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Agenda
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• Overview
• IMPACT
• Integrated Medical Evidence Database (IMED)
• CU Students, Faculty and a Space Medicine 
Curriculum

• Asynchronous Collaboration
• Evidence Library development: Incidence and 
Outcome data

• Summary and Citation
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(IMPACT-MD)

LONG DUR.

IMPACT: A suite of tools working together

IMPACT: Informing 
Mission Planning via 
Analysis of Complex 
Tradespaces



Evidence Library
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• 122 medical conditions…
–What’s the chance that one occurs?  (incidence, prevalence)
–What would be the best possible outcome?
–What would be the worst possible outcome?
–What if we didn’t have the Rx to treat?
–What’s the likelihood the mission will need to be canceled?
–How long is the astronaut going to be out of commission?
–What are the chances an astronaut would die?
–How good is the data backing up these answers?!



2021: Three 4-week medical student electives 
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• IDPT 8059- credentialed course
• University of Colorado School of Medicine

– Visiting students included [VSAS]
– 20-25 students per elective

• Space Medicine 101: didactics & learning Scenarios (25%)
• Evidence Library search didactics and precepting (75%)
• Delivered in ½ day blocks
• Each student expected to perform 1-2 Rapid Systematic 

Reviews



Faculty
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• ExMC Clinicians [2]
• ExMC Epidemiologist [1]
• University of Colorado

– Wilderness Medicine/Emergency Medicine 
Physician [1]

– Research Library Scientist [1]
– Biostatistician/EBM Professors [3]
– Course Administrative support [1]



Space Medicine 101 [25% curriculum]
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• Lectures 
• Mars Ares 1 practicums 

–e-learning app Articulate, with 8 
filmed scenarios at the Mars Desert 
Research Station



Collaborators
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• Allie Anderson PhD: Space Suits--Engineering 
principles & Human Factors Engineering

• Erik Antonsen MD PhD: Design Medicine
• Mike Barratt MD, Former astronaut: Cases in 

Space Medicine/Forces & Vibration
• Dani Carroll MD, NASA/TRISH researcher, USAF: 

Spatial Disorientation
• Rick Cole MD MPH: Medical Operations
• Ben Easter MD MBA, NASA ExMC Deputy 

Element Scientist: Medical Kit Design
• Dave Hilmers MD, MPH, Former astronaut: TBD
• Kris Lehnhardt MD, NASA ExMC Element 

Scientist: Intro to Space Medicine & ExMC basics
• Jay Lemery MD: Analogues: Polar Medicine
• Dana Levin MD MPH: Space Radiation

• Eric Kerstman MD: Space Adaptation
• Ben Krainin MD: Atmospheric & Altitude 

Physiology and Gas Mixtures
• Amy Kreykes MD MPH: Structural Physiology 

and Countermeasures
• James Picano: Psychological Factors in Human 

Spaceflight
• Ed Powers MD MS: Education in Space Medicine
• Elaine Reno MD: Analogues: Wilderness 

Medicine
• Matt Rogers MD: Analogues: NASA HERA 

(Human Exploration Research Analog)
• Bob Sanders MD: Medical Director, NASA Neutral 

Buoyancy Lab: Pressure Physiology
• Rahul Suresh MD MPH: Cardiovascular 

Physiology
• Chris Zahner MD: Engineering & Aerospace 

Medicine- Flight Control Operations

https://www.colorado.edu/aerospace/allie-anderson
https://www.bcm.edu/people-search/erik-antonsen-17516
https://www.nasa.gov/astronauts/biographies/michael-reed-barratt/biography
https://www.linkedin.com/in/danielle-carroll-md-fawm-41940154/
https://www.coloradowm.org/blog/teachers/rick-cole-md-mph/
https://www.nasa.gov/hrp/elements/exmc/leadership-team
https://en.wikipedia.org/wiki/David_C._Hilmers
https://www.nasa.gov/hrp/elements/exmc/leadership-team
https://www.coloradowm.org/blog/teachers/jay-lemery/
https://www.emergencymedicine.columbia.edu/profile/dana-r-levin-md
https://www.linkedin.com/in/eric-kerstman-5187873a/
https://som.ucdenver.edu/Profiles/Faculty/Profile/32936
https://www.zocdoc.com/doctor/1992069124-amy-kreykes-md
https://www.linkedin.com/in/james-picano-81052846/?locale=de_DE
https://www.utmb.edu/pmph/biographies/powers-william
https://www.coloradowm.org/blog/teachers/dr-elaine-reno/
https://www.healthcare4ppl.com/physician/texas/houston/matthew-t-rogers-1104264316.html
https://www.linkedin.com/in/safetybob/
https://www.linkedin.com/in/rahul-suresh-1945967b/
https://www.utmb.edu/pathology/faculty-directory/christopher-j-zahner-md


Supported by Canvas platform
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• All Documents
• Lecture Schedule
• Faculty Intro Lectures
• Daily Schedule
• Faculty Office Hour availability
• Zoom links
• Contact info
• Tutorial Videos



Asynchronous communication via Slack
#general/ #groups [aka Pods]/ #experts (how to videos posted on canvas)



Students assigned 90 of 122  medical conditions
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• Each condition pre-
determined best- and worst-
case definition

• Example:

EPISTAXIS
Best case: An anterior nosebleed that 
resolves with minimal or no treatment.

Worst case: A posterior nosebleed that 
requires nasal packing and possibly 
surgical treatment.



Evidence collection- elements needed
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• Incidence
• Space
• Analogue
• Terrestrial

–Condition definition
• % best case
• % worst case

•Treatment & 
Outcomes
–Time duration of treatment 

[clinical phase II]
–Return to Definitive Care 

[RTDC]
–Loss of Crew Life [LOCL]



Data integration
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•Correlation with other clinical phase 
durations and resources
–Clinical Phase I: Time duration of diagnosis and 
emergent treatment

–Clinical Phase III: Time duration of residual 
functional impairment

–Medical resources used for each condition



Data integration
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•Across 4 different scenarios…



12 discrete data points (+ incidence) 

Best case definition, treated 

Worst case definition, UNtreated

Best case definition, UNtreated

Worst case definition, treated 



Documentation
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• Search methodologies
• Citations utilized to synthesize data

– [via EndNote]



Critical Pathway 
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• Students had two essential and critical functions:
1. Get the answer … or establish a range wherein the answer 

lives…
2. Conduct extensive DOCUMENT searches. If there was in fact 

no answer, the student was the reason NASA thinks none 
exists….

Process relied on … Transparency, Replicability, and 
Consistency…

When decisions are made, rationales are ultimately provided



Integrated Spreadsheet: instructions+data
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Search Term Variations

Incidence
• Dynamed!🛑🛑
• PubMed
• Google Scholar
• NASA Technical Reports 

Server
• Barratt’s textbook [via library]
• Defense Technical Info 

Center
• Data from old IMM CLiFF

Treatment/Outcomes
• Dynamed!🛑🛑
• PubMed
• Cochrane
• Google Scholar
• Data from old IMM CLiFF



Evidence grade [0-4 scale]

• How closely does the paper describe the medical condition that 
we have defined (relevance)?

• How closely does the population included resemble the astronaut 
population?

• Quality of the paper (number of subjects, methods, etc.)
• How much do we trust the source of the evidence?
• How closely do we think that the data represents what we will see 

in a spaceflight environment? 
– For example, in lower respiratory tract infection, we thought that terrestrial 

data would fairly closely model what we might encounter in spaceflight. 
This will obviously not be true for other conditions (such as fracture risk)

• Other considerations?



After editing, incidence data went to NASA Biostatistician to create 
incidence distribution

• Guided by the clinical evidence grades



Assessment

• Students had a wide range of competencies in rapid systematic 
reviews – deep logic checks reconciling their data [particularly for 
untreated conditions] with relevance for spaceflight was not 
possible given time and preceptor constraints
– 50% of the work happened in the first elective– before ExMC processes had 

been codified.  A lot of re-work done after-the-fact
• Not possible for CQI with individual students– gone after 1 month
• Steep but successful learning curve with ROI

– Final [3rd] elective sheets deemed ‘excellent’ by ExMC clinicians
• Students given a valuable experience & exposure – many have 

professed a desire to continue space medicine opportunities



Student citation
[peer reviewed, internal US Government agency]

• YourNameHere, Levin D., Li T., Krainin B., Abraham A., 
Lee-Winn A., Piper C., Hoyt A., Young M., Lemery J. 
“YourMedicalCondition: Rapid Systematic Review.” 
Medical Probabilistic Risk Assessment for Long Duration 
Spaceflight. NASA Human Research Program, Exploration 
Medical Capability Element. October 2021.



Thank you
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