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Review results of a late Artemis Mission IMPACT run:

• Representative Artemis DRM

– Preset parameters of 50 kg and 150L

• Medical condition frequency 

• Conditions influencing outcomes: 

– Loss of Crew Life (LOCL)

– Return to Definitive Care (RTDC)

– Task Time Lost (TTL)

Agenda
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Problem Space



Problem Space

Loss of Crew Life 

• All Medical Equipment:

– 0.006 events/mission

– 6 deaths in 1000 missions

• No Medical Equipment:

– 0.097 events/mission

– 1 death in ~10 missions

4

0

0.02

0.04

0.06

0.08

0.1

0.12

All Medical Equipment No Medical Equipment

Risk of Loss of Crew Life



0

0.5

1

1.5

2

2.5

3

3.5

All Medical Equipment No Medical Equipment

Return to Definitive Care

Problem Space

Return to Definitive Care

• All Medical Equipment:

– 0.3 events/mission

– Risk of RTDC 1 every 3 missions

• No Medical Equipment:

– 3.22 events/mission

– Risk of RTDC 3x per mission
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Problem Space
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Task Time Lost

• All Medical Equipment:

– 103d/mission

– 103 days of crew time will be 

affected by illness/injury

• No Medical Equipment:

– 708d/mission

– 708 days of crew time will be 

affected by illness/injury



System Optimization

• Optimal System Size?

– Identify inflection points in 

medical risk

– System size reasonable for 

9 month mission

– Did not select clinical 

threshold

• Acceptable risk of LOCL = 0
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Artemis IV Mission Results

• Loss of Crew Life

–Inflection Point:~50kg

8



0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 50 100 150 200 250 300 350 400

M
ed

ic
al

 E
va

cu
at

io
n

 (
ev

en
ts

/m
is

si
o

n
)

Mass, kg

Return to Definitive Care

Artemis IV Mission Results

•Return to 

Definitive Care

–Inflection point: 50kg
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Artemis IV Mission Results

• Task Time Lost

–Inflection point: 50kg
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Overview of Resources by Mass in the Medical System

Total Mass 

Limit of 50 kg

Device, 18.20

Pharmaceutical, 
15.74

Hygiene, 
4.55

Medical Instrument, 3.30

Wound Care, 2.76

Airway, 2.44

Ultrasound, 1.29

General Supplies, 0.96

Splint, 0.64

Bandage, 0.22

Laboratory, 0.20

Vascular Access, 0.19

Cast, 0.04



Overview of Resources by Volume in the Medical System

Total Volume Limit 

of 150,000 mL

Device, 58,971

Pharmaceutical, 
25,923

Wound 
Care, 

21,724

Airway, 
13,026

Hygiene, 9,084

Medical Instrument, 6,436

Splint, 5,054

Cast, 1,770

Vascular Access, 1,680

Ultrasound, 1,532

General Supplies, 1,176

Bandage, 822

Laboratory, 294

Volume, ml



Most Likely Conditions



CONDITIONS INFLUENCING RISK

14



LOCL – Events Per Mission

EVA-RELATED DCS

RESPIRATORY FAILURE

PYELONEPHRITIS

TRAUMA-RELATED HYPOVOLEMIC SHOCK

ABNORMAL UTERINE BLEEDING

EBULLISM

SKIN/SOFT TISSUE INFECTION

OBSTRUCTED AIRWAY

TOXIC INHALATION OF COMBUSTION PRODUCTS

DENTAL ABSCESS

Events per Mission

0.00145

0.00095

0.00064

0.00061

0.00060

0.00030

0.00025

0.00025

0.00024

0.00018



Conditions Influencing RTDC

WRIST FRACTURE

FOREIGN BODY IN EYE

EVA-RELATED DCS

EYE IRRITATION/CORNEAL ABRASION/ULCER

CHEMICAL EYE BURN

RISK FOR PREGNANCY

EAR/SINUS BAROTRAUMA

PREGNANCY

SKIN/SOFT TISSUE INFECTION

ACUTE DIARRHEA

Events per Mission

0.105

0.064

0.015

0.015

0.014

0.012

0.011

0.009

0.009

0.006



RTDC– Events Per Mission

WRIST FRACTURE

FOREIGN BODY IN EYE

EVA-RELATED DCS

EYE IRRITATION/CORNEAL ABRASION/ULCER

CHEMICAL EYE BURN

RISK FOR PREGNANCY

EAR/SINUS BAROTRAUMA

PREGNANCY

BACTERIAL SSTI

ACUTE DIARRHEA

Events per Mission

0.105

0.064

0.015

0.015

0.014

0.012

0.011

0.009

0.009

0.006



TTL – Days per Mission

EVA-RELATED SHOULDER INJURY

UE SPRAIN

LE SPRAIN

EAR/SINUS BAROTRAUMA

SPACEFLIGHT-ASSOC SKIN RASH

BACK SPRAIN

EVA-RELATED SUIT CONTACT INJURY

INSOMNIA

NECK SPRAIN

ACUTE DIARRHEA

Total Task Time Lost per Mission (Days)

17.8

9.4

9.4

7.3

5.8

5.8

5.6

5.5

5.0

4.5



Discussion

•Future Updates

– Modeling more complex mission 

profiles

– Separate initial medical system 

from re-supply

– Adapting model to specifications 

of mission planners
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Conclusions

20

IMPACT provides a quantitative method to estimate medical risk for 
exploration missions

Sophisticated ability to define a medical system’s capabilities by 
trading medical risk against system resources

Progressive updates to increase fidelity with increasing complexity 
of missions, update evidence or tailor to co-morbidities.

NASA will begin using IMPACT for medical risk modelling this year
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