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Dec 11, 2017: 
5:30am…

Let’s start with a case…



October, 2017: To the ER…

• Acute Paroxysms
• Severe Headache
• Profuse Sweating
• Palor
• Palpitations
• Panic/Anxiety
• Flank Pain
• Nausea
• Tachycaria
• Severe Hypertensive

• Years of symptoms 
• Discharged as atypical migraine…



Spells continue… 
what is this?!

• Back home to Indy

• 4 more ”spells” 

• Neurologist – “occipital neuralgia”

• Back to work -> another spell

• In my office, realized what this must be...

• Called MD to get tested…



Diagnosis: 
Results while 
at AMIA 2017

• Metanephrines >30x normal!

• Diagnosis confirmed: 

• Pheochromocytoma

• Next steps…

• Needed CT abdomen

• Had to push

• Needed treatment

• Rushed Endo visit

• Started Rx

• Needed experienced surgeon

• Had to search

• Ramping up Rx

• I accelerated by 1-2 
months



Recovery and Lessons/Realizations

• Upon awakening:

• Grateful! Lucky!

• Realization:

• I could have died

• Others have

• I didn’t because of who I am

• Not right! Not necessary!

• Many ways that my diagnosis, care, & future care of others 
like me could have been improved through informatics

• We must learn and do better!



Lesson #1: Diagnostic Error Abounds!
We can must do better!

Alternative: 
“When you hear hoofbeats, expect horses, but consider zebras”



Internist-1/QMR

MYCIN

Diagnostic DSS – still limited at point-of-care





Lesson/Realization #2a: 

Actually, we do have one common way of learning, as a system…

Lesson #2: We don’t have a LHS today



The Learning Health System (LHS) - Definitions

“Learning health systems (LHS) are healthcare systems in 
which knowledge generation processes are embedded in 
daily practice to produce continual improvement in care.”
Source: Olsen L, Aisner D, McGinnis JM. The learning healthcare system: workshop summary. Natl 
Academy Pr; 2007



Haynes, B. et al. BMJ 1998;317:273-276

Traditional path 
from 

generation of 
evidence to its 

application



Research-Practice 
Paradigm – EBM+EGM

• Clinical care activities not entirely 
distinct from research activities

• Must consider EGM when we practice 
to advance science and care

• Many EGM activities ongoing & need 
support to achieve goals

• Advancing EGM is critical to 
completing the EBM lifecycle

• Multiples enabling factors & 
stakeholders Embi PJ and Payne PR. Medical Care. Aug 2013



We want a learning cycle, but…

Embi & Payne. Medical Care, 2013

• Even a simple form of learning – “What did I miss?”

• Absence* of feedback loops for clinicians, the system

• Even when “system” has/can share new evidence

• We haven’t decided to use system for “learning”



Local 
Learning 
Systems…

Goals

“Learn from every patient” 

Overcome fragmentation among current 
units/committees, ”silos of excellence”

“Scale & Spread” - systematically monitor, 
study, scale

Improve care/satisfaction among 
stakeholders

Improve processes, efficiency, outcomes, 
costs (value)... In an equitable manner

Accelerate discoveries and translation of 
evidence 

Disseminate discoveries, experiences and 
best practices 

Leverage LHS approaches as key 
differentiator



Lesson #3: Data are Critical 

• Data relevant to health largely exist beyond 
traditionally collected healthcare data



In my case: Tachycardia at rest each day



Informatics & 
‘omics integration

Informatics must provide 
coherent framework for dealing 
with multi-scale, population data, 
including:

• Phenome, 
• Genome, 
• Exposome 
• their interconnections. 

Exposome informatics: considerations for the design of future biomedical research information systems  (Sanchez FM, et al. JAMIA. 2014.)



LHS Infrastructure: 
Learning From Data 

Bridging Health IT 
and Informatics

Payne, PRO, Wilcox A, Embi PJ, Longhurst C. Learning Health Systems. 2022   (Learning from Data Series)



Lesson #4: Creating AI-Enabled LHS is a 
Socio-Technical Challenge

• Information Technologies only part of the solution

• Fiscal/Administrative

• Aligning incentives

• Cultural/Behavioral

• Individual/Societal concerns

• Must consider EGM issues 
at several levels

• Policy level

• Systems level

• Individual level

• A growing area in need of focus: Artificial Intelligence in Health/care…

Policy: Regulations, 
Payment/Insurance

Systems: Hospitals, Practices, 
Vendors

Individual: Patients, Physicians, 
Nurses



AI Poised to Transform Healthcare and Academic Medicine



Ongoing Activities in Health Artificial Intelligence



Health AI Research & Development

Implementation 
of Innovations

AI 
Implementation 

at VUMC: 
Informatics/ 

Health IT

  Foundational AI at VUMC: DBMI & 
ADVANE AI Center; Biostatistics; 

Computer Science



Focus and Goals of ADVANCE Center

Transform Develop AI best practices to transform health care at VUMC Health and 
beyond

Ensure Ensure that AI systems and solutions are effective, safe, and  ethical

Grow Grow academic and industry partnerships in AI

Educate Expand AI in medical education across training spectrum

Enable Provide shared infrastructure, knowledge diffusion and professional 
services for AI-driven solutions

Strengthen Strengthen AI capabilities to provide new and impactful insights into 
health and disease

Increase Increase access to expertise in Health AI across enterprise

Accelerate Accelerate adoption and use of AI solutions and develop best practices

Research: 
Foundational and 
applied science 
and ,methods 

Dissemination: Develop 
share and deploy via 

publications, partnerships 
& tech transfer

Practice: 
Implement and 

transform health 
& healthcare

Expertise

Operational 
Excellence

Infrastructure

CollaborationGovernance

Ethics and 
Equity

Training



VUMC AI 
Governance: 

Led by AI 
Technology 
(AIT) 
Committee

Tracking and 
responding to 

changes in federal 
and state AI 
regulation

Writing policies and 
refining approaches to 

safe, effective, 
compliant use, while 

enabling 
research/innovation

Managing 
procurement of 
"internally-" & 

"exeternally 
sourced" AI 

solutions

Inventory of AI 
solutions and 
deployments

Development of Al 
capabilities for ongoing 

monitoring of 
algorithms 

(Algorithmovigilance)



AI-driven Healthcare

• Growth in AI-driven healthcare

• Ongoing development and application of such tools

• Significant potential for improved care and efficiencies

• Evidence of unintended negative impacts

• We need for a “learning system” to:

• Monitor algorithm-driven healthcare for effects 

• Mechanisms respond/adjust to unintended effects, 
drift



Need to 
monitor 

healthcare 
Algorithms

Biases in Data: 
Known and Unknown

Caution about 
generalizability

Unexpected results 
can be expected

Must monitor to 
promote trust

Need new systems 
and approaches 

Essential for safe, 
efficient, effective and 
equitable care



”Algorithmovigilance”

“The scientific methods and activities 
relating to the evaluation, monitoring, 
understanding, and prevention of adverse 
effects of algorithms in health care.”

Akin to pharmacovigilance for monitoring 
drug effects

Increasingly important as AI/ML-derived 
algorithms are used

Embi PJ. JAMA Network Open. 2021;4(4):e214622. 



Algorithmovigilance via learning health system

Monitor to 
determine 

effects

Change 
based 
upon 

findings 

Deploy 
and use in 
healthcare 

settings



Continuum of 
algorithmovigilance 
approaches to ongoing 
model monitoring and 
maintenance

Sustainable deployment 
of clinical prediction 
tools—a 360° approach 
to model maintenance 
Davis S, Embi PJ, Matheny M.
J Am Med Inform Assoc, May 
2024



The Vanderbilt Algorithmovigilance Monitoring and 
Operations System (VAMOS)

• Novel socio-technical system 
of processes and analytical 
dashboarding for (near) real-
time Health AI monitoring: 

• Organizational 
governance and 
oversight

• Capturing and Reporting 
Adverse events

• Team-based monitoring 

• Responding to issues



VAMOS Human 
Centered Design: 

Emergent Design 
Considerations

Support a broad range of users with differing goals and expertiseUsers

Support diverse algorithms and implementation use casesUse Cases

Enable access to model facts, criticality and organizational contactsMeta-Data

Support analytic functions including performance metric 
monitoring and drift detection

Analytics

Provide flexible & customizable temporal displays of algorithm 
performance and impact 

Flexibility

Receive and display feedback from algorithm end-usersFeedback

Log notes and action items for each algorithmNotes

Provide reporting tools geared to multiple audiencesReporting

Support communication about algorithmic management between 
technical, operational, and clinical teams 

Communication



VAMOS 

(VIGILANT AI MONITORING AND OPERATIONS 

SYSTEM)

Initial Users: 

✓ AIT – VUMC AI Governance Committee

✓ VUMC Health IT 



Model Name State Criticality Class Type Notices PERFORMANCE PROCESS OUTCOMES FAIRNESS

Cornelius Active 3 Clinical BPA Fire rate increase

Surgical 
scheduling

Inactive 1 Operations Patient list Accuracy drift

Post-partum 
hemorrhage

Maint. 1 Research Storyboard Urban/rural issue

AI-VTE Active 2 Clinical Order set VTE rate increase

Others …

Multiple metrics continuously 
monitored for drift, anomalies, 

and differences in sub-
populations

Alerts generated and 
sent to model 

contacts for any 
“red” status 

Types of notices:

Review due soon

Feedback from end users  

Input features

Upcoming planned downtimes

Upcoming changes/upgrades

Other anomalies ...

Show: All Search: Show Alerts Generate ReportsGenerate Task List

Show: All

All/None

Active State

Maintenance State

Inactive State

Research Class

Clinical Class

Operational Class

Others ...

VAMOS DASHBOARD: MOCKUP 

*Patent Pending



VAMOS Application

*Patent Pending



VAMOS Application

*Patent Pending



TM

Local AV 
System

Governance 
and oversight

Tech/Human-
driven 

Monitoring

Responding 
to issues

Capture & 
Reporting 

Events
Local AV System

Local AV System

Local AV System

Local AV System
Federated 

AV 
Sharing

Creating a Federated Algorithmovigilance (AV) Network



Next Steps / 
Opportunities

Expand to other users / use cases & 
Validate

Invitations for early adopter sites/ 
VAMOS Collaborative partners

Standards development (technical, data, 
API, Measures, Responses, etc.)

Enhance Platform, Grow Open-Access 
efforts, Establish Network



Lesson #5: Informatics can must help 

• Support Informatics-enabled LHS for discovery & care

• Effective AI to improve prevention, diagnosis, treatment

• AI to accelerate discovery and translation to practice

• Informatics & AI to overcome health disparities

• Empower people and systems to improve health/care

• Create a virtuous cycle of activities to advance 

healthcare, quality, research, and public health

Embi, Peter J., Payne, Philip R.O. "Evidence generating medicine: redefining the 
research-practice relationship to complete the evidence cycle." Medical care 51 
(2013): S87-S91.



Lesson #5: We can 
must help 

• Urgency! 

• People are suffering. Needlessly. 

• Shouldn’t have to be an MD, well-
connected, to get great care

• The system isn’t working for too many

• Where we know how to fix it, we must act!

• Where we don’t (yet), we must continue to 
innovate!

Art by M. Natter



Thank 
You! 

Questions or Comments?

peterembi

peter.embi@vumc.org

Business Card
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