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DCS Risk  NASA

Fundamentals

= | pressure:
= tissues release nitrogen bubbles
= Too much bubbling: Decompression Sickness Atmospheric

= Type | DCS: Mild/Joint pain ifi Workload
= Type Il DCS: Severe/life threatening Com pOS|t|On
= Pre-EVA denitrogenation via oxygen prebreathe
reduces DCS risk during EVA Suit
= High workload/ambulation = higher risk Prebreathe Pressure

Duration

Sea level to ExpAtmo

. Sea level to ExpAtmo
Decompression Stress P

Decompression Stress




High Grade VGE
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Why Exploration Atmosphere? IRRERS

= Significantly increased frequency of EVAs is expected during planetary
ops vs. ISS
= Up to 24 hrs / person / week

= DCS risk is increased by ambulation and physical activity vs microgravity!!

Current ISS prebreathe protocols would add significant timeline
overhead and are NOT validated for planetary EVA

— Shuttle & ISS protocols are applicable to microgravity only
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Rationale for Exploration Atmosphere NASA

Saturation Microgravity Planetary -
Atmosphere Prebreathe* (h:mm) Prebreathe* . m
0 . ,' )

14.7 psi, 21% 02 4:00 (resting) 6:30-7:00 2

10.2 psi, 26.5% 02 0:40 3:00-3:303

8.2 psi, 34% 02 0:00-0:15 0:00-0:30 “~

5.0 psi, 100% 02 | / |
(Apollo, Gemini) 0:00 0:00

*Assumes 6hr EVA @ 4.3 psia and Unvalidated estimates
i gL TS T (i.e., not yet available for flight use)

2 Abercromby et al. Suited Ground Vacuum Chamber Testing Decompression Sickness Tiger Team Report, (2019) NASA Technical Report. NASA/TP-2019—220343
3 Abercromby et al. Using the Shuttle Staged Prebreathe Atmosphere and Variable Pressure Spacesuits for Exploration Extravehicular Actlwty, (2018) AsMA.
* Abercromby et al. Modeling Oxygen Prebreathe Protocols for Exploration EVA Using Variable Pressure Suits, (2017) AsMA. S o
> Abercromby.et al. Modeling a 15-min extravehicular activity prebreathe protocol using NASA ‘s exploration atmosphere (56.5 k/ﬁ(f% J2fiActa

Afrtomiutica,. 109 (2015), pp.76-87.




95% CL

What is NASA-STD-3001

e NASA-STD-3001 requires human testing to

e <15%incidence of Type | DCS (@95% CL)
e <20% incidence of Grade IV VGE (@95% CL)
* No Type Il DCS

Probability DCS

 —
Chamber test

* Prebreathe study yields:
# DCS cases 10 100 1000

Sample size (n)

L
# of exposures
Fig. 4. Incidence and mean itude decompression
sickness from 1942 to present: C ypes of exposure with
i " . no information on body fat (Table II); Circles, 13 types of ex-
° Statlstlca | CO nve rSIOn to: posures (Table 1), if filled F > 12 kg, if not filled F < 12 kg.

522 Aerospace Medicine « May, 1971

Probability of observing >1 DCS

* % DCS risk and Confidence Limits at 5%-95%
* Confidence limits are driven by N moreso than actual risk
* Thus, reaching 3001 req’ts is contingent on sample size

—DCS 15%
DCS 3%

NASA-STD-3001 does NOT address Cumulative Risk:
* Loss of EVA is a mission risk — determined by mission
* Artemis does not currently have mission-wide DCS risk

Artemis Ill

H=~20 ' Pooa o oe o E
LT e e # of EVAs (2 exposures/EVA)




Cabin Atmosphere Constraints
= Exploration Atmosphere Working Group (2006, 2012): 8.2psia / 34% O,

= Compromise between flammability, hypoxia, DCS risk, prebreathe time

Atmospheric Composition

Hyperoxia

Shuttle Staged/
ISS'‘Campout

DCS Risk
Prebreathe Timé

EVA Suit Pressuré

Pressure (psi)

Mercury/
Gemini/

o
o
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a
a
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c
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e
o
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Hypoxia

30% Flammability Limit
36% Flammability Limit

70% O2 Atelectasis Limit

50
Percent O2

w
o




How do we actually test?




Exploration Atmosphere Validation “ij\j‘

DSMB Review;

* Accept Criteria (per NASA-STD-3001): Accept ~ Test Series 1 Modify
» < 15% incidence of Type | DCS (@95% CL) (11 days) Prebreathe
e <20% incidence of Grade IV VGE (@95% CL) ,
Neither
* No Type Il DCS Ao
* Reject Criteria nor Reject
« >15% incidence of Type | DCS (@70% CL) e BEpiEs
* >20% incidence of Grade IV VGE (@70% CL) W (11 days)
* Any Type |l DCS Neither
* Neither Acce:;zz;

* Requires review and additional data

Additional Test
Series

| o, Uinn
H3rP0 DSMB: Data Safety Monitoring Boa\rg:EI :




Protocol: EVA Simulations

= Odd Days: EVA Simulations (Ngy, = 5)

= Complete prebreathe and 6 hrs of prescribed
simulated EVA activities
= Even Days: Rest + Hypoxia
Characterization

= Various physiologic and cognitive measurements
will be taken to characterize the effects of hypobaric
hypoxia in the exploration atmosphere.

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Day 8

Day 9

Day 10

Day 11

3hr PB @ 100% 02, 14.7 psia;
Depress to 8.2 psia, equilibrate

Equilibrate + Hypoxia Characterization
Prebreathe; 6hr EVA @ 4.3 psia, 85% 02

Hypoxia Characterization

Prebreathe; 6hr EVA @ 4.3 psia, 85% 02
Hypoxia Characterization
Prebreathe; 6hr EVA @ 4.3 psia, 85% 02
Hypoxia Characterization
Prebreathe; 6hr EVA @ 4.3 psia, 85% 02
Hypoxia Characterization
Prebreathe; 6hr EVA @ 4.3 psia, 85% 02




Prebreathe Validation Approach N

= What prebreathe is sufficient to meet NASA-STD-3001 standards in a Lunar/Mars
environment?

= Equilibrate to Exploration Atmosphere: 8.2psi/34% O, for 48 hrs (after 3hr O, PB)
= Minimum prebreathe duration: 20 min 2 6.2psi

= Simulated EVA: 4.3psi/85% O,

= Simulate EVA workload: 6 tasks for 6hrs across workload ranges

Chamber EPrebrieathe éStart
Pressure - : >

" EVAStart (6hr)

Supersaturation

| EVA2 |

N W b~ O O N 00 O

Exploration 7\——\
P Mask Don Depress (2') EVA sim ops

Atmosphere Depress (3'")
Comm Check (2') 6.2psi hold(16')

=
n
o
N
()
—
>
n
n
()
| -
o
Q
| S
)
L
o
n
®)
=
o
<

-_

Depress assumes 0.660psi/min
in-flight breathdown




20FT Chamber Overview NASA

EEEEEE

+** 15t Floor — Science & EVA
Activities
¢ 2" Floor — Crew Quarters &
Hygiene

+ 3" Floor — Stowage & Media







2"d Floor — Crew Quarter Layout




EVA Sim Stations




EVA Simulation

45 < 1. Low Step - 4. High Step
I 6. Arm Ergometer
2. Standing Board
3. Weight Transfer I S. Kneeling Board

EVA Sim Presented at AsMA 2022
see Estep et al.




VGE Methods

= Every 15 min:

= Subject lays on the cot in a left
recumbent position

= The operator gels the Vivid iQ
ultrasound probe and acquires an
apical cross-section view of the
heart and heart chambers (top)

Other method:
Find "Point of Maximal Impulse”

E If the apica| VieW iS nOt eaS”y Parasternal Long-Axis View (PLAX) | E“”::iiﬁg'.,:ﬁ
visible, a parasternal long-axis meenviar gy 5 190 . “‘j’/“’
view is imaged instead (bottom) ;:::.f;m::;\'}‘ W g

= Alternates with Doppler B S R
auscultation of L parasternal E T O
border S R R '

HUMAN DHYSIOLOSY, SEAFOZMANCE,



Analysis and Scoring Methods NASA

Ultrasound and Doppler Scoring Data Analysis / Graphs

= Ultrasound videos were scored based on number = Scores for rests and leg flexes — left and right —
of VGE / bubbles present during imaging over 10 were acquired via Vivid iQ Ultrasound w/ doppler
cardiac cycles (Modified Eftedal Brubakk Score, wave acquisition application.
right). = Scores between cross-graders (n=3 to 4 per crew
= Doppler audios were scored based on ‘bubble member at each time point) were averaged for
signals’, or audible peaks in doppler waveforms the resting and flexing periods.

Score Definition

Doppler Bubble Grading

Spencer Scale

A complete lack of bubble signals

An occasional bubble signal with the great majority of
cardiac periods free of bubbles

Many, but less than half, of the cardiac periods contain

= Max scores and average scores of resting and

No visible bubbles flexing periods were graphed.

Occasional bubbles

At least 1 bubble every 4 heart cycles = Data is represented by mean * standard deviation.
At least 1 bubble every heart cycle

bubble signals, singly or in groups

All the cardiac periods contain showers of single-bubble
motion signals

The maximum detectable bubble signal sounding
continuously throughout systole and diastole of every
cardiac period, and overriding the amplitude of the normal
cardiac signals

Not more than two thirds of every image
Near whiteout; individual bubbles still discerned

0
1
2
3
signals, but not dominating o overriding the cardiac 4 Not more than one third of every image
5
6
7

Whiteout; individual bubbles can’t be discerned

.HHPC / ﬁ :-j
HS20 &/ R






Test Campaign Summary s
2005 — Initial proposal: 8.0psi/32% FiO, = 2022
2012: = Feb: 1-day equipment validation (n=2)
= Updated to 8.2psi/34% FiO, (to decrease hypoxic * Mar: 3-day dress rehearsal (n=8)
stress) = DCSx1
= Briefing to HEOMD — proceed with work on EA = Jun: 11-day test (n=8) “EAL”
= No DCS Type Il

2018 — Human validation studies in the building 7
20ft chamber green lit

Two DCS Type | cases; symptoms fully resolved with
treatment

One DCS Type | in Doppler Tech
One VGE Grade IV

2021 — Chamber readiness complete/initial HITL
assessment

= 2021-11: Overnight in Chamber (doors ‘closed’, no = 2023
pressure change)

= Mar: 3-day dress rehearsal (n=8)
= No DCS I/ll
= Jun: 11-day test (n=8) “EA2”
= No DCS I/l
= One Asymptomatic LVGE
= One DCS Type | in external Doppler Tech

¥~ -
e

HUMAN DHYSIOLOSY, SEAFOZMANCE,




Chamber Environmental Controls i

02 Percentage (8.2 psi)

= “Did we test the atmosphere we said we would?”
= Qverall within parameters

= Biggest effects:

= Sensor Calibration:
Dec 2022 test showed <0.5% error

= Airlock Gas Bolus:
Caused the largest swings (~¥0.7% O,)
Fixed for EA-2 w/Airlock O, Injection

= Pressure Control offset:
Cause systematic error of -0.05psi
Adjusted set point to 8.25psi

02 percentage (%)

GA-20 Channel Average 02 Percent

18:00:00 00:00:00

325
00:00:00 06:00:00

=

s Tigr et




Doppler —- Max Spencer Grade

EAl

EA2

H-=3~0

Max Spencer Score

Max Spencer Score

Day 3 EVA - EXATM 1 Day 5 EVA - EXATM 1 Day 7 EVA - EXATM 1 Day 9 EVA-ExATM1 Day 11 EVA-ExATM1
4

Sl s g

0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00
EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr)

w

N

[y

Day3EVA-ExATM2 Day5EVA-ExATM2  Day7 EVA - EXATM 2 Day 9 EVA - ExATM 2 Day 11 EVA - ExXATM 2

oo e i

0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00

EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr)

Crew 1
Crew 2
Crew 3
Crew 5
——Crew 6

——Crew 7

&/ TR




Ultrasound — Max EB Score NASA

Day 3 EVA - EXATM 1 Day 5 EVA - EXATM 1 Day 7 EVA - EXATM 1 Day9EVA-ExATM1 Day11EVA-ExATM1
7

Crew 1

Crew 2
Crew 3
Crew 5
EA 1 ——Crew 6
——Crew 7
0 o >

0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00
EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr)

Max EB Score
w -} [%,]

N

Day 3 EVA - EXATM 2 Day 5 EVA - EXATM 2 Day 7 EVA - EXATM 2 Day9EVA - ExATM 2 Day 11EVA - ExATM 2

Crew 1

Crew 2

& BUVAVAYA [\\‘~ IAAANEA

0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00
EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr) EVA Timeline (hr)

Max EB Score

&/

H320




Mapping Doppler to Ultrasound pANEE

= U/Sis a better tool to monitor VGE:

= Decreased training time for grading
= Can monitor for left-to-right shunts * NASA-STD-3001:

= Can be used for other medical/science goals ¢ <15% incidence of Type | DCS (@95% CL)
= Spence Grade IV correlates to E-B Score 6 & 7 in * <20% incidence of Grade IV VGE (@95% CL)
our data set * No Type Il DCS

Doppler Bubble Grading

Spencer Scale

No Visible Bubble
Occasional bubbles
At least 1 bubble every 4-heart-cycle

A complete lack of bubble signals

An occasional bubble signal with the great majority of
cardiac periods free of bubbles

Many, but less than half, of the cardiac periods contain
bubble signals, singly or in groups

All the cardiac periods contain showers of single-bubble
signals, but not dominating or overriding the cardiac

At least 1 bubble every heart cycle
Not more than one thirds of every image
Not more than two thirds of every image

Near whiteout; individual bubbles still discerned
7 Whiteout; individual bubbles can't be discerned

&/ TR

The maximum detectable bubble signal sounding
continuously throughout systole and diastole of every
cardiac period, and overriding the amplitude of the normal




Average Flexing Score

EA1 - 11days
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Average Flexing Score

EA2 - 11days
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Average Flexing Score NASA

= Repeated measures correlation:
= 0.572 (0.543, 0.603)

= Concordance correlation coefficient:
= 0.535 (SE = 0.012)

= Spearman rank-order correlation:
= 0.5004

S

= Models may be biased due to not meeting some
assumptions depending on the measures of
correlation:

= Not independent and identically distributed due to
repeated measures

= Errors normally distributed due to the categorical
nature of the underlying variables

2
doppler_flex
.HHPC i ﬁ,:_j q"
H320. | ”/z

x
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Total Exposures

EA1 (2022):
* EVA 1: 6 subjects participated, 1 DCS case
* EVA 2: 4 subjects participated, no DCS*

= 1 subject sat out EVA per protocol on ground
level oxygen due to DCS on EVA1

= 1 subject sat out EVA due to mask fit issues
* EVA 3: 5 subjects participated, no DCS

= 1 subject sat out EVA due to mask fit issues
* EVA 4: 5 subjects participated, no DCS

= 1 subject sat out EVA due to musculoskeletal
issues

 EVA5: 6 subjects participated, 1 DCS case

= 1 subject excluded due to musculoskeletal
issues

Finally Tally: 2 DCS cases, 50 exposures

* DCS case in Doppler Technician — not a study subject

EA2 (2023):

EVA 1: 6 subjects participated

* 1 LVGE case removed
EVA 2: 5 subjects participated, no DCS
EVA 3: 5 subjects participated, no DCS
EVA 4: 5 subjects participated, no DCS
EVA 5: 5 subjects participated, no DCS




Summary - 8.2/34% Campaign

* Accept Criteria (per NASA-STD-3001):
e <15%incidence of Type | DCS (@95% CL)
e <20% incidence of Grade IV VGE (@95% CL)
* No Type Il DCS

e (Qbserved:
« DCSTypel:2/50= 4% (1.1%-13.5%)
* DCSTypell:0

* VGEIV:0
 (EB Grade 7: 1/50)

= No Type Il Cases

= Two Type | Cases (out of 50 exposures)

reject at 70%

inconclusive
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O 5 10 15 20 25 30 35 40 45 50
number of exposures

DCS < 15% @ 95% confidence




Conclusion

= A 20 min prebreathe from a 56.5kPa (8.2 psi), 34%
02 atmosphere meets NASA-STD-3001 for EVAs at
30kPa (4.3psia)

= The observed DCS risk is 4% (1.1%-13.5%) per person
per EVA

= Doppler and U/S both show significant VGE stress
during EVA

= Will transition to allow E-B score as an alternative to
Spencer Grade

|
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Historical NASA Testing
NASA Historical Decompression Studies (1982-2023)

® Modeled
e Observed

PRP
(1995-2007)

=
o

Nuc
(2013-2014)

I .

(2022-2023) 15%

&
Q
O
-
O

2
v

i=

:.:.:..'.I

50

SfUdy (#) * DCS Type 2 case

+ Cutis Marmorata




Revised DCS Treatment Flow Diagram

START
Subj shows Sx during
or after EVA Sim
Symptoms (SXL Subj placed on GLO Tx for
regblved by 14.7 psia 4+ hours.
Subj moved to 100% O2.
DT puts Subj in lock @ 4.3,
repress to 14.7 in Man Lock*.
Subj placed on Subject
GLO Tx with starts 4+
check for Sx hour GLO T,
S resolution N resolv.ed with MO
MO evaluates Subj for DCS Sx resolved \yithin 10min by Joyn monitoring
resolution @ 14.7. and remain for Sx
resolved. recurrence.
*Subj. travels solo in lock
Key:
*  Subj = Subject
* Sx=Symptoms
* DT=Doppler Tech
e MO = Med Officer Subj is removed from
* SLO = Site-level O, (8.2psia) study, moved to
*  GLO = Ground-level O, (14.7psia) hyperbaric chamber or
* HBO = Hyperbaric O, Memorial Hermann for
* DSSMB = Diver and Suited Subject HBO Tx.

Medical Board

HUMAN SHYSIOLOSY, SESFOZMANCE,
FROTECTION & OSSR ATIONS

Subj returns to main
chamber after EVA
Sim, misses next EVA.
Subj held @ 14.7
outside chamber.

Sx remain
Subject completes 4+ hour ecved
S romain GLO Tx. MO does ~30m!n
resolved prebreathe. MQ + Subj
depress to 8.2, Subj moved to
overdhrs g0 MO evaluates Subj for Sx
recurrence at 8.2.
Study continues
> :
with (n-1) subjects.
Type-1 / None

DCS diagnosis
vetted by DSSMB
within 36 hours.

Study is immediately
stopped. Prebreathe
protocol is re-
assessed.

& G




JS-EC4-32-GEN64

20' Chamber TTD# 7636 11 Day Manned Run Logucl - 46 06/16/2022 23:54:08

| chamber: HMI Enabled | | Manlock: HMI Enabled

T T g o7, Vv  iOutof Spec PT-20V-195A | 424.182 Torr  |Main Chamber High
‘“: ki 2% ; “0.00m _ PT-20v-1958 [ 10.339 Torr  |Main Chamber Low
Chamber Pressure 3 e N T PT-20V-196A [424.936 Torr  |Man Lock High
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a%. ""”‘ . PT-02-28 | 901.804 psig | secondary Supply Regulator Outlet
Average: CO2 PT-02-106 | 80.478 psig |Man-Lock Regulator Outlet
s "’"’" e PT-02-112 | 80.456 psig  |Man-Lock Supply
o PT-02-206 | 80.333 psig  |Main Chamber Regulator Outlet
PT-02-212 | 80.247 psig  |Main Chamber Supply
PT-02-306 | 29.314 psig |Chamber Atm. Regulator Outlet
| PT-02-312 | 29.317 psig |Chamber Atm. Supply
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Chamber Pressure

14.4 8.21 psia 1s

PT-T02-812 ' PT-TO2-814

874.06 psig 80.37 psig 80.42 psig

-2%

8.21 psia Ty -25 %
424.4 Torr D Manual

i purge ~ , - — | |
4 \ ;
Chamber i F ._ : el

02 Supply

85% Oxygen

= O
ErTw

| 3526 %

67.34 °F

TC- g

Manlock
GA-20-M| 02

O '

=10 GA-20-MLK(CO2

58.53 °F 0.70 %

121.64 °F ”
851 RPM

TC-20CW-105 %
55.46 °F

TC-20CW-106 =

54.52 °F |« DS e /N — | .

Chamber PE 02 Supply

80.34 psig

PT-02-212

JS-EC4-32-GEN64

20' Chamber TID# 7636 11 Day Manned Run Lopoed ta: (4 4“4 06/16/2022 23:54:50

SOV-02-209

PT_SSF_102

I 64.84 psig

Fire Supression Water Pressure
PT_SSF_104

—800  —800
=640 =640
: = % =
8 —480 § 48
E=Z | 12t
£ =320| § =32
s ==
—16 —16
-0 -0

Fire Sy ion Water Pressure
Stop 0-11:22:39

Change Display




Timeline Implications HSPO

SLEEP Postsleep- |, Q| EVA Prep Post-EVA
(8.0 HRS TOTAL) 1.5hrs = O (excl. PB) Overhead

SLEEP Postsleep- |, Q| EVA Prep Post-EVA o 8| Presleep -
(6.0 HRS TOTAL) 1.5hrs = q| (excl. PB) Overhead =0 15hrs
Postsleep- |, Q| EVA Prep Post-EVA o 8| Presleep -
1.5hrs £ 0| (excl. PB) Overhead =0 15hrs

* Timelines are notional and for purposes of comparison only
e All prebreathe durations are model-based estimates [2-4]
* Detailed depress profiles being worked with CX3

Presleep -

3
o
= 0| 1.5hrs

121% 02 |/26.5% 02| /34% 02

-

Exploration conops are incompatible with multi-hour prebreathe durations

2 Abercromby et al. “Suited Ground Vacuum Chamber Testing Decompression Sickness Tiger Team Report”, 2018 NASA Technical Report
> Abercromby, et al. “Using the Shuttle Staged Prebreathe Atmosphere and Variable Pressure Spacesuits for Exploration Extravehicular Activity”, 2018 AsMA.
ercromby et al. “Modeling Oxygen Prebreathe Protocols for Exploration EVA Using Variable Pressure Suits”, 2017 AsMA. 37



EVA Simulation — Rationale for Tasks

= 61 exploration EVA tasks!?! were decomposed into 126 subtasks then characterized by functional

requirements of each subtask

= Upper body

= Categories: Lower body

Both Upper and Lower body
Body Positioning: Seated, Kneeling, Standing, Mobile, etc. = Minimal work

Muscle Groups: Whole/Both, Upper, Lower

Ambulation: None, Walking, Walking (terrain), Walking (slopes), Crawling, Climbing
Loading Bearing: None, Carrying, Pushing/Pulling, Attached to Suit

Loads: None, Minimal (<5 Ibs), Variable, Heavy (>30 Ibs)

Upper Body Reach (Workspace): None, Standard, Extended

Hand Usage: None, Fine Motor Skills, Grip Strength, Vibration, Shock, Other/Combination
Task Occurrence: Rare (<10% of EVAs), Some (~30%), Many (~50%), Most (~75%), Nearly All (>90%)

Task Duration (expected)

Task Frequency: 1-2 times per EVA, Every 2 hours during EVA, Every hour during EVA, 1-30 minutes during EVA

Parent Task Title - Children of the Parent Task . Load Bearing Type |~ | Upper Body Loads |~ | uwernndym- Fine Motor / Grip  Bdl Task Occurrence Bl  taskDuration |3

H=0 2Coan D. Exploration EVA System Concept of Operations. NASA TR, EVA-EXP-0042 RevB. 2020 3 \?

al to heawvy) xte ce Grip Sfrprug!'h Rarely Occurs in a

0 1-5 minutes
e kneeling ther / Un Winimal Load (less th s.) Stan ac in ccurs in nearly a 0-100%) 1-5 minutes

ccurs in nearly all B (90- ) 1-5 minutes

Task Frenuenw

nutes :Iurlrlg EVA
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Pilot Data - Results H-=SPO

Met Rate Zones per Activity - BTU/hr Met Rate Zones per Activity - VO2peak
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Was the prebreathe within parameters? ==

EVA Start

6.2psia hold 5

essure (psi)

Prebreathe Times:

Supersaturation EVA1: 20min 14 sec
EVA2: 20min 21 sec
EVA3: 20min 01 sec
EVA4: 20min 04 sec
EVAS5: 20min 10 sec

4 .3psia EVA

20min PB target

al
Q
.
()
L
o
(/)]
@)
£
<

Exploration - I:I - ’IIO:IOOI o |15:IOOI - IZO:OOI o |25:IOOI

Atmosphere

*Transition from 6.2 psi to 5.4 psi (supersaturation point) added ~80-90 sec




Modified Eftedal Brubakk Score HSPO

* Exploration Atmosphere VGE Scoring uses the Modified Eftedal Brubakk
Score. Scoring is done only considering right atrium & ventricle.*

Definition

No Visible Bubble

Occasional bubbles

At least 1 bubble every 4-heart-cycle
At least 1 bubble every heart cycle

Not more than one thirds of every image

Not more than two thirds of every image

Near whiteout; individual bubbles still discerned

Whiteout; individual bubbles can't be discerned

Eftedal O, Brubakk AO. Agreement between trained and untrained observers in

0) VG E dEtECtEd ik grading intravascular bubble signals in ultrasonic images. Undersea Hyperb Med.
1997 Winter;24(4):293-9. PMID: 9444060. 3



Research Goals H3P0

Primary Research Goal
1. Prebreathe Validation (H3PO)

Secondary Research Goals

2. Response/Recovery from Mild Exercise (H3PO)

3. Visual Acuity and Contrast (H3PO)

4. Acute Mountain Sickness Symptoms (H3PO)

5. Performance during EVA Simulations (H3PO)

6. Physiological Reponses of Hypobaric Hyperoxic Environment (Cardiovascular and Vision Lab)

7. Hematology/Immunology/Inflammatory Response (Immunology Lab)

8. Oxidative Damage (Nutritional Biochemistry Lab)

9. Appetite and Food Intake Impacts (Space Food Systems Lab)

10. Sleep Quality and Duration Impacts (Behavioral Health and Performance Lab)

11. Neurocognitive and Functional Responses (Behavioral Health and Performance Lab)
. Habitability Acceptability (HFEL/CDSA)
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Doppler Tech DCS Case 1

= Subject Complained of toe/peripheral nerve

= Removed from chamber

= Sx resolved during return to 14.7 psi
= Was given 4hrs GLO
= Returned to chamber — wanted to continue test

= Sat out EVA3 (on GLO during EVA3)
= No further sx
= Not included in study




Doppler Tech DCS Case 2

= Subject Complained of L knee pain at end of EVA

= Was ‘replacement’ Doppler Tech
= On 4.5hr PB per NASA protocol
= Removed from chamber at end as planned

= Sx resolved during return to 14.7 psi
= Refused 4hrs GLO

= No further sx
= Not included in study

= Ongoing review of NASA Chamber PB guidelines may disallow ‘replacement’ Doppler Techs




Doppler Summary




Doppler — Resting Spencer Grade NASA
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Doppler — Flexing Spencer Grade NASA
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U/S Summary

0% <t N R o
£WD) P ® g o -
— 458N VSN < L N

LA Y

S AT >

vy A 4

ARS

A

———



Ultrasound - Resting EB Score
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Ultrasound - Flexing EB Score NASA
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Day by Day Review




2022-03 (EA1): 3-Day EVA1
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Day by Day Review




EA1 Chamber Pressure
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EA1 Chamber Oxygen NASA

02 Percentage (8.2 psi)
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EA1 EVA Pressure
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EA1 Prebreathe Timelines

EVA Start
6.2psia hold

essure (psi)

Prebreathe Times:
\\\Supersaturation EVA1: 20min 14 sec
4.3psia EVA EVA2: 20min 21 sec
EVA3: 20min 01 sec

EVA4: 20min 04 sec
EVAS5: 20min 10 sec

20min PB target
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Atmosphere

*Transition from 6.2 psi to 5.4 psi (supersaturation point) added ~80-90 sec




2022-06: EA1 EVA1
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DCS Case 1 NQ%A

= Subject Complained of L ankle pain during EVA1

= Removed from chamber

= Sx resolved during return to 14.7 psi
= Was given 4hrs GLO
= Returned to chamber — wanted to continue test

= Sat out EVA2 (on GLO during EVA2)
= No further sx

HUMAN DHYSIOLOSY, SEAFOZMANCE,



2022-06: EA1 EVA2
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2022-06: EA1 EVA3
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2022-06: EA1 EVA4
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2022-06: EA1 EVAS
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DCS Case 2 NQ%A

= Subject Complained of bilateral hip/knee pain

= Pt reported sx 36hrs post chamber test/last EVA
* Presented to local ER (backup HBOT site, familiar with test)
= Underwent TT5
= Sxresolved
= No further sx
= Extended HBOT on duty times
= Briefed future subjects about delayed presentation vs delayed reporting

HUMAN SHYSIOLOSY, SESFOZMANCE,



Day by Day Review




2023-03 (EA2): 3-Day EVA1
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Day by Day Review




EA2 Chamber Pressure
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EA2 Chamber Oxygen

02 Percentage (8.2 PSIA)
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EA2 EVA Pressure
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EA2 Prebreathe Timelines
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