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* Demonstrate | Stotype!)

* Elicit feedback from gathered SME’s to improve approach leading to operational use }
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n-mission preventive
stic risk assessment (PRA
_each specific design reference mission

(DRM), and parameters such as mission duration, expected return time to Earth, mission
/ route and destination, expected radiation profile, concept of operations, and more.
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Bring review of potential LTH me
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Determine how a new LTH metric is informed and implemented in the
CHP-PRA trades

-




CCESSFUL MODEL DEVELOPMENT HISTORY (MEDPRAT)

 MEDPRAT is a computational PRA (probabilistic risk assessment) model for quantifying
spaceflight medical risk

* An evolution of IMM —shares the basic functionality of IMM, but with a new underlying
software architecture and many new features

* The computational model in ExXMC’s IMPACT tool suite

MEDPRAT

TTL
Crew Attributes CHI

' Risk Metri Z’ roct
Mission Parameters 1S etres RTDC

Resource Consumption

‘Condition Occurrences

Medical Condition Parameters

Available Resources

Treatment Info




® Provides IMM-like risk estimates on a
larger scale, with additional
functionality, robustness, and N
flexibility segmany

® Unique Mission segments Progression
Path

Assessment

® Resource Combinations
®* Dependent Conditions
Treatment
¢ High fide|i1‘y Assgzrt.ment
®* High degree of computational
efficiency allows for exploration of

parameter spaces

QOutcome
Evaluation

Launch

Constant Rate Medical
Conditions, Poisson
Distributed

Trial
Qutcome

Medical
Cccurrence
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Average Evacuations for Medical Kits Constrained by Varying Mass and Volume Average Evacuations for Medical Kits Constrained by Varying Mass and Volume
ol 0.04
kits with 5kg/6L
ultrasound

kits with 1kg/1L
ultrasound

kits without
ultrasound

=
]
w
=
m
<
1]
9 ]
c
[+1]
=
o
=
w
=]
1]
=
=
]
o
[=]
=

uoIssiii 1ad suopendeAd uean

56 unique optimization simulations

~1.5 day run time



What Risk is Incurred to
Reduce Mass and Volume
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Space Hazard Interactions
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Ground Medical
Operations

Standards

Traming

Misskon Planning

Risk Assessment

O

Risk Trades

&

Freventative

Medical Care

NASA Human Health, Medical, and Performance Spaceflight Standards

Ground

: Countermeasures
Operations

Surgeon Support

Console Support

Sensofimator

Risk Assessment

l — NASA- Standard 3001 Volumes 1 and 2 l

Behavioral Medical Environmental

EVA Health
Health Capability Health

Monitoring

Airf\Water
Team Pre-Breath
Warkload Radiation
Acouskic

Toxicity

MEDPRAT

m Crew Health and Performance Integrated Data Architecture

Human Research
‘operation:

1

Ground Medical
Operations

Occupational
surveillince
TREAT Al
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Title: Gateway Program Subsystem Specification for Crew Health and Performance (CHP)
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Total Mission Risk

broken down into

Vehicle & Architecture System Risk Human System Risk
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Countermeasure: Exercise EVA Others

Actual CHP System

Functional Engineering Implementation or Process: Mass, Power, Volume, Time
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CK TO CHP-PRA-
POC: EFFECT OF REDUCING A CAPABILITY TO SAVEM OR V

Cardio-
vascular

Muscle and
Aerobic

Medical Model
MEDPRAT

X pSL

QTLorTTL RTDC LOCL
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Model assumptions

* We assume the effect of aerobic and resistive
exercise are additive.

* We assume that full exercise on spacecraft is
73% aerobic and 27% from resistive exercise.

With exercise 3
No exercise 2
CO2 productions for aerobic + resistive CM: 1
CO2 productions for aerobic CM: 0.73 Logend
CO2 productions for resistive CM: 0.27 . Elevated
Amblen'r CO2 O Countermeasure
CO2 LOCld Durqﬁon O Contributing Risks
Anxiety incidence rate ratios for athletes Severe depression incidence rate ratios for Time (") Behavioral Related Changes
+ athletes (C02+HDT) ——» Negative Effect
(CO2+4HDT)
1.7 —» Positive Effect
exercise deprived exercise deprived
1.6 25
aerobic deprived aerobic deprived
1.5 —o—resistive deprived —e—resistive deprived

—s—full exercise —s—full exercise

L &

1.9 2 3
0.3 CO2 (mmHg)

Behavioral
Medical
Condition

0.9 0.5

= €02 (mmHg@ 3




ERCISE CONTRIBUTIONS TO SENSORIMOTOR AND
NE-FX

Exposure to a reduced gravity

environment for an extended
duration causes sensorimotor
disturbance when reintroduced

Altered
gravity

Exercise decreases the amount
of sensorimotor disturbance
experienced

to a higher gravity level

The reduced gravity
constant decreases the
amount of musculoskeletal
stimuli experienced

BMD Changes
to Bone
Strength

BMD and bone strength is dynamically
changing during the mission based on
duration of reduced gravity exposure
and amount of exercise performed

cEQ Score

Exercise provides
musculoskeletal
stimuli, reducing
BMD loss

Musculoskeletal
BMD changes & bone Loads
strength are proportiona
to skeletal loading stimuli
Bone loading resulting
from a fall or impact

If the load the bone experiences
is greater than bone strength, Fx
may occur

Bone Fx

Posture Test (SOT5M): cEQ Score

6d

Tandem Walk Parameter

Mission
Activities

Number and type of activity (i.e.
EVAs) determine the potential
for loading (probability of
impact or fall) and the amount
of loading on the bone that
could result if an impact or fall
occurs

Sensorimotor
System

Fall rate is dependent on
the level of sensorimotor
disturbance

Tandem Walk: TWP

A

~ A

\—

Nelson et al., “Development and validation of a predictive bone
fracture risk model for astronauts,” Ann Biomed Eng, 37(11), pp-
2337-2359, Nov. 2009

Lewandowski & Myers, “Forecasting Postflight Hip Fracture Probability
Using Probabilistic Modeling,” J Biomech Eng, 141(1), Jan. 2019

Scheuring et al., “Musculoskeletal injuries and minor trauma in space:
Incidence and injury mechanisms in U.S. astronauts,” Aviat Space
Environ Med, 80(2), pp. 117-124, Feb. 2009

C. A. Miller et al., “Functional task and balance performance in bed
rest subjects and astronauts,” Aerosp Med Hum Perform, vol. 89, no. 9,
pp- 804-815, Sep. 2018

® Modulates BFXRM by adjusting
mission specific external load
opportunities

®* Falls on EVA

® Synergistically influence Fx Risk with
change in bone demineralization
rate



Anxiety

Depression

Lumbar Spine Fracture
Hip/Proximal Femur Fracture
Headache (CO2 induced)
Acute Sinusitis

Allergic Reaction (mild to
moderate)

Diarrhea

Eye Infection

Gastroenteritis
Herpes Zoster Reactivation

(shingles)
Influenza

Mouth Ulcer
Pharyngitis

IRR
IRR

Worst Case
Probability

IRR
IRR
IRR
IRR

IRR

IRR
IRR
IRR

IRR

IRR
IRR
IRR

1.139
1.124

0.095

1.564
1.360
0.8585
0.8583

0.8513

1.1883
0.8465
1.1636

0.7803
1.3409

1.375
1.336

0.113

0.6093
0.3914

0.8513

1.1883
0.8465
1.1636

0.7803
1.3409

1.514
1.46

0.122

1.5645
1.3603
0.4678
0.4668

0.7027

1.3767
0.6931
1.3272

0.5606
1.6818

Respiratory Infection
Skin Infection
Skin Rash
Urinary Tract Infection - Female
Urinary Tract Infection - Male
Back Sprain/Strain
Shoulder Sprain/Strain
Ankle Sprain/Strain
Elbow Sprain/Strain
Neck Sprain/Strain
Knee Sprain/Strain
Wrist Sprain/Strain
Hip Sprain/Strain
Skin Abrasion
Skin Laceration

Nephrolithiasis

IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR
IRR

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.9358

30 Conditions, 31 Parameters

1.2841
1.1350
1.1519
1.2873
1.1305
0.8115
0.8115
0.8115
0.8115
0.8115
0.8115
0.8115
0.8115
0.9785
0.982
1.1486

1.2841
1.1350
1.1519
1.2873
1.1305
0.8115
0.8115
0.8115
0.8115
0.8115
0.8115
0.8115
0.8115
0.9785
0.982
0.9358

1.5682
1.2700
1.3039
1.5747
1.2611
0.623
0.623
0.623
0.623
0.623
0.623
0.623
0.623
0.957
0.964
1.1486




CA WITH THESE RESULTS

1 e Model is: This Model is:
( Not currently inclusive of all health and ® A proof of concept illustrating CHP-PRA
O performance metrics influenced by ECM construction

functionality

® An illustration of multiple “primary”
Not been reviewed by appropriate SME’s .
paths of influence on one aspect of

®* Not meant for decision making, but to elicit health and performance

discussion and feedback supporting targeted
development ® Informed by publicly available data.

essentially,
all models are wrong,
N\ but some are useful
A——

George E. P. Box

Ideation Phase Proof of Concept Prototype

21



17EVAs, 6 hours/EVA

Mars Transit Analog Opportunity 1 lunar opportunities for falls Opportunity
for impacts landing from heights & rover for impacts o
I l into objects | event loads | into objsgs | Total 4 crew

| Outbound transit I Gateway orbit I Descent | Lunar surface I Ascent | Gateway orbit l Return transit | Total 25_ '
200 days 2 days 30 days 3 days 3 days 5 days
0 crew in lunar orbit

4 crew . 4 crew 4 crew
4 crew performing surface ops

Median
A Mean
— (5, 95)th Percentiles

Simulation De _
e Database: iME

" Diqg/Treqtmenf; I ; day change in mean TTL (QTL)

,i
G
°©

Similar minor changes to LOCL
and RTDC (not shown)

TTL (Days)




. Relative Quantity Consumed
B Baseline o oy ons

h h h H H H H [e0]
N Aerobic Only T 2 < ° < <
Bl Resistive Only

\

ElE No Exercise

Tylenol (Acetaminophen) 325 mg

vV 920

Motrin (Ibuprofen) 400mg

o

Benadryl 25 mg capsule

Benzonatate (Tessalon Perles) 100mg

Bactrim DS (Sulfamethoxazole/Trimethoprim) 800 mg/160 mg tablet

Vicodin HP (Hydrocodone/ Acetaminophen HP) 10 mg/660 mg

pawnsuo) Ajlpuend aalne|ay
pawnsuo) Ajjuend

Dextromethorphan (Robitussin) 15mg capsule

=V

Benzocaine Swab Stick Oral 20%, 0.15 mL swab

=V

Valacyclovir 1 gm tablet

pawnsuo) Aj3uend) ul sbueyd Ag pataplQ S221n0say sjgewnsuo) o1 dop

vV ¥#¥'0

Effexor XR (Venlafaxine XR) 75 mg capsules

WIT=V €9T=V pg1

v




§

P 10 NON-CONSUMABLE RESOURCES BY CHANGE IN
REQUENCY UTILIZED

Relative Quantity Consumed Quantity Consumed

Bl Baseline { g c o o = = F

. B o ] o %] IS Pe o]
U Aerobic Only
B Resistive Only

FElE No Exercise
and Cold Pad

Thermometer

Ace bandage 3 inches
Blood Oximeter

Stethoscope

o
o
Q
=3
=
@
fo)
=
o
3
-+
=
<
O
o
=
w
c
3
5]
a

Urine Color Chart

=V

Penlight Blue Filter

v €00

Penlight

v o0

Otoscope (Head, Handle, and USB cable)

200

b
[=]

pawnsuol Ajuend

pawnsuo) Ajauend ul abueyd Ag palaplO 5221N0say 2|gewnsuc)-uon T doL
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® Mini-models un
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* HSRB DAGs good s’rqr’rlng pom’r

® HSRB DAGs lack sub-system definition

and priority proportion




/Specific Mission Parameteh

HSRB Risks

CHP-System Capabilities

::::::{&a

DD
EfC]F
@ >

Exercise
2 Capabilities

Food & Nutr
3 Capabilities

S

SANS - 2
Capabilities

Medical Risk
Model

Sensorimotor
2 Capabilities

Cardiovascular
2+ Capabilities

EDPRAT

Countermeasures

3 IMPACT
Immune o 3
2 Capabilities = »
0 Combine
Microhost = L8 fo)
2 Capabilities % Effects . o Pe.rform(]nce
3 e Risk Model
Pre-breath = 1 Task Performance
|1 Capabilities pummmnn o & s Crew Performance
Phys M;)n.it.l " YA MOdeIS

10 Capabilities el el el el el el el el el el el el el el el el
Post Mission, Career

BH Monit
¢ Capabilities

LTH Risk
Workloa
2+ Caquil?ﬁes MOdeI

Sleep
n Capabilities

Behavioral

Recreation

¢ Capabilities



t products
nd trades.

Performance Models and Metrics BHP, NSL, ABF, EPC
(agent based, Sleep /circadian,
strength, coordination)

o Capability: Physiological Monitoring D&Sw, EPC, AIP, BHP, CVL
| In-Dev Countermeasures (SANS etc)  CVL, AIB, ABF, NSL, Nutrition

Larger CHP Components — Overlap  Nutrition and Biochem, ABF, BHP, EPC
with other vehicle systems

Latest information All Labs

More as collaborations develop....



Mission-specific Parameters 1
Space Flight Hazards 30+ Potential m . l@
(Interconnected) HSRB Risks g CHP-PRA —_— LT ko

oY
Potential

Negative |ocl  Task
Outcomes I

By |

NASA-STD-3001 V1 B (2022-01-05)
V1 3003: In-Mission Preventive
Health Care- PRA Req

_—_~

|

I"o
@ €= == - I@Q@| ]
I X e !

| ==
YENOR
)|

Req # STD 3001 Req and E
B Capabilities 2
\ Health and Med Std. /

3.
| | ‘ 9
4. Performance Std. o 1 Jp /A( |
CHP System Capabilities | 77 5/
5. Training Std. o Al /
6. Operations Std. Customer Application

And CHP-System Design
Conceptual and Experiential Domain Application and Decision Domain




Mebultipl

RATIOOF ERRORS TO NOMIMAL SLEEP PERFORMAN

P T L T L T T TN TT T TN ITTT T TIINTITTINITICIITTN

7 AVERAGE HOURS OF SLEEP PER NIGHT

Figure 3 al ep Deprivation to Performance




Cua -

e Develop a

into CHP-PRA efforts -
O - : b e = https://www.nasa.gov/content/national-space-council-
oy & : « users-advisory-group/membership_roster b_aldrin/



\GNG TERM HEALTH RISK o/‘

RB maintains LTH risks in addition to in-mission risks
Exposure to spaceflight hazards increases the incidence rate or severity of medical issues experienced by the |
astronaut later in life

* Decreases quality of life or life expectancy Consequence

< > Long Term Health (post mission) (LTH) BEhamral Medicine
PY EXQ m p|eS° Cognitive impairment SANS
= : Radlatlon carcinogenesis
* Unknown and improbable return to
baseline (requires drastic Long term psychological effects Behavioral Medicine
inte_wgntion surgery S_athergpy) SANS
. e ot e e
Cd ncer premature death)
Return to near baseline requires Early onset osteoporosis and/or debilitating arthritis
extender.i_ rl_wedical intervention w/ . L Crew Egress
known clinical methods/technologies Musculoskeletal disability
[ ) o (] . . f . (pharmaceuticals, etc.) - — DV“an'."C oads
Medical conditions occurring during spaceflight have Moderate impact on quaty ofife Electic Shock
Long term complications fru eflight med' I conditions

long lasting effects which limit astronaut capability

Retu t baseine vaues it 1
year with nominal intervention
p os.r_f I i g h.r (time, exercise, nutrition, lenses) Kidney disease Urmary Retention
Electn:: Shock
Negligible effect on quality of life Toxm Exposure

* Decreases quality of life or increases disability adjusted
:
||fe years Return to baseline values within 3 LongIastlngjdebllltatln hes, autoimmune disorders

months with limited intervention
c Radiation carcinogenesis
i i ancer
No effect on the quality of life mmune

. . i Quality of Life is defined as impact on Effects from untreated infections or sepsis
Musculoskeletal disabilities day to day physical and mental functional

capability and/or lifetime loss of years Chronic cardiopulmonary disease, Pneumonoconiosis

® Dementia

High

® Cardiovascular disease

Medium

Low

* Examples:

* Kidney failure

O TERM

= pchyibes o des by Leeeng
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independer

* Disability adius"re“él“l -3

ther government agencies and industries

have vast experience in developing and using

TH metrics that can likely be leveraged

Mobility
®

Symptoms

YLD
Years lived with
disability, illness
or injury

M DAY=

life lost

== 1P, R.I.P.

Expected
YLD YLL life years
Years lived with Years of
disability, iliness life lost
or injury

Average

E EXPECTANCY

W T 1 o T @

Wisshington
79.99

South Dakota
79.57

Metraska
79.58

Hansas
7874

Morth Dakota |
79.95

vermant
M stts Vaion
80.41"
nnnnsscta g
0 New Jersey \
) : . o\l
viscorsi e York
. n.c k lmnone

Alsbama\ Gaorgis
7565 ' 77.38
Louisiana | | m |
75.82 i &
g

Mississippi
74.91
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* FY23 Deliverabl:

* Compilation of b'a' rou

IS A

Lifetime Surveiflance of Astrenaut Health

Task Oct |Nov | Dec |Jan |Feb |M:
Collect Background Information for LTH Metric(s) X
On HSRB risks and from within NASA Organizaitons x| e

On relevant programs within other government agencies

On metrics used within relevant industries

Literature search

Collect Background Information for Performance Metric(s)

On HSRB risks and from within NASA Organizaitons

On relevant programs within other government agencies

On metrics used within relevant industries

Literature search

Summary and discussion with CHP-PRA team

Meet with Stakeholders

e

Summary of findings from TiMs -
Recommendations for CHP-PRA incorporation
O ®* Forward plan for FY24

Preliminary meetings

TIM #1 i




FREQUENT FEEDBACK WELCOME

CHP-PRA Roadmap & Demos

You Are Here

Demo to ExMC Forum 1 Demo to BRES & HSE&I CB
Jan ‘23 May ‘23

Demo to HSRB Chairs

Jan 23 Demo to XM-IPT
Apr ‘23
Demo to HSRB Chairs | CHP-PRA V1.0
Oct “22 Demo to HSRB Chairs Sep ‘23
Feb ‘23
Demo to HRP CSO
Demo to ExMC Leadership Apr ‘23
Dec ‘22
Proof of Concept Approach Demo to HREP C50
Demo to HRP MIO Mar ‘23
Aug 22 Demo to crew health countermeasures and
EVA physiology
May ‘23

o & © O O © 0 O
L ——

2023 2024

Goal: Elicit feedback from gathered SME’s to

improve approach leading to operational use

’ jerry.g.myers@nasa.gov

Questions ? lauren.p.mcintyre@nasa.gov

beth.e.lewandowski@nasa.gov

34






| SAS I
BP

via Tl ®

I MEDPRAT
I - ML (2009)
| a in space: incidence
I uts. Aviat Space
, Count of different types of injuries by different methods (From Scheuring 2009)
\ - e = T (Type) \ M (Method) | Crew Activity Egress EVA Activity EVA Suit Exercise Experiment LES Unknown | Total M
o . /Abrasion 34 1 1 21 3 10 70
Direct Influence on Medical ——— 1 2 10 6 1 4 7
Condiﬁon/ Outcomes Laceration 17 2 2 1 2 4 28
Sprain 1 3 4
Strain 17 4 2 17 6 3 49
Dislocation 1 1
Total T 82 48 34 21 219

-

Endocrine Factors:
. Cortisol
. Steroids
. Stress Hormones

Sprain/Strain ~ 1.0E+00 8.1E-10 6.2E-01
Abrasion 1.0E+00 9.8E-01 9.6E-01
1.0E+00 9.8E-01 9.6E-01

S AT

< \ / \ Laceration
~al Mus | I | Other |

Perf NE
e SAS BP

-~ -~

Fully treated when A available



https://doi.org/10.3357/ASEM.2876.2012

%\62 HEADACHE AND ACUTE SINUSITIS

Headache
Predicted

=== 95% Confidence Limits

Congestion
redicted
= = = 95% Confidence Limits

Predicted Probability of Headache and o1

Table 4. Cardiorespiratory parameters before and after long-duration spaceflight with standard of care exercise or Sprint exercise prescription.

CON SPRINT
Preflight R+3 R+30 Preflight R+1 R+30

VOypeak (L min~") 336+0.19 3.12+0.19% 3.32+0.19 322+023 291£0.23% 323023
VO,peak (mLkg™ ' min~") 418+1.6 39.7+1.6% 418+16 416+19 382£1.9* 420+1.9
Ventilatory threshold (L min~") 222+0.15 1.97 £0.15% 225+0.15 208+0.16 1.79+0.18% 200+0.18
Peak workload (W) 302+14 281+14* 304+14 269+17 256 £17% 288+17
Peak heart rate (beats min~") 173+3 174+£3 174+£3 178+4 176 +4 176+ 4

Data are mean = SE and were collected approximately 50 days preflight (L-50) and 1 (Sprint) or 3 (CON) days and 30 days postflight (R + 1/R + 3 and R + 30). No
group x time interaction effects were detected (P> 0.05). CON control group that performed the ISS standard of care exercise prescription, SPRINT experimental
group that performed a high intensity/lower volume exercise prescription.

*Simple main effect for time relative to preflight (P <0.05).

*: English et al., NPJ Microgravity, 2020.

Crew
Size

Headache incidence risk ratio due to CO2 (aerobic Ex CM)
Head incidence risk ratio due to CO2 (resistive Ex CM)
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https://ntrs.nasa.gov/api/citations/20170003867/downloads/20170003867.pdf
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Medical_Condition Events/Person-Years "w/o" Exercise|Events/Person-Years with Exercise|%A due to "w/o" Exercise|Crucian et al., 2016
ALLERGIC REACTION (TO MODERATE) 0.402 0.572 29.7 0.100
DIARRHEA 1.206 0.879 -37.2
EYE INFECTION 0.183 0.264 30.7
GASTROENTERITIS 0.146 0.110 -33.0
HERPES ZOSTER REACTIVATION (SHINGLES) 0.037 0.066 44.6 0.300
INFLUENZA 0.037 0.022 -66.3
MOUTH ULCER 0.329 0.198 -66.3
PHARYNGITIS 0.402 0.242 -66.3 0.100
RESPIRATORY INFECTION 1.206 0.769 -56.8 ) 1.000
SKIN INFECTION 0.475 0.374 -27.1 o 0.300
SKIN RASH 3.436 2.635 -30.4 1.100
URINARY TRACT INFECTION - FEMALE 1.348 0.856 -57
URINARY TRACT INFECTION - MALE 0.169 0.134

INFECTION - TOTAL 1.517 0.990 0.100
VAGINAL YEAST INFECTION 0.065 0.386 83.3

_ =< Herpes data of Crucian et al. includes all latent herpes viruses, not just zoster (VZV).
( _, Excluded sepsis as its numbers are likely from general population, not ISS.

» Urinary tract infection data of Crucian et al. is likely dominated by male astronauts.
. Excluded vaginal yeast infection due to inconsistency.

Incidence rates used here compare reasonably to data reported by Crucian et al.



. co2

Ohshima H. B
long-duration spac

10.1007/500198-012-224

| Food/Nutriion ——

Bone
Remodeling

Urine Chemistry

Urine Calcium levels: .
Without effective resistive exercise (mean): :

With effective resistive exercise (mean): 241.5 mg/day
Intermediate levels of resistive effectiveness are linearly

interpolated.

These calcium levels are then fed to the Renal Model (Goodenow-
Messman, et al.) for an IRR for renal stones.

Resistive
Exercise

Fluid Intake

il / Concentration )i

Medical lliness



https://doi.org/10.1038/s41526-021-00187-z
https://doi.org/10.1038/s41526-020-00111-x




Total Mission Risk
Vehicle & Architecture System Risk Human System Risk
~

- ~
_- : ~
_- Each of the Human System Risks pr
- contributes to the Total Mission Risk profile
The risks are represented S
HS1 HS2 HS3 HS3 HS4 HS5 HS6 HS7 HS8 HS9

as simplified mini-models il

To address a specific question, we can....

Identify which risks can be ignored
(assume constant, ignore)

Quantify magnitude of key - Hsa Hes

= HS8

risk contributors

Calculate Change in risk = - I:I ad I
Analyze result = |:|



MULTI-MODEL ENSEMELE RISK ASSESSMENT

Radiqﬁo"n':l-'
Health Models

Ap on the
- inner surface
st

SANS and

Agent-Based Models for
Cardiovascular

Team and Behavior

ﬁ) Related Models

\)
N

H20

Caloric A

Nutrients

O O @ @)
\<1 K G
X 3O SO
Behaworal Mus é: Aero RadEtlon
Microhost Renal Stone Bone Fx
VTE Immune Cardiovascular
f’ )
1
%g@ i O ne)
| Nutrient tarvation
! -> LOCL
Sleep 1 peficit &
| Toxicity
\

L

s’

T

sl MEDPRAT




	CREW HEALTH AND PERFORMANCE SYSTEM PROBABILISTIC RISK ASSESSMENT (CHP-PRA): PROOF-OF-CONCEPT APPROACH
	Agenda and Goals
	From PPBE24:  CHP-PRA 
	PRA requirements in 3001
	Initial Challenges
	Successful Model Development History (MEDPRAT)
	MEDPRAT
	MEDPRAT 
	Consider this CHP-PRA Scenario
	Many Factors to Weigh
	Crew Health & Performance System: HRP Mental Model
	ECLSS-CHP SLT : Capability Areas
	Gateway CHP System Specification
	POC: Crew Health and Performance PRA
	Modest Cumulative Risk Approach
	Strategy for an Early CHP-PRA Concept
	BACK to CHP-PRA-�POC: Effect of Reducing a Capability to save M or V
	Anxiety and Severe Depression Accounting for Aerobic vs Resistive Exercise
	Exercise Contributions to Sensorimotor aNd BonE-Fx
	Generalized Effects on Medical Conditions
	CAUTION With These Results
	Mars Transit Analogue – Limited Treatment
	Top 10 Consumable Resources by Change in Quantity Consumed 
	Top 10 Non-Consumable Resources by Change in Frequency Utilized 
	What we learned
	Future CHP-PRA Concept
	Establishing Collaborations and Integrations
	PRA Potential to Influence the Design Path
	Next Steps
	Long Term Health Metric Development Efforts
	Long Term Health Risk
	Candidate LTH Metrics
	LTH Metric Development Roadmap
	Frequent Feedback Welcome
	BACKUP Slides
	Muscle and Aerobic, Minor Injury Effects
	CO2 Headache and Acute Sinusitis
	Immune – changes 
	Exercise effects on Renal Stone IR
	Reaching Our Goal
	Mathematical Approach
	Collaborations and Integrations

