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Clinical Decision Support System (CDSS)

A software tool to act as an assistant off-
loading tasks, alerting anomalies and
making timely suggestions when required.



Presenter Notes
Presentation Notes
This project researched the role and functionality of a CDSS for Earth Independent Medical Operations. The project developed a roadmap of prioritised technologies that contribute to long duration missions and produced prototypes based on representative Use Cases to extend learning and validate approaches in computational modelling, use experience and software infrastructure. 

The CDSS’s role is to assist the CMO and rest of the crew in prevention, detection, diagnosis, and treatment of countless medical conditions that could arise in spaceflight, exacerbated by  decrements in sleep, cognition, nutrition, and exercise. While such demands exist today on the ISS, near real-time communications allows the burden on decision-making to remain on the ground based in the Mission Control Centre. Long duration exploration missions will shift a lot of this decision making capability forward to the vehicle and crew to increase autonomy, and the CDSS software tool is intended to support and optimize that process. 

The scope of conditions for a CDSS in space is determined by a MEDICAL CONDITIONS LIST which is over typically over 100 conditions. This means there is a large task in figuring out a computational model, user interface and data set to based all the decisions and suggestions on. How this is validated to be fielded is also an open question given we have not travelling into deep space previously.




A CDSS Tool Must be Context Aware

Adapt to

« “Knowledge, Skills and Abilities (KSAs)” and fatigue

* Acuity and severity of scenario

« Resource constraints and mission duration


Presenter Notes
Presentation Notes
Any tool will need to adapt to various situations including who is using it, what their training level is for the particular scenario and their current capacity to perform. 

The acuity of the scenario will change types of assistance required.

As the mission progresses resources and time left to arrive home will change HOW treatment is performed. 


How Can a Software Tool Help?

— Increase “Scope of Practice” levels for crew

— Automate data entry and recall across the team
* e.g., Electronic Health Record (EHR), pharmacy, resources

— Remove unnecessary information on screen

— Assist with decision making for diagnosis, treatment
and observation

— Continually monitor systems and crew to detect
anomalies early.
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Presenter Notes
Presentation Notes
The Scope of practice for crew member should be increased when being assisted by a CDSS. They should be faster, make more accurate decisions and have more options available. Outcomes should be improved for the patient and mission.

Automation of data and communication at point of care, amongst the crew and to the MCC is a simple and valuable requirement.  There are many actions that can be easily automated by software to reduce the work load of the, such as knowing what resources are available, their location and predicted future use of those resources. 
�The more complex area of CDSS is assisting with decision making which covers multiple use cases , over 100 conditions and needs to be systematically defined to enable a logical implementation and validation strategy.

Lastly, Computers are very good at continuously monitoring data and detecting anomalies. Early detection of conditions can significantly increase the chance of successful treatment. 




Benefits of a CDSS are found in applications such as emergency assistance, alerts and notifications,
prevention, training, guidance for exam procedures, monitoring crew performance and diagnosis of
symptoms R
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Presenter Notes
Presentation Notes

We have many terrestrial examples of automation and assistance to draw from for space missions. These are often from military and wilderness medicine for emergency scenarios and increasingly from consumer applications for wearables applied to wellness.

 



GUIDELINES to assist in saving a life

VITAL SIGNS for progress/severity feedback

DIAGNOSE conditions (many more than AMCL)
- Identify WHAT to TREAT,
- Most severe, most probable

TREATMENT

- Knowledge on how to treat

- Check drug drug interactions, allergies

- Manage resources for now + rest of mission

OBSERVATION
- Check if treatment is working
- If NOT then change Dx or Tx

PASSIVE MONITORING

- Modelling risks e.g. kidney and bone loss

- Low hassle passive monitoring

- Anomaly detection reduce monitoring burden



Presenter Notes
Presentation Notes
To realize a context aware tool, we need to view the CDSS by acuity level which leads to a natural prioritization of features

1/ we start with medical scenarios  from the accepted MEDICAL CONDITION LIST for the mission, typically over 100

2/ we optimize implementation decisions guided by the MISSION OUTCOMES ON THE RIGHT. 

3/ EMERGENCY– Assistance is focused on helping in a time constrained scenario where ABC’s buy minutes to save a life. Human Interface is simple comprehend under stress. Pre-defined workflows and vitals signs are are the priority on screen.

EXAMPLE - CARDIAC ARREST – Scene safety including communication with the vehicle systems (e.g., turn the lights up full and check CO levels), ABC’s buy minutes to save a life. Human Interface is simple comprehend under stress

4/ ROUTINE clinical assessments cover the largest number of conditions and symptom resulting in the largest challenge when modelling CDSS. 

- The Dx needs to ask the minimum number of questions in the same order as an expert clinician. This is a Machine Learning probabilistic model with each question being chosen immediately after the last answer. The NEXT BEST QUESTION has the largest positive predictive value for the differential diagnosis. The Dx workflow needs to follow a normal diagnostic process with context, symptoms, test and measurement.
The Treatment model is a expert knowledge base plus  automation of simple tasks such as drug interactions and checking for allergies and offers treatment options based on the diagnosis.
Observation provides care management,  treatment escalation if symptoms persist giving new information to the diagnostic model or managing the discharge after successful treatment.
5/ PREVENTION offers the chance to reduce serious disease and needs to be a low hassle back ground activity by the CDSS. A combination of sensors and Ai enable monitoring of vitals, behaviour and other environmental conditions to update digital twins of the crew including risk models that may alert of risks exceed thresholds. Anomaly detection can significantly reduce analysis burden.
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Presenter Notes
Presentation Notes
We have seen how each acuity level is a potential starting point for the CDSS with a prioritised work flow and technology requirements based on acuity.

However in reality, the CDSS needs to shift seamlessly between contexts. 



EXPLORATION MEDICAL CAPABILITY
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Presenter Notes
Presentation Notes
Here we can see three layers of how to view the system, 1/ user interaction 2/ computational models and 3/ lastly the datasets that have to be available. 

We can see the patient logs in and starts a diagnostic session, the diagnostic model determines that kidney stones is a possibility and refers to the kidney model which has been calculating the risk of crew kidney stone in the back ground. The probabilistic analysis determines a kidney stone is most likely and moves onto treatment recommendations. 

This is automatically updated into the electronic health record.
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Presenter Notes
Presentation Notes
The CDSS prototype developed in the project included an architecture to communicate with other systems in the vehicle and allowed us to develop example graphical user interfaces to understand workflow and information priorities. Example computational models were developed with datasets to enable real interaction and uncover implementation challenges.

The following slides will cover some the screens developed in the functional prototype that used real data and machine learning models to make decisions.
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Presenter Notes
Presentation Notes
The Emergency screen is about saving life with immediate diagnostic and immediate intervention. Simple, clear fast, effective. The work here includes work from the Human Systems Integrations division at NASA Ames Research Center in California including Barbara Burian and Bettina Beard. 

Pre-determined protocols exist, just in time training allows the system to adapt the KSA of the operator, vital signs show the current state of the patient and simple timers remind a busy clinician of time critical tasks. 
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EXMCE)  Differential Diagnostics

= Lucia Perez - Crew Medical Officer
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Report

Assisted decision making

* Naturalistic decision making like a human

* Next best question with greatest positive predictive power
* Probability, severity and confidence to aid decision making
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Presenter Notes
Presentation Notes
Here we see a screen providing a differential diagnostic run by a computational model asking questions and providing rea time diagnostics. This is a complex scenario for the human and the computer.

The design assumed 100’s of possible conditions starting with a chief complaint. 

The knowledge base generation for this task is large and modelling approaches need to enable a process that matches how a human would perform the task.

An interesting learning from this project was how to communicate probability, severity of a condition and also the models confidence in each output. The human is ultimately responsible in deciding which diagnosis to follow. 


MC)  Treatment

EXPLORATION MEDICAL CAPABILITY
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Presenter Notes
Presentation Notes
This screen shows possible treatments for a given diagnosis with applicable information to allow the user to make a the best choice, 

The knowledge base generation for this task is large and requires many inputs and options for patients preferences and resource availability.

Here we can see the treatment is segmented into drugs, interventions, therapies, wellness and external options. Its also important to show the automated outputs such as allergies, drug interactions and end of mission estimated stock levels so thew crew can decide if THIS time its worth using the drugs or of they should keep them for later. 
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EXVC Summary

« Autonomy will increase with duration and distance
« CDSS will increase autonomy by increasing Scope of Practice

« CDSS Modelling is restricted to approaches that run parallel to human
decision making to assist throughout the clinical process.

 Validation is important.
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THE END


Presenter Notes
Presentation Notes
NASA Presentation Sign-Off Page


EXMCE Autonomy =

%
Crews WJ|| become increasingly autonomous
requiring deC|S|o,ns and actions to be made with
less support from the mission control center.
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Presenter Notes
Presentation Notes
There is a need for increased autonomy for longer duration missions.
Limitations include…..


Clinical Decision Support

Part of Crew Health and Performance
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Presenter Notes
Presentation Notes
A CDSS is a part of Crew Health and Performance system 
Each part of the CHP system interacts to maintain crew performance and treat conditions of they occur. The CDSS system will take context and environmental data into account when making decisions, for example the level of environmental CO2 will effect the likelihood of a headache. 
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