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Immersion Pulmonary Edema
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COLD-INDUCED PULMONARY OEDEMA IN
SCUBA DIVERS AND SWIMMERS AND
SUBSEQUENT DEVELOPMENT OF
HYPERTENSION
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Department of Cardiology, St. Thomas' Hosparal, O

London SEI TEH Exercise Cold 02 Ice + O2

Summary The effect of cold and/or a raised partial

pressure of oxygen was examined in eleven
pecple with no demonstrable cardiac abnormality but who
had pulmonary oedema when scuba diving or surface
swimming, and in ten normal divers. These stimuli induced
pathological vasoconstriction in the pulmonary oedema
group, ninc of whom also showed signs of cardiac
decompensation when so stimulated. The pulmonary
oedema patients have been followed-up for an average of 8
years. Seven have become hypertensive. Except for the
onset of lone atrial fibrillation in one normotensive fermale
diver and development of Raynaud’s phenomenon in a
normotensive man, there have been no cardiovascular
events and no deaths,
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Author
Wilmshurst

Weliler-Ravell
Shupak

Mahon
Lund
Adir
Miller

1989

1995
2000

2002
2003
2004
2010

Background

Year |Population | N

Civilian divers, 11

swimmers

Military 8 (of 30 individuals)

Military 29 cases in 21 swimmers (60%
of group)

Military 3

Military 8

Military 70

Triathletes 1.4% of 1411 triathletes
reported SIPE symptoms




41 Articles Reporting SIPE 1984-2014: 292 Cases

160 - OPredisposing Factors

B No Predisposition
120 -
OCivilian 80 -
O Miltary
40 -
0]
Military Civilian
CARDIAC ABNORMALITIES  CARDIAC RISK FACTORS  PULMONARY CONDITIONS
Hypertension 24 Elevated lipids 16 Asthma al
Wall motion abn. 21 Sleep apnea 4 Exercise-induced cough 1
Alcoholic cardiomyopathy 1 Diabetes 4
Takotsubo 4
Myocard. ischemia 2

1
LVH 9
Mitral regurgitation 4
Atrial fibrillation 2

1

PVD Peacher DF, et al. Med Sci Sports Exerc 47:1128, 2015



Immersion Pulmonary Edema in Triathletes
¥ Electronic survey via USA Triathlon

® 1400 respondents, 20 (1.4%) reported having experienced
“Cough productive of pink frothy or blood-tinged secretions”

B Associated variables with univariate analysis: hypertension, fish oil
use, wetsuit use, long course* (*1.9 km swim, 90 km ride, 21.1 km run, or greater)

B Associated factors using multiple logistic regression:

Hypertension 5.38 (2.15,3.48)

Female gender 2.75 (1.26,6.02)
Long course 3.30 (1.50,7.27)
Fish oil use 2.66 (1.28,5.54)

Miller CC Ill, et al. Am J Emerg Med 28:941, 2010




PAP and PAWP During Cold (20°C) Immersed Exercise

IPE Susceptible PA Pressure

(exercise pre-sildenafil)
IPE Susceptible PA Pressure
(exercise post-sildenafil) Normal PA Pressure

(rest & exercise)

—IPE Susceptible PA Wedge Pressure (pre-sildenafil)
_IPE Susceptible PA Wedge Pressure (post-sildenafil)

- Normal PA Wedge Pressure
(rest & exercise)
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SIPE Mechanisms in fit, young athletes?

Navy SEALS Triathletes

B EXxcessive hydration
B |Impaired diastolic LV filling (| LV compliance — higher LVEDP
B High exertion levels — higher PAP, PA wedge pressure
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Control Susceptible Control Susceptible
Dry Rest Immersed Rest Immersed Exercise

DRY REST IMMERSED (20°C) REST

LR

*P=0.0013
*P=0.004

Yes

Yes
Prior SIPE Prior SIPE




Hypothesis

Susceptibility to SIPE In triathletes may be
caused by age-related decrease in LV
compliance



Methods

B Duke IRB approval

B Published cases of SIPE in triathletes
volunteering for Duke study (N=54) and
respondents to USA Triathlon 2008 survey
(N=14,745)

B Age and gender distributions compared
(Fisher’s exact test and chi square)



Results: Age Distribution

100 * P=0.00026

M Triathlete SIPE Cases (N=54)
I USA Triathlon Members (N=14,745)

SIPE Cases USA Triathion

Percent (%)




Conclusions

BAmong triathletes, increased age Is
a risk factor for SIPE, consistent
with age-related reduction in LV
compliance or increased prevalence
of co-morbidities (e.g. hypertension)

BCompared to males, female
triathletes are at higher risk of SIPE,
as previously observed








