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Age and Gender of Divers 
DAN Annual Report 2006 
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Annual Diving Death Incidence Rates/ 100,000 Divers for 
DAN and BSAC Members 
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Distribution of Fatalities by Age and Gender 

Age (Years) 

Pe
rc

en
t o

f F
at

al
iti

es
 

0
5

10
15
20
25
30
35
40
45

10-19 20-29 30-39 40-49 50-59 60-69 70-79

74 Males
14 Females

D
AN

 R
EP

O
R

T 
20

06
 



Cause du décès (2006 DAN report) 
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Coronaires et mortalité en plongée 

▪  AUSTRALIE (autopsies systématiques) 

▪  2008 : 19 décès 
▪  12 apnée (randonnée pmt sur GBC) 
▪  7 plongée bouteille ou narghilé 
▪  9 « incidents cardiaques » ou supposés tels 

▪  2009 : 21 décès   
▪  12 en apnée (randonnée pmt sur GBC) 
▪  9 plongée bouteille ou narghilé 
▪  11 « incidents cardiaques » dont 5 en plongée bouteille 
▪  Les autres noyades 
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Décès plongée Australie 2009 

Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 

Age Sexe BMI Prof. Cause Autopsie/notes 

47 M 28,1 ? Asphyxie Épileptique traité, noyade 

17 M 21,9 8 Asphyxie, barotrauma Barotrauma pulmonaire, embolie gazeuse 

20 F ? 3 ? ? Autopsie non disponible (procès) 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, IVA 2, CD 

50 M 26,3 2 Cardiaque Possible IDM récent post-inf. Sténose serrée 
IVA, D1, CX 

52 M 30,9 5 Cardiaque HVG, dilat VG, bicuspidie aortique, athérome 
coronaire 

53 M 23,0 25 Cardiaque, 
barotrauma ? 

Sténose serrée IVA prox. Et CD prox. Possible 
barotrauma pulmonaire 

33 M 19,7 17 Asphyxie Noyade 

36 M 25,9 8 Cardiaque, barotrauma, 
épilepsie ? 

Probable noyade, cœur normal 
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Effets de la plongée  

Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 
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PLONGÉE 

HYPEROXIE 

IMMERSION 
Surcharge volumique 
ì volume sanguin thoracique 
ì  Précharge 
ì  DC 

FROID Vasoconstriction 
ì Résistances périph 

DÉCOMPRESSION Bulles 



Effet de l’hyperoxie 
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Hyperoxaemic reperfusion therapy is a treatment in which arterial
blood is removed, supersaturated with oxygen, and reinfused into
the bloodstream at the site of cardiac injury.25

In a pilot study, intracoronary hyperoxaemic blood (PaO2: 600–
800 mmHg) that was infused into the infarct-related artery improved
the global wall motion score from 1.68 to 1.48.25 However, in the
prospective, multicentre AMIHOT trial, there was no difference in
the final infarct size, ST-segment resolution, or regional wall
motion score between the oxygen-treated and control groups.26

Despite the lack of a difference in primary outcome, post hoc sub-
group analyses suggested that oxygen reduces the infarct size
(from 26 to 20%, as measured by nuclear imaging) in patients with
large MIs who were treated within 6 h of symptoms onset.27

In a pre-specified analysis of the AHIMOT trial, by echocardio-
graphic evaluation of 20 patients in the oxygen group and 22
patients in the control group, LV volume remained unchanged
and 30-day EF increased significantly in the oxygen group, the
latter of which was unchanged in the control group. Other
parameters remained constant.28

Haemodynamic effects of oxygen
therapy
In addition to the clinical efficacy of oxygen therapy in patients with
MI, its cardiovascular and haemodynamic effects have been studied
(Table 2). Most studies suggest that oxygen does not have benefi-
cial haemodynamic effects and is even harmful. In normoxaemic
patients (SaO2 .90%) with MI, oxygen therapy decreases CO
and stroke volume (SV)29 and raises systemic vascular resistance
(SVR). Notably in hypoxaemic patients with MI, oxygen therapy
increased CO.29 A separate study showed that the administration
of 100% oxygen in patients with coronary artery disease (CAD)
resulted in an increase of lactate production presumably due to
decreased coronary flow.30

In contrast, in healthy subjects oxygen therapy increased SVR,
with no change in other haemodynamic parameters.31

A recent imaging study evaluated CO, SV, and calculated LV per-
fusion by MRI in healthy volunteers who were treated with oxygen.
Oxygen therapy caused a significant 23% decline in LV perfusion.

Similarly, CO decreased by 10% due to a decrease in the heart
rate, with no significant changes in SV.32

Effects of oxygen on coronary
vasculature
There is less controversy regarding the effects of oxygen on cor-
onary vasculature. Studies from the 1970s suggest that oxygen
decreases the coronary sinus blood flow in both healthy subjects
and patients with CAD, an effect that was attributed to increased
LV coronary resistance33 (Figure 2).

Further, vascular tone is directly related to oxygen levels—
whereas oxygen therapy decreases the coronary blood flow,
hypoxia elevates it. It was suggested that hypoxia induces vasodila-
tation,34 but in patients with CAD, oxygen reduced coronary
blood flow velocity and increased coronary resistance by 23%,
without significantly changing the diameter of capacitance arter-
ies.35 Notably, vitamin C, an antioxidant, prevents hyperoxia-
induced vasoconstriction, underscoring the function of ROS in
the pathogenesis of oxygen-induced vasoconstriction.36,37

The vasoconstrictory effects of oxygen are especially hazardous
during coronary stenting, because underestimation of the diameter
of the coronary artery is a common cause of stent thrombosis and
sudden cardiac death.38

Randomized controlled clinical
trials
Although some studies have suggested that oxygen is beneficial in
MI, only three randomized controlled clinical trials that have com-
pared inhaled oxygen vs. air in patients with acute MI have been
published (Table 1).

The first study, performed by Rawles and Kenmure39 in the
pre-revascularization era, was a controlled blinded study that ran-
domized 105 patients to oxygen and 95 to air, but MI was not con-
firmed in 25 and 18 patients, respectively. Oxygen was delivered at
6 L/min for 24 h. The mean partial pressure of oxygen in the blood
was 65+2 mmHg in the air-treated group and 136+11 mmHg in

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Haemodynamic effects of oxygen

Trial and year Number
of subjects

Clinical scenario Outcome

Bourassa et al.30 (1969) 50 Patients with CAD Decrease in coronary blood flow

Sukumalchantra et al.29 (1969) 59 Normoxaemic patients with acute STEMI Decrease in CO and SV, increased SVR.

Mak et al.31 (2001) 28 Healthy subjects Increased SVR

Bodetoft et al.32 (2010) 16 Healthy subjects Decrease in CO and LV perfusion

Ganz et al.33 (1972) 15 Patients with CAD and healthy subjects Decrease in coronary sinus blood flow

Momen et al.34 (2009) 11 Healthy subjects Decreased coronary blood flow

McNulty et al.35 (2007) 12 Patients with CAD Decreased coronary blood flow velocity
and increased coronary resistance

Trials evaluating the effects of inhaled oxygen on various haemodynamic and vascular parameters in different clinical scenarios and in healthy subjects.
CAD, coronary artery disease; CO, cardiac output; SV, stroke volume; SVR, systemic vascular resistance; STEMI, ST-elevation myocardial infarction; LV, left ventricle.
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Bulles et vaisseaux 
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Les bulles générées lors de la décompression entrainent : 
•  Activation de la coagulation et agrégation plaquettaire (Ponthier 2009) 
•  Lésions endothéliales via microparticules (Barack 2005) 
•  Réduction de la vasodilatation  flux dépendante de l’artère humérale (Bruback 2005) 

flow in the capillary distal and proximal to the
occluding particle. This causes antegrade and retro-
grade tissue ischemia along with changes of pres-
sures in the circulation and interstitium around the
affected blood vessel. Instantaneously, the inflamma-
tory response and complement activation takes place
since the body reacts toward the bubble as a foreign
substance (Table 1). We discuss each of these pro-
cesses separately in the following chapters, although
these events are inseparable in the biological situa-
tion. Nearly all research regarding microbubble-
induced tissue damage was done in lung models,
since the lung is the main organ exposed to venous
emboli.

Mechanical Tissue Damage

The microbubble travels in the blood stream until
it is lodged in the microcirculation. During its
course, the bubble is compressed against the endo-
thelial capillary wall, causing functional stripping of
endothelial cells and an increase of large-pore ra-
dii.28 In addition, gaps between endothelial cells are
created both in pulmonary and bronchial microves-
sels following air embolism.29 Normally, endothelial
cells are tightly joined, preventing intravascular flu-
ids from pouring out into the surrounding tissue.
Gap formation allows leakage and resultant intersti-
tial edema. The hydrostatic pressure upstream to the
bubble increases, causing further fluid passage into
the interstitium. Studies30,31 using an animal model
of air emboli in the sheep lung found sustained
elevation in pulmonary artery pressure and pulmo-
nary vascular resistance. Repeated episodes of air
embolism have been shown to cause an increase in
thickness of the muscular pulmonary arteries and
some structural changes of pulmonary hyperten-
sion.32–34 Downstream to the obstructing bubble,
tissue ischemia takes place depending on its sensi-
tivity to hypoxic conditions. The endothelium may be
protected by surfactant, as was established by Suzuki
and colleagues.27 In their study on microvessel prep-
aration injected with microbubbles, surfactant re-
duced the bubble adhesion force and preserved basic
endothelial structure and vasodilatory function.

Inflammatory Response

Our understanding of microbubble-induced in-
flammatory response originates from early stud-
ies35,36 of pulmonary edema in animal models.
Neutrophils play a central role in mediating air
embolism-induced lung injury. They aggregate
around the bubble to produce clumps. A local
destructive process takes place, probably by super-
oxide and hydroxyl radical production and proteo-
lytic enzyme release. These molecules increase
membrane permeability to fluids and proteins and
facilitate interstitial pulmonary edema.30 A study37 of
leukopenic animals showed that leukocyte depletion
attenuated the increased microvascular permeability
that follows venous air embolization. The pathophys-
iologic process is independent of bubble composition
and starts as the circulating bubble is trapped in a
small arteriole (diameter 10!4 to 10!3 m) [100 to
1,000 "m] or in a capillary.38 Although evidence for
the inflammatory response to microbubbles is solid,
our understanding of the pathophysiologic process is
incomplete and awaits further investigation.

The Complement

Activation of complement by circulating micro-
bubbles commences at the air-liquid interface that
surrounds gas-filled particle.39,40 Ward et al41 dem-
onstrated that prior depletion of complement pro-
teins with a cobra venom factor reduced the occur-
rence of complement activation and lowered the
incidence of decompression sickness in rabbits. In
humans, Stevens et al42 reported that increased
levels of activated plasma proteins, C3a and C5a,
correlated with the occurrence of DCS after satura-
tion diving. C3a and C5a trigger polymorphonuclear
leukocytes (PMNs) and stimulate mast cells to re-
lease histamine, which increases vascular permeabil-
ity. Activated PMNs further augment tissue damage
by releasing cytotoxic substances, such as active
oxygen metabolites and arachidonic acid prod-
ucts.43,44 PMN-derived oxygen metabolites cause
lipid peroxidation in endothelial cell membranes.
The arachidonic acid products such as prostaglandins

Table 1—Mechanisms of Microbubble Tissue Damage

Mechanical Inflammatory Response Complement Clotting Activation

Compression against vessel wall Neutrophils sequestration
around bubble

Increased levels of C3a and C5a Platelet aggregation

Gap formation Increased permeability Triggering PMNs Thrombin production
Fluid leakage Radical species production Histamine release Thrombus generation
Muscular hypertrophy Clot deposition Radical species production

Prostaglandin, leukotriene synthesis

2920 Reviews

Barack M, Katz Y, CHEST 2005; 128:2918–2932   



Ca paraît bien dangereux !  
Alors, que peut on conseiller ??? 
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Recommandations Européennes non spécifiques  
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Lesion  Evaluation  Criteria for eligibility  Recommendations  Follow-up  
Athletes with definite diagnosis of IHD 
and high probability of cardiac events  

History, ECG, ET, 
Echo, coronary-
angiography  

  No competitive sports allowed  Yearly  

	
  	
   	
  	
  
Athletes with definite diagnosis of IHD 
and low probability of cardiac events  

History, ECG, ET, 
Echo, coronary-
angiography  

No exercise induced ischaemia, no 
symptoms or major arrhythmias, not 
significant (<50%) coronary lesions, EF 
>50% 

Only low-moderate dynamic 
and low static sports (I A,B)  

Yearly  

	
  	
   	
  	
  
Athletes without evidence of IHD but with 
high risk profile (.5% global SCORE)  

History, ECG, ET  If positive provocative ECGs, further 
testing are needed (stress echo, 
scintigraphy, and/or coronary 
angiography) to confirm IHD. If positive, 
consider as athletes with diagnosis of 
IHD  

Only low-moderate dynamic 
and low static sports (I A,B)  

Yearly  

	
  	
   	
  	
     	
  	
   	
  	
  

	
  	
   	
  	
  

If negative provocative ECGs  Individual based decision; 
avoid high static sports (IIIA– 
C)  

Yearly 

	
  	
     
Athletes without evidence of IHD and low 
risk profile  

History, ECG, ET 
optional  Nega&ve	
  ECG	
  	
  

All competitive sports  Every 1–3 
years  

Recommendations for competitive sport participation in athletes with IHD  
Pellicia et al. Recommendations for competitive sports participation in athletes with cardiovascular disease ; European Heart Journal (2005) 26, 1422–1445 



Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 

SCUBA DIVING 
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Recommandations existantes (1) 

Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 

•  Jusqu’en 2007 : Plongée CONTRE INDIQUÉE chez les coronariens 
•  2007 : groupe de travail de la FFESSM propose des Recommandations pour permettre la 

plongée, dans certaines conditions, à des coronariens identifiés 

EDTC (European Diving Technology Committee) plongeurs professionnels : (EDTC fitness to dive 
standards 2003) 
•   At the preliminary examination an individual found incidentally to have ischaemic heart  
•  disease should be declared unfit.  
•  Symptomatic ischaemic heart disease is incompatible with diving. The requirement for 

medication to control a cardiac condition is a contraindication as well.  
•  An individual who is symptom free following coronary bypass surgery remains unfit to dive.  
•  An individual who has had percutaneous transluminal coronary angioplasty might be 

considered fit if 6 months after the procedure:  
ü  the procedure has been demonstrated to produce revascularisation;  
ü  he or she remains symptom free;  
ü  has a normal stress ECG test and can meet the physical requirements.  
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Recommandations existantes (2) 

Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 

•  BSAC (British Subaqua Club) : Individuals who have had myocardial revascularisation may be permitted 
to resume diving if they satisfy the following criteria: 

1.  They were an established diver prior to their coronary revascularisation. 
 
2. They have no cardiac symptoms when off all cardiac medication (although lipid lowering drugs and antiplatelet agents are 
permitted). 
 
3. They can perform satisfactorily a treadmill exercise test, achieving a good workload (for age, sex and build), with a normal heart rate 
and blood pressure response without evidence of ischaemia on a 12 lead ECG. 
 
4. There is little residual myocardial dysfunction (particularly a preserved left ventricular ejection fraction). 
 
5. If they have had open heart surgery, they should not have experienced significant lung damage or neurological injury as a result of the 
surgery. 
 
6. They will not be permitted to dive with novice divers in future, but must dive with experienced companions who can render assistance 
if required. 
 
7. Fitness to dive will be reviewed annually irrespective of the diver’s age, but should symptoms recur between medical examinations, 
the diver must cease diving until reviewed. 
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RECOMMANDATIONS FFESSM 
B. BROUANT, G. FINET, R. KRAFFT, V. LAFAY, F. ROCHE, B. GRANDJEAN. http://medical.ffessm.fr/?page_id=477 

Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 
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La plongée est à déconseiller chez le coronarien 
 
Toutefois, chez un plongeur de longue date, il peut être préférable d’autoriser la plongée 
avec des critères d’évaluation et des recommandations de pratique pour éviter la 
plongée « sauvage »  
De plus, il peut mal comprendre qu’on l’encourage à faire du sport mais qu’on lui 
interdise son sport favori. 

On doit s’assurer : 

ü  Que la plongée n’entraînera pas d’aggravation ou de déstabilisation de sa pathologie 
•  Risque ischémique, rythmique, hémodynamique 
-> Noyade, mort subite 

 
ü  Que la pathologie ou le traitement ne majore pas le risque d’accident spécifique de la 

plongée (barotraumatisme, ac. de désaturation)    
 



RECOMMANDATIONS FFESSM 

Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 
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1. Absence d’ischémie 
•  Test d’effort démaquillé (Scinti ? Écho de stress ? IRM de stress ?) 
•  Angor spastique : imprévisible donc CI 

2. Bonne fonction VG 
•  FEVG ≥ 50 % 

3. Absence de troubles du rythme 
•  FA acceptable si bien tolérée effort 
•  AVK si objectif INR 2-3 
•  Pas de TPSV soutenue, pas de TV 



RECOMMANDATIONS FFESSM 

Age Sexe BMI Profondeur 
(m) 

Cause Autopsie 

47 M 28,1 ? Asphyxie (épilepsie ?) Noyade 

17 M 21,9 8 Asphyxie (barotrauma 
pulm ? 

Noyade, barotrauma 
pulm, EGC 

20 F ? 3 ? ? 

59 M 24,2 14 Cardiaque Sténoses serrées TCCG, 
IVA, CD 

50 M 26,3 2 Cardiaque Congestion paroi 
inférobasale, sténoses 

G. PHAN Annecy  15/11/2014 ‹#› 

4. Étendue des lésions 
•  La charge athéromateuse (plaque burden) est liée au risque d’événement 
•  Atteinte du Tronc Commun CG ou Tritronculaire (même revascularisé) : CI 

5. Après SCA  
•  Revascularisation sans ischémie résiduelle 
•  Délai minimum 6 mois 
•  Asymptomatique 
•  FEVG ≥ 50 % 
•  Pas de trouble du rythme ventriculaire 
•  FDR contrôlés (tabac++) 
•  Traitement conforme aux Recommandations 



Quelle Capacité physique ? 

▪  Exercice physique régulier 

▪  Évaluation par test d’effort sous traitement (bêta bloquants) limité 
par les symptômes 

▪  Sans ischémie ni TDR, bonne cinétique tensionnelle 

▪  ≥ 10 METs pour homme < 50 ans 

▪  ≥   8  METs pour homme > 50 ans ou femme < 50 ans 

▪  ≥   6  METs pour femme > 50 ans 
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Conditions de pratique 

•  Réévaluation cardiaque au moins annuelle avec TE 

•  Accord du cardiologue traitant 
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•  Éviter plongées  
•  en eau froide 
•  Avec courant 
•  Mauvaises conditions de mer 

•  Exercice physique régulier 

•  Pas d’encadrement : plongée loisir d’exploration 

•  Décision toujours individuelle personnalisée, éventuellement collégiale  
•  à remettre en question régulièrement 
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� Annexe 3-2-1d2 : Conditions autorisant la pratique de la 
plongée subaquatique de loisir pour les 
sujets présentant une coronaropathie 

 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Toute dérogation à ces conditions particulières de pratique devra être validée par le 

Président de la Commission Médicale et de Prévention Régionale. 

 

Patient coronarien 

désirant  pratiquer la plongée subaquatique 

avec l'accord de son cardiologue habituel. 

- Pas d'atteintes du tronc coronaire gauche ou d'atteinte 
tritronculaire (même revascularisées). 
- Pas de spasme coronaire documenté. 
- Fonction cardiaque conservée avec FEVG � 50% (avec 

compte-rendu d'examen postérieur au dernier 
événement coronarien mais sans dater de plus d'1 an). 

 

Test d'effort, sans ischémie ni trouble du rythme,  
(sous traitement bêtabloquants s'il y a indication) 
démontrant un entraînement physique régulier 
avec une capacité physique supérieure à la normale théorique 
pour l’âge et dans tous les cas : 
�10 METs pour un homme de moins de 50 ans, 

�  8 METs pour un homme de plus de 50 ans  

ou une femme de moins de 50 ans, 
�  6 METs pour une femme de plus de 50 ans.   

Délai minimum de 6 mois  
depuis le dernier événement coronarien  
(épisode aigu ou revascularisation) 
et asymptomatique depuis  (pas de douleur, ni dyspnée, ni malaise) 

sans consommation de dérivés nitrés 
avec un suivi cardiologique spécialisé régulier. 

Certificat médical, délivré par un médecin fédéral, de non contre-indication à la pratique de la plongée 
subaquatique 
Enseignement limité à l'espace proche (0 à 6 m) sans réalisation de baptême.  
Pas d'encadrement.   Pas d'utilisation de mélanges potentiellement  hypoxiques. 
Renouvellement annuel sous réserve d'un suivi régulier attesté par au moins un ECG d'effort/an  

Traitement conforme aux recommandations des sociétés savantes  
(y compris bêtabloquants selon les indications  
mais sans utilisation de médicaments hypoglycémiants). 
Contrôle optimal des facteurs de risque, 

selon les objectifs préconisés par les sociétés savantes, 
avec sevrage définitif du tabac. 
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Toute dérogation à ces conditions particulières de pratique devra être validée par le 

Président de la Commission Médicale et de Prévention Régionale. 

 

Patient coronarien 

désirant  pratiquer la plongée subaquatique 

avec l'accord de son cardiologue habituel. 

- Pas d'atteintes du tronc coronaire gauche ou d'atteinte 
tritronculaire (même revascularisées). 
- Pas de spasme coronaire documenté. 
- Fonction cardiaque conservée avec FEVG � 50% (avec 

compte-rendu d'examen postérieur au dernier 
événement coronarien mais sans dater de plus d'1 an). 

 

Test d'effort, sans ischémie ni trouble du rythme,  
(sous traitement bêtabloquants s'il y a indication) 
démontrant un entraînement physique régulier 
avec une capacité physique supérieure à la normale théorique 
pour l’âge et dans tous les cas : 
�10 METs pour un homme de moins de 50 ans, 

�  8 METs pour un homme de plus de 50 ans  

ou une femme de moins de 50 ans, 
�  6 METs pour une femme de plus de 50 ans.   

Délai minimum de 6 mois  
depuis le dernier événement coronarien  
(épisode aigu ou revascularisation) 
et asymptomatique depuis  (pas de douleur, ni dyspnée, ni malaise) 

sans consommation de dérivés nitrés 
avec un suivi cardiologique spécialisé régulier. 

Certificat médical, délivré par un médecin fédéral, de non contre-indication à la pratique de la plongée 
subaquatique 
Enseignement limité à l'espace proche (0 à 6 m) sans réalisation de baptême.  
Pas d'encadrement.   Pas d'utilisation de mélanges potentiellement  hypoxiques. 
Renouvellement annuel sous réserve d'un suivi régulier attesté par au moins un ECG d'effort/an  

Traitement conforme aux recommandations des sociétés savantes  
(y compris bêtabloquants selon les indications  
mais sans utilisation de médicaments hypoglycémiants). 
Contrôle optimal des facteurs de risque, 

selon les objectifs préconisés par les sociétés savantes, 
avec sevrage définitif du tabac. 

. http://medical.ffessm.fr/?page_id=477 



Et les … futurs coronariens ? 
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? 

•  2 SCA sur 3 surviennent sur plaques < 50 % 
•  5/6 sur plaques <70 % 
. Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation 1995;92:657–71.  
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≥60 years. Risk age is an intuitive and easily understood way of
illustrating the likely reduction in life expectancy that a young
person with a low absolute but high relative risk of cardiovascular
disease will be exposed to if preventive measures are not adopted.

Risk age can be estimated visually by looking at the SCORE chart
(as illustrated in Figure 6). In this table, the risk age is calculated
compared with someone with ideal risk factor levels, which have
been taken as non-smoking, total cholesterol of 4 mmol/L
(155 mg/dL), and blood pressure 120 mmHg.67 Risk age is also

automatically calculated as part of the latest revision of HeartScore
(www.HeartScore.org).

Risk age has been shown to be independent of the cardiovas-
cular endpoint used,67 which bypasses the dilemma of whether to
use a risk estimation system based on CVD mortality or on the
more attractive but less reliable endpoint of total CVD events.
Risk age can be used in any population regardless of baseline
risk and of secular changes in mortality, and therefore avoids
the need for re-calibration.68 At present, risk age is

–
–
–
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Low CVD countries are Andorra, Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy,
Luxembourg, Malta, Monaco, The Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, Switzerland, United Kingdom.

Figure 4 SCORE chart: 10-year risk of fatal cardiovascular disease (CVD) in countries at low CVD risk based on the following risk factors:
age, sex, smoking, systolic blood pressure, and total cholesterol. Note that the risk of total (fatal + non-fatal) CVD events will be approximately
three times higher than the figures given.

Joint ESC Guidelines 1649
by guest on N

ovem
ber 11, 2014

D
ow

nloaded from
 

Sujets à HAUT RISQUE 
 
•  Risque SCORE > 5 % 
•  OU Diabète 

Sujets à Très HAUT RISQUE 
 
•  Risque SCORE > 10 % 
•  OU Diabète + autre FDR 
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† Lack of specificity: similar level of risk for other non-
cardiovascular causes of morbidity and mortality (e.g. other low-
grade inflammatory diseases).

† Lack of dose–effect or causality relationship between changes in
hsCRP level and risk of CVD.

† Lack of specific therapeutic strategies or agents targeting circu-
lating CRP and showing reduction in CVD incidence.

† Higher cost of test compared with classical biological risk
factors (e.g. blood glucose and lipids).

† Similar statements are made for fibrinogen.127

3.5.2 Thrombotic
Homocysteine
Homocysteine has shown precision as an independent risk factor
for CVD. The magnitude of effect on risk is modest, and consist-
ency is often lacking, mainly due to nutritional, metabolic (e.g.
renal disease), and lifestyle confounders.128 In addition, interven-
tion studies using B vitamins to reduce plasma homocysteine
have proven inefficient in reducing risk of CVD.128 Together
with the cost of the test, homocysteine remains a ‘second-line’
marker for CVD risk estimation.

Lipoprotein-associated phospholipase 2
LpPLA2 has recently emerged as a marker with high consistency
and precision as an independent risk factor for plaque rupture
and atherothrombotic events. The magnitude of effect on risk
remains modest at the level of the general population; study limita-
tions or bias are present. Together with the cost of the test,
LpPLA2 remains a ‘second-line’ marker for CVD risk estimation.129

Most important new information

† Overall, emerging validated biomarkers may add value in a
context of specialized practice, to assess CVD risk more pre-
cisely in specific subgroups of patients at moderate, unusual,
or undefined levels of risk (e.g. asymptomatic patients without
multiple major classical risk factors, but affected with a rare
metabolic, inflammatory, endocrine, or social condition asso-
ciated with atherosclerosis or displaying signs of atherosclerosis
progression).

Remaining gaps in the evidence

† For both biomarkers that are already well-established and novel
biomarkers that arise in the future there is a need to redefine
specific subgroups (intermediate, undefined, or unusual CVD
risk) that would benefit most from the use of these biomarkers,
particularly in early primary prevention.

3.6 Imaging methods in cardiovascular
disease prevention
Key message

† Imaging methods can be relevant in CVD risk assessment in
individuals at moderate risk.

The consequences of coronary atherosclerosis can be objective-
ly assessed non-invasively using a variety of techniques such as
bicycle or treadmill exercise electrocardiogram (ECG) testing,
stress echocardiography, or radionuclide scintigraphy. Unfortu-
nately, sudden cardiac death is for many individuals the first mani-
festation of CVD. Detection of asymptomatic but diseased patients
is crucial for an adequate prevention programme.

At every level of risk factor exposure, there is substantial vari-
ation in the amount of atherosclerosis. This variation in disease
is probably due to genetic susceptibility, combinations of different
risk factors, and interactions between genetic and environmental
factors. Thus measurements of subclinical disease may be useful
for improving CVD risk prediction. Non-invasive tests such as
carotid artery scanning, electron-beam computed tomography,
multislice computed tomography, ankle–brachial BP ratios, and
magnetic resonance imaging (MRI) techniques offer the potential
for directly or indirectly measuring and monitoring atherosclerosis

Recommendations regarding imaging methods

Recommendations Classa Levelb GRADE Ref C

Measurement of carotid 
intima-media thickness and/or 
screening for atherosclerotic 
plaques by carotid artery 
scanning should be 
considered for cardiovascular 
risk assessment in 
asymptomatic adults at 
moderate risk.

IIa B Strong 130–
132

Measurement of ankle–
brachial index should be 
considered for cardiovascular 
risk assessment in 
asymptomatic adults at 
moderate risk. 

IIa B Strong 133–
135

Computed tomography for 
coronary calcium should be 
considered for cardiovascular 
risk assessment in 
asymptomatic adults at 
moderate risk.

IIa B Weak 136–
138

Exercise electrocardiography 
may be considered 
for cardiovascular risk 
assessment in moderate-
risk asymptomatic adults 
(including sedentary 
adults considering starting 
a vigorous exercise 
programme), particularly 
when attention is paid to 
non-electrocardiogram 
markers such as exercise 
capacity.

IIb B Strong
46, 
139, 
140

aClass of recommendation.
bLevel of evidence.
cReferences.

Joint ESC Guidelines1656

by guest on N
ovem

ber 11, 2014
D

ow
nloaded from

 

2 quadrants (91! to 180!), 3 quadrants (181! to 270!), or
4 quadrants (271! to 360!). Calcium location is defined as
superficial if present in the intimal-luminal interface, deep

if within the medial-adventitial border or closer to the
adventitia than the lumen, or both superficial and deep.
Deposits can be assessed relative to the thickest plaque

Figure 1 Select Studies Demonstrating Improved Risk Stratification of CHD Events With Use of CAC Scores

(A) With data from the MESA (Multi-Ethnic Study of Atherosclerosis) (35), a demonstration that the addition of the coronary artery calcification (CAC) score to Framingham risk
factors (age, sex, smoking, systolic blood pressure, use of antihypertensive medications, and lipid status) led to an improvement in prediction of coronary heart disease (CHD)
events. Specifically, there was a significant shift in the number of patients reclassified from intermediate (3% to 10% risk of CHD events in 5 years) to high risk (>10% risk of
CHD events in 5 years). (B) Similar findings are presented from the Rotterdam study (33). With the addition of CAC scores to a refitted Framingham model, 52% of men and
women from the intermediate-risk group were reclassified to a different risk category.

Figure 2 Example of Severe Coronary Artery Calcification as Assessed by Angiography

Example of severe coronary artery calcification as assessed by angiography before (A) and after (B) contrast injection. Note the presence of calcium on both sides of the
coronary artery, visible on the still image of A (arrows).

JACC Vol. 63, No. 17, 2014 Madhavan et al.
May 6, 2014:1703–14 Coronary Artery Calcification

1705

•  Athérome carotidien 
(EIM)  IIa 

•  AOMI /IPS IIa 

 
•  Score calcique 

 
•  Test d’effort (IIb) 
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from an annualized event rate of 0.7 events per
1,000 person-years to 24.8 events per 1,000 person-
years when 4 vessels were involved (Fig. 2B).
Kaplan-Meier estimates of revascularization-free
survival according to CAC score and number of
vessels with CAC are shown in Figures 3A and 3B,
respectively.

Table 2 shows the risk for revascularization
associated with CAC score and number of vessels
with CAC after comprehensive adjustment for car-
diovascular risk factors. The hazard ratio increased
stepwise to >16-fold risk for both CAC score >400
and 4-vessel CAC compared with a CAC score of 0.
CAC distribution remained a significant predictor
even after concomitant adjustment for CAC score.
Among those subjects with CAC scores >0,
the number of coronary vessels with CAC remained
a strong, independent predictor of revascularization,
with a more than 4-fold increased risk associated
with 4-vessel CAC compared with CAC in 1 vessel.
Online Tables 1A and 1B repeat these analyses
for individual revascularization types (PCI and
CABG), with similar results for each revasculariza-
tion type.
Mode of revascularization according to CAC
distribution. Among subjects who underwent revas-
cularization, PCI was more common than CABG
(n ¼ 154 vs. n ¼ 111). Figures 4A and 4B compare
the absolute annualized event rates of PCI and
CABGbyCACscore category and number of vessels,
respectively. Rates for both PCI andCABG increased
with higher CAC scores; however, for all CAC
score categories, PCI was more common. In contrast,
when the population was stratified by number of
vessels with CAC, rates of CABG were higher than
those of PCI among subjects with baseline 4-vessel
CAC.

Figure 5 demonstrates the impact of CAC dis-
tribution on types of revascularization across CAC
score categories (1 to 100, 101 to 400, and >400).
Within all CAC score categories, more diffuse
CAC was associated with an increased proportion of
CABG revascularizations. Among subjects with
CAC scores >400, 4-vessel CAC was associated
with a greater proportion of subjects undergoing
CABG than PCI.

Table 3 demonstrates the specific characteristics
of CAC distribution according to mode of revas-
cularization. Individuals who underwent CABG in
general had significantly higher CAC scores in the
left main, left anterior descending, left circumflex,
and right coronary arteries (p < 0.01). Among
participants who underwent CABG, 42% had left
main coronary artery involvement, compared with

22% of participants who underwent PCI (p ¼ 0.001).
A total of 74% of subjects who underwent CABG
had 3-vessel CAC, compared with only 51% of
those who underwent PCI (p < 0.001). Just 8% of
all CABG procedures occurred in participants with
no CAC or 1-vessel CAC, whereas these subjects
accounted for 23% of all those treated with PCI
(p < 0.001).
Revascularization among subjects with baseline CAC
scores of 0. Revascularization during a median 8.5
years of follow-up was extremely rare among par-
ticipants with baseline CAC scores of 0 (19 of
3,281 [0.6%]). The median time to revasculariza-
tion for this group was 4.6 years (IQR: 1.7 to 6.0
years). Table 4 shows person-level characteristics of
subjects with baseline CAC scores of 0 who ulti-
mately required revascularization. Fifteen of the 19
participants were classified as having either angina
or a myocardial infarction within 365 days of
revascularization. Of the 12 participants with

Figure 3. Kaplan-Meier Estimates of Revascularization-Free Survival

Kaplan-Meier estimates of revascularization-free survival by CAC burden (A)
and distribution (B). Log-rank p < 0.001 for both models. CAC ¼ coronary
artery calcium.

J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 7 , N O . 5 , 2 0 1 4 Silverman et al.
M A Y 2 0 1 4 : 4 7 6 – 8 6 CAC Distribution and Future Coronary Revascularization
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Intérêt du score calcique 
Étude MESA 
Silverman M. et al. JACC 2014; 13, 476 

averaged over both genders and all adult ages, effective dose
is not a measure that is designed to characterize radiation
exposure to an individual patient from an individual study.
Rather, it is designed to approximately characterize the
radiation burden to a typical individual from a given
procedure and protocol. As such, although widely done in
the literature, it is “off-label” and formally improper to refer
to the effective dose from a specific study performed on a
specific patient.
Radiation dose to cardiac imaging patients. Typical ef-
fective doses from cardiac imaging studies are illustrated in
Figure 3 (12). Such point estimates, however, fail to reflect
the tremendous variability, between sites and between
studies at a given site, that exists in dose indices for a given
procedure (13). For example, in the PROTECTION I
(Prospective Multicenter Study on Radiation Dose Esti-
mates of Cardiac CT Angiography in Daily Practice I)
study evaluating radiation dose from 50 sites worldwide,
site-specific median dose–length products ranged 7-fold,
and were over 2,000 mGy·cm, corresponding to a median
effective dose of at least 30 mSv, in the highest-dose sites
(14). Even using state-of-the-art technology that permits
“sub-millisievert” scanning, some patients may still receive
substantial amounts of radiation (Fig. 4) (15). In nuclear
cardiology, dual isotope protocols may be associated with
effective doses typically over 25 mSv. Moreover, many
patients undergoing a single cardiac imaging study will
undergo many procedures involving ionizing radiation. In 1
series of 1,097 patients undergoing index myocardial perfu-
sion imaging, the typical patient underwent a median of 14
additional procedures involving ionizing radiation over a
20-year period, thereby receiving a cumulative estimated
effective dose of 64 mSv (16).
Evidence of cancer risk at levels of radiation commonly
received by cardiac imaging patients. Thus, effective
doses from cardiac imaging procedures on the order of up to
50 mSv are not uncommon in selected patient populations.

In evaluating epidemiological data relating ionizing radia-
tion exposure to cancer risk for generalization to populations
of patients exposed to cardiac imaging procedures, the ideal
study would be characterized by a number of features. It
would involve exposure of primarily adult patients, who
constitute the bulk of cardiac imaging patients, to very-low-
dose (!50 mSv) x-rays or gamma-rays from an acute, not
chronic, medical exposure. The ideal study would be a
cohort study, rather than a case-control study, for which
there may be susceptibility to recall bias and an inability to
adjust for all confounders, and have adequate statistical
power to detect an increase in cancer incidence in the
exposed cohort. A real challenge is posed by this latter
consideration, since radiation is a weak carcinogen, and
background cancer rates in the population are so high
(lifetime risk of approximately 42% [9]). The National
Academies (17) have estimated the sample size required to
detect a significant increase in cancer mortality in a cohort
exposed to a specific dose of radiation to an organ. For doses
between 5 and 50 mGy, these figures range between about
100,000 and 10 million (Fig. 5 [18]). The cost of perform-
ing such a study, with long follow-up, is very high, and as
such there are very limited data from such low-dose cohorts.
The 3 major very-low-dose epidemiological studies have
evaluated Japanese atomic bomb survivors, nuclear industry
workers, and children exposed to x-rays in utero. None
involves exposure to cardiac imaging procedures or to adult
medical imaging procedures, and none meets all of the
characteristics of the ideal study, but their results uniformly,
and statistically significantly, suggest an increase in cancer
risk at radiation doses commonly received by cardiac imag-
ing patients (Table 2).

VERY-LOW-DOSE STUDIES. The Life Span Study (LSS)
represents an extensive undertaking on the part of the
Japanese Ministry of Health, Labor, and Welfare and the
U.S. Department of Energy and National Academy of

Figure 3 Typical Effective Doses From Cardiac Imaging Procedures

Adapted from Einstein (12) with permission from BMJ Publishing Group Ltd. PET " positron emission tomography; other abbreviations as in Figures 1 and 2.

556 Einstein JACC Vol. 59, No. 6, 2012
Effects of Radiation From Cardiac Imaging February 7, 2012:553–65

Typical effective doses from cardiac imaging procedures 
Einstein AJ, JACC 2012; 59 :553 
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RESULTS

From 501 patients randomized to CTA, 473 underwent
CTA. Reasons for not undergoing CTA were patient
declined CTA (n ¼ 9), safety concerns (n ¼ 5), un-
availability of CTA (n ¼ 5), and technical difficulties
(n ¼ 9). One patient was excluded from further
analysis due to nondiagnostic image quality in all
coronary segments. CTA was performed using the
scanners from 3 vendors (Siemens 58%, GE 34%,
Toshiba 7%). Overall, 472 patients who underwent
CTA with diagnostic image quality formed the
study population (mean age 53.9 " 8.0 years;
52.8% men). The prevalence of ACS was 7.8% (n ¼ 37;
MI n ¼ 5; unstable angina pectoris n ¼ 32). Patients
with ACS had more cardiovascular risk factors and
higher Thrombolysis in Myocardial Infarction scores
(Table 1).

Overall, 202 of 6,855 coronary segments (2.9%)
were nonevaluable, with at least 1 nonevaluable
segment present in 71 of 472 patients (15.0%). The
most common reason for nonevaluability was the
presence of motion artifacts (n ¼ 153), followed by
coronary calcium (n ¼ 31) and poor contrast-to-noise
ratio (n ¼ 17). Interobserver agreement among 3
readers in 30 patients was very good for the presence
of coronary plaque (kappa ¼ 0.77) and significant
CAD (stenosis $50%; kappa ¼ 0.80) and good for
high-risk plaque (kappa ¼ 0.69).

CAD, defined as the presence of any plaque, was
detected in 262 patients (55.5%). Among 262 patients
with coronary plaque, calcified plaques were pre-
sent in 217 (82.2%) and noncalcified plaques in
199 (76.0%) patients. Nonobstructive CAD (1% to
49% stenosis) was detected in 217 of 472 patients
(46.0%). Significant CAD ($50% stenosis) was found
in 45 of 472 patients (9.5%). Stenosis $70% or left
main coronary stenosis $50% was detected in 24
patients (5.1%).

At least 1 high-risk plaque feature was present
in 167 of 472 patients (35.4%), at least 2 high-
risk plaque features were present in 56 patients
(11.9%), and at least 3 high-risk plaque features
were present in 35 patients (7.4%). The most com-
mon feature was spotty calcium (n ¼ 151 [32.0%])
followed by positive remodeling (n ¼ 55 [11.7%]),
low HU plaque (n ¼ 40 [8.5%]), and napkin-ring
sign (n ¼ 26 [5.5%]).

Among 45 patients with significant CAD ($50%
stenosis), at least 1, 2, and 3 or more high-risk plaque
features were present in 41 (91.1%), 27 (60.0%), and
24 (53.3%) patients, respectively. The prevalence of
the individual high-risk plaque features in patients
with significant CAD was as follows: spotty calcium in

40 (88.9%), positive remodeling in 28 (62.2%), low HU
plaque in 19 (42.2%), and napkin-ring sign in
16 (35.6%) patients. We observed a lower prevalence
of high-risk plaque features in 217 patients with
nonobstructive CAD (1% to 49% stenosis). At least 1, 2,
and 3 high-risk plaque features were present in 125
(57.6%), 29 (13.4%), and 11 (5.1%) patients, respec-
tively. The prevalence of the individual high-risk
plaque features in patients with nonobstructive CAD
was as follows: spotty calcium in 111 (51.2%), positive

CENTRAL ILLUSTRATION Significant Stenosis and High-Risk Coronary Plaque
Features and Their Association With the Probability of ACS During Index
Hospitalization

Stenosis $50%: severe stenosis of the mid left anterior descending coronary artery
(red arrow). Positive remodeling: Noncalcified plaque with positive remodeling in the
distal right coronary artery. The 2 dotted red lines demonstrate the vessel diameters at
the proximal and distal references (both 1.8 mm), and the solid red line demonstrates the
maximal vessel diameter in the mid portion of the plaque (2.7 mm). The remodeling index
is 1.5. Low Hounsfield units (HU) plaque: partially calcified plaque in the mid right coronary
artery with low <30 HU plaque. The red circles demonstrate the 3 regions of interest, with
mean computed tomography (CT) numbers of 22 HU, 19 HU, and 20 HU. Napkin-ring sign:
napkin-ring sign plaque in the mid left anterior descending coronary artery. Schematic
cross-sectional view of the napkin-ring sign. The red line demonstrates the central low HU
area of the plaque adjacent to the lumen (yellow ellipse) surrounded by a peripheral rim of
the higher CT attenuation (red arrows). Spotty calcium: partially calcified plaque in the
mid right coronary artery with spotty calcification (diameter <3 mm in all directions;
red circles). ACS ¼ acute coronary syndromes; RR ¼ relative risk.

J A C C V O L . 6 4 , N O . 7 , 2 0 1 4 Puchner et al.
A U G U S T 1 9 , 2 0 1 4 : 6 8 4 – 9 2 High-Risk Plaque on CTA Predicts ACS
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Etude Romicat II  
Puchner SB et al, J Am Coll Cardiol 2014; 64:684–92.  

 
Confirme le risque relatif élevé associé à des 
calcifications micronodulaires (RR 37,2) , et 
identifie d’autres éléments de risque au 
coroscanner. 
Études faites à la phase aigue de dl thoracique 

Coroscanner pour tous ? 

•  Ou pour patients à très haut risque ? 
•  Les plaques évoluent…donc peuvent devenir instable à 

tout moment ! 
•  Mieux vaut prévention active ++ 



Conclusion 

▪  Un coronarien stabilisé, asymptomatique, traité, sans ischémie 
résiduelle, avec une bonne fonction VG, et une bonne condition 
physique peut être autorisé à plonger dans certaines conditions et 
sous réserve d’une surveillance et d’une évaluation régulière. 

▪  La difficulté de prédire les futurs accidents coronaires reste 
entière. 

▪  Chez les sujets à haut risque (SCORE > 5 % ou diabète), il semble 
raisonnable d’affiner la prévision du risque. 

▪  L’examen de NCI peut être l’occasion de renforcer les messages de 
prévention et de motiver le plongeur pour la prévention 
cardiovasculaire. 
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