
Stress et activités subaquatiques :
quelles conséquences ?

Anne HENCKES
Unité de médecine hyperbare, 

BREST



Une réponse de l’organisme

• Syndrome Général d’Adaptation de H. Selye (1936, 1954)

Agression 
 Stresseur



Une réponse de l’organisme

• Un processus plus complexe qui fait aussi appel aux émotions et à 
l’environnement

Percepton du 
stresseur
Mécanismes de 
défense du moi
Eforts pour 
faire face (coping)

Agression 
 Stresseur Diminuton 

Ou 
Amplifccton 
de la réacton 

(ajustement / non 
ajustement)

Þ Lazarus, 1984 : une transacton entre la personne et l’environnement 
dans laquelle la situaton est evaluee par l’individu comme debordant ses 
ressources et pouvant metre en danger son bien-etre 



Réaction aiguë

• Catécholamines et CRH 
immédiatement

• Puis effets de l’ACTH et 
autres hormones 
hypophysaires

Þd’abord  tonus CV

•  



Réaction aiguë et coeur

Stmulaton  :
- Arythmies
- Agrégaton plaquetaire
- Thromboses vasculaires
- Ruptures de plaque

Þ« mourir d’une émoton forte »
 

Fioranelli M et al, 2018
Schwartz BG et al, 2012



Le cœur brisé

Rupture sentmentale...
Attenton au syndrome du 
cœur brisé,   le  Tako- Tsubo » 
(Fédératon Française de Cardiologie)

Le syndrome du coeur 
brisé : une maladie 
mortelle assez courante
(Top Santé)

Le syndrome du coeur brisé, une 
maladie aussi forte qu'une crise 
cardiaque
(Slate)



Du poulpe au coeur

• Sato H, 1990 : aspect VG transitoire rappelant le « pot à 
poulpe » 

Ghadri JR et al, 2018



Du poulpe au coeur

• Cardiomyopathie de stress ou Sd de « Tako-tsubo » :
Dysfonction ventriculaire G transitoire 
Le + souvent déclenchée par un stress psychologique (+++) 

ou physique 
Anomalie ECG souvent associée : ST +  - modification onde T  - 

  QT allongé ... aspécifique
Élévation modérée des enzymes cardiaques et BNP

Plutôt les femmes ménopausées

Ghadri JR et al, 2018



Cardiomyopathie de stress

Goico A, 2016

Spasme coronaire

Dysfoncton micro 
circulatoire

Myocardio toxicité

Décharge 

catécholergique



Et des oedèmes pulmonaires

 ♀ 65 ans, H TA sous atenolol
Stress en voiture : 

accident, 
agression verbale

=> 2 oedèmes pulmonaires 



=> oedèmes pulmonaires neurogéniques

• Oedèmes pulmonaire neurogéniques :
Des lésions intra cérébrales avec HTIC brutale 
ou touchant certaines zones cérébrales

– Catécholamines => dysfonction 
myocardique aiguë

Chez le lapin West JB & Mathieu-Costello O, 1992
Kerro A et al, 2017



Dans l’eau ?

• 947 décès en plongée loisir étudiés:
– 156/ 590 cas : pb cardiaque
• Peu d’atteintes myocardiques à l’autopsie => arythmie ou PC et noyade ?
• Prodromes dans 60% des cas dont 10% lors d’une précédente plongée 

– Des œdèmes pulmonaires bien décrits depuis 1984

Denoble PJ et al, 2008
Wilmshurst P T , 1984



Des oedèmes pulmonaires d’immersion

• Plongée => modifications travail cardio 
pulmonaire
– Travail majoré  droit prédominant :
• Précharge cardiaque Dte et majoration PAP
ÞDéséquilibre VES droit / G et  P hydrostatique 

en amont

- Exacerbé par la respiration à pression 
négative

=> Drainage lymphatique dépassé => OPI MacIver, 2015
Castagna O, 2017, 2018
Bates ML, 2011



Des situations rapidement périlleuses

Dyspnée

Toux

Hémoptysie

Hypoxémie

Malaise

Perte de 
connaissance

ACR

Cardiomyopathie 
de stress

Remontée 
panique

NoyadeSortie de l’eau 
?

ACR



Des oedèmes pulmonaires d’immersion

• 2 populations => 2 cadres de survenue

• Volontiers récidivants
• Une cause de décès ...

Peacher DF, 2014
Cochard G et al, 2005, 2013

Sujets jeunes
(triathlètes, nageurs de combat)

Sujets moins jeunes

Activités « extrêmes » Activités « loisir » 



•  ♂ 49 ans, N2 80 plongées en tout
– Essoufflement anormal à la mise à l’eau
– Poursuit la descente -> 15 m
– Remontée rapide car dyspnée et 

oppression thoracique
ÞDétresse respiratoire rapidement 

résolutive sous O2

Des associations avec des réactions 
myocardiques



• ECG : BBG incomplet ancien
• Biol : 
• BNP 13 ng/L (N< 100), 
• troponine 0,117 mcg/L (pic à 0,57), 
• reste normal

• ETT : altération légère à modérée de la FEVG 40%, 
hypokinésie apicale et aspect ballonisé de l’apex

Des associations avec des réactions 
myocardiques



• RP au lit à l’arrivée

• TDM H+5

Œdème pulmonaire en plongée + réaction 
myocardique



Œdème pulmonaire en plongée + réaction 
myocardique



• Résolution rapide et bilan cardiologique négatif :
– Scinti myocardique de stress J5: négative
– Réévaluation ETT J5 : amélioration FEVG 46%, tb 

relaxation diastolique
– Coroscanner J8 : normal

Œdème pulmonaire en plongée + réaction 
myocardique



Des associations avec des réactions 
myocardiques

• Sur 54 plongeurs bilantés pour OPI (2 centres ; 2007-
2012) :
– 39 : pas d’anomalies cardiaques
– 15 : élévation troponine  :♥️
• 12 : modification ECG sans douleur thoracique

– Résolutifs en 12 à 24h

• 13 : hypokinésie globale ou sgmentaire en écho ♥️
– Dont 8 avec FEVG  50%

•  

Gempp E et al, 2013

Age > 50 ans H TA diabète



Des associations avec des réactions 
myocardiques

Œdème pulmonaire
ÞDifficultés 

respiratoires
en immersion

Réacton myocardique

hypoxie

dysfoncton VG

Un stress et une décharge 
catécholergique certains



Stress et panique

• De nombreux décès déclenchés par un problème 
technique !
– Un enchainement d’événements ensuite
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Common causes of open-circuit recreational 
diving fatalities.

P. J. DENOBLE1, J. L. CARUSO 1,2,3, G. de L. DEAR,1,2, C. F. PIEPER.4, and R. D. VANN1,2

1Divers Alert Network , 2Center for Hyperbaric Medicine and Environmental Physiology, Department of Anesthesiology; 4Center 
for Aging, Division of Biostatistics and Bioinformatics, Duke University Medical Center, Durham, NC 27710, 3Armed Forces 
Institute of Pathology Office of the Armed Forces Medical Examiner, Rockville, MD 20850.

Denoble PJ, Caruso JL, deL. Dear G, Pieper CF, Vann RD. Common causes of open-circuit recreational 
diving fatalities. Undersea Hyperb Med 2008; 35(6):393-406. Diving fatalities causes were investigated in 
947 recreational open-circuit scuba diving deaths from 1992-2003. Where possible, cases were classified  at 
each step of a four step sequence: trigger, disabling agent, disabling injury, cause of death (COD). The most 
frequent adverse events within each step were: (a) triggers – 41% insuffici ent  gas, 20% entrapment, 15% 
equipment problems; (b) disabling agents – 55% emergency ascent, 27% insuffici ent  gas, 13%  buoyancy 
trouble; (c) disabling injuries – 33% asphyxia, 29% arterial gas embolism (AGE), 26% cardiac incidents; 
and (d) COD – 70% drowning, 14% AGE, 13% cardiac incidents. We concluded that disabling injuries 
were more relevant than COD as drowning was often secondary to a disabling injury. Frequencies and/
or associations with risk factors were investigated for each disabling injury by logistic regression. (The 
reference group for each injury was all other injuries.) Frequencies and/or associations included: (a) asphyxia 
– 40% entrapment (Odds Ratio, OR≥30), 32% insuffici ent  gas (OR=15.9), 17% buoyancy trouble, 15% 
equipment trouble (OR=4.5), 11% rough water, drysuit (OR=4.1), female gender (OR=2.1); (b) AGE –  96% 
emergency ascent (OR≥30), 63% insuffic

i
ent  gas, 17% equipment trouble, 9% entrapment; (c) cardiac 

incidents – cardiovascular disease (OR=10.5), age>40 (OR=5.9). Minimizing the frequent adverse events 
would have the greatest impact on reducing diving deaths. 

INTRODUCTION

Annual reports of diving fatality cases 
collected by the Divers Alert Network (DAN) 
indicated that a few apparent causes were 
common to most cases (1-21). In the study 
described below, we investigated the frequencies 
of presumed causes and their associations 
with disabling injuries. Our objective was to 
identify the most frequent causes which might 
be optimal targets for preventive intervention. 

METHODS

Data Collection
McAniff began systematic collection 

of information about U.S. recreational diving 
deaths in 1970 and published a series of reports 
from 1970 to 1989 (22, 23). DAN joined this 
effort in 1989, worked with McAniff until his 
retirement in 1995, and took on publication 
responsibility in 1989 (3) with continuation 
to date (21). These data formed the basis for 
studies of suspected risk factors (24-34). 
 DAN is not a primary investigative 
agency but has evolved an active surveillance 
system that gathers information about scuba 
diving fatalities from public, private, and 
offic

i
al  sources. How many cases the system 

misses is unknown. Only cases involving U.S. 
and Canadian residents are described here as 
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for death or for incapacitation followed by death 
due to drowning. Event (d) was the cause of 
death (COD) specifie

d
 by the medical examiner. 

COD might be the same as the disabling injury 
or might be drowning secondary to injury. 

Fig 1.  Paradigmatic sequence of events involved in 
diving fatalities.

  It was not unusual for one or more 
of the four events in Fig. 1 to be unknown, 
unidentifiable, or apparently not present. 
Alternatively, some cases had multiple adverse 
events. This circumstance required judgment 
concerning the most probable trigger and 
disabling agent. Extra events not classified  as 
triggers or disabling agents were retained for 
regression analysis as unclassified  adverse 
events (see Regression Analysis). Despite these 
diffic

u
l ties,  common patterns were frequent as 

the following examples illustrate. 
(a) A diver ran out of gas, made an 

emergency ascent, developed an arterial 
gas embolism (AGE) in the water, 
and drowned. Insuffici ent  gas was 
the trigger, emergency ascent was the 
disabling agent, AGE was the disabling 
injury, and drowning was the COD. 

(b) A diver became tangled in a fish  net, 
ran out of gas, suffered asphyxia, and 
drowned. Entrapment was the trigger, 
insuffic

i
ent  gas was the disabling agent, 

asphyxia was the disabling injury and 
drowning was the COD. 

 Note that insuffic
i

ent  gas had different 
roles in the two examples. In Case (a), 
insuffic

i
ent  gas was the trigger, and in Case (b), 

it was the disabling agent. Although drowning 
was the COD in Case (a), we considered the 
disabling injury (AGE) to be more relevant to 
the understanding of diving fatalities. In Case 
(b), asphyxia was the disabling injury. The 
discussion below focuses on disabling injuries 
which were found to have different patterns 
of triggers, disabling agents, and associations 
with intrinsic factors.

  Pareto Principle
 The Pareto principle states that most 
outcomes are associated with a few (the “vital 
few”) of many possible causes. This empirical 
concept was firs t  recognized by the 19th century 
economist, Vilfredo Pareto (37), and adapted 
for quality assurance in the 20th century by 
Joseph Juran (38). Undesirable outcomes are 
reduced by identifying and eliminating the vital 
few causes. This can be accomplished with 
the aid of a Pareto chart, a bar graph in which 
the frequencies of possible causes associated 
with the undesirable outcome are ordered 
from greatest to least while accompanying 
incremental percentages accumulate as a 
line graph. We used Pareto charts to aid in 
identifying the most frequent triggers, disabling 
agents, disabling injuries, and COD associated 
with diving fatalities. 

 Regression Analysis
 The empirical Pareto principle can only 
identify numerical association – not causality 
– between events in Fig. 1. Although causality 
cannot be proven rigorously, associations found 
in Pareto charts can be tested statistically for 
supporting evidence. This was accomplished 
by defin

i
ng a binary outcome variable for 

each disabling injury. (Disabling injury was 

Denoble PJ et al, 2008



Stress et panique

• De nombreux décès déclenchés par un problème 
technique !
– Un enchainement d’événements ensuite
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water included high sea states, surf breaking on 
beaches, rocks, or piers, and strong currents. 
The inappropriate gas category included 
carbon monoxide contamination, hypoxia due 
to corroded gas cylinders or a hypoxic gas mix, 
and breathing an excessively hyperoxic gas by 
mistake or default. Excessive hyperoxia was 
defin

e
d as exceeding an oxygen partial pressure 

of 1.2 atm. While this may appear conservative, 
recent reports suggest that central nervous 
system oxygen toxicity may occur at lower 
partial pressures than previously expected, 
particularly in association with carbon dioxide 
retention (42). 

  Triggers
  Triggers were identified in 346 of the 
947 deaths (37%). Figure 2 shows the resulting 
Pareto chart for triggers ordered from greatest 
to least with incremental percentages that 
accumulated across the trigger categories. 
According to the Pareto principle, the largest 
trigger categories were the most important: 
insuffic

i
ent  gas (41%), entrapment (20%), 

equipment problems (15%), and rough water 
(10%), accounting for 86% of all fatalities with 
identified triggers. 

  Disabling Agents
  Figure 3 shows frequencies and 
cumulative distributions in 332 deaths 
where a disabling agent could be identified. 
Emergency ascent (55%), insuffic

i
ent  gas 

(27%), and buoyancy trouble (13%) were the 
most common disabling agents and, together, 
accounted for 95% of the 332 deaths. Rapid 
ascent was witnessed or recorded by dive 
computer in over half the cases with emergency 
ascent, but emergency ascent also included 
divers who were assisted to the surface, made 
free ascents, or buddy breathed (Table 2). 
Panic was reported in about one-fift h of cases 
with emergency ascent, but the reason for the 
emergency ascent was unknown in about one-
third of the cases. Insuffic

i
ent  gas was often 

preceded by entrapment or occasionally by 
breathing apparatus failure as a trigger. Negative 
buoyancy was more commonly reported than 
positive buoyancy (Table 2). In 149 cases 
where buoyancy trouble was identified, 102 
were negative, 35 were variable, and 12 were 
positive. In 64 cases with positive or negative 
buoyancy, asphyxia was the disabling injury in 
71% with negative buoyancy and AGE in 91% 
with positive buoyancy (p=0.0006).

Fig 3. Disabling agents in 332 diving fatalities.

  

Fig. 2. Triggers identified in 346 diving fatalities.
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Denoble PJ et al, 2008



Stress => panique 

Trigger : stresseur
spécifcité / individu 
multplicité des stresseurs :

environnementaux
émotonnels / sensatons

Plongeur et dispositons
Capacités d’analyse et de réacton

Ccpccités physiologiques
Réponses physiologiques au stress

 Formaton et préparaton aux 
imprévus

 Expérience du plongeur
 Capacités et caractéristques 

individuelles 
ÞPhysiologiques (forme, 

état de santé)
ÞPsychologiques 

Walton L, 2018



Stress => panique … et remontée 

Un risque barotraumatque grave J1

 ♂ 34 ans; PC puis paresthésies et parésie hémicorps Dt
Puis 2 crises convulsives
Après remontée panique de 15m (exercice)



Stress => panique … et remontée 

Un risque barotraumatque grave

Plus rare : rupture d’organe creux (remontée d’urgence + fermentatons ou gaz 
ingérés)

Hunter JD, 1998



Stress et activités subaquatiques  

• Des pathologies liées au stress
– Dont le risque mortel est majoré par le milieu
ÞTenir compte des facteurs de risque lors de la visite d’aptitude

• Des réactions en cascade
ÞPanique



Merci de votre attention !
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