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Optimal stiffness of the aorta

ÅDiastolic relay of heart

contraction

Å Limits pressure rise

during systole

Å Limits diastolic pressure 

decay

Å Improves coronary

(diastolic) perfiusion

Å Limits peripheral

pulsatility





Arterial stiffness as a proxy of vascular aging

Difficult to measure CV risk 

factors

Åchronic low grade inflammation

Åoxidative stress

ÅAutonomic nervous system

ÅDNA damage

Åtelomere shortening 

Ålow birth weight 

Ågenetics, epigenetics

Åfetal programmingé...

Easy to measure 

CV risk factors

Ågender 

Åblood pressure 

Ålipids 

Åsmoking 

Ådiabetes é

Arterial stiffness (cfPWV) is an lifetime 

integrator of risk factors

Laurent S et al.. ATVB 1994, Hypertension 1994, Hypertension 2005, Hypertension 2012, CircRes2015

Unknown CV risk 

factors

?

ὛὸὭὪ ὪὙὊρȟὙὊςȣὊὙЊ



SUPERNOVA and EVA

Robert Marchand, 1911-2021

« I am aged, not old! »

David Bowman 
accelerated aging and rebirth

2001 a Space Odyssey, HG Clarkes, S Kubrick

EVASUPERNOVA

Established 1h record over 100 y (32,5 km)

over 105 y (22,8 km)
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EVA - Early Vascular Ageing

SUPERNOVA-supernormal vascular ageing

CVRF

Nilsson P et al. J Hypertens2008
Nilsson P et al. Hypertension 2009
Nilsson P et al. J Hypertens2013
Cunha P et al. CurrHypertensRev2017
Laurent S et al. Hypertension 2019
Olsen et al, Lancet 2016
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EVA

Normal VA

SUPERNOVA

Follow-up (years)

Cumulative incidence of CV events
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Event-free curves for CV events

in the Malmo Diet and Cancer Study Cohort 

Bruno et al, Hypertension 2021



Progression of EVA 

Nilsson P et al. Hypertension 2009

EVA

Early Vascular Ageing

Healthy vascular
ageing
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Reduction of risk factors

Reversibility of EVA 

SUPERNOVA SUPERNOVA



Consolider nos fondamentaux

Créer un avantage compétitif via les 

offres et les services

Engager les collaborateurs



Health hazards during spaceflight

Patel et al, Microgravity 2020



Effects of cosmic high energy radiations on the brain

Comstock et al, Science 1971

500 µm

Entry hole Exit hole

500 µm

Van Ombergen 2021



Liver function of long-term spaceflight in mice

ÅUpregulation of CYP1A2, 2C29 and 2E2

Å Non alcoholic liver Fatty disease

Å Improper metabolism of lipids and glucide

Å Forseen modification of drug metabolism

Multiomic approach

Mice flying 11 to 40 days

Moskaleva et al, 2015

Beheshti et al 2019 

Winken et al 2022



SpaceflightinducedCardiovasculardeconditioning
Early

Vascular
Aging?

Inflammation/immunity

Delpet al, Scient Rep 2016



Effect of long-term spatial conditions on carotid distensibility

Hugton et al, Am J Physiol Heart Circ Physiol. 2016

Engelen et al, J Hypertens 2015

Despite countermeasures

Physical exercise

Nutritional

https://www.ncbi.nlm.nih.gov/pubmed/26747504
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Carotid pulse waveformEVERYWARE mission



Time-changes in vascular age during

and after 60 days head down bedrest

Boutouyrie et al, J Hypertens 2022

20 healthy males

Å Age 32

Å Vascular age lower 

than calendar age at 

baseline

RECOVERYHead down bed restBaseline

BL D30 D60 R7 R30 R360

Echotracking, tonometry, MRI

+11 y +6 y
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Reference Methods

ÅCarotid-femoral PWV 

by tonometry

ÅCarotid stiffness 

vascular ultrasound

Boutouyrie et al,

Eur H Journal 2010
Engelen et al, Bossuyt et al, J 

Hypertens 2015

Vascular Lab

Non invasive, unconfortable

Expertise++

Time consuming+++ 

Č Impossible to generalize



Why is it missing ? 

Inefficiency of actual countermeasures

Profound modification of body in space affecting

drug PK/PD

Very limited knowledge of PK/PD

Documented failure of treatments

No pharmacological countermeasures yet 

proposed for space related health issues 

including early vascular ageing 

Older  less selected astronautsČ potential 

health issues

Long term flights Ÿ increased risk

Why is it needed ? 

Obstacles for pharmacological

studies

- Logistical and technical constraints 

of sample biologics fluid

- Venous puncture by non-professionals 

in microgravity

- Risk of free-floating biomaterials

- Sample storage (energy cost of -80° C)

- Very limited lab facilities on board

- Cost of sample retrieval

Č practically impossible to perform

Pharmacology in space



Pharmacological countermeasures

2022 PSK

Microgravity and dry matrix spots



Dried Matrix Spot 

Limits

Easy and fast collection by non-professionals

Multiple possible dosages (infectious 

disease, genetics, etc)

Safe, very low risk of biohazard 

Iight (< 3 grams/sample)

Easy to store (room temp. or +4ÁC)

Very small volume 50 mL

Adapted to repeated biological fluid sampling

Very low cost 

Applicable to extreme situations

Advantages

Not all drugs are detectable 

(according to their chemical 

properties)

Lesser control on fluid volume Č

lesser precision

Transfer of blood/urine drops in microgravity



Parabolic flight validation





ÅAfter 90 parabols

ï127/128 drop transfers

ïNo free flying drop or 

material

ÅPrecision whithin specs

compared to 1g conditions

Results



Developpement  

Blood : Caffeine as a proof 

of concept and probe for 

CYP 1A2

Primary endpoint: feasibility

of self-sampling

30 healthy participants

Validation of self-sampling of capillary blood and transfer to 

blotting paper in microgravity for caffeine dosage

Parabolic flights

Baseline Parabole x Ground 1 Ground 2

7:30 13:00 15:00PX

LAB



1OO% of exploitable deposits



TRANSATLANTIC MDRS CREW 261

MISSION SUMMARY

JAMES BURK

ALINE DECADI

CECILE RENAUD

JULIEN VILLA-MASSONE

KRIS DAVIDSON

ERIN KENNEDY

AUDREY DEROBERTMASURE



Crew Commander : James Burk

Executive Officer and Safety Officer : Aline Decadi

Crew Engineer : Julien Villa-Massone

GreenHab Officer : Cécile Renaud

Crew Journalist : Kris Davidson 

Crew Robotic : Erin Kennedy

Medical Officer : Audrey Derobertmasure


