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Contraints 
(immersion, hyperbaria, hyperoxia, hyperoxic gas mixture, work

of breathing (WoB), decompression, cold, physical exercise) 



Potential risk factors for DCS / Taravana
(bubbles, platelet activation, microparticles, endothelial

dysfunction, oxidative stress)

Introduction
Diving
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Introduction
Bubbles

• Asymptomatic bubbles – « silent bubbles » (Behnke,1951) 

• High bubble level without DCS (Dujic, 2008)

• The bubble phenomenon does not constitute the 
whole pathogenesis of DCS

Introduction
Endothelial dysfunction

Figure : FLOMEDI
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• Function = balance between

• Impairment of  endothelial function = 
« endothelial dysfunction »

Pro-atherogenic Actions

• Vasoconstriction
• Inflammation
• Aggregation
• Oxydation

Anti-atherogenic Actions

• Vasodilation
• Anti-inflammation
• Anti-aggregation
• Anti-oxydation

Introduction
Endothelial dysfunction

• Endothelial dysfunction = risk of 
cardiovascular disease

• Shown in a large numbers of cardiovascular
diseases

• Associated to
– Age
– Oxidative stress

• Characterized by a ↘ in NO availability

Introduction
Endothelial dysfunction
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Nitric Oxide

• L-arginine L-citrulline + NO
• Co-factors : HSP90, NADPH, BH4, FAD, FMN
• VASODILATOR
• Dose-dependent effects :

– Less NO ↘ ROS  antioxidant
NO + O2

-- ONOO-
– A lot of NO  ONOO- oxidative stress

eNOS

• The antioxidant status of the diver is :
– an important mechanism in the protection 

against injury 
– influenced both by genetic factors and diet.

Introduction
Oxidative stress
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Antioxidants
• Substances able to delay or prevent

oxydation of substrates
• They trap free radicals (O2

--, H2O2, OH-,…)
• Protective effects against

– Cancer 
– Cardiovascular disease
– Metabolic disease
– Neurodegenerative disease

• Polyphenols = class of antioxidants

Antioxidants
• Polyphenols

– Prevent degradation of NO by ROS
– vasoconstriction
– pro-inflammatory responses

• Are found in :
– Some wines and fruit juices
– Black and green tea
– Cocoa : DARK CHOCOLATE
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Dark chocolate
• Contain large quantities of polyphenols

(flavonoïds)
• It is able to :

– Inhibit production of O2
--

–  production of BH4    activity eNOSNO
–  arterial stiffness benefit for cardiovascular system 

(hypertension)
– Trap O2

-- and ONOO- oxydative stress
 improves function of vascular smooth muscle
 prevents vasoconstriction

Objectives of the study
• Observe the effects of a series of breath-hold

dives on
– Endothelial vasodilatation
– Oxidative stress

• Try to prevent post-dive endothelial
dysfunction by dark chocolate ingestion prior
to the dives
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Exploration of endothelial 
function

• Flow Mediated Dilation 
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Exploration of endothelial 
function

• Flow Mediated Dilation (FMD)

FMD = Post occlusion diameter / pre occlusion 
diameter (%)

Hematological parameters
• NO and ONOO-
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Experimentations
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Objective
• Hyperoxia -> oxidative stress
• Breath-hold diving = intermittent hyperoxia

followed by hypoxia and hypercapnia

Verify if there is oxidative stress after a series
of breath-hold dives

Methods

Pre tests
1h before

diving

BREATH-
HOLD diving

20 m 
20 minutes

Post tests

NO
ONOO-

NO
ONOO-

15 min 
boat

15 min 
boat
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Shear Stress
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Shear Stress
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Conclusion

• NO due to exercise (overcome positive 
buoyancy)

• When excess O2
-- :

NO + O2
-- ONOO-

• ONOO- confirms the presence of oxidative
stress during breath-hold diving
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Objective
• Before giving chocolate to the divers, we had

to know :
– What chocolate ?
– When to administer chocolate before the dive ?

Compare the vascular effects of dark and 
white chocolate on healthy subjects
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Methods
• Timing :

• Choice of chocolate :

T= 0Pre-tests
+30 min

+60 min
+90 min

+120 min + 180 min
+150 min

Dark or white 
chocolate +120 minPre-tests

White Chocolate n=20
Before chocolate After chocolate t test

Mean St. Deviation Mean St. Deviation
Pre occlusion brachial diameter (mm) 3,7 0,5 3,7 0,5 ns
Flow-mediated dilation (%) 115,0 5,3 111,1 7,9 ns
Arterial stiffness (m/s) 7,0 1,6 7,2 1,4 ns

Dark Chocolate n=20
Before chocolate After chocolate t test

Mean St. Deviation Mean St. Deviation
Pre occlusion brachial diameter (mm) 3,6 0,7 3,8 0,7 *
Flow-mediated dilation (%) 109,5 7,2 112,1 7,6 *
Arterial stiffness (m/s) 7,2 1,1 7,0 0,6 ns

FMD n=9 Avant chocolat Post 30 min Post 60 min Post 90 min Post 120 min Post 150 min Post 180 min
Mean (%) 109,6 108,3 107,6 107,6 115,7 109,9 109,7
Standard Deviation (%) 7,7 5,1 6,1 6,8 7,4 6,7 7,9
T test btw before and after chocolate ns ns ns * ns ns

Results
• Timing :

• Choice of chocolate :
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Conclusion
• What kind of chocolate ? 

Dark increases FMD, white not
 DARK CHOCOLATE

• When to administer the chocolate ?
The max effect is seen 2h after ingestion

 1h before the series of breath-hold dives
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Objective

To observe the effects of 30 g dark chocolate
before a series of successive breath-hold dives 

in cold water
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Methods
• Conflans-Ste-Honorine (Paris)

Population
• 2 groups (control and chocolate) of 10 breath-

hold divers (47 ± 13 years vs 49 ± 8 years)
• To be able to dive easily to 20 msw in breath-

holding
• Non – smoker
• Good health
• Good physical condition
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Protocol

Dark chocolate
group only

1h before
the dive Pre-tests

Breath-hold
dive : 20m 

for a total of
20 minutes

Post-tests

A series of successive breath-hold
dives to 20 msw for a total of 20 

minutes breath-holding
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Results
Control group
• 10 +/- 2 dives
• 19:57 +/- 2:41 min 

Chocolate group
• 9 +/- 2 dives
• 18:53 +/- 3:50 min

Results : FMD
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Conclusions and perspectives

•  FMD after BH diving is not linked to bubbles
• The  of FMD is linked to oxidative stress and is 

prevented by dark chocolate
• ONOO- is not a good marker of oxidative stress
• Dark chocolate is a good method to prevent 

post-dive endothelial dysfunction
• Mechanisms = a good model for the elderly 

person

Platelets

HyperoxiaImmersion
Cold

Pressure

Oxydative   
Stress

Bubbles
Endothelium

Inflammation

Exercise

Vascular
smooth
muscle

Diving Decompression sickness
(Taravana) !
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Thank you for your attention !


