
Recent advances in diving
medicine research

DAN Europe VGE Studies



A Century of 
Diving Medicine Research

• 1908 : J.S. Haldane – staged
decompression prevents DCS

•
•
• 2003 : D. Elliott

“After nearly 100 years of diving
medicine research, we are almost
certain of one thing: that bubbles
have something to do with it”



Approaches in 
diving medicine research

• Epidemiological
– DAN Accident Report, BSAC, DOSA, ...

• Biochemical research
– Endothelial function (NO)
– Heat Shock Proteins (HSP)

• Biopysical research
– Bubble generation (decompression schedules)
– Bubble dynamics (gas exchange tissue-bubble)
– Bubble release
– Bubble trajectory (PFO, pulmonary shunts)



Biochemical approach

• Physical exercise 24 hrs before the dive
decreases bubble formation after the dive

• Diving decreases Flow Mediated Dilation, 
even when no bubbles are detected
(endothelial MP)

• External NO suppletion decreases the 
FMD alterations after diving

• External heating before the dive decreases
FMD alterations after dive (sauna, HSP)



Venous Gas Emboli

• Present after up to 75-80% of 
“sports dives”

• Prevalence linked to “risk for DCS”
• Even if no “clinical

DCS”, possibly
harmful (endo-
thelial damage ?)



Quantification of VGE:

– Spencer scale (1974)
– Kisman-Masurel scale (1976)
– Ikeda scale (1989)
– DAN Bubble grade scale (2004)
– Eftedal-Brubakk scale (1997)

• Difficult, often subjective
• Semi-quantitative



Spencer Scale
• Grade 0 – complete lack of 

bubbles
• Grade 1 – occasional bubble 

signal, vast majority of cardiac 
cycles bubble-free

• Grade 2 – many, but less than 
half, of cardiac cycles contain 
bubbles, singly or in groups

• Grade 3 – all cardiac cycles 
contain bubbles in showers, but 
not overriding heart signals

• Grade 4 – bubbles sounding
continuously during systole and 
diastole, overriding amplitude 
of normal heart signals



Kisman-Masurel Scale



Kisman-Masurel Scale



Eftedal & Brubakk Scale

2D Echocardiography videos, 20-30 seconds
• Grade 0 – No observable bubbles
• Grade 1 – Occasional bubbles
• Grade 2 – At least one bubble every 4 cycles
• Grade 3 – At least one bubble every heart cycle
• Grade 4 – at least one bubble every cm²
• Grade 5 – « white-out », single bubbles can not 

be discriminated



2010 : Echographic Bubble
Counting

• Objective
• Reproducible
• Quantitative



DAN Europe VGE studies
• Nitrogen bubbles are present after

many (deeper) dives
• Individual variation in bubble

“production”
• More bubbles = statistical higher

risk for DCS
• Certain “interventions” before the 

dive can apparently reduce the 
risk for bubbles



DAN Europe VGE studies
• Period : January-May 2009

– 24 divers participated
– “Standard” divers:

• Male, 25-45 y, non smokers
• BMI 20-25
• Healthy, never DCS

– One "standard"dive per week, Nemo33
– 12 weeks, 7-8 dives / ps
– Before and after dive: biometrics, 

echocardiography, blood sampling



DAN Europe VGE studies
• 12 weeks of research



DAN Europe VGE studies
• 198 “standard”dives
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• 198 “standard”dives



DAN Europe VGE studies
• 198 “standard”dives



DAN Europe VGE studies
• 4050+ measurements
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DAN Europe VGE studies
• 4050+ measurements



DAN Europe VGE studies
• 1188 echocardiographies



DAN Europe VGE studies
• 1188 echocardiographies



Effect of preconditioning
• Vibration
• Heating (sauna)
• (dark) chocolate
• Anti-oxidants

• Bubbles
• Flow Mediated Dilation



DAN Europe VGE studies

• 486 
echocardiografiëen



DAN Europe VGE studies
• Intervention: vibration



DAN Europe VGE studies
• Intervention: vibration



DAN Europe VGE studies
• Intervention: sauna



DAN Europe VGE studies
• Intervention: sauna



DAN Europe VGE studies
• Intervention: chocolate



DAN Europe VGE studies
• Intervention: chocolate



DAN Europe VGE studies
• Intervention: chocolate

Flow Mediated Dilation
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DAN Europe VGE studies
• Intervention: anti-oxydants



DAN Europe VGE studies
• Intervention: anti-oxydants



DAN Europe VGE studies
• Results : bubbles

Bubble count differences
for the 3 control dives (n = 14)
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DAN Europe VGE studies
• Results : bubbles

• Three « standard » dives (with
no pre-dive intervention) in 
randomised order

• 14 of the 24 divers were
« bubbling »

• Stability of « bubblers » : OK for 
« interventional » studies



DAN Europe VGE studies
• Results : preconditioning



DAN Europe VGE studie
• Results : vibration

VGE count (% of control dives)
all subjects n=14
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DAN Europe VGE studie
• Results : vibration

VGE count (% of control dives)
"bubblers" n=7
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DAN Europe VGE studies
• Conclusions : vibration

• Significant reduction in number of 
bubbles after the dive

• Verification of other parameters : 
no significant differences between
dives, so effect attributable to 
vibration only



DAN Europe VGE studies
• Results : FMD

Flow Mediated Dilation
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DAN Europe VGE studies
• Results : FMD

• Sauna, chocolate and anti-oxidants
all restored FMD values

• Chocolate and anti-oxidants: no
influence on bubbles

• Generally: no correlation between
FMD and bubbles NO-mediated
hypothesis more prominent



DAN Europe VGE studies
• Still to be analysed and “crossed”

– ? Lipid levels in blood before the dive
– ? Alimentary habits

(saturated/unsaturated lipid profile)
– ? Urinary density and dehydratation
– ? Physical fitness
– ? WBC / platelets / …

• To be continued…




