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Presenter Notes
Presentation Notes
Representing the Team’s work in the past FY from SE perspective.

Mike: this is a little tricky – great that you are presenting this but we need to not dance too much around the fact that this work was terminated and is no longer in progress.


Outline

Clinical Decision Support (CDS) Project Purpose and Objectives
Defining a Clinical Decision Support System (CDSS) for Exploration
— Whatis a CDSS?

— What does a CDSS do?

CDS Model

— Revised CDSS ConOps

— Revised CDSS activity diagrams

— Baseline requirements

CDS Project Documentation

Summary and Conclusion
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| - MC Purpose: Need for Crew Self-Reliance - '

« NASA-STD-3001, Volume 1, Rev B presents the in-mission TIME
medical care requirement: ‘Means of providing
autonomous medical care and advanced life support.’

« Computational and data resources will play an important
role in maintaining crew health, wellness and performance

where the crew will need to be more self-reliant. DECISION
— Communication lags (~ 20min each way on a Mars mission) MAKING
— Communication blackouts, planned and unplanned

— No resupply

— No evacuation

— Potential limited knowledge, skills and ability (KSA)

— Skills erosion over time

— Crew time limited to identify symptoms, collect data, apply solutions ‘@ ¢+

and problem solve . Q
+

« Paradigm shift in Medical Operations

DISTANCE



Presenter Notes
Presentation Notes
Deep-Space:  Delayed communications, with the potential for planned/unplanned blackouts.  The crew will need rely on themselves for medical decision-making in some instances.


FMC\ Clinical Decision Support Objecti_Ve '

ExMC Element Risk:

Risk of Adverse Health Outcomes and Decrements in Performance Due to Medical Conditions that
occur in Mission, as well as Long Term Health Outcomes Due to Mission Exposures

Clinical Decision Support (CDS) Project Need:

ExMC Gap Medical-701: We need to increase inflight medical capabilities and identify new
capabilities that (a) maximize benefit and/or (b) reduce “costs” on human system/mission/vehicle
resources.

CDS Project Goal:

The aim of the CDS project was to develop and provide recommended functional requirements for
an in-vehicle CDSS that acts as an assistant for delivering optimal health and performance and
medical care during long-term, deep-space exploration missions.



CDSS Defined -

« What is a CDSS?

— It's a software tool on a laptop and/or onboard system that interacts with the crew, databases (e.g.,
medical/clinical procedure, pharmacy, wellness, schedule), instruments (e.g., ultrasound, automated
external defibrillator or AED, blood labs), and vehicle systems (e.g., environmental, communication).

Who? ‘6
CDSS Users &

What? Where?
@ [ej) Cognitive and Physical 'QSQ 10‘
Clinical Needs Environments S v
When? Why?
EE EH Conditions HSI, Communication .}. r-
of Use Support .

Note:
HSI — Human System Interface



Presenter Notes
Presentation Notes
a CDSS must provide real-time support to effectively enable increased crew autonomy for managing anticipated and unanticipated medical conditions. Unanticipated conditions include medical events not previously observed in space or on earth, un-planned, un-resourced or simply not expected at the time of occurrence. Third, the CMO may, or may not, have the expertise required to detect, diagnose, and treat emergent medical conditions. A CDSS should act as a teaming intelligence [23] to assist the CMO or any user in dynamic, highly complex scenarios, adapting to the acuity of each situation. Capabilities for a CDSS could include assistive data collection, probabilistic diagnostics, focused real-time guidance, and the provision of diagnostic and therapeutic recommendations. Fourth, spaceflight stressors such as auditory overload, musculoskeletal pain, circadian disruptions [24], confinement, cultural differences, and elevated carbon dioxide levels all affect cognitive processes [25] which could affect the crew’s ability to respond to medical events. The CDSS must help the astronauts address a broad range of clinical conditions and must be equipped with a robust data system to augment the users’ knowledge, skills and abilities (KSA) to increase their SoP [26]. A fifth unique challenge for a CDSS is that it should be designed to operate with distance-created communication lags and vehicle -imposed restrictions on computing power, mass, volume, and electrical power [5,27,28]. 
A CDSS can increase autonomy by enhancing the user’s ability to independently and appropriately respond to medical events. It should reduce user cognitive workload, help to maintain situational awareness, and support the ability to triage and treat the conditions encountered. The envisioned system should support the diagnostic and treatment workflow, provide management of alerts filtering non-critical events and tailor assessments or recommendations to specific patients, aligned with their medical histories. A CDSS should use communication technologies, data, associated documents and reports, and computational models to assist the CMO. Finally, the system should provide health maintenance guidance to maintain or improve the crew’s quality of life while also preventing illness and injury. 



CDSS Functionality

Spacecraft CDSS Functionality
* Real-time support to manage

EMERGENCY GUIDELINES to assist in saving life/limb/eyesight

antiCipated and u nantiCi pated med ical :I. ° VITAL SIGNS for progress/severity feedback
conditions
* ACt as _an a_SSIStant to any user_ln MEDICAL DIAGNOSE conditions (many more than AMCL) Loss of Crew Life
dynamic, highly complex scenarios EVENT &s | - identify WHAT to TREAT,
. . . - Most severe, most probable Evacuation
— Adapt to the acuity of each situation Accepted
, Quality Time Lost
[ ] Augment the userS KSA MEdicaI 0& TRIE(ﬁIm:(TgTe on hOW to treat — T e and # of Medical Events
_ Increase Standard Of practice Conditions List G N Check drug drug interactions, allergies. ' P
' . . (AMCL) - - Manage resources for now + rest of mission Medical Resources Used
» Operate with communication lags (]
: . , Z_] | oBSERvATION MISSION OPTIMIZATION
— With restrictions on computing power, Mission Profile - Check if treatment is working
. - If NOT then change Dx or Tx
mass, volume, and electrical power
* Reduce cognitive load AU\ E ] PASSIVE MONITORING
: : Y - Modelling risks e.g. kidney and bone loss Note:
- Support dlagnOStIC and treatment NS - Low hassle passive monitoring Dx - Diagnosis
workflow - Anomaly detection reduce monitoring burden Tx - Treatment

— Manage alerts
* Provide health guidance to maintain

or improve the crew’s quality of life,
while preventing illness and injury

3 different scenarios need different approach to assistance

Scope Implement Goals
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Presentation Notes
a CDSS must provide real-time support to effectively enable increased crew autonomy for managing anticipated and unanticipated medical conditions. Unanticipated conditions include medical events not previously observed in space or on earth, un-planned, un-resourced or simply not expected at the time of occurrence. Third, the CMO may, or may not, have the expertise required to detect, diagnose, and treat emergent medical conditions. A CDSS should act as a teaming intelligence [23] to assist the CMO or any user in dynamic, highly complex scenarios, adapting to the acuity of each situation. Capabilities for a CDSS could include assistive data collection, probabilistic diagnostics, focused real-time guidance, and the provision of diagnostic and therapeutic recommendations. Fourth, spaceflight stressors such as auditory overload, musculoskeletal pain, circadian disruptions [24], confinement, cultural differences, and elevated carbon dioxide levels all affect cognitive processes [25] which could affect the crew’s ability to respond to medical events. The CDSS must help the astronauts address a broad range of clinical conditions and must be equipped with a robust data system to augment the users’ knowledge, skills and abilities (KSA) to increase their SoP [26]. A fifth unique challenge for a CDSS is that it should be designed to operate with distance-created communication lags and vehicle -imposed restrictions on computing power, mass, volume, and electrical power [5,27,28]. 
A CDSS can increase autonomy by enhancing the user’s ability to independently and appropriately respond to medical events. It should reduce user cognitive workload, help to maintain situational awareness, and support the ability to triage and treat the conditions encountered. The envisioned system should support the diagnostic and treatment workflow, provide management of alerts filtering non-critical events and tailor assessments or recommendations to specific patients, aligned with their medical histories. A CDSS should use communication technologies, data, associated documents and reports, and computational models to assist the CMO. Finally, the system should provide health maintenance guidance to maintain or improve the crew’s quality of life while also preventing illness and injury. 



CDSS Logical Architecture

Clinical Decision Support System (CDSS)

applications

CHP Data System
Data Layer Data Management Layer
Patient Data Transformation
records, - Da.'t.a . . ; Knowlec_ige
medical and Acquisition Cleansing | | Cataloging || Metadata Extraction
health records Inter- - Search &
operability i ADlfE Query
Wearable
sensors Data
Storage Mining
Labs, images
clinical results
Data Governance
- Data Lifecycle Data Lineage Security Privacy
Other medical

Tagging || Links || Data Standards

‘ Access Control |

HH

Decision Support Layer

Knowledge Base

Working

Rules
Memory

Process

Inference Engine

Workflow

Rules Engine

Artificial Intelligence

|

Reasoning Mach{ne ANN
Learning
User Interface Layer
Real-time
Visualization Monitoring CDSS GUI
Dashboard

IT Infrastructure (Cloud, Edge, Computing, Etc)



Presenter Notes
Presentation Notes
Mike, beginning with this slide through to the last slide (summary of CDS Project, slide 13), you introduce a number of CDSS artifacts.  I suggest that you precede these slides with some kind of introduction to the artifacts that you will be presenting and why these are of interest or are important from an SE perspective:

CDSS Logical Architecture – why is this necessary/what does this tell us?  gives the relation of the CDSS (yellow box) to the Data System and the vision is that they operate in an integrated fashion
CDSS Model – what is this and how is it different from the Architecture?   Model differs from the Architecture because the model only captures the SE artifacts, rather than attempt to build a system.
CDSS ConOps – why is this important (from an SE perspective) and how does it relate to the Architecture and the Model (and some of your earlier slides on CDSS Functionality, etc.)?   ConOps provides scenarios that exemplify functionality of a CDSS and other systems with which it may interact
CDSS Requirements – why do we bother with these and how do they drive (or are they outcomes) of the other three (i.e., how do all of these inter-relate to each other)?  The ConOps and the prototype software development drive the requirements.




FMC\ CDS Project Artifacts

 The CDS Project yielded several artifacts:

— Documentation: ConOps, technical roadmap, market survey, project plans, use cases, architecture
recommendation

— Software demonstrations
— Model-Based Systems Engineering (MBSE) model

* Following slides will focus on the System Engineering artifacts captured in the model
— ConOps
— Activity diagrams
— Requirements


Presenter Notes
Presentation Notes
Model-based systems engineering (MBSE) is the formalized application of modeling to support system requirements, design, analysis, verification and validation activities beginning in the conceptual design phase and continuing throughout development and later life cycle phases.


* JSC-67070 Medical System

Process to Derive Requirements

Functional Decomposition

SE Artifacts
(Activity
Diagrams)
CDSS ConOps [ CDSS Use Cases Requirements

Analysis &

Review

ExMC Concept

Software

* HRP-48012 Recommended |mp|ementati0n
Medical System ConOps

el LESSONS Learned

ConOps Mars Missions, pre-
Baseline

Diagnosis Treatment Emergent Scenario
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MC CDSS Project Model

Exploration Medical Capability Clinical Decision Support Model

CDSS Model Home Page

CDSS Paradigm

Urilike 155 apearations in LEOD, future journeys traveling desper into space will require an increased reliance on the ability to conduct Earth-
Indepandsnt Madical Operaions (EIMO). Depending on the orbital posiions of Earth and Mars when the crew reach Mars, one-way
communication delays can be more than 20 minutes [5]. These communication delays will require the crew to deted, disgnose, and treat time
critical medical issues sutonomoushy. Aulonomous operation is defined here as performing self-directed clinical tasks without realime Missior
Control Center (MCC) support. In an emergency medical situafion (acute and e threatening), the crew will nead to react swiffly, using locally
available information. Preventative and routine health care may be a hybrd system with autonomous data collecion and incvehicle decision
support to assist workflow or more oriically during periodic lack of communication from planetary aignment, solar wind or eguipment

fabure. Medical inventory will also need to be used stralegically in the absence of resupply missions or earky retum to Earth,

A physican astronaut could be included as a crewmember on a deep space mission, but even two or three physicians would not have the

CDSS content breadth of expertise necessary for addressing the full range of poten fial healfh-related issues on a mulf-year mission. Moreover, if pre-fight
crew traming is viewed as a fixed resource, addition al medical training before 2 mission means less {raining time devoied to other critical

domains, such as extravehicular activity, spacecraft systems maintenance, or scientific researdh. Furthermors, there will Bkely be situations in
PrOjeCt Summa ry flight where the CMO is the pafient and requires care from dinically novice crew members. A possible solution lies in developing assisfve
technology and tools to increase the cew’s medical Scope of Pradice (medical procedures, processes and acons fhat an exploration crew
¢ ConOps can perform).

* Requirements

* Requirements
Development Process
Document

Model Directory

Concept of Operations Requirements

CDS Requirements Overview

10



Presenter Notes
Presentation Notes
A concept of operations is a document describing the characteristics of a proposed system from the viewpoint of an individual who will use that system.


)] CDSS ConOps

ExMC Clinical Decision Support System ConOps

ConOps Main Page

ConOps Content:

Change Log
Purpose & Scope
Assumptions
CDSS Overview
Stakeholder Needs
Goals

Scenarios

Change and Revision Log

This Clinical Decision Support System (CDSS) Concept of Operations contained within this model is a revision of the baseline document, HEP-48033.

Decument Change and Revision Log

Purpose & Scope

This section of the report lists the purpose, scope, change authonty, document terminclogy, applicable documents and references. Click the icons to
view the text.

Refarance
Documants

Applicable
Documents

Introduction Pumposa Scope Change Authority

Mission Descriptions and Assumptions

This section provides a CDSS overview and identfies the stakeholders, the stakeholder needs, COSS goals, and assumptions the team used to
define the CDSS specified in this report.

CDSS Overview

Stakeholders and Stakeholder Needs

The sole stakeholder for this project-devel ConOps is the HRP ExMC Element. However, there are multiple potential stakeholders for CDS beyond
the ExMC Element insofar as Earth Independent Medical Operations (EIMO) that would incude OCHMO/HTMA, MedOps, and the crew office.
This ConOps also supports the main CDS project goal, which is the delivery of recommended CHP CDSS functional reguirements to the ExMC
Element. In addition, the CDS project addresses the ExMC gap Medical-701 within the Inflight Medical Conditions risk: Enhance medical
capabilities within an exploration medical system.

11

Stakeholder Needs


Presenter Notes
Presentation Notes
The operational concept must include scenarios for all significant operational situations, including known off-nominal situations. To develop a useful and complete set of scenarios, important malfunctions and degraded-mode operational situations must be considered. The importance of early ConOps development cannot be underestimated. As system requirements become more detailed and contain more complex technical information, it becomes harder for the stakeholders and users to understand what the requirements are conveying; i.e., it may become more difficult to visualize the end product. The ConOps can serve as a check in identifying missing or conflicting requirements.




CDSS Medical Scenarios

Personalized Nutrition

Cabim Atmosphene Problem ldentification

Chest Trauma with Preumotherax

Kidney Stone

Bone Health

CES Configuration

Data Input Correction During a Cognitively Rigorous Task

Emergency Care by a Non-CMO

Scenarios present a narrative that describes
that actions of the actors in the medical

event. Scenarios include:
« Context
* Narrative
« Highlighted Functionality
» Assumptions
« Activity Diagrams

Scenario Excerpt

Narrative

Hours after exercising, a CM logs into the medical system reporting a headache. The CDSS
assesses the pharmacy resources, references the CM's EHR for treatment
contraindications, and recommends taking an oral nonsteroidal anti-inflammatory
medication. The CM accepts the recommendation and logs consumption in the medical
system. A second CM logs into the system twelve hours later and performs an exercise
workout. They both finished early, and the system notices they performed 70% of today's
workout load and tags the event as possible exercise intolerance. Finally, a third CM is
tagged "fatigued," as suggested by their monitored eye-lid closures and speech latency via
a personal computer camera that observes a crew member. For example, the CDSS results
may be derived from a Percentage eye openness tracking (PERCLOS) model.

11-




("act [Activity] Emergency Care by a Non-CMO | Emergency Care by 8 Nan-CMO | |

Activity Diagrams
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XMC\ CDSS Requirements

Requirements Main Page

Home

Reqmrements Content:
Requirement Table
* Requirements with Traces to
Parent Requirements
* Requirement Matrix
» CDSS Requirement Development
Process Document

CDS Requirements Overview

Maote: These requirements started review as MASA -STD-3001 Volume 1, Revision B and MASA -STD-3001 Volume 2,
Revision C were released in 2022. Future updates to and'or use of these requirements should evaluate the requirements
with respect to these standards.

R R D

5E Level 4.1 Table SE Level 4.1 wi Relationships Table SE Level 4.1 Matrix

CDSS Process Document includes:
* Project background
 Approach to:

o Requirements development

o Requirements tracing

o Prototype software development
* Review processes

* Applicable and reference documents

>

CDSS ProcessDocument.docx

14




CDSS Requirement Table

Requirement

D Derived From

# Requirement Category Requirement Subcategory CHP Requirement Level Requirement Name Requirement Text Requirement Rationale

Data Presentation

Data Presentation

Data Presentation

Data Visualization

Data Visualization

Data Visualization

CDs5-0001

CD55-0003

Level 4.1

Level 4.1

Level 4.1

Present CDS5S data

Present diagnoses

Present treatment
options

The CDSS shall
provide data
visualization.

The CDSS shall
presenta
differential
diagnosis.

The CDSS shall
present
treatment
options.

Requirement tables provide:

 Requirement name

The Clinical Decision Support System (CD5S)
must provide results from descriptive or
advanced analytics to the user. Since the CDSS
will be comprised of several algebraic algorithms
and artificial intelligence based models, the user
will need to receive the output of those analyses
visually. These analytical results are new
knowledge or insights derived from the
information (e.g., data). Furthermore, these
results should be available on a fixed display and
portable devices (e.qg., laptop, tablet, phone).
Screen sizes and resolution to be determined by
Level 5 requirements.

The CDSS must provide suggested/possible
diagnoses from an artificial intelligence based
diagnosis model. For example, the CDSS may
provide several probable diagnoses where each
condition is listed with the associated probability,
confidence and severity. In addition, the CDSS
must support alternative diagnoses that allow the
user to independently access onboard medical
databases as alternate sources of information.

The CDSS must display treatment options for the
diagnosed medical conditions. For example, the
treatment options may be based on the resources
available where pharmaceutical stock levels are
presented and the caregiver may select the

annaramrista Aeos

« Requirement statement (e.g., The CDSS shall...)
- Rationale
« Trace(s) to parent requirements

El Bl E

El Bl k]

Present data

Present medical dat
Provide access to m
Present data

Present data
Present medical dat
Provide access to m
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CDS Project Summary

The CDS Project concluded at the end of FY22.

The following will be made publicly available in 2023:

Documentation

 ExMC CDSS Architecture Recommendation (HRP-48032), Rev A
« ExMC CDSS Concept of Operations (HRP-48033)

« ExMC CDS Use Cases for CDSS (HRP-48069)

SysML Model

» CDS Project Systems Modeling Language (SysML) model that
contains:
— Revised CDSS concept of operations (HRP-48033)
— Updated activity diagrams
— Baseline CDSS requirements

HRP-48032

Exploration Medical Capability
Clinical Decision Support System
Architecture Recommendation

Verify this is the correct version before use
hitps:/hrp sp jsc nacs sov/HE P2 0Pazes HR P (Doonment o2 (0 fanamarment®s 20 5ystam sspe

September 29, 2022
Rev. A

National Aeronautics and Space Admimistration
Lyndon B. Johnoon Space Centar
Hounston, Tewxas
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