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Purpose of IMPACT

NASA Exploration Missions Need Tools to:

* Provide a data-driven means to inform human health and performance risk mitigation
within resource-constrained exploration mission development

« Enable systematic trade studies to evaluate options

Provides Consultation Provides
(if applicable) Consultation
(if applicable)

Provides

Query Provides Provides
Inputs Outputs

f

Provides
Reports
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What is IMPACT?

Informing Mission Planning via Analysis of Complex Tradespaces

 Probabilistic Risk Assessment (PRA) model and Tradespace analysis tool
suite to inform an exploration medical system

* Successor to IMM
« IMPACT v1.0 Transition to Operations (TTO) FY23

Medical MEDPRAT IMPACT
Database

IMPACT.Project *



IMPACT: Integrated computational tool to perform complex trade space analysis and

enable decision-making
« Supports data-driven and evidence-based decision-making throughout the entire mission life cycle
« Quantifies the effects of specific design decisions on medical and crew health and performance risks

IMM Evolution IMPACT-Medical IMPACT-CHP
Used for Ops by CHS: since 2017 Baseline: Q4 2023 Baseline: ~2027

ISS/LEO focused * Updated Medical Evidence Base * Exploration focused * CHP Trade Space Analysis Tool
PRA tool, primarily * Evidence Library * Trade Space Analysis Tool * Adds substantial base of evidence
* New Medical Resource Warehouse * Optimization of exploration from across the CHP domain
* MedID medical systems * Enables optimization of exploration
* New Math/Computational Engine * Development of risk-informed CHP system and the development
»  MEDPRAT requirements of risk-informed requirements
* Expanding PRA trade space analysis ¢ 2022-23: baselined to long- * Increased focus on Martian
capability using Long Duration Lunar duration lunar missions missions

Orbit Lunar Surface (LDLOLS) model

MEDPRAT = Medical Extensible Dynamic Probabilistic Risk Assessment Tool
MedID = Medical Item Database

IMPACT.-Project
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Information flow diagram for IMPACT 1.0

& >

IMPACT Tool Operator at PC Web/Database
server pair at JSC/SA4 via AWS

IMPACT-MD Operator ini_tiates a branch,
1 : ensures medical and resource HTTPS Hosts IMPACT-MD,
EvLib MedID . > . . .
content is accurate for the provides input data set High-speed Comp. Envmt.
stakeholder request HRP Cluster (GRC)
Operator uses IMPACT Desktop Secure Copy or Backup: Cloud EC2 (AWS)
to specify input information and FastXwith VPN* , . .
2 IMPACT_Desktop data locations, creates < pry— - — » | Receives studies/runs as folders via
o . * eSKIop runs on the operator or
| StUdIeS/runS' transfers files on the High Performance Server via VPN eI copy
3 IMPACT Run Operator initiates VPN FastX with VPN IMPACT Run executes MEDPRAT
—— connection, invokes < » | on server, performs post-processing,
IMPACT Run on server creates output data set stored in RR
4 LDLOLS
MSFM Operator ensures latest static file
SysMmL from MagicDraw Server - 5]
v v w+ableau
- Hosts Request s erver
Request Repository Repository, stores input
¢ configuration and output S +
data {\3 gy +
5 Tableau Opens a secure Internet browser ) HTTPS [ Tableau Server connects to R, Rece Nt

session, interacts with Tableau visualizes data, allows for export to

¢ reports (licensed through NASA EDP) ‘/ Change

Reports Compiles reports

IMPACT.Project *
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Updated evidence base for the Exploration era: IMPACT-MD g

HRP-48036

— IMPACT Medical Database (IMPACT-MD)

represents a significant leap in content versus the
Exploration Medical Capability

legacy dataset used by IMM (presented to HSRB Evidesice Library Metliods
JUL21)
— Baselined to Exploration and deep space environments
— Expanded IMPACT condition list (ICL) o030 AP R e o e

» 120+ conditions vs. 100 for IMM

» More Exploration-focused conditions (e.g., lunar dust
exposure))

— Well-vetted, published methods for gathering evidence —
base Baseline

» See Evidence Library Methods paper (HRP-48036) —
» And Med ID Methods paper (IMPACT-PRO-0027)
— Medical capabilities are considered, capturing complex

relationships among medical resources in treatment

— Task-focused impairment model (cf. J. Stuster, NASA/CR-2018-220043) i

clusters

Natlonal Aer d; ¢ Administratio

» Task time lost (TTL) replaces Quality Time Lost (QTL R R
(TTL) rep Q 4 (QTh) Evidence lerarv Methods White Paper

08 FEB 2023


https://nasa.sharepoint.com/sites/HHPLibrary/Shared%20Documents/Forms/AllItems.aspx?id=%2Fsites%2FHHPLibrary%2FShared%20Documents%2FHRP%2FExMC%20Evidence%20Library%20Methods%2Epdf&parent=%2Fsites%2FHHPLibrary%2FShared%20Documents%2FHRP

« MEDPRAT (Medical Extensible Dynamic Probabilistic Risk Assessment Tool) Computational Engine for
IMPACT v1.0
— Faster execution speeds for simulations and optimizations (most simulations take minutes or hours, not days)
— Enhanced algorithm supports weighted multi-factor optimizations (e.g. mass and volume simultaneously)

— Supported risk factors: Loss of Crew Life (LOCL), Task Time Lost (TTL), Removal to Definitive Care (RTDC)
» Also computes Crew Task Index (CTI), a task-oriented analog to the old Crew Health Index (CHI) from IMM

— Supports clustering of resources, including during optimizations

— Supports segmented missions with multiple vehicles having different medical systems
* Reporting can be by overall mission or by individual segments

— Supports expanded list of mission activities
« Multiple EVA types (space-based, surface ops)
« Split crew members across segments

- MEDPRAT already supports features intended for later IMPACT releases (v1.x)

08 FEB 2023 7



IMPACT: Part of the Evolution of PRA for Crew Health and P,é'rf.o"rmance' - NQ?»A»

 IMPACT enhances PRA with trade-space analysis capability
« System trades (i.e., medical capabilities and system requirements) vs. simple lists of medical items

 Integration with a medical system foundation model (LDLOLS for v1.0)
— User-supplied models can be integrated with some effort

* Research prioritization: IMPACT can estimate effects on medical risks of using promising new
technologies for managing conditions vs. mission constraints while considering other figures of merit

— Competing research proposals can be compared based on their effects on overall medical risk posture

Tradespace analysis allows NASA to analyze the complex resource, costs and
provisioning involved in large projects with multiple stakeholders and multiple
objectives. It informs optimization among multiple variants with strong
Interdependencies

IMPACT.Project *
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Potential Stakeholders of IMPACT mapped to Concept of Operatlons

(ConOps, HRP 48020A) Use Case Scenarios

ConOps Scenario Scen. | Potential Life Cycle
vi0 g Num. |Stakeholders Phase

p» Condition likelihoods with level of care definitions OCHMO, MedOps Pre-Phase A
» Mass and volume allocation 5 Exploration Program Systems Pre-Phase A
Engineering Team, CHS
Early
— tech.
» Research prioritization 3 ExXMC Leadership Pre-Phase A Dev.
Trade analysis to identify system resources Exploration Program Systems Phases B/C
6 Engineering Team, CHP System _
> Management, Exploration Design
Program Management, CHS Intg.
Updated risk impact just prior to mission (trades on the DRM 7 Mars Program Management, Phase D
» and/or crew) MedOps
Ops
Multi-segmented Exploration Mission Risk MedOps, OCHMO, Lunar Various
9 Program Management, Lunar
> Program Medical System

Management, CHS
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* Segmented missions Segment Schedule

: : H Data Identifier Crew Label Segment Name Type Start Time End Time Period
Wlth d Ifferent carriers DEMO_LD125_4Cases_fixed | ALL GWAS SAS 180 Null Null
60kg_Opt_for_NoAntibiotics | SimResults HLS GENERAL 180 202 Null
u
« Complex EVA
. MISSION MISSION 0 365 Null
schedules, multiple Oron_inbound GENERAL 0 %5 Nl
ty p eS an d Orion_Qutbound GENERAL 0 180 Mull
\ RTDC_ Window RTDC 0 1 6
« Segments can be crew- Qv sas sAS : Nl N
f . Q SAS LunarDeparture SAS 202 Null Null
S p ecitic \}0 CREW1 Lunar EVA EVA 181 Null 2
O CREW2 Lunar_EVA_Hab EVA 181 Null 2
Microgravity EVA EVA 50 Mull 5
CREW3 Lunar EVA EVA 181 Null 2
CREW4 Lunar_EVA_Hab EVA 181 Null 2
Microgravity EVA EVA 50 Mull 5
Crew
Data ldentifier Crew Label Sex Contacts Crowns Pregnancy
DEMO _LD125 4Cases fixed | CREW1 male Mo Yes Mo [ |
60kg_Opt_for_NoAntibiotics |
SimResults CREW2 mals Nao No No n
CREW3 femals Yes Mo Mo [ ]
CREW4 femals Mo Yes Yes [ ]
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 For any condition,
identify probabilities
of
— No Occurrence

— 1 or more occurrences
* Best/worst case

« Tabular or graphical
display

« Extensive sorting and
filtering capabilities

« Examine data for the

whole mission or by
individual segments

08 FEB 202

TABULAR By Total Mission (2)

Condition Name Data Identifiers Mission Prob Zero L
ICL121_Spaceflight Related Relationship Problems Run-Analysis-100 | Study1 | SimResults Total Mission 0.000%
ICL18_Bhp - Sleep Disturbance Run-Analysis-100 | Study1 | SimResults Total Mission 0.004%
ICL78_Rash, Spaceflight Associated Run-Analysis-100 | Study1 | SimResults Total Mission 0514%
ICL63_Headache Run-Analysis-100 | Study1 | SimResults Total Mission 0.598%
ICL82_Respiratory Tract Infection - Upper Run-Analysis-100 | Study1 | SimResults Total Mission 1.424%
ICL49_Evye Irritation/Corneal Abrasion/Ulceration Run-Analysis-100 | Study1 | SimResults Total Mission 1.449%
ICL86_Skin Abrasion Run-Analysis-100 | Study1 | SimResults Total Mission 1637%
ICL48_Eye Foreign Body Run-Analysis-100 | Study1 | SimResults Total Mission 3.872%
ICL104_Sprain/Strain - Upper Extremity Run-Analysis-100 | Study1 | SimResults Total Mission 4.959%
ICL101_Sprain/Strain - Back Run-Analysis-100 | Study1 | SimResults Total Mission 6.497%
\ UISPIaY FUINTL

GRAPl-”CAL BY Seqment ‘b Graphical By Total Mission and Segments v
Condition Name Data Identifiers &A‘Qy SegmentName ¢ Sort Field

Worst Case v
ICL11_Barotrauma (Ear/Sinus Block) Run-Analysis-100 | Study1 | SimResults EVA 64.3644% 34 9229%

Sort Order

Descending v
ICL37_Ebullism Run-Analysis-100 | Study1 | SimResults EVA 99.9959%

RunlDList

415
ICL39_Eva Related Decompression Sickness Run-Analysis-100 | Study1 | SimResults EVA 87.3343% Legend

[l Prob One Or More Worst Case
ICL40_Eva Related Dehydration Run-Analysis-100 | Study? | SimResults EVA 99.9999% EWE S“E O More Best Case

rob Zero

IMPACT.Project *



IMPACT v1.0 Use Cases — Mass or Volume Allocatlon VS. Medlcal RISkS Nc

(Single-segment optimization only in v1.0) - .
024 (23
H H 0.23 . ‘e
* Optimize over a 022 - |dentify specific
range of allocation 021 differences between
0.20
targets 0.19 the contents
 Create mass or o (Resource Quantity)
volume vs. risk g 016 of optimized medical
. . O 0.15 ]
curves to identify = oa sets at 60kg vs. 40kg
(13 H H 7 1 .
inflection points oS - Determine how often
011 specific resources
0.10
009 | are exhausted at
008 0.007 various allocations
0.07 00z
0.08 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 /
Mass (kg) v
ResourceName ~ ~ Data Identifier Lockdown | Segment Name Resource Exhaustion Frequency ~ Resource Quantity
Wound Care - Suturs - Absarbable ;EZTE igMass L 40kg | 126 |Mission i 98.044% ( 0 \
| : .
Eﬂf;esla%ca igMass Volume_Curves | Varybass_LOCL sokg | 1 [Msin 55?22% \ 3 /
|

<60% threshold of acceptability,
User-selected
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IMPACT v1.0 Use Cases — Mass/Volume Allocation vs.. Medical Risks

Post-processing to determine impacted requirements during trade space analysis

 IMPACT-MD provides aresource to

capability mapping
 ldentifies the medical capabilities impacted
by an exhausted resource

Wound Care - Suture - Absorbable 3.0

m Change Log el

Overview Associated Conditions 14

CAPABILITIES

Capability
CP2 - Procedure - Dental - Oral Sutures

CP2 - Procedure - Emergency Burr Hole

Associated Capabilities &

Wound Care - Cort@

CP2 - Procedure - Wound Care - Control Significant Bleeding
CP2 - Procedure - Wound Closure - Multilayer
CP2 - Procedure - Wound Closure - Single Layer

~NOoO O b WD

« Tableau provides a visualization of the mapping of any
capability to its medical system requirements

* For this example, seven (7) medical system requirements
become impacted when the capability “CP2 — Procedure
Wound Care — Control Bleeding” is impacted

Requirement 1D

L4-Lunar-MedSys-0002

L4-Lunar-MedSys-0003

L4-Lunar-MedSys-0029

L4-Lunar-MedSys-0083

L4-Lunar-MedSys-0098

L4-Lunar-MedSys-0205

L4-Lunar-MedSys-0237

Requirement Mame
L4-Lunar-MedSys-0002 Provide
crew physical access to medical
inventory

L4-Lunar-MedSys-0003 Prepare
habitat for medical activities

L4-Lunar-MedSys-002% Enable
wound care

L4-Lunar-MedSys-0083 Provide
crew role-based privileges

L4-Lunar-MedSys-0098 Treat
patient

L4-Lunar-MedSys-0205 Provide
preventive care

L4-Lunar-MedSys-0237 Provide
advanced frauma life support

Requirement Text

The Habitat CHP Medical System
shall enable crewmembers physical
access to medical inventory.

The Habitat CHP Medical System
shall enable crewmembers to

P e the habitat for medical

The Habitat CHP Medical System
shall provide capabilities to enable
wound care.

The Habitat CHP Medical System
shall provide for different crew roles
and comresponding privileges fo

The Habitat CHP Medical System
shall provide capabilities for the
treatment of the patient

The Habitat CHP Medical System
shall provide preventive care
capabilities for all crewmembers

:I‘:Hg Habitat CHP Medical System
shall provide advanced trauma life
support (ATLS) for a patient
et

Requirement Raticnale

The Habitat CHP Medical System needs to enable crew access fo
inventery. This requirement focuses on providing the crew physical access
fo inventory as a complement to information accessed through medical

i:henﬁébili:;l'gnl Medical System needs to provide the capability to
prepare the Habitat for medical activities. Preparation of the Habitat for
medlcal purposes involves crew activities such as creating appropriate

The Ha af CHP Medical System needs to DID\'Ide ca pal:lllmes {e.g., tools,
fechnolegy, skills, medications) to assist the c:aregwer in perferming
procedures that support the management of wounds {e.g., control bleading,

The Habitat CHP Medical System needs to support different crew access
privileges. Roles of crew members in medical aclivities are required fo
protect persenal infermation and provide privacy and security to the
randinal dofs an

The Habitat CHP Medical System needs to provide the capability to support
the treatment of medical condifions. This ability to freat medical conditions
is crlllcal fo ensuring adequate and rapid delivery of medical care for

The Habllal CHP Medical System needs to provide preventive medical care
capabiliies. Praventive medical care services are intended to help crew
remain healthy by detecting health-related problems early while giving them

The Habitat CHP Medical System needs to provide advanced trauma life
support (ATLS) capabilities for the diagnosis and treatment of any
crewmember following an unplanned traumatic medical injury {e.g., trauma
.

Capability Mame

- Procedure - Wound Care - Control Bleedin

CP2 - Procedure - \Wound Care - Control Bleeding

CP2 - Procedure - Wound Care - Control Bleeding

CP2 - Procedure - Wound Care - Control Eleeding

CP2 - Procedure - Wound Care - Control Bleeding

CP2 - Procedure - Wound Care - Control Bleeding

CP2 - Procedure - Wound Care - Control Bleeding

IMPACT-Project




Other use cases are demonstrated in the Backup Slides

« Comparing Medical sets directly
— Investigate the effect of changes to a Baseline medical set on medical risk
— Can forcibly include or exclude items or capabilities in a trade space analysis (e.g., ultrasound)

 Mission trades

— Mission attributes can be trade study variables

* Quantitative
— Mission Duration
— Number of EVASs

« Qualitative
— Segments added, deleted, reordered
— Crew attributes, pre-existing conditions

IMPACT-Project




IMPACT Milestone Review Process with 5-month schedule Am'o.v"e

 IMPACT design/development uses a modified Agile strategy with frequent customer demos to
demonstrate the design
« Tailored PDR and CDR to demonstrate project maturity level commensurate with the traditional SE

milestone
* A panel participates in both the formal and tailored reviews
« Panelists represent all major stakeholder groups for IMPACT identified in the IMPACT ConOps

« The panel is also invited to the software demos

SRR PDR CDR SAR TtO

Acceptance by Begin TtO
Formal _ Fgg;azloszgR . HRPCB _, Teview process
VV&C MAR2023 MAR2023
VlO VlO v1i.0

Sw
VAN VAN VAN A\ VAN AN A

/\ Agile demos to stakeholders every 3mos

SRR = System Requirements Review
PDR = Preliminary Design Review
CDR = Critical Design Review

FEB 2023 SAR = System Acceptance Review

TtO = Transition to Operations 15

08 FEB 2023



Readiness Criteria for TtO

 IMPACT has been having working group discussions with Program Integration Office (PI1O) to tailor
the TtO process
« System Acceptance by HRP(CB) is the gateway event prior to TtO
« TtO proposal package complete
— Defined in the IMPACT TtO Plan (IMPACT-PLN-0037)
* Receiving organization indicates readiness
— Operations team in place
— Funding in place

IMPACT-Project




IMPACT Tailored TtO Approval Process fram.NPR 8900. 1B

Based on discussions with PIO

* Assumes approval of decision package. Recommendations to the

Ta”ored Tra ns it‘ID n tD O pe rat‘l ons team at any Ia_evel results if\ladjustment to the declision packagfe,_ and

effects total time to transition. All recommendations and decisions

(TtO) Pr‘DCESS* are decumented by PIO.
IMPACT V 1.0 | Draft TtO Decision
System Acceptance A ool Package

Reviewed by
HSRB

Review is a gateway Dev?‘llup Tt0
review prior to start -
of TtO

Iterative process with
Pl0 and inputs from
stakeholders

e e

Science/Technology
Lt Review i

If Needeg:”

MASA CMO designated J5C CMO with i
Tt0 approval. Only highest level TtO
packages will receive NASA CMO review.

SMOCB

HSEICB If Needed

Approved

e RS EE
. TiO start/stop Transition to !
- 1
<> Infermational Board Operatlons, - ACROMYMS
Documentation TO Transition te Operations
’ Process/Review by PIO HSRE Human System Risk Board

PO Program Integration Office
MG Medical Operations Board

- Decisional Board

SMOCE Space Medicine Operations Control Board
CMO Chiaf Medical Officar

HSEICB = Human Systems Engineering and Integration Control Board

TtO is currently estimated to be a 4-6 month process, commencing April 2023

IMPACT.-Project




IMPACT v1.x versions will gain capability with each release %

« IMPACT v1.0 - MAR23
— First release for operational use
« IMPACT v1.1 — NOV23
— Add deferred s/w features from v1.0
— Fine-tuning known issues in the Evidence Library
« IMPACT v1.2 -MAY24
— Segment-specific environments
— Expanding the number of conditions on the IMPACT Conditions List (ICL)
« IMPACT v1.x, new version every 6mos starting NOV24 (priority TBD)
— Conditional probabilities among conditions
— Knowledge, skill and abilities (KSA) of crew members accounted for
— Partial treatment weighting of resources
— Expanding the number of conditions on the IMPACT Conditions List (ICL) further
— Effect of RTDC availability

08 FEB 2023
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vl.x

MAR23

NOV23

MAY24
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Use Cases for IMPACT v2.x (aka IMPACT-CHP)-

« The IMPACT ConOps scenarios defines the use cases for v2.x

 Broadening IMPACT to become a PRA and trade space tool for all Crew Health and Performance
capabilities (not just medical)

» Target release ~2027

Crew health and Perform trades that go beyond the
f . . . .
b yetom trades medical system to include the entire ~ Scenario 4

crew health and performance system

Update risk Update the risk profile to account for

from new condition cpe . .
using current a new condition with the current Scenario 8
mission inventory medical system inventory

Included in v2.0

08 FEB 2023 IMPACT Pr;)ject .



??Questions?? .
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Backup slides
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IMPACT v1.0 Use Cases — Comparing Medical Sets

* It is often useful to determine risk factors in the Fully Treated (infinite resources) and Fully Untreated
(Zero resources) cases to bound the tradespace for a given risk factor

« Two very tightly allocated medical sets (2.5kg & 5kg, pharmaceuticals only) can be compared for their
effect on mitigating RTDC risk after optimization
>

r : \QQ Fully Treated

=

r 2.5kg Pharm Only

weees [T 5.0 kg Pharm Only -

0.06p
HLS-FullyUntreated | SimResults

0000 0.002 0.004 0006 0008 0010 0012 0014 0016 0013 0020 0022 0024 0026 0028 0030 0032 0034 0036 0033 0040 0042 0044 0046 0048 0050 0052 0054 0056 0058 00860 0062 0064 0066

0.01 0.02 (.03 FPC - MissionEvents 0.04 0.05 0.06
RTDC — Mission Events

Data Identifiers

HLS-FullyTreated | SimResulis

PharmCnly | 2.5kg
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IMPACT v1.0 Use Cases — Mission/crew trades -

. . . Task Time Lost (TTL) vs. Mission Duration
« Mission attributes can be

trade study variables 40 -
35 — 40.8 p-d

— Quantitative 0 -
» Mission Duration §25
« Number of EVAs F ig
— Qualitative 10
« Segments added, deleted, ;
reordered z\ 6 8 10
« Crew attributes, pre-existing ‘b. Mission Duration (mos)

conditions . O'Q
\ Condition Name TTL - Mission (Person Day)

 Conditions influencing risks éo\ ICL45_Eva Related Shoulder Injury 12.153400
provides a priority listing of

ICL42_Eva Related Hand Injury 5114960

conditions of concern ICL100 Space Fight Associated I 4 630540

Neuro-Ocular Syndrome (Sans)

— Show average contribution of SR 4181350
each condition to the overall ICLAG Eva Reated St Conact | 3 777020
ave rage rISk ICL110_Toxic Inhalation Exposure 2.503640

ICL39 Eva Related 1 866740
Decompression Sickness i
ICL95_Space Adaptation - 0.767879
Insomnia

ICL97_Space Adaptation - Space | g 581401
Maotion Sickness
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