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State of Knowledge

Expected Results (DCS & VGE)
Critical Questions/Decision Making
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Atmospheric Impacts
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What is “exploration atmospheres”? _ .5 J
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e Study to validate lunar
prebreathe
(denitrogenation) options

e 12-day study with subjects
“living” in a 3-story 20’

15,000” altitude

simulated EVAs
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State of Knowledge — DCS and Ambulation Fertrmance XX

control (n=45)

group Il (n=41)
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me at 4.3 psia (min)

nd during e
ing Eq. 1 are as S: C
);and Group 11 (3.341, 150.7,0.010).
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 Ambulation at 4.3 psia increases risk of DCS and Grade

IV VGE.

 Group | ambulated at 4.3 psia, Group Il ambulated

before ascent, Control did not ambulate at all.

2 p=0.014

29 & Control
o Group |
g Group Il

o
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Conkin J, Pollock NW, Natoli MJ, Martina SD, Wessel JH, Ill, Gernhardt ML. Venous gas
emboli and ambulation at 4.3 psia. Aerosp Med Hum Perform 2017; 88:370-76.

Pollock NW, Natoli MJ, Martina SD, Conkin J, Wessel JH, Ill, Gernhardt ML. Decompression
sickness during simulated low pressure exposure is increased with mild ambulation
exercise. 2016 (87t) Annual Scientific Meeting of the Aerospace Medical Association,
Atlantic City, New Jersey, Abstract No. 80, pp. 188, April 24-28.



Expected Results X

Model Data:
6 Subjects

* The DCS survival model (Conkin et £ EVAS
al., 2014) calculates P(DCS) = 3.1%
(1.8 to 5.4%) for planetary test

subjects.
Neither
Review Data
Power Analysis: Modify Prebreathe
* If P(DCS . etary) = 3-1%, then 12
subjects x 5 EVAs has an 88%
probability of meeting the accept 6 Subjects

condition. > BUAE

Review Data |
Modify Prebreathe h



Initial Questions = X

* |s the plan to test & vet a treatment protocol (2-hr “GLO + suit”)
— Or

e Strive for successful treatment (overtreat) and keep in the study if
possible

— Or

* DCS patient is out of the study, so treat fully, get back to baseline
(straight to chamber, gold-standard treatment).
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Caveats e ranca X

* If the patient comes out of the chamber BUT STAYS ON O2, may go
back into study (but sit out next EVA*)

* |f the patient exits the chamber but breathes ambient air, then lost
to the study can’t give “air breaks” (required for “gold standard”
terrestrial DCS treatment)

* A Type 2 case ends the study

.° Need a Treatment Chamber On-Site



Operational Classification of DCS at JSC
JPR 1800.3 DCS Manual

* Type | — pain-only
— “Pain” can be an awareness or even impair performance
— WIll stop a research exposure regardless of intensity

* Type Il — serious DCS
— Can result in long-term injury
— Will invalidate the research protocol
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Human -

Type Il, or “Serious” DCS mX

« Seven Type Il cases in 1,031 NASA exposures (1982 — 2016):

— Four of the seven had no O, prebreathe
— We will provide > 6.5 hours of effective prebreathe for Exploration Atmosphere
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Basic DCS Treatment R
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« Diver and aviator DCS is treated with:
* pressure AP =14.7 psia — 4.3 psia = 10.4 psid = 95%
- it AP = 8.2 psia — 4.3 psia = 3.9 psid = 72% (?)
* time
* emergency care interventions
« US Navy TT6 is the “standard”

« Hypobaric DCS has built-in pressure treatment since
you eventually return to saturation pressure of 14.7 psia.
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« Returning to saturation pressure of 8.2 psia may be as
effective, but empirical data are needed.
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#¢ Bubble Dynamics Decompression Analysis Program - Version 0.55

Dlela] Elnle * Model Estimated Risk of DCS is 3% (2 - 5)
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Conkin J. Probability of decompression sickness and venous gas emboli from 49 >

NASA hypobaric chamber tests with reference to Exploration Atmosphere.
Houston, TX: NASA Johnson Space Center; March 2020. NASA Technical
Publication NASA/TP-2020-***** (in review).
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Answers to questions:

* DCS type 1 does not DQ a test subject from the study

* We are NOT vetting a Lunar Treatment plan

Performanc

* \Want the best chance for the subject to return to the study without

recurrent DCS (new case OK)

.
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° Health
e a Performanc
Explo

* Subjects live at 8.2 psi

* EVA (and DCS) happens at 4.3 psi
* Can treat at 14.7 psi

147 /4.3 =3.4186 (terrestrial equivalent: 79.81 fsw)
e US “Gold Standard” is 60 fsw when DCS occurs at 1ata (surface)

.
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Treatment Table 6 S e X
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e 02 @ 60 fsw: 60 mins

e 02 @ 30 fsw: 120 mins
Depth * 02 from 60-30: 30 mins
(fsw) 3o l e 02 from 30-0’: 30 mins

1 ft/min

Descent Rate
20 ft/min

I
I
45 |
l
I

e Total O2: 4 hours

Time at Depth (minutes) Total Elapsed Time: |
285 Minutes
(Not Including
Breathing Media Descent Time)
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Revised DCS Treatment Flow Diagram

Symptoms (sx) resolved
>
by 14.7 psia

'y

Sx remain
resolved
Sx resolved SX remain

by 10min resolved
— —

Sx not

resolved
>

over 4 hrs

No improvement

in Sx @ 10min Sx recur SX recur
within 4 hrs

*Subj. travels solo in lock

Type-1/ None

Type-lI
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Questions?
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