and
Blood Institute National Center on Sleep Disorders Research

(National Institutes of Health). J Am Coll Cardiol. 2008;52(8):
686–717.

59. Spiteri DB, Debono R, Micallef-Stafrace K, Xuereb RG. Recurrent
swimming-induced pulmonary oedema (SIPE) in a triathlete.
ISMJ. 2011;12(3):141–4.

60. Stefanko G, Lancashire B, Coombes JS, Fassett RG. Pulmonary
oedema and hyponatraemia after an ironman triathlon. BMJ Case
Rep. 2009;2009. pii: bcr04.2009.1764. doi: 10.1136/bcr.04.2009.
1764. Epub 2009 Aug 17.

61. Van Renterghem D, Depuydt C. Hemoptysis and pulmonary edema
in a scuba diver using diclofenac. Pharmacology. 2012;89(1–2):
103–4.

62. Weiler-Ravell D, Shupak A, Goldenberg I, et al. Pulmonary oe-
dema and haemoptysis induced by strenuous swimming. BMJ.
1995;311(7001):361–2.

63. Wenger M, Russi EW. Aqua jogging–induced pulmonary oedema.
Eur Respir J. 2007;30(6):1231–2.

64. Wester TE, Cherry AD, Pollock NW, et al. Effects of head and
body cooling on hemodynamics during immersed prone exercise at
1 ATA. J Appl Physiol. 2009;106(2):691–700.

65. Wilmshurst P, Nuri M, Crowther A, Betts J, Webb-Peploe MM.
Forearm vascular responses in subjects who develop recurrent
pulmonary edema of scuba diving: a new syndrome. Br Heart J.
1981;45:349.

66. Wilmshurst PT. Pulmonary oedema induced by emotional stress,
by sexual intercourse, and by exertion in a cold environment in
people without evidence of heart disease. Heart. 2004;90(7):806–7.

67. Wilmshurst PT, Crowther A, Nuri M, Webb-Peploe MM. Cold-
induced pulmonary oedema in scuba divers and swimmers and sub-
sequent development of hypertension. Lancet. 1989;333(8629):62–5.

68. Wilmshurst PT, Nuri M, Crowther A, Betts JC, Webb-Peploe MM.
Recurrent pulmonary oedema in scuba divers; prodrome of hy-
pertension: a new syndrome. In: Bachrach AJ MM, ed. Under-
water Physiology VIII, Bethesda (MD): Undersea Medical Society,
1984.pp.327–39.

69. Yoder JA, Viera AJ. Management of swimming-induced pulmo-
nary edema. Am Fam Physician. 2004;69(5):1046–9.

http://www.acsm-msse.org1134 Official Journal of the American College of Sports Medicine

C
LI
N
IC
A
L
SC

IE
N
C
ES

Copyright © 2015 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.


