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Objective -

* Review the development and import of CRTs into the
Evidence Library (Ev Lib) to identify sources of error for
improved data fidelity for future iterations and
modifications



Background

* Changing paradigm

— Currently heavily ground dependent

« Earth Independent Medical
Operations

—Semi autonomous medical care

* Medical System Design?
—Modeling




EXPLOR

« Capability Resource Table
—120 Spaceflight Conditions
—Best Case and Worst Case =

LR PR P

Resource
Contribution

Resource Resource
Equivalent class

Capability Capability Capability Capability Capability Capability Capability Resource

Contribution ~ Necessity — Equivalence  Primacy Efficacy Phase

Caregory Class

Scenarios

Bundled Non-Alternate Cluster:

B Bundled Non-Alternate Cluster: Alternate Cluste
a
20 Lifs Faving Clinical 1 1 o o 1 Clinical
General Supp
u 21 Potable water Clinical
—mResources requirea 1o treat :
23 Bundle - wound Care
24 G Clinical
Lifs Saving Cliis!
. 25 Cliics!
. Life Saving Clinical
25 Clinical
21 Clinical
2 Cliis!
N Softwars - Pharmacy
23 Diaze Tracker Clinical
o CP2 - Acate - Software - Foware - WedeaT
d 1 Life Saving Clinical 1 1 o o 1 Procedure Databaze -
30 Softwars Clinical
fervars - Fedicl
Knowlsdge Databaze
3 Softwars Clinical
n n afervars - CTweal
Decizion Support.
[ J I l l I 32 Softwars Cliics!
4 Life Saving Clinical 1 1 o o 1
33 Ve Cliis!
. - - Fygicns - PPE - Han
P P2 - PPE - Nitsile Gloves 1 Lifs Saving Clinical 1 1 0 0 1 B I
35
ErEDeli R Pharmaceutical
Irrigation Solution
56
n L] a7
rI e I l I I l XCe Eifi - -

» Consensus from 3 physicians




CRT Example

ICL - 89 - Skin Laceration

Definition: An uncomplicated, linear, laceration that is not under significant tension with minimal or no foreign body contamination that heals
spontaneously or requires a single layer closure.

Scope of Capability Capability Capability Capability Capability Capability Capability Resource Resource Resource

o Practice Category Class Contribution Necessity Equivalence Primacy Efficacy Phase Equivalent class
Capabilities Phase Code

Bundled Non-Alternate Cluster

Bundled Non-Alternate Cluster: . ; : Alternate Cluster
F'1 - Patient E e
CPY- Patient Encounter And e Clinical A .Ien rtlc:::n
e ife Saving inica quipment Setup N
10 Time Clinical
14 Device - E.H.R. Interface Clinical
Software-E.H.R.
12 Software Clinical
Software - Pharmacy
CP1- Software - Clinical Records and ini
12 1 Life Saving Clinical 1 1 o 0 1 Dose Tracker Clinics|
Decision Support Procedure Databasze -
14 Software Clinical
Knowledge Database -
15 Software Clinical
Decision Support
16 Software Clinical
CP1- History - Collect History of SEYTEAEE
tstary - Lo Istary 1 Life Saving Clinical 1 1 o 0 1 ory of Presa
il Present |liness Clinical
CP1- Physical Bxam - Primary . e - a 1 T B . .
ment [ABCs) ife Saving inica
N
fRN CP1 - Hygiene - Hand 4 Life Saving Clinical 1 1 (1] 0 1 Hyzgiene - Skin Cleanser Clinical
20 .P1 - Physical Exam - Skin 4 Life Saving Clinical 1 1 1} o 1 Clinical
General Supplies -
21 Fahlewater Clinical
6
V

WC CRT | Prose | Data Validation v&1 | Pharmacy Foundation Formulary | ICL 1.0 Redline vJan2021 | ) ]



EXPLORAT

Capabilities Phase

‘CP1- Patient Encounter And
Equipment Setup Time

€P1-Software - Clinical Recordsand
Decision Support

€P1- History - Collect History of
Present lliness

CP1 - Physical Exam - Primary
Assessment [ABCs)

©P1- Hygiene - Hand

CP1 - Physical Exam - Skin

[ELEE T

Definition: An uncomplicated, linear, laceration that is not under significant tension with minimal or no foreign body contamination that

spontaneously or requires a single layer closure.

Capability
Primacy

Scope of

Capability
Category

Capability
Class

Capability
Contribution

Capability
Necessity

Capability
Practice Equivalence

Code

Bundled Non-Alternate Cluster

Life Saving Clinical

1 Life Saving Clinical 1 1 0 ]
1 Life Saving Clinical 1 1 0 ]
1 Life Saving Clinical 1 1 0 ]
4 Life Saving Clinical 1 1 ) 0
4 Life Saving Clinical 1 1 0 ]

ICL89_Skin Laceration

Close

TREATMENT CLUSTERS

Mame

~ Bl CP1 - History - Collect History of Present lliness (B

CP1 - History - Collect History of Present

~ Bl CP1 - Interpretation - Physics! Exam  (ABRBIR:

CP1 - Interpretation - Physical Exam

~ Bl CPT-Pr

m - Neurological - Foc

CP1 - Physical Exam - Neurological - F

~ B CP1-Pr

Exam - Primary Assessment (ABCs) - (ABaaite
CP1 - Physical Exam - Primary Assessment (ABCs)

m - Skin (ABsite

~ B CRT-FE

CP1 - Physical Exam - Sn

<
=3
9

m - Wound (B

- Wound Care - G20z,

General Supplies - Clean Towe

Wound Care - Dressing - 2x2 Gauze Square

Branches » Baseline » Medical Conditions = ICL89_Skin Laceration » Treatment Clusters

Best Case
Contribution  Necessity
100 0
100 100
100 o
1 100
0
100 100
100 [l
100 100
100 0
100 100
100 0
100 100
0 0
] 0

Equivalence

Rank

Efficacy

Frequency

Quantity

Worst Case

Contribution

Necessity

Equivalence

Efficacy

Frequency

Quant




Evidence Library

Branches » Baseline » Medical Conditions » ICL89_Skin Laceration » Treatment Clusters

ICL89 _Skin Laceration

TREATMENT CLUSTERS

MName Best Case Worst Case

Contribution MNecessity Equivalence Rank  Efficacy Frequency  Quantity

Frequency  Quantity Contribution

v [f] CP1 - History - Collect History of Present lliness  [Absolute 100 o] o 0 100 A 100 0 0 o] 100 MN/A

CP1 - History - Collect History of Present lliness 100 100 0 0 100 vent 1.00 100 100 0 o] 100 Event 1,00

=
=
=
5]
5]
[=]
-
=]
&
=
=

~ [#] CP1 - Interpretation - Physical Exam  (ABzaiute 100 o] o] 0 100 NA

CP1 - Interpretation - Physical Exam 100 100 0 2 100 Event 1.00 100 100 0 0 100 Event 1.00

1=

v [ CP1-Phy Exam - Meurclogical - Focused Exam  [Absalute 100 o] o 0 100 N/A 100 0 0 i} 100 Ny

CP1 - Physical Exam - Meurological - Focused Exam 100 100 0 0 100 Event 1.00 100 100 0 o] 100 Event 1,00

=

o [ CP1- P Exam - Primary Assessment (4BCs) [Absolute 100 a 0 0 100 A 100 0 0 v] 100 N/

CP1 - Physical Exam - Primary Assessment (ABCs) 100 100 o] 0 100 Event 1.00 100 100 0 0 100 Event 1.00

~ [ CP1-P Exam - Skin  [Absolute 100 a 0 0 100 MIA 100 0 0 1} 100 MAA

CP1 - Physical Exam - Skin 100 100 0 0 100 Event 1.00 100 100 0 o] 100 Event 1.00

~ [ CP1-Phy Exam - Wound | Absolute 100 0 0 0 100 MIA 100 0 0 0 100 NAA




ERRORS



Capability
Contribution

Capability
Necessity

Capability
Equivalence

Capability
Primacy

* Input
— Keystrokes incorrect
— Coding issues

— Orders of magnitude

Capability
Efficacy

Resource
Phase

CP1 - Patient Encounter
And Equipment Setup

Time

Device - E.H.R. Interface

Software - E.H.R.
= oftware

Sohoware - Pharmacy
|Drose Tracker
Prov.edure Database -
= ftware

Knowledge Database -
Software

Decision Support

Software

1 1 (1] (1] 21
1 1 (1] (1] 1
1 1 ] 4] 1
1 1 [t] 0 1
1 1 4] o 1

B

Hygiene - 5kin Cleanser
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* Transcription
— Conversion of data

— Categories with coding
Issues

Capability

Class

Capability
Contribution

Capability
Necessity

Capability
Equivalence

Capability Capability

Resource

Software - Medical
Knowledge Database -
Software

S0 =2 - Clinical
Decision Suppor .«

Software

Life Saving Clinical 1 i a

Decisiod
. Hygiene - PPE- Mon

Clinical - Sterile Gloves
Bundle - Irrigation -
Irrigation Solution

Clinical 1

Bundle - Irrigation -
Irrigation Syringes

11
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EXMC

EXPLORATION MEDICAL CAPABILITY

* Structural
— “Absolute” versus Suboanenin-

Lidocaine - 23 injection
“Al te rn ate” ‘Without Epinephirine - 5ml| Pharmaceutical 0 0 1 2 1 4|Event

Pharmaceutical -

- M ixed COd i n g SIL.II:u:ut.ane-:-ug -
Lidocaine 13 WITH
—“Break” the software

Epinephrine Sml Pharmaceutic:l 1] 1] 1 3 4|Event

Pharmaceutical -
Subcutaneous -
Lidocaine 2: WITH
Epinephrine Sml Pharmaceutii;:al 1] 1] | 4 4|Event

Pharmaceutical -
Subcutaneous -
Bupivacaine 0.5 Sml Pharmaceutic al 1] 1] 1 5 1 4|Event

Pharmaceutical -
Intravenous -
Oiphenhudramine £5mg [ Pharmaceutical 0 0 1 5 1 Z|Event

Pharmaceutical -
Imtravenous - Sterile

bl ater 1000m! Pharmaceutical 1] 1] 1 T 1 0.2|Event

12



* Frequency
— Massive quantities
—“Per Event’
—“Per Day”

Event

Event

Per Day

Per Day

Event

Evernt

Per DOay

KENR!

13
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MC

EXPLORATION MEDICAL CAPABILITY

 Information
— Dosing
— Inappropriate Capability
— Inappropriate Resource

— Required ExMC Clinical
and Science Team
(CST) review

Device - Vascular Access -
ntravenous Fluid Pump

Clinical

Event

Fharmaceutical - Oral -
THMPISM 800160mg

Pharmac
eutical

28

Event

Pharmaceutical - Oral -

Levofloxacin 730mg

Pharmac
eutical

14

Event

FPharmaceutical - Oral -
Clindamyczin 300mg

Pharmac

. [
=Lps Al

e

Evernt

harmaceutical - Oral -

Levoflonacin 720mg

Pharmac
eutical

14

Event

lire 100mg

Pharmac
evtical

ks

Event

Pharmaceutical - Oral -

Pharmac
eLtical

14

Evernt

Device - Camera - General
Plamtmmr zmba

Clinical

Event

14



Root Cause An'a'lysis__

1 |nput \ 1 Structural \ 1 Information \

Data
Errors

Frequency

Transcription
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Why?
—\Why?
* Why"?
—Why?
» Why?

—

*Systems
Errors

— Solutions

16



 Excel manual data entry
— 250,000 cells of data
— Naming of capabilities, bundles, resources

« Software availability
— Disseminatable and user familiarity

* Time frame and large team
« Large body of work to get operational
* Medical system design lead time

»Front end software and training?

17



Transcription

« Data in Ev Lib doesn’t match Excel files

 Data lost or altered In transition to Ev Lib
— OR data was incorrect in Excel file

« Complex cells with varying information
— Large repository of data

* Clinical data and coding
— Convert clinical decision making and management into algorithms

 Software limitations

»Software with broader capabilities

18



« “Absolutes” and “Alternates”

« Complex coding scheme

* Accurate modeling and trade space analysis
 Manual entry of coding structures

»Preset structures
»EXxcel is capable of this but Ul may be more intuitive elsewhere

19



Frequency -

* Quantity calculations often extremely high

 CRTs inputs separate from incidence and duration data
— Scope and goals of the dataset

- Broad capabilities but short time frame

* Provide clinically useful data to systems design and
operations teams

»Clear objectives and deliverables
»Minimum viable product

20



Information -

* Built by a CST member
— Verified by minimum of 3 other CST members

* Review meetings
— Cell by cell with 99% of cells low variability
— Discussions and reasoning for clinically significant capabilities

* Isolated meetings with limited information dispersal

»Documentation of decision making for information entry
»Broader team discussion of high value capabilities

21



Lessons Learned

* Innovation is challenging
—Create a new approach to clinical decision making
—Large team effort

—Many errors where unavoidable
—Draw on IMM

» Scope is critical
—Minimum viable product
—Lay groundwork for future iterations

22



Lessons Learned

» Optimized tools optimize work
—EXxcel was a necessary evil
—Future iterations will work with smarter/more precise tools

* Cross team collaboration
—With the CST and within ExXMC

* Difficult but intellectually satisfying
—Future iterations will continue to improve

23
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EXPLORATION MEDICAL CAPABILITY =i -
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