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There is exponential growth in 
the number of machine learning 

projects representing the 
multitude of use cases in 

healthcare.

https://pubmed.ncbi.nlm.nih.gov/?term=machine+le
arning&filter=years.2011-2021&timeline=expanded
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What Makes Healthcare Different?

Identifying the Problem AI Deployment 

Solution Performance Regulation and Trust
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Identifying the Problem | What is relevant?

• Understand org-wide priorities and challenges

• Assess current workflow and solution

• Spot issues and propose practical, fast solutions

• Plan model integration and affected roles

• Compare AI with simpler or cheaper alternatives

• Confirm data and labels are available

• Outline key components for success
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Identifying the Problem | Cardio AI Collaboration

>8,000,000

1:5

$69,700,000,000

Lifetime risk of developing HF for both men & women >40

# of adults with heart failure in the U.S. by 2030

$ spent by U.S. health care annually on heart failure

Mozaffarian D, Benjamin EJ, Go AS, et al. Heart Disease and Stroke Statistics-2016 Update: A 
Report From the American Heart Association. Circulation. 2016;133(4):e38-360.

Heart Failure Has Widespread Societal Impacts
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▪Goal: Transform 
cardiovascular 
health and heart 
disease prediction 
and prevention

▪Approach: Apply AI 
and machine 
learning to 
multi-modal data to 
screen for heart 
failure, predict 
progression, and 
inform care 
decisions 
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Identifying the Problem | Cardio AI Collaboration
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Identifying the Problem | Cardio AI Collaboration

Areas of Focus
▪ Heart Failure Reduced Ejection 

Fraction
▪ LVAD
▪ Transplant
▪ Cardio-Oncology
▪ Heart Failure Preserved Ejection 

Fraction
▪ Cardiac Amyloidosis
▪ Hypertrophic Cardiomyopathy
▪ Valvular Disease
▪ Myocarditis
▪ Cardiac Sarcoidosis
▪ Pulmonary Hypertension
▪ Cardiogenic Shock

Topics of Interest

Diagnosis

Prognosis

Monitoring

Risk 
Stratification

Prevention

Treatment

How do you get started?
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Identifying the Problem | Cardio AI Collaboration

Identify disease 
processes with 
low cost readily 
available data

Understand 
severity of illness 
and management

Model disparities 
in healthcare

Screen for cardiac 
pathology on 
existing scans

Prognosticate 
using multimodal 
data sources

Screen for 
transition to 
advanced heart 
failure
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AI Development | Life Cycle

Data Extraction
Anonymization
Curation
Annotation
Model Training
Model Validation
Model Evaluation
Integration
Monitoring
Continuous Retraining

Data 
Curation

Model 
Training

Model 
Deployment
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AI Development | Cardiovascular Data Infrastructure 
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AI Development | Cardiovascular Data Infrastructure 

Acquisition
process

Raw data spread across 
systems/vendors/ 

campuses

Centraliz
ed

raw data

Standardi
zed
Data

Data ready for 
research/ analysis/ 

modeling

Standardizatio
n

Advanced
Transformatio
ns

Developme
nt
of models or
analyses 
(for
research,
clinical care,
operations)

Analysis results, 
models/ research 

outputs

etc
…

▪ Hardware 
upgrade

▪ Imaging data 
pipeline

▪ System 
integrations

▪ Data archiving

▪ National 
registries

▪ EHR Registries
▪ Echo data 

tables
▪ IDCO
▪ Standardized 

models

▪ EP research 
repository

▪ ACHD research 
repository

▪ HF research 
repository



AI Development | Cardiovascular Data Infrastructure

▪ ECG machine upgrades to transmit all ECGs centrally
▪ Prospective “printing” to .xml files
▪ Conversion of >10 million ECGs to .xml files

Electrocardiogram (ECGs)
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AI Development | Cardiovascular Data Infrastructure
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AI Development | Model Build

Echo - VO2

Echo 🡪 VO2

CT - EF ECG - Dynamics

CT 🡪 LVEF ECG 🡪 Hemodynamics

Remission - HF

Echo 🡪 LV Recovery

Remote Management

Device 🡪 Treatment

Opportunistic screening is the practice of 
detecting diseases or health risks during routine 
clinical care, even when the patient isn't being 
evaluated specifically for that condition.
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AI Development | Model Build

• Echocardiography is commonly available but limited in estimating mortality.

• Cardiopulmonary exercise testing (CPET) is a strong mortality predictor but 
requires specialized equipment and expertise, limiting accessibility.

•5–25% of heart failure patients progress to advanced 
stages (~200,000/year).

• 1-year survival without advanced therapies is 25–50%; 
only ~6,000 receive advanced treatments annually.



Echo- VO2
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AI Development | Model Build

• Over 80 million computed tomography 
scans(CTs) are performed in the US yearly. 

• Many CTs ordered for non-cardiac indications.

• Opportunity to identify patients early that 
would benefit from optimal heart failure care.
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AI Development | CT-EF



24

AI Development | Centralized Remote Management Program
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AI is poised to transform medicine if we can 
empower our providers by effectively 

delivering this assistive technology into the 
healthcare system.
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AI Deployment | Process Flow

Wang F, Beecy A, Implementing AI models in clinical workflows: a roadmap, BMJ Evidence-Based 
Medicine Published Online First: 24 June 2024. doi: 10.1136/bmjebm-2023-112727
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AI Deployment | Sample Model Integration Points

This is not real patient data.



28

AI Deployment | Sample Model Architecture

Cloud API EHR

Predictive Model

Run 
model

Get 
Results

Web Server VM FHIR 
API

Send Model 
Results

Get Patient 
Data

Result 
Component

BPA

Storyboard

Dashboard

Reports

FHIR 
Call 

FHIR 
Call 
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Solution Performance | Monitoring and Surveillance

Platform
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Solution Performance | Monitoring and Surveillance
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Solution Performance | Model Performance

An AI solution 
requires contextual 
assessment

Determine the 
testable metrics at 
the initiation of 
integration

Compare the metrics 
to standard of clinical 
care before 
integration 

Consider ability to 
measure the metrics 
and the resources 
involved

The solution 
performance is more 

than an AUC
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Solution Performance | Adaptive Systems

Rosenthal, Jacob T., Ashley Beecy, and Mert R. Sabuncu. "Rethinking clinical trials for medical AI 
with dynamic deployments of adaptive systems." npj Digital Medicine 8.1 (2025): 1-6.



33

Transparency and Trust | A Heart Failure Learning Health System

HF Clinical Team 
Reviews Patient List

Registry of AI 
Results

Recommendations are MadeFollow-up and Monitoring

Clinical Data Entered 
into Chart

An iterative process where the AI model's outputs are continuously collected.
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Solution Performance | Governance 
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Solution Performance | Governance 

Slide courtesy of Beth 
Percha
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Regulation and Trust | National Collaboration
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Summary

▪Spend time up front understanding the problem, the 
proposed integration and the resources needed

▪Verify the presumed value propositions via testing in 
real-world integration

▪Understand the performance with integration includes 
more than the technical metrics

▪Build consensus and trust with stakeholder 
involvement, transparency and communication
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Questions


