


Background: SIPEBackground: SIPEBackground: SIPEBackground: SIPE
 First described by First described by WilmshurstWilmshurst in 1989in 1989
 Hemoptysis, dyspnea and hypoxemia develop after Hemoptysis, dyspnea and hypoxemia develop after 

swimming or diving, often in the young and fit swimming or diving, often in the young and fit 
 Problematic in Special Forces trainees and triathletesProblematic in Special Forces trainees and triathletes Problematic in Special Forces trainees and triathletesProblematic in Special Forces trainees and triathletes
 Immersion, cold, exertion, tight wet suits, fluid loading Immersion, cold, exertion, tight wet suits, fluid loading 

have  been considered risk factorshave  been considered risk factors
 Most victims quickly improve with no or minimal Most victims quickly improve with no or minimal 

treatment once out of water, but hospitalization may be treatment once out of water, but hospitalization may be 
necessary, and death can occurnecessary, and death can occuryy

 The most The most compelling evidence favors compelling evidence favors a hemodynamic a hemodynamic 
cause from immersion induced volume redistribution cause from immersion induced volume redistribution 
added to pulmonary hypertension fromadded to pulmonary hypertension from exertionexertionadded to pulmonary hypertension from added to pulmonary hypertension from exertionexertion



SIPE is an issue for recruits during BUDSSIPE is an issue for recruits during BUDSSIPE is an issue for recruits during BUDS SIPE is an issue for recruits during BUDS 
trainingtraining
20 to 30 cases observed a year in combat 20 to 30 cases observed a year in combat swimmer recruits.swimmer recruits.



Triathlon StartTriathlon Start
Websites urge participant to be a  selfish swimmer with tips to Websites urge participant to be a  selfish swimmer with tips to 
deal with the “anxiety” of deal with the “anxiety” of the start. the start. Swimmers urged to float Swimmers urged to float 
on your back if you geton your back if you get too anxioustoo anxiouson your back if you get on your back if you get too anxious.too anxious.



HypothesisHypothesisHypothesisHypothesis
SIPE susceptible individuals respond to cold water SIPE susceptible individuals respond to cold water 
immersed exercise with excessive elevations of PA immersed exercise with excessive elevations of PA 
pressures due to impaired diastolic LV fillingpressures due to impaired diastolic LV filling

AVO

Immersed



MethodsMethodsMethodsMethods

Normal volunteers and previous SIPE victimsNormal volunteers and previous SIPE victims
 All subjects must have TR jetAll subjects must have TR jet
 Exercise 40 minutes immersed in 20Exercise 40 minutes immersed in 20°° C waterC water
 TTE  before, during and after exerciseTTE  before, during and after exercisegg
MRI to check lung water in selected patientsMRI to check lung water in selected patients
 Echo  parameters measured included RVSP, Echo  parameters measured included RVSP, p ,p ,

IVC diameters, E/e’, E/A ratios,  LV strain and IVC diameters, E/e’, E/A ratios,  LV strain and 
search for “comet tails”search for “comet tails”



Measurement of E/A and E/e’Measurement of E/A and E/e’



CometsComets
Detected wet and dryDetected wet and dryDetected wet and dryDetected wet and dry

resting dryresting dry min wetmin wet



ResultsResultsResults Results 

 SIPE subject had dramatic rise in RVSP SIPE subject had dramatic rise in RVSP 
compared to controls: 32.6mmHG compared to controls: 32.6mmHG vsvs 62mmHg62mmHg

 SIPE subject lost respiratory variation in IVC SIPE subject lost respiratory variation in IVC 
diameter during exertiondiameter during exertion

 E/ ’ i t tl l t d i SIPE bj tE/ ’ i t tl l t d i SIPE bj t E/e’ consistently elevated in SIPE subject E/e’ consistently elevated in SIPE subject 
compared to controlscompared to controls

MRI in SIPE subject showed heterogeneousMRI in SIPE subject showed heterogeneousMRI in SIPE subject showed heterogeneous MRI in SIPE subject showed heterogeneous 
increase in lung waterincrease in lung water

Comet tails not usefulComet tails not usefulComet tails not usefulComet tails not useful



T i id R it tiT i id R it tiTricuspid RegurgitationTricuspid Regurgitation

RVRV

RARA

LVLV



Increase in TR VelocityIncrease in TR VelocityIncrease in TR VelocityIncrease in TR Velocity

2 1 m/s2 1 m/s2.1 m/s2.1 m/s

2.9 m/s2.9 m/s
2.4 m/s2.4 m/s

rest rest 
drydry

3.7 m/s3.7 m/s 3.7 m/s3.7 m/s

rest rest 
wetwet

rest rest 
wetwet

rest rest 
wetwet

recovery recovery 
wetwetdrydry

18 18 
mmHgmmHg

wetwet
34 34 

mmHgmmHg
wetwet
55 55 

mmHgmmHg
wetwet
55 55 

mmHgmmHg
wetwet
23 23 

mmHgmmHg



IVC Loss of Respiratory VariationIVC Loss of Respiratory Variation
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ResultsResults

* **

 142 subjects screened, 31 142 subjects screened, 31 
studied: 20 in this analysisstudied: 20 in this analysisstudied: 20 in this analysisstudied: 20 in this analysis

 M=12, F=8M=12, F=8
 M   25 9  (  19M   25 9  (  19 42)42)

*P<0.05 vs. Rest Dry*
 Mean age 25.9 y (range 19Mean age 25.9 y (range 19--42)42)
 Mean OMean O22 cons. cons. 2.3 2.3 ±± 0.8 L/min0.8 L/min
 Water temp 20.5Water temp 20.5°°CC



ResultsResults



ConclusionsConclusionsConclusionsConclusions
 We have demonstrated the feasibility of performing We have demonstrated the feasibility of performing 

quantitative echocardiography during immersed exercisequantitative echocardiography during immersed exercisequantitative echocardiography during immersed exercise. quantitative echocardiography during immersed exercise. 
Changes in E/A and E/e’ during immersed exercise Changes in E/A and E/e’ during immersed exercise 
suggest impaired diastolic filling even in controlssuggest impaired diastolic filling even in controls

 Preliminar res lts s ggest that SIPEPreliminar res lts s ggest that SIPE s sceptibles sceptible Preliminary results suggest that SIPEPreliminary results suggest that SIPE--susceptible susceptible 
individuals may be identifiable using this technique.  The individuals may be identifiable using this technique.  The 
SIPE susceptible individual showed an increase in RVSP SIPE susceptible individual showed an increase in RVSP 

d E/ ’ ith i i i t t ith i i t fd E/ ’ ith i i i t t ith i i t fand E/e’ with immersion, consistent with impairment of and E/e’ with immersion, consistent with impairment of 
diastolic fillingdiastolic filling

 Intrapulmonary cometIntrapulmonary comet--tails may be spurious and an tails may be spurious and an p yp y y py p
unreliable indicator of mild pulmonary edemaunreliable indicator of mild pulmonary edema

 Preliminary results from pulmonary MRI are consistent Preliminary results from pulmonary MRI are consistent 
with mild pulmonary edema after 40 minutes of exercise inwith mild pulmonary edema after 40 minutes of exercise inwith mild pulmonary edema after 40 minutes of exercise in with mild pulmonary edema after 40 minutes of exercise in 
cold water in a SIPEcold water in a SIPE--susceptible individualsusceptible individual
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