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Agenda
* Motivation for the development of a Long-Term Health (LTH) risk metric

e LTH risk overview
 Human System Risk Board (HSRB) risks with an LTH component
e LTH risk outcomes

* LTH metric development efforts
* LTH metric criteria

* Metric for quantifying end of mission health status (cumulative task impairment
estimates)

* Metric for quantifying the time to return to preflight physiological baseline status

* Next steps
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Motivation for LTH Metric Development

 The NASA Human Research Program (HRP) has initiated the
development of Crew Health and Performance Probabilistic
Risk Assessment (CHP-PRA) capabilities*
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e CHP-PRA efforts will build upon medical system PRA
experience, to enable trade study assessments across all
Crew Health and Performance (CHP) system components
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e LTH risk will be a model component so that LTH risk can be
considered in addition to in-mission risk

* Trade studies will aid determination of in-mission resources
that should be included to minimize LTH risk

*J.G. Myers et al., CHP-PRA Proof-of-Concept Sensitivity Assessment, NASA HRP IWS, Galveston, TX, 2024.
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LTH Risk Overview — Risks with an LTH Component

NASA’s Human System Risk Board (HSRB)

o o " , S ) 18 HSRB risks contain an LTH component
maintains LTH risks in addition to in-mission risks

HMTA Integrated Human System Risk Summary

HSRB Risks with an LTH Component

Partial view of the HSRB risk chart from the HSRB Risk Tool Homepage
https://hhp.sp.jsc.nasa.gov/sadocs/hsrb/risktool/Pages/Home.aspx

L]

Beth Lewandowski 2024 Human Research Program : ¥
* Beth.E.Lewandowski@nasa.gov + Investigators” Workshop + +


https://hhp.sp.jsc.nasa.gov/sadocs/hsrb/risktool/Pages/Home.aspx

' 4

LTH Risk Overview — Risk Outcomes

e Astronaut LTH risk covers a continuum, including:

* Immediately post-flight
e Through the rest of the astronaut’s career
e Through retirement

e Until death

e LTH risk includes several types of outcomes:

» Post-flight recovery
* Complications affecting morbidity

* Post-flight health conditions

Before selection/
Astronaut training
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+ Vehicle shielding

* Mission length

» Mission location

+ Number of EVAs
performed

CHP System

capabilities:

* In-flight monitoring
In-flight medical
system
Physiological
countermeasures

+

Post-flight
recovery

Recovery from in-

mission medical

events

+  Clinical phase 3
effects persisting into
post-flight

Recovery from

spaceflight induced

physiological

changes

* Amount of time
required to return to
baseline

. +

Post mission/
Retirement

Changes in Changes in
morbidity: Medical life
conditions that expectancy
occur with a higher

incidence rate or

with more severity

because of

spaceflight

experiences




+

LTH Risk Overview — Quantifying Risk Outcomes

 HSRB LTH risk consequences:

* Impact on quality of life: An impact on day-to-day physical
Consequence and mental functional capacity and/or lifetime loss of years

Long Term Health (post mission) (LTH)

* Unknown and improbable return to
baseline (requires drastic
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R I S k Cancer incidence and mortality in the USA Astronaut Corps, 1959—
2017

 Literature studies have found
no appreciable increase in
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* Analyses of publicly available 2 o
astronaut data did not reveal
spaceflight induced increase to
astronaut mortality*

Using SEER*Stat cancer data for all
types of cancer, male and female
Age at Death — LE for astronauts
who died of cancer vs. the general
population (male and female)

*M.T. Prelich et al., Assessing Long-Term Health Outcomes in Astronauts, NASA HRP IWS, Galveston, TX, 2024.
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LTH Metric Development Efforts — Metric Criteria

* An LTH Metric Development Technical Interchange Meeting (TIM) was held on June 1, 2023

* LTH Stakeholders participating in the TIM included representatives from:
* HSRB
* Lifetime Surveillance of Astronaut Health (LSAH)
« CHP-PRA
* HRP Space Radiation Element

* TIM outcomes included development of LTH metric criteria, where targeted LTH outcomes:
* Have causes tied to spaceflight experience
* Are significantly different from normal aging
e Can be affected by changes in in-mission resources

» After establishing the LTH metric criteria, metric development efforts shifted towards
metrics quantifying End of Mission Health Status and Time to Return to Preflight Baseline
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Metric for Quantifying End of Mission Health Status

* Tools used to assess in-mission medical risk include:
* Integrated Medical Model (IMM)
* Informing Mission Planning via Analysis of Complex Tradespaces (IMPACT)
* Medical Extensible Dynamic Probabilistic Risk Assessment Tool (MEDPRAT)

* The outcomes these tools include:

* The Task Impairment (Tl) and duration of impairment due to in-mission medical events
* The probability for the need for removal to definitive care after medical event occurrence
* The probability of loss of crew life due to medical events

 The Tl present at the end of the mission captures the lingering effects of medical events
persisting throughout the remainder of the mission

* The cumulative Tl present at the end of the mission is a candidate metric for quantifying
the astronaut’s health status at the end of the mission
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Metric for Quantifying End of Mission Health Status -

Example
* The end of mission
health status will : Limited
change with the | ' Untreated
amount and type of I—— blr::lrteeadted
medical system Limited
resources available : Untreated
during the mission ' Limited
. Untreated
* The cumulative TI '
increases when the . l
amount of medical I —— 0
40 60 80 100
system resources Cumulative CP3 TI %
decreases
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Time to Return to Preflight Baseline Metric

. . . . % Change in Muscle Strength at R+0*
* Spaceflight exposures cause physiological degradation, such as: ¢ ¢

* Muscle atrophy

* Loss of bone mineral density
* Sensorimotor disturbance

* Loss of cardiac capacity
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* The amount of degradation present at the end of the mission
is dependent on the:

* Length of the mission
* Type and amount of exercise performed

* Exercise device capabilities, such as the interim Resistive Exercise
Device (iRED) or the Advanced Resistive Exercise Device (ARED)

* Individual factors
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* Post-flight rehabilitation is performed to restore the astronaut
to their preflight physiological status

* The time it takes for the astronaut to return to baseline values is a candidate LTH metric

*K.L. English et al., Isokinetic Strength Changes Following Long-Duration Spaceflight on the ISS, Aerosp Med Hum Perform, 86(12), 2015.
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Time to Return to Preflight Baseline Metric - Example

* Larger muscle strength decreases were observed Return to Baseline Metric*
at the end of 180-day missions when the interim
Resistive Exercise Device (iRED) was used on ISS vs.
the Advanced Resistive Exercise Device (ARED)

e This allows for a relationship between muscle
atrophy and effectiveness of exercise (ARED =
effective exercise, iRED = less effective) and can
be used to determine muscle strength decrements
upon landing

* The decrement at landing becomes the starting
point for calculating the time to return muscle

strength to preflight levels ' /

* The time to return to preflight baseline levels is ’ 0

dependent on rehabilitation protocols and _
in ividual factors Days to Return to Baseline
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*K.L. English et al., Isokinetic Strength Changes Following Long-Duration Spaceflight on the ISS, Aerosp Med Hum Perform, 86(12), 2015.
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Incorporation of Exampl

PRA

s

* The CHP-PRA proof-of-concept model explored how
exercise capability reduction, to save mass and volume,

affects medical risk

* Only small changes in risk result, but significant changes
in consumable resource utilization was realized

* Incorporation of the LTH End of Mission Health Status
Metric provides similarly small changes in the results,
but provides an illustration of how an LTH risk metric
could be incorporated into CHP-PRA
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Next Steps

* Present these proof-of-concept LTH metric models to stakeholders for feedback

* Perform additional development on the End of Mission Health Status and Time to
Return to Baseline LTH Metrics, for example determine:
* How long do the in-mission task impairment effects last into the post-flight period?
* What interventions are needed for full recovery?
* Do any effects become permanent impairments?
* What is the time to return to baseline for other muscle groups?
 What is the time to return to baseline for other physiological decrements?

* What other factors should be incorporated into the relationship between physiological
decline, in-mission capabilities, and recovery time

* Continue to explore metrics appropriate for quantifying longer-term astronaut
morbidity and mortality risk
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Thank you!

Questions?
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