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"HPNS is harmless long term" 
vs 

"of course HPNS causes excite-toxic brain damage »

"the divers have brain damage from HPNS" 
vs 

"No - they have PTSD »

"No - they are making it up to claim compensation because
employment opportunities for saturation divers are reducing" 

vs 
"we can't explain it so it must be mass psychogenic illness"



SATURATION is NOT ONLY HPNS

• Long term effects

• Oxytoxicyty

• Oxydative stress

• Microbiota changes

• PTSD like symptoms

• Mood disorders

• Recovery

• Adaptation

• Inflammation

• Bubbles effects

• Confinement

• High VO2max is a good protection to 
natural oxydative stress

• Recovery time importance

• Nutrition

• Well being

• Hygiene

• Quality of air



Environmental Stress <--> Disease, Trauma, Age
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All Stress Responses Are Triphasic

Selye, H. 1950, p55. The Physiology and Pathology of Exposure to Stress

STRESS CONDITIONING



The ultimate stress book

Why Zebras Don’t Get Ulcers: 
Stress, Performance & Coping

— Robert Sapolsky, PhD
Professor of Biological Sciences and Neurology 

at Stanford University



The zebra and the lion



The zebra’s stress lasts 
about 3 minutes. 



A few more tips on stress hardiness

The Four A’s

Avoid the stressor
Alter the stressor 
Adapt to the stressor
Accept the stressor



HPNS
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HPNS SIGNS AND SYMPTOMS

• Tremors of the hands

• Myoclonic jerking of the limbs

• Increased reflexes

• Nausea and vomiting

• Loss of appetite, weight loss

• Dizziness

• Fatigue and somnolence 
(microsleep)

• Animals – convulsions

• EEG theta (3-7 hz) 

• EEG alpha (8-13 hz) ↓

• Evoked potentials 

• Decrement in performance

• Poor sleep, vivid dreams

• Visual/auditory 
hallucinations

• Dyspnea



HALLUCINATIONS

• Auditory (music)

• Visual (birds in chamber)

• Out of body experiences

• Hypomania (1 case)







Dendritic
Spines:
LTP, Memory



Leading to 
long term
CNS 
alterations
(Recovery
time?)









Link the findings with the divers perceptions during and post-saturation.



Questionnaire responses: part 1

59% of the divers declared 
having headaches: 44% of 
them near and 56% of 
them after surfacing

Questions Participant’s 

number

Scores Response 

Percentage

Q1: During this last decompression, have you experienced 

headaches?

34 Yes = 11

No = 23

32%

68%

Q2: During this last decompression, if you had headache, when did 

the symptoms declare?

11 Near surface = 6

After surfacing = 5

55%

45%

Q3: During this last decompression, if you had headache, grade its 

severity on a scale from 1 (light) to 10 (severe)

10 4 (grade 1 to 2)

6 (grade 6 to 9)

40%

60%

Q4: Usually, do you experience headache during or after 

decompression?

34 Never = 14

Sometimes = 10

Often = 5

Always = 5

Sometimes + often = 15

41%

29%

15%

15%

44%

Q5: Usually, if you had headache, when do the symptoms declare? 16 Near surface = 9

After surfacing = 7

44%

56%

Q6: Usually, if you had headache, how long does the headache last? 13 Few hours = 3

Half a day = 3

One day = 4

More than 1 day = 3

23%

23%

31%

23%

Q7: When back home after a saturation, do people around you say 

you look pale? 

20 Yes = 19

No = 1

95%

5%

A relative paleness was 
observed on most of the 
divers at surfacing



Questionnaire responses: part 2

71% of the divers reported 
a post-saturation fatigue 
that took 1 to 10 days to 
recede

Questions Participant’s 

number

Scores Response 

Percentage

Q8: After this last saturation, have you experienced fatigue? 24 Yes = 17

No = 7

71%

29%

Q9: After this last saturation, if you experienced fatigue, grade its 

severity on a scale from 1 (light) to 10 (severe)

17 (Mean ± SD) 3.4 ± 1.92 100%

Q10: Usually, after a saturation, do you experience fatigue? 22 Yes = 18

No = 4

82%

18%

Q11: Usually, if you experienced fatigue, is it physical or mental? 19 Physical = 17

Mental = 2

89%

11%

Q12: Usually, after a saturation, grade your wellbeing or mood on 

a scale from 1 (bad) to 5 (normal) and 10 (excellent)

22 (Mean ± SD) 6.18 ± 1.56 100%

Q13: Usually, after a saturation, grade your alertness on a scale 

from 1 (bad) to 5 (normal) and 10 (excellent)

22 (Mean ± SD) 6.23 ± 1.91 100%

Q14: Usually, after a saturation, how many days does it take to 

return to normal?

26 (Mean ± SD) 4.31 ± 2.92 51%





OXYDATIVE STRESS



F. Z. Kiboub et Al. 2018



Vitamin C and E
• Vitamin C and E have been reported to:

▪ Ameliorate oxidative stress effects on the heart, pulmonary and brachial artery in scuba divers1. 

▪ Combined with tea catechins, they prevent hepatic disturbances in experimental saturation divers2. 

• 1. Mak S. et al. Am. J. Physiol. Heart Circ. Physiol. (2002); Obad A. et al. FASEB J. (2006) and Obad A. et al. J. Physiol. (2007)

• 2. Ikeda M. et al. Tohoku J. Exp. Med. (2004) 

Experimental group 
instructed to take 500 mg 
vitamin C and 30 mg vitamin 
E supplements / day



Changes in oxygen transport genes expression

Genes involved in oxygen 
transport were 
downregulated on multiple 
levels after saturation diving 

No effect of antioxidant 
vitamin C and E



1991 Greg Semenza
HIF-1 and HIF-2 (NOBEL PRIZE 2019)







Hofso D , Ulvik R J , Segadal K , Hope A . Changes in erythropoietin

and hemoglobin concentrations in response to saturation diving . Eur J

Appl Physiol 2005 ; 95 : 191 – 196



Paper II results

(A) Hb and (B) EPO levels 0 h post-dive and 24 h post-dive expressed as percentages of pre-saturation diving levels (dotted line) in 13 
saturation divers. *P < 0.01; **P < 0.001; ***P < 0.0001 and NS, non-significant.
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Hb was reduced by 4% post-
saturation and 8% 24h later.

EPO was unchanged 
post-saturation and 
increased 99% 24h 
later.



Revelli L, Vagnoni S, D'Amore A, Di Stasio E, Lombardi CP, Storti G, Proietti R, 

Balestra C & Ricerca BM. (2013). EPO modulation in a 14-days undersea scuba

dive. International journal of sports medicine 34, 856-860.



The Abyss Project 2008

Serum EPO levels after several days
at 9 m depth in water habitat

(The Abyss project) n = 6
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INFLAMMATION
&

Effect of BUBBLES



Ricerca



Breath-Hold Diving

19-11-19











Metabolism
(nCells3)

Differs for Females and Males
Differs for Rats and Humans

Need for Human studies
Link with Micronuclei





Magic formula

𝑂𝑊 = 𝑚𝜏𝛼
1

𝑉1−𝑚

Metabolism

Age Fitness

Long term
Life style

Recent history
Vibrations
Exercice

Dive Oxygen
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Environment
Micro & Nano Particules









MICROBIOTA
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NUTRITION :
Well Being

Anti-Oxydant
Microbiota
Chelation





DECOMPRESSION ILLNESS





Diving potential risks and mitigation

Repeated / long exposure to 
high pressure and elevated / 

rapid change of ppO2

Oxidative stress:

- Excess ROS / free radicals

- DNA damages
-Lipids peroxidation

- Proteins / peptides oxidation

- Disturbed endogenous antioxidant
system

Endothelial function impairment:

- Gas bubbles formation

- Pro-inflammatory development

- Increased coagulation

- Elevated circulating microparticles

Diving procedures Acclimatization, biological defences
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Theo Mavrostomos





Gombessa V 
(Mediterranean Planet)



Under The Pole 
(Capsule Project)



Conclusions
-We are facing a new moment in Diving Pathophysiology 
understanding
-Saturation diving research papers have never been so 
many since the last few years. We understand today that :

Depth of 180-225 msw seems to be the starting 
level of HPNS and the effects have not shown to 
alter Divers significantly according to actually 
accepted and tested procedures.

Deeper diving may be possible considering a 
multifactorial approach needing more investigations. 





A few more tips on stress hardiness

The Four A’s

Avoid the stressor
Alter the stressor 
Adapt to the stressor
Accept the stressor



Cumulative effect of sat diving and stress

Sub clinical brain inflammationSat diving and oxidative stress

Additional stress/anxiety
Clinical brain inflammation

PTSD like 
symptoms



Objectives for next years

• Identify pertinent bio markers

• Monitor these bio markers to evaluate divers’ recovery - preparation

• Base sat exposure (depth and frequency) on measured recovery status

Monitoring 
is the key



FOCUS ????
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