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Immersion Pulmonary Edema (IPE), Immersion Pulmonary Edema (IPE), 
SwimmingSwimming--Induced Pulmonary Edema (SIPE)Induced Pulmonary Edema (SIPE)
gg Pulmonary edema occurring in divers, swimmersPulmonary edema occurring in divers, swimmers

gg DyspneaDyspnea 7070 (100%)(100%)

gg CoughCough 6767 (96%)(96%)

gg HemoptysisHemoptysis 3939 (56%)(56%)

gg Sputum productionSputum production 6363 (90%)(90%)

gg Chest painChest pain 66 (9%)(9%)

AdirAdir Y, et Y, et al.al.

Chest Chest 126:394, 2004126:394, 2004

gg Basal inspiratory cracklesBasal inspiratory crackles 6464 (91%)(91%)

gg WheezingWheezing 66 (9%)(9%)

gg Most commonly reported in naval combat swimmers during Most commonly reported in naval combat swimmers during 
training, training, triathletes. triathletes. Prevalence Prevalence in 2.4in 2.4--3.6 km open sea 3.6 km open sea 
swimming trials swimming trials reported reported to be to be 1.81.8--60% 60% ((ShupakShupak A, et al. A, et al. 
RespirRespir PhysiolPhysiol 2000;121:252000;121:25--31; 31; AdirAdir Y, et al. Y, et al. ChestChest 2004;126:3942004;126:394--99))

gg No cardiopulmonary pathology in majority of cases, No cardiopulmonary pathology in majority of cases, 
especially among militaryespecially among military

gg Evidence supports a hemodynamic cause for SIPEEvidence supports a hemodynamic cause for SIPE



Immersion Pulmonary EdemaImmersion Pulmonary Edema
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HypothesisHypothesis

Individuals who are susceptible to Individuals who are susceptible to 
SIPE have higher pulmonary artery SIPE have higher pulmonary artery 
and PA wedge pressures during and PA wedge pressures during and PA wedge pressures during and PA wedge pressures during 
exercise in cold water exercise in cold water 



MethodsMethods

gg Approval by Duke IRB, informed consentApproval by Duke IRB, informed consent

gg Volunteers with SIPE history, controlsVolunteers with SIPE history, controls

gg All subjects instrumented with radial artery and All subjects instrumented with radial artery and 
pulmonary artery catheterspulmonary artery catheters

gg 6 minutes of exercise fully immersed in 6 minutes of exercise fully immersed in 2020°°C C water, no water, no gg 6 minutes of exercise fully immersed in 6 minutes of exercise fully immersed in 2020°°C C water, no water, no 
thermal protectionthermal protection

gg Hemodynamics (MAP, PAP, PAWP, Fick CO)Hemodynamics (MAP, PAP, PAWP, Fick CO)

gg VVentilation, Oentilation, O22 consumption, COconsumption, CO22 eliminationelimination

gg Exercise repeated on the same day 1Exercise repeated on the same day 1--2 hours after oral 2 hours after oral 
sildenafil 50 mgsildenafil 50 mg







DemographicsDemographics

SIPE History (N=10)SIPE History (N=10) Controls (N=20)Controls (N=20)

Age (Y) 41.6±7.8 36.2±8.3

Gender (M/F) 4/6* 18/2

BMI (kg/m2) 25.7±3.9 26.0±2.2

*P=0.004



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

*

*P< 0.01 vs. controls

**P=0.02 vs. baseline

Post-sildenafil 50 mg

**

*



ConclusionsConclusions

gg SIPESIPE--susceptible individuals have higher PAP, PAWP than susceptible individuals have higher PAP, PAWP than 
controls during cold water exercise. This supports the controls during cold water exercise. This supports the 
notion that SIPE is hemodynamic pulmonary edemanotion that SIPE is hemodynamic pulmonary edema

gg Sildenafil reduces PAP in Sildenafil reduces PAP in SIPESIPE--susceptible susceptible individuals and individuals and 
may be a useful preventive medicationmay be a useful preventive medication

gg Possible causes for the augmented pulmonary vascular Possible causes for the augmented pulmonary vascular gg Possible causes for the augmented pulmonary vascular Possible causes for the augmented pulmonary vascular 
pressures include pressures include 

gg Enhanced Enhanced venocostrictionvenocostriction, causing increased central redistribution , causing increased central redistribution 
of blood during cold water immersionof blood during cold water immersion

gg Reduced diastolic LV compliance (“diastolic dysfunction”)Reduced diastolic LV compliance (“diastolic dysfunction”)
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