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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



EXPLORATION MEDICAL CAPABILITY

Example Inputs
*DRM parameters
*Crew profile

* Medical conditions

-
w/ evidence

*Outcomes from
interventions

* Medical resource

footprint & figures

of merit (FOM)
data
*Condition =

Capabilities -

Resource mappings

MEDICAL DATABASE

.

—l

(IMPACT-MD)

IMPACT

I ‘ DESKTOP
<

LONG DUR.

MEDICAL SYSTEM
MODEL

INCT.

MEDPRAT

REQUEST

REPOSITORY

{

TABLEAU

REPORTS

IMPACT v1.0

* Extensible architecture-based, multi-
component medical planning system

* Empowers complex layered analysis of
multivariate internal & external trade
space issues

* Informs key operational decisions for
customers:

*EXTERNAL
*HSRB
*SD
*ARTEMIS
*ORION
*GATEWAY

*INTERNAL
*IMPACT TEAM

Example Outputs

v Med gks
Optimized medical set contents
+ Medical condit freated/unt
Mission reguirements met/unme

IMPACT: Informing
Mission Planning via
Analysis of Complex

Tradespaces



Evidence Library

* 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?!




ﬁM@X 2021: Three 4-week medical student éllé'_c":tiv_eé-

 IDPT 8059- credentialed course
» University of Colorado School of Medicine

— Visiting students included [VSAS] @T University of Colorado
—20-25 students per elective R v

« Space Medicine 101: didactics & learning Scenarios (25%)
* Evidence Library search didactics and precepting (75%)
* Delivered in 2 day blocks

« Each student expected to perform 1-2 Rapid Systematic
Reviews



MC

EXPLORATION MEDICAL CAPABILITY

University of Colorado

SECTION OF WILDERNESS AND ENVIRONMENTAL MEDICINE

® EXMC Clinicians [2] DEPARTMENT OF EMERGENCY MEDICINE
« ExXMC Epidemiologist [1]

* University of Colorado

— Wilderness Medicine/Emergency Medicine  imoes 7™ Sl it
Physician [1]

— Research Library Scientist [1]
— Biostatistician/EBM Professors [3]
— Course Administrative support [1] b i D

with a secondary appointment in the Department

of Epidemiology at University of Colorado School Ben Krainin MD
of Public Health !

Clinical Instructor, Emergency Medicine
Professional Memberships

* American College of Emergency Physicians, Fellow

Practice Locations

Meagan Rivers

Meagan Rivers is an administrator for the Wilderness and Environmental Medicine
section at the University of Colorado School of Medicine. She graduated from Canisius
College in 2010 with a BA in Sociology. Before the University of Colorado, she worked at
alocal Catholic Church, as well as a website design and digital marketing boutique
agency.

University of Colorado Hospital (UCH)
12605 E. 16th Ave

Aurora, CO 80045

720-848-0000

Hospital Affiliation
* University of Colorado Hospital

Specialty Information

Specialties
« Emergency Medicine, Board Certification (2018)

Medical School

Angela Lee-Winn, PhD Alison Abraham, PhD MS MHS  Adrienne T. Hoyt, MS, MPH, MALA, MALS
Assistant Professor in Epidemiology. Colorai  Associate Professor in Epidemiology NASA Exploration Medical Capability Element J ;”f%:;‘;’::‘(;g;‘ﬁ“‘vers'w5<h°°' 6
School of Public Health Ophthalmology (ExMC)/Human Research Program Epidemiologist
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MC

Collaborators

EXPLORATION MEDICAL CAPABILITY

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 Krevkes MD MPH: Structural Physiology
and Countermeasures

James Picano: Psychologqgical Factors in Human
Spaceflight

Ed Powers MD MS: Education in Space Medicine

Elaine Reno MD: Analoques: Wilderness
Medicine

Matt Rogers MD: Analoques: NASA HERA
(Human Exploration Research Analoq)

Bob Sanders MD: Medical Director, NASA Neutral

Buovancy Lab: Pressure Physioloagy

Rahul Suresh MD MPH: Cardiovascular
Physioloqy

Chris Zahner MD: Engineering & Aerospace
Medicine- Flight Control Operations 8



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

ﬁM@\ Supported by Canvas platfofm' ; |

* All Documents

* Lecture Schedule

* Faculty Intro Lectures

* Daily Schedule

* Faculty Office Hour availability
« Zoom links

» Contact info

* Tutorial Videos



Asynchronous communication via Slack oy T "

#general/ #groups [aka Pods]/ #experts (how to videos posted (o] ] canvas)

® Q  Search IDPT 8059: Space Medicine ©) o

#general < 80 E
5 b e 1 21
IDET 80.9;Space Me @ Class announcements, discussion, etc. 5- 2+ @

51 All DMs Tuesday, January 19th v

© Drafts ﬂ Tianjing Li 7:55 AM

joined #general.
More

¥ Channels Yesterday v

' Meagan Rivers 12:40 PM
set the channel topic: Class announcements, discussion, etc.

# general

# group-1
Today v

Allee Torres 2:54 PM

joined #general along with 11 others.

Jay Lemery MD 7:12 PM
ok testing slack and seeing some students-- all good news. Pretty sure NASA uses slack channels too for a pre-launch checklist...

3

[elon musk definitely does..]

Message #general
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EXVC) Students assigned 90 of 122 medical conditions %

EXPLORATION MEDICAL CAPABILITY

ICL25
ICL26
ICL27
ICL35
ICL37
ICL62
ICL75
ICL79
ICL80
ICL83
ICL84
ICL85
ICL90
ICL106
ICL110
ICL111
ICL112
ICL113
ICL114
ICL115
ICL116
ICL119S

CHOKING/OBSTRUCTED AIRWAY
CHOLELITHIASIS_BILIARY COLIC, ACUTE
COLD INJURY - CHILBLAINS/FROSTBITE
DIVERTICULITIS, ACUTE

EBULISM

GRAVITY WELL - ORTHOSTATIC INTOLERANC
PANCREATITIS, ACUTE

REACTIVE AIRWAY

RESPIRATORY FAILURE

SEIZURES

SEPSIS

SHOCK - CARDIOGENIC

SMALL BOWEL OBSTRUCTION

SUDDEN CARDIAC ARREST

Toxic Inhalation Exposure

Toxic Inhalation Exposure — Combustion Product
TRAUMA - ABDOMINAL INJURY (BLUNT)
TRAUMA - CHEST INJURY (BLUNT)
TRAUMA - MINOR HEAD

TRAUMA - SEVERE HEAD

TRAUMATIC HYPOVOLEMIC SHOCK

VENOUS THROMBOEMBOLISM

 Each condition pre-
determined best- and worst-
case definition

 Example: N

'

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.

11



ﬁM@ﬁ Evidence collection- elements needed - £

*Incidence *Treatment &
» Space Outcomes
* Analogue —Time duration of treatment
. Terrestrial clinical phase. II]
—Condition definition - ;eTtBrg]to Definitive Care
* % best case —Loss of Crew Life [LOCL]

e % worst case

12



Data integration

* Correlation with other clinical phase
durations and resources

—Clinical Phase I: Time duration of diagnosis and
emergent treatment

—Clinical Phase lll: Time duration of residual
functional impairment

—Medical resources used for each condition

13



Data integration

 Across 4 different scenarios...

Evidence collection- elements needed

Treatment & Outcomes

e Time duration of treatment
[clinical phase Il]

e Return to Definitive Care
[RTDC]

* Loss of Crew Life [LOCL]

14



12 discrete data points (+ incidence) S .

Best case definition, treated Best case definition, UNtreated
Evidence collection- elements needed Evidence collection- elements needed
Treatment & Outcomes Treatment & Outcomes
* Time duration of treatment * Time duration of treatment
[clinical phase Il [clinical phase I
* Return to Definitive Care * Return to Definitive Care
[RTDC] [RTDC]
* Loss of Crew Life [LOCL] * Loss of Crew Life [LOCL]
Worst case definition, treated Worst case definition, UNtreated
Evidence collection- elements needed Evidence collection- elements needed
Treatment & Outcomes Treatment & Outcomes
* Time duration of treatment * Time duration of treatment
[clinical phase Il [clinical phase I
* Return to Definitive Care * Return to Definitive Care
[RTDC] [RTDC]
* Loss of Crew Life [LOCL] * Loss of Crew Life [LOCL]




Documentation

* Search methodologies

* Citations utilized to synthesize data
—[via EndNote]

16



Critical Pathway

 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

17
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MC Integrated Spreadsheet: instru_ctioh's'-F_data- &

EXPLORATION MEDICAL CAPABILITY

H - iR ICL38_Epistaxis_CLiFFStudentMaster_01242021 Q~ Search Sheet ©-

Home Insert Page Layout Formulas Data Review View &t Share -~

s T —_ L - v
‘ I L’ v 3{’ Calibri v 112 *| A~ A~v = = _ ||~ [—T9 Wrap Text General v @ . L 2 L a = Insert B A?'
o~ 8, : = - & fx Delete ~ [¥] ~ Z
Paste . B I u - S - A == = || 6= | = +«+| Merge & Center ~ vy 9% 9 g s Conditional Format Cell 1 — Sort &
< = = _— $ 00 (0 Formatting as Table Styles [m | Format ¥ &~ Filter
€& office Update To keep up-to-date with security updates, fixes, and improvements, choose Check for Updates. Check for Updates
A
All v fx <lnsert comments here> v
A B c D E F G H | J K L ™M N o P Q R S T l
1 Treated: Worst Case Data Return to Table of Contents
2
The definition for the worst case of treatment for your condition will be provided.
You will be finding 3 data points for the worst case of the treated condition:
3 Duration, RTDC, and LOCL.
To locate these data points, you will primarily use DynaMed.
For any data point not found in DynaMed, you will use the WC Search that you created in Tab 2C to search
5 PubMed and Google Scholar.
6
You will be compiling all of your search results in EndNote and will work with your preceptor to narrow down
7, to the most relevant articles from all of your searches.
8
As you work through the Treated Worst Case searches, record any comments or decisions
made about inclusion criteria in the Treated Worst Case Scenario Comments box below.
9
10 Treated Worst Case Scenario Comments
11 | <Insert comments here>
12
13
14
| 15
| 16
| 17
| 18
\ 19
‘ 20
> 1A. TOC 2A. BC SEARCH BUILDER 2B. WC SEARCH BUILDER 3A. INCIDENCE INSTRUCTIONS 3B. WC PROBABILITY 3C. SPACEANALOG INC 3D. TERRE +

18



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, efc.)

 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

|Incidence Distribution for ICL26 Cholelithiasis — biliary colic
BLUF

From the GRC Bayesian modeling of astronaut data using terrestrial sources for informing the priors, the
posterior distributions for the sex-specific incidence rates are log-normally distributed with mean 7.69E-

4 and SD 4.65E-6 for males and mean 1.266E-3 and SD 7.683E-6 for females.

50000 A
75000 4
40000 A
b= -
= 50000 41 = 30000 A
c c
@ QL | , add s
Ra] o 20000 A r'
25000 4 |
(H\\ 10000 A
0= - - 04 ——— | L

Ll L L] Ll L]

0.000700 0.000725 0.0007/50 0.000775 0.00080 0.00120 0.00125 0.00130 0.00135 0.0014(
incidence rate per year incidence rate per year



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 CQIl with individual students— gone after 1 month

« Steep but successful learning curve with ROI
— Final [3™] 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 agencyj

 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.
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