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Gas Bubbles in recreational Scuba Diving: 
prospective field studies.

DCS = bubble disease ?

• D. Elliott (2003): “After more than 100 years of 
decompression sickness research, we can be
fairly sure of one thing – than bubbles have 
something to do with it !”

• “Silent” bubbles – without overt symptoms of 

DCS – suspected to be present since 1939 

(Behnke et al.) – detected since 1970’s (Spencer 

et al.) 

• BUT…recent research shows that symptoms of 

DCS are caused by much more than bubbles 

alone
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Asymptomatic Circulating Bubbles

Bubble Grades - Spencer: 0 - 4

Dives recorded for time/depth profile by “DAN Europe
Black Boxes” – modified dive computers - which are
worn by the divers to assure objective dive profile
recording and the availability of data ready for
mathematical analysis of the computed tissue
saturation.

From Safe Dive to DSL  1994 – 2000
Research Project Development
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DSL was the 
natural 
extension of 
the Safe Dive 
initiative

From Safe Dive to DSL  1994 – 2000
Research Project Development

Precordial Doppler Recording by specially trained volunteer divers with a 3,5 MHz probe
connected to an MP3 digital recorder.
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1 minute recording every 15 minutes up to 90 minutes after surfacing 
followed by   double blind laboratory evaluation .

Ecocardiography
25m/25min Dive
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“High Bubble
Grades” relate to

• “Fast Tissues”

• PltN2 > 80% of 
M Value

1996 – first analysis of 1100 electronic dive profiles
Vs.

precordial doppler bubble data
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DSL Project 1-2001 - PMR
210 Man-dives - 388 Doppler Recordings

DBG Zero LBG HBG HBG+
Dives A 6,3% 58,2% 25,3% 10,2%
Dives B 60,8% 39,2% --- ---
Dives C 77,3% 19,4% 0,97% ---
Dives D 76,8% 23,2%   --- ---

B C DA
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Temperature Influence on Venous Bubble Formation 
(n=477)
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DAN Europe Database
“Undeserved DCI”

“Undeserved”
57,6%
(no error)

“Deserved”
42,4%

(error)

DAN Europe
Reports

ü DCS can occur in SCUBA diving after “regular 
recreational dives”

ü Notwithstanding current decompression 
algorithms are respected
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Why Monitoring Bubbles?

Venous Gas Bubbles can transit through the Pulmonary
Filter, in case of considerable volumes or rapid delivery of 
venous gas to the lungs. 

This can happen even without a R-to-L by-pass such as PFO 
or anastomotic shunts, and is facilitated by the relative small 
Volume of decompression gas bubbles (25-300 μm)

The amount of delivered venous gas depends on the ascent
and decompression profile.

Powell 1978, Brubakk 1986, Vik 1993, Balestra 1998, Barthelemy 2006

The amount of arterialized gas depends on the increase of
pressure in the right  side of the heart
Considerable and rapid deliveries of gas bubbles (> 0.03 
cc/kg/min) causes significant increase of right heart
pressure.
The right heart pressure increase caused by Decompression
bubbles is significant and rapid, although transitory.
In such circumstances, arteralization of venous gas bubbles
can
happen even during “innocent” dives, particularly when
facilitated by effort, exercise, cough, of  forced Valsalva 

Powell 1978, Brubakk 1986, Vik 1993, Balestra 1998, Barthelemy 2006

Why Monitoring Bubbles?
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More reasons why monitoring 
bubbles

Bubbles, 

besides directly causing symptoms, 

are also the first trigger

of complex pathophysiological reactions

accompanying and worsening

the cascade of phenomena initiated by  

an excess of circulating gas.

Blood Cell activation, Inflammation... 

Blood 
Flow

Hydrophobic
Spots

EndotheliumProteins with
Hydrophobic sites
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39099 open circuit SCUBA Dives made by 2629 European 
Divers over five years (2189 male 83.3%, 440 female 16.7%) 
were retrospectively statistically analysed. 

970 dives were also investigated for bubble formation by post-
dive precordial Doppler.

327 DCS cases were also investigated

Dive Risk Factors in Scuba Diving: 
analysis of 39099 dives from the 

DAN Europe Data Base.

Diving Community Habits  

All Dives were made in a “safe zone”

ü Average depth  27.1 m, 
ü Average GF 0.66, 
ü Average ascent speed lower than the currently recommended 

“safe” one. 
ü Few deco omissions occurred; 

This indicates that divers tend to dive very conservatively.
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Diving Community Habits  

Prevalence of diver and equipment related problems 6.3%

BUT Serious problems for safety out of the 39,099 dives occurred in only:

ü Breathing Apparatus problems: 103 dives
ü Deco omission:  20 dives
ü Rapid ascent:   109 dives

All together the serious problem sum up to less than 0.6 % 
of all recorded dives.

Bubbles

Bubble peak occurs between 30 and 45 minutes after 
surfacing

ZERO 15 30 45 60 75 90
0.0

0.5

1.0

1.5

2.0

Recording time (minutes)

D
op

pe
r g

ra
de Take-home message:

Avoid efforts during 
this post-dive 
time interval
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Bubbles

We found a significant difference in Age and Fat Mass when 
comparing grade Zero Bubble Grade Vs. higher grades
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We found a significant difference in Diving Exposure when 
comparing grade Zero Bubble Grade Vs. higher grades
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Bubbles

Some risk factors showed a statistically different effect 
as to bubble formation 

BUT this effect was associated to and influenced by diving 
exposure and consequently by GF

Hight Visibility Low Visibility
0

20

40

60

80

Visibility and Bubbles 

N
° o

f s
ub

je
ct

s 

Zero
LBG
HBG
HBG+

p= 0.02

High Visi
bilit

y

Low Visi
bilit

y
0.0

0.2

0.4

0.6

0.8

1.0

GF in visibility

G
ra

di
en

t F
ac

to
r

< 0.0001

Bubbles

The other investigated risk factors did not show any significant 
relation with High Bubble Grades
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DCS

We found a significant difference in Age and Fat Mass 
between DCS affected and non affected Divers  
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We found a significant difference in Diving Exposure when 
comparing DCS affected and non affected Divers 
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Females appeared more affected by DCS
EVEN IF 

showing similar bubble grades
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DCS

Conversely some other risk factors showed significant differences as to DCS

EVEN IF 
they have no influence on bubble grades

DCS

ü Lake diving p=0.004
ü Strong current and low visibility p<0.0001 and p=0.026

ü Heavy exercise before diving p<0.0001

ü Heavy workload during diving p<0.0001

This seems to indicate that the stress effect induced by some risk factors,

might increase deco-stress and bubble susceptibility.
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only 8 DCS cases (2.5%) had a GF > 1 
14 cases (4.4%) had a GF >  0.9

236 cases (73.7%) showed GF values between 0.70 and 0.90 

46 cases (14.4%) showed a GF lower than 0.70 
10 cases (3.4%)  showed a GF lower than 0.60 

13 DCS cases showed a GF lower than 0.50

DCS

The 8 DCS cases exceeding GF 1.0  (the “deserved” ones)

Involved fast (8 and 12.5 min.) and slow (54.3 min. )
HT Compartments

The majority of DCS cases showed GF Values lower 
than 1.0 (“underserved”!) and involved medium HT 

Compartments 

DCS
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Our main goal was to estimate tissue inert gas supersaturation by calculation 
of the gradient factor according to the Buhlmann ZH-L16 model C algorithm 

DCS

The Gradient Factor was 
significantly higher in DCS  
than in non-DCS dives. 

The majority of the recorded
DCS cases occurred within
«perfectly tolerable»
supersaturation limits
according to the current
algorithms

DCS
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Bubbles (VGE) and DCS risk

• Spencer scale • Eftedal & Brubakk Score

Gradient Factor & Bubbles
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• Considering that only 8 of the 327 DCS cases showed a 
Gradient Factor higher than 1, all the others should be 
considered as “undeserved” according to the current 
decompression algorithms 

• This confirms our previous observations that there is an 
evident  “grey area” in the current algorithms’ “mathematical” 
ability to predict  DCS

Conclusion

The analysis of the DAN DB shows clearly that most dives were 
made in a “safe zone”

Prevalence of diver and equipment related problems occurred 
only in a very limited fraction of these dives

Conclusion
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Bubble peak occurs between 30 and 45 minutes after surfacing

Certain risk factors DO NOT influence bubble formation but 
appear to directly influence DCS occurrence. 

Could such factors be considered as “Stress Factors” ?

Conclusion

Global DB Dive profile GF Analysis 

H = 38.2 min

80% of dives 
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Introduction: The popularity of SCUBA diving is steadily increasing together with

the number of dives and correlated diseases per year. The rules that govern

correct decompression procedures are considered well known even if the majority of

Decompression Sickness (DCS) cases are considered unexpected confirming a bias in

the “mathematical ability” to predict DCS by the current algorithms. Furthermore, little

is still known about diving risk factors and any individual predisposition to DCS. This

study provides an in-depth epidemiological analysis of the diving community, to include

additional risk factors correlated with the development of circulating bubbles and DCS.

Materials and Methods: An originally developed database (DAN DB) including specific

questionnaires for data collection allowed the statistical analysis of 39,099 electronically

recorded open circuit dives made by 2,629 European divers (2,189 males 83.3%,

440 females 16.7%) over 5 years. The same dive parameters and risk factors were

investigated also in 970 out of the 39,099 collected dives investigated for bubble

formation, by 1-min precordial Doppler, and in 320 sea-level dives followed by DCS

symptoms.

Results: Mean depth and GF high of all the recorded dives were 27.1 m,

and 0.66, respectively; the average ascent speed was lower than the currently

recommended “safe” one (9–10 m/min). We found statistically significant relationships

between higher bubble grades and BMI, fat mass, age, and diving exposure.

Regarding incidence of DCS, we identified additional non-bubble related risk

factors, which appear significantly related to a higher DCS incidence, namely:

gender, strong current, heavy exercise, and workload during diving. We found

that the majority of the recorded DCS cases were not predicted by the adopted

decompression algorithm and would have therefore been defined as “undeserved.”

Conclusions

• Less VGE à less risk for DCS : simple
logic

• Recent research is unraveling an ever
more complex network of physical,
physiological, and biochemical interactions
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Temperature Influence on Venous Bubble Formation 
(n=477)
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THE IMPORTANCE OF REAL 
TIME MONITORING 
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THE IMPORTANCE OF REAL TIME MONITORING 
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