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IMPACT Project

DISCLAIMER:

“The IMPACT Probabilistic Risk Assessment (PRA) tool is under 
active development. All results are preliminary, subject to change, 
and must not be used for mission planning, operational decisions, or 
formal analysis. These results are provided solely for feedback and 
discussion purposes to support tool improvement.”
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IMPACT Project

Agenda

• Introduction
• IMPACT Basics

• Goals of This Effort
• Defining New Baselines

• Future Use Cases

• ISS Medical System
• Key Findings

• Notional Early Artemis System
• Applying Lessons Learned

• System Performance 

• Future Work
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IMPACT Project

• Evolution of Integrated Medical Model (IMM)

• Uses the Medical Extensible Dynamic Probabilistic Risk Assessment Tool (MEDPRAT) as the 
Computational Engine

• Exploration-focused

Informing Mission Planning via Analysis of Complex Tradespaces

IMPACT

Evidence Base Computational 
Engine (PRA)

IMPACT
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Outputs can adjust with 
changes in mass/volume 

constraints

Incidence

Calculate End 
States:

• Loss of Crew Life 
(LOCL)

• Removal to 
Definitive Care 
(RTDC)

• Task Time Lost 
(TTL)

• Resource 
Utilization

IMPACT (MEDPRAT) – The Basics
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• Treatment Capabilities mapped to 
conditions
– Capability Resource Tables (CRTs)

– Clinical Phases (CP):
• CP1 - Diagnosis, CP2 - Treatment

• Resources are bundled within 
capabilities
– Absolute vs Alternate bundles

• Scope of Partial weighting more 
restricted to follow treatment logic

• Alternative resources considered for 
all resource types

IMPACT Resource Handling – IMPACT (MD)

^Capability Resource Table for Abdominal Wall Hernia 6
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Purpose

• There is currently no baseline medical system for any program or 
DRM type in IMPACT
– Currently, when a requestor asks, “I would like to know how [insert DRM] will perform”, a 

system of IMPACT MD resources must be provided by the requestor or optimized by the 
model specifically for the request
• This service is currently available within IMM only for select DRMs

• Prepare baseline medical systems suitable for typical DRMs in 
anticipation of DRM focused requests in the IMPACT Medical 
Database (MD) environment

• The initial prototypes focus on ISS and Artemis-like (Orion) DRMs 
– These medical systems can be a starting data point for additional tailoring
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DRM = Design Reference Mission
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Benefits to DRM Focused Requests

• Expedite answering of questions 
which focus on DRM (rather than 
medical system) with standard 
reference point
– Offer alternative to optimized medical 

systems

• Simplify comparisons between 
similar but distinct DRMs
– Remove variability of medical system

Manifestation of External Systems

• Establish process to model external 
medical systems in IMPACT
– Define translation process

– Determine necessary considerations for 
systems and resources not native to MD

• Develop understanding of nature of 
IMPACT MD
– Quantify differences between iMED (IMM) 

and MD (IMPACT)

Goals
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ISS Medical SystemISS Medical System

DRM Specifications:

6 Month mission

6 Crew (3M, 3F)

3 Microgravity EVAs, performed by 2 crew (1M, 1F)

DRM Specifications:

6 Month mission

6 Crew (3M, 3F)

3 Microgravity EVAs, performed by 2 crew (1M, 1F)
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First Iteration:

Direct translation of IMM baseline

Detriments to Performance

• IMPACT expanded MD
– 21 conditions not considered by IMM 

– 5 no longer modeled in IMPACT

• Several resources unique to IMPACT
– Absent from IMM system

• Restrictive partial treatment (bundling)
– Conditions and treatment procedures 

reviewed/reconsidered

– Left many incomplete CRT bundles

Second Iteration:

Representation of IMM baseline

Adapted to MD environment

• Additional consideration given to: 
– Massless resources

– Unique + essential item CRTs (substituting for 
iMED resources; e.g. LifePak)

– Resource quantity relative to dosage size 
(parcel quantity)

12
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ISS System Results
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Takeaways from ISS TranslationTakeaways from ISS Translation
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Findings:

IMPACT MD is NOT directly compatible with IMM iMED:

• Direct translation 1-to-1 leads to incomplete CRT bundles, inability to use linked 
resources

• Conditions, Resources unique to IMPACT should be considered separately

Future Baseline Systems:

• Should begin from list of desired capabilities, most prevalent conditions in untreated run
– Revisiting Artemis-like baseline prototype

Future Translations:

• Should compare given resource to associated capability in IMPACT

• Resources should be matched based on conditions/capabilities provided
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Notional Early Artemis (short duration, no HLS) Notional Early Artemis (short duration, no HLS) 

DRM Specifications:

9 Day Mission, 

4 Crew (2M, 2F)

No Lunar Surface Segment

No EVAs

DRM Specifications:

9 Day Mission, 

4 Crew (2M, 2F)

No Lunar Surface Segment

No EVAs
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Capability Level Fixes – Modifying Resources

Identified 29 resources - unused due to MD discrepancies

• Removed 3 resources, replaced 3 resources (-0.04kg)

• Added 10 resources (+1.25kg mass)

• Corrected 5 resource quantities 

Initial System: 2 Nasopharyngeal Airway, 0 Oropharyngeal Airway

Final System: 2 Nasopharyngeal Airway, 2 Oropharyngeal Airway
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Most Influential Conditions
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Took list of all conditions, sorted by each risk metric

Compared results of manifested system to Fully Treated

Top driving conditions - Space Adaptation occurrences

Diff from FTLOCL ConditionsDiff from FTRTDC ConditionsDiff from FTTTL Conditions

0.000062
Respiratory Tract Infection -

Upper
0.025396Eye Foreign Body0.118702Space Adaptation - Back Pain

0.009192
Space Adaptation –
Urinary Retention

0.080447
Space Adaptation –

Space Motion Sickness
0.046907Sleep Disturbance

0.000062Difference per listed conditions0.034588Difference per listed conditions0.246056Difference per listed conditions

0.000076
Remaining difference across all 

conditions
0.00371

Remaining difference across all 
conditions

0.154804
Remaining difference across all 

conditions
0.000138Total LOCL difference from FT0.038298Total RTDC difference from FT 0.40086Total TTL difference from FT
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Condition Level Fixes – Addressing Influential Conditions

Reviewed CRTs for identified influential conditions
– Considered which capabilities were intended to be provided

– Added certain small items as needed based on clinician recommendations

Added 5 items total, addressing three conditions
(Space Adaptation – Back Pain; Sleep Disturbance; Respiratory Tract Infection – Upper)
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Most Influential Conditions - TTL
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Initial_Sys

Updated_Sys

Fully Treated

Initial_Sys

Updated_Sys

Fully Treated

Initial_Sys

Updated_Sys

Fully Treated
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Most Influential Conditions - LOCL
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Initial_Sys

Updated_Sys

Fully Treated

Initial_Sys

Updated_Sys

Fully Treated
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Most Influential Conditions - RTDC
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Initial_Sys

Updated_Sys

Fully Treated

Initial_Sys

Updated_Sys

Fully Treated

Initial_Sys

Updated_Sys

Fully Treated
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Final Medical System Performance - TTL
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Final Medical System Performance - RTDC
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Final Medical System Performance - LOCL
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Future WorkFuture Work
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Future Work

Validate Generated Baseline Systems:

• Test performance of Baseline system against optimized system
– Determine that translation produces reasonable and realistic modeled health outcomes

• Notional Artemis III-like Baseline (includes HLS segment with EVAs)
– Test across multiple Artemis-like DRMs to demonstrate generalizability

Unique/Experimental Resources:

• Potentially substituted for most similar resource native to IMPACT MD
– New Lockdown, adjusting mass/volume, treatment expectations

• Potentially introduced into IMPACT MD
– New Lockdown, likely as alternate in associated capabilities
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DISCLAIMER:

“The IMPACT Probabilistic Risk Assessment (PRA) tool is under 
active development. All results are preliminary, subject to change, 
and must not be used for mission planning, operational decisions, or 
formal analysis. These results are provided solely for feedback and 
discussion purposes to support tool improvement.”
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Thank you to John Arellano, Bini Kadwa, Gina 
Vega, and Dr. Eric Kerstman 

Any Questions?

shane.schwartz@nasa.gov

Thank you to John Arellano, Bini Kadwa, Gina 
Vega, and Dr. Eric Kerstman 

Any Questions?

shane.schwartz@nasa.gov

Thank You!Thank You!
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Risk Metrics – IMPACT vs IMM

1

Methodology DifferencesFunctional DefinitionIMPACT Risk MetricsIMM Risk Metrics

Source Data SetTime detriment due to 
health impairment

Task Time Lost 
(TTL)

Quality Time Lost 
(QTL)

EVAC = end of mission 
(affected indiv.)
RTDC = flag (affected indiv. 
stays in mission)

Need for higher level of 
care

RTDCEVAC

CHI calculated from QTL; 
CTI calculated from TTL

% of time crew is healthy 
enough to complete tasks

Crew Task Index 
(CTI)

Crew Health Index 
(CHI)

No significant differenceProbability of crew deathLoss of Crew Life 
(LOCL)

Loss of Crew Life 
(LOCL)

Comparisons will focus on CHI/CTI and LOCL as methodology most consistent between models
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IMM (iMED + IMM)

• Integrated Medical Evidence 
Database (iMED): Baselined to ISS 
missions and resources

• 280 unique resources
– 250 available to Baseline Branch

• 100 distinct medical conditions

IMPACT (MD + MEDPRAT)

• Medical Database (MD): Baselined 
to Exploration missions and 
resources
– Includes Evidence Library (EvLib) and 

Medical Item Database (MedID)

• 900 unique resources
– 842 available to Baseline Branch

• 119 distinct medical conditions

IMM versus IMPACT – A New Way to Predict
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• Capabilities are not mapped to conditions
– Relevant Knowledge, Skills, Abilities (KSA) 

always assumed 

• Resources tracked at individual resource 
level, not bundled

• Partial weighting for all available essential 
resources, regardless of related items

• Alternative resources only considered for 
pharmaceuticals

IMM versus IMPACT Resource Handling – IMM (IMed) 

^Resource Table for Abdominal Wall Hernia 33
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Modeling Conditions & Treatments 
in IMM & IMPACT
Modeling Conditions & Treatments 
in IMM & IMPACT
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Risk Metrics – IMPACT vs IMM

1

TTL and QTL are more aptly described as task time affected, as crew members are not completely incapacitated
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IMM IMPACT
• Treatment Capabilities mapped to 

conditions
– Capability Resource Tables (CRTs)

– CP1 - Diagnosis, CP2 - Treatment

• Resources are bundled within capabilities
– Absolute vs Alternate bundles

• Scope of Partial weighting more restricted to 
follow treatment logic

• Alternative resources considered for all 
resource types

IMM versus IMPACT Resource Handling

• Capabilities are not mapped to conditions

• Resources tracked at individual resource level, 
not bundled

• Partial weighting for all essential resources, 
regardless of related items

• Alternative resources only considered for 
pharmaceuticals
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Medical System Translation ProcessMedical System Translation Process
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Iterative Approach

1) Generate spreadsheet w/ columns for:

a. Requested resource name, 

b. Equivalent resource(s) in IMPACT,

c. IMPACT Mass and Volume, 

d. Requested resource quantity, 

e. Adjusted quantity in IMPACT, 

f. Total resource Mass and Volume

2) Search current IMPACT MD for equivalent resources

3) For resources without direct equivalents, label with 
issue code to indicate reason for missing 
equivalence

4) Confer with Clinicians/SMEs to resolve/update issue 
codes, support corresponding equivalence or defend 
exclusion of resource from new system

a. Identify substitute based on purpose, resource 
type, target area/delivery vehicle

5) Repeat 2-4 until all resource equivalents confirmed

a                           b                 c / c   d     e      f / f
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Issue Codes

Solution(s)PriorityDefinitionCode

Identify options, consult clinicians/SMEs to 
confirm best equiv.

3Multiple close equivalents (binary)QQ

A – same med. diff. conc. – adjust quantity to 
match total concentration of original resource

4Incompatible dosage/quantityWW
B – diff. medication – adjust quantity to match 
number of doses of original resource

Identify best suited replacement based on 
purpose/use case, consult EvLib for intended 
capability; match delivery method if possible

2Multiple indirect equivalentsXX

Refer to intended use/coverage from purpose, 
confer with clinicians/SMEs to identify options 
or support exclusion from new kit

1No equivalent in IMPACT MDYY

See Solution for YY1Requested resource unclearZZ

Resources either unique to sampled mission, 
or without use should be excluded from new kit

3ExtraneousE

Combine duplicate instances into single entry5Repeated resource/equivalentD
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Kit_Equivalents
Original medical system, organized 

similar to customer version

Includes Columns:

1) Original resource

2) Original dosage/concentration

3) Equivalent in IMPACT

4) Equivalent Mass, Volume

5) Original system quantity

6) IMPACT system Quantity

7) Total Mass, Volume for each 
resource

IMPACT_Equivalents

Final Product – One Excel Workbook, Three Spreadsheets

Equivalent medical system, 
alphabetical (repeat resources 

grouped together)

Includes Columns:

1) Original resource

2) Equivalent in IMPACT

3) Equivalent Mass, Volume

4) IMPACT system Quantity

5) Total Mass, Volume for each 
resource

IMPACT_Resources
Similar to Available_Resource file 
passed into IMPACT to run model

Includes Columns:

1) Resource in IMPACT (single 
instance)

2) Consumable vs Non-
Consumable

3) Single Item Mass, Volume

4) IMPACT system Quantity

5) Total Mass, Volume for each 
resource

All instances of a resource are 
totaled into one entry per item

Each sheet also shows total quantity of items included, total mass, volume of equivalent system
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ISS Medical System Timeline

• 3/12 – Received initial version of ISS System
– Taken from iMED (IMM), Lockdown 68 ISS Baseline

• Meetings:
– Weekly with clinicians to resolve challenges, specific resource questions

– Less individual work, more collaboration/meeting time

• 6/18 – Final version delivered

• Time Invested: 
– 20 days over 3 calendar months (deprioritized for 6 weeks, inconsistent access to MD/EvLib)

– About 70 hours total investment
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IMPACTISSSystem:

88.08121.56M (kg)

222991437000V (mL)

55295514I (#)
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First Iteration Results – IMPACT vs IMPACT
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First Iteration Results – IMM vs IMPACT
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ISS Translation – Medical System Differences

• LifePak and Other Large Devices
– LifePak+Power Supply (-16.7kg, -42000mL)

• One instance used in place of: AED, Blood Oximeter, BP, ECG, EtCO2

– Ultrasound (-5.7kg, -17020mL)

– Ventilator (+3.5kg, +5000mL)

– Suction Device (+5kg, +17000mL)

• Modified Resource Quantities
– Several resources unique to each model

– Adjusted pharmaceutical quantities relative to concentration differences

– Removed resources which could not be translated (conditions/capabilities not modeled)

• Updates to Medical Database
– Some IMM resources modeled as IMPACT capabilities

– Changes to masses/volumes between medical databases accounts for 19.88kg, 163500mL 

45

T_2T_1IMMSystem:

90.0786.87121.56M (kg)

227207223815437238V (mL)

556755305519I (#)
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ISS Medical System – Second Iteration

Representation of IMM medical system in IMPACT MD environment
– Additional consideration given to: 

• Massless resources

• Unique + essential item CRTs (substituting for iMED resources; e.g. LifePak)

• Resource quantity relative to dosage size (parcel quantity)

Improved Performance
– Better adapted to complex nature of IMPACT

– Performance closer to expectations

IMPACT_2IMMSystem:

90.07121.56M (kg)

227207437238V (mL)

55675514I (#)
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ISS Medical System – Second Iteration RESUPPLY

Test included a “resupply” run
– Simulates fully treated run, restricted to ISS resources 

– Performed similarly well to constrained ISS medical system

– Conditions addressed by ISS medical system handled adequately

IMPACT_2IMMSystem:

90.07121.56M (kg)

227207437238V (mL)

55675514I (#)
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IMM vs IMPACT – Bounding – Fully Treated and Untreated Results
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Artemis II Medical SystemArtemis II Medical System

Received: 2/1

Final Deliverable: 4/18

Total Time Invested:

- 25 working days

- 100 hours invested

Received: 2/1

Final Deliverable: 4/18

Total Time Invested:

- 25 working days

- 100 hours invested
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Artemis Medical System Timeline

• 2/1 – Received initial version of Artemis II System
– Received from Medkit SE Team

– Similar to Inventory/Packing list in Excel
• Lacked information on resource mass/volume, conditions, capabilities

• Meetings:
– Weekly with clinicians to resolve challenges, specific resource questions

– One follow up meeting with SE Team

• 4/18 – Final version delivered

• Time Invested: More final versions required less individual work, more collaboration/meeting time
– 25 days over 2.5 calendar months

– About 100 hours total investment
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IMPACTArt. IISystem:

21.6613.6Mass (kg)

6716518288Vol. (mL)

11681220Items (#)
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Artemis II System – Key Differences

• LifePak and Other Large Devices
– LifePak + Power Supply (10.4kg, 33202 mL) for small ECG, BP monitor

– POC UA device (0.18kg, 278 mL) for urinalysis chart

• Changes to Modeling Treatments
– Two resources to model one treatment item

• Gauze + tape for Bandaids; Betadine + swab for premade iodine swabs

• Changes to Resource Quantities
– Removed resources which could not be manifested, not mapped to conditions (E – Extraneous)

– Adjusted pharmaceutical quantities when modeling different concentrations (WW – Weighting)

– Expanded resources listed based on CRT bundles, itemized lists for “kits”  

Challenge to identify exact differences w/o individual resource mass/volume for original system

IMPACTArt. IISystem:

21.6613.6M (kg)

6716518288V (mL)

11681220I (#)
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TTL – Conditions Driving RTDC and LOCL
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