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We still suffer from an evidence to practice translation gap

17 years for 
14% of original 

research to 
benefit patients

Balas, 1998; Balas and Boren, 2000; Green et al., 2009



And even when we do get evidence into guidelines time constraints 
limit our ability to deliver best practice

Porter, 2023

“Our study found that a primary care physician (PCP) would need an 
infeasible 26.7 hours per day to provide preventive, chronic disease, 

and acute care for an average US adult patient.”



One thing done to help remedy this problem

• We created easy to memorize treatment algorithms

• The problem with this solution:
• Contributes to a one size fits all approach

Brasel, 2016

Does every patient ≥ 65 years old 
with ≥ 3 rib fractures really need 
to go to the ICU or stepdown?

Is it possible to overcome these gaps: (1) evidence to 
practice gap, (2) physician cognitive overload, (3) one 

size fits all approach

and transform medical delivery to provide more 
efficient evidence-based and personalized care? 



The Learning Health System integrates three disciplines: EBM + AI/ML + CDS

Evidence-based 
Medicine 
(EBM)

Historically, Learning Health 
Systems have primarily concentrated 

on the healthcare system level. 

We need to aim to elevate this 
concept to a national scope linking 

multiple systems within a 
“Learning Health Network”

Data Analytics (AI/ML)

Clinical Decision 
Support Systems 

(CDS)



What is Clinical Decision Support?

Provides evidence to providers typically at the point of care

Two common types in medical practice:
1.) Model-Driven (Driven by an AI model or a scoring system, i.e. LRINEC)

2.) Knowledge-Driven (Driven by a clinical practice guideline)



CDS to deploy COVID-
19 clinical practice 

guidelines

Clinical Decision Support to deploy COVID-19 clinical 
practice guidelines



Rib Fracture Clinical Decision Support Care Map



Problem with these examples of decision support shown which are commonplace:

1.) INTEROPERABILITY - Institution and EHR (i.e. Epic, Cerner)- specific
2.) MANUALLY INTENSIVE – Each institution to build and deploy, not computable, not plug and play
3.) Usability (UI/UX) nightmare

HL7 FHIR allows a 
standardized interoperable set 

of rules to exchange 
electronic healthcare data



Historic

App
Download from 

Epic/Cerner App Store
Plug and Play



The Learning Health System integrates three disciplines: EBM + AI/ML + CDS

Evidence-based 
Medicine 
(EBM)

Data Analytics (AI/ML)

Clinical Decision 
Support Systems 

(CDS)



Evidence-based Medicine as a discipline is undergoing major transformation
Hi
sto
ric

• A society or group conducts a systematic review
• A guideline committee generates guidance and an 41 page 

narrative PDF guideline is written
• Each health system then has their local experts interpret that 

guideline and create a set of rules/algorithm
• Each health system’s IT team then builds that natively into 

their EHR as decision support 
• 5-10 years later that society updates their guideline and the 

process repeats



EBMonFHIR developing standards for sharing systematic review data such as 
citation, study design, outcome definitions, risk of bias, certainty of evidence

EBMonFHIR Risk 
of Bias: Low

EBMonFHIR Study 
Design: RCT

EBMonFHIR 
Study Design: 

Evidence 
Certainty Rating

Imagine how easy 
systematic reviews, meta-

analyses, and annual 
updates to guidelines would 
be if every published paper 
had their attributes already 

stored in SRDR+



Evidence-based Medicine as a discipline is undergoing major transformation



The Learning Health System integrates three disciplines: EBM + AI/ML + CDS

Evidence-based 
Medicine 
(EBM)

Data Analytics (AI/ML)

Clinical Decision 
Support Systems 

(CDS)

So how does AI fit into 
all of this? 



Lets go back to our rib fracture treatment algorithm

Current State

One size fits all

Best practice for rib fracture patients age 66 and 
older with 3 or more rib fractures is admission to 

the ICU
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> 65 year old with 3 rib fractures

Don’t forget additional dimensions:
What if they are a smoker with empysema?
What if they are on home oxygen?
What if they have a collapsed lung?
Do X-ray findings/features inform treatment?

AI/ML allows us to generate a patient specific probability 
that a treatment is beneficial. RCTs can then investigate if 

AI (personalized) outperforms current Std of Care



Example Clinical Decision Support BPA

Your patient has a rib fracture

Patient’s probability of mortality without ICU 
admission = 11% (95% CI 9% - 15%)

Patient’s probability of mortality with ICU 
admission = 4% (95% CI 2%-6%) 

Integration of AI tools into the Rib Fracture Care Map



Multicenter 
Pragmatic 

RCT

Current best practice 
for patients with rib 

fractures

AI generated optimal 
(individualized) 

practice for patients 
with rib fractures
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Images

CDS 
Services

Information card
Input Processing

Output

• Covid-19 storyboard 
update

• Add-on to patient list 
(optional)

• No BPA (no alert fatigue)

MH FV Electronic 
Health Record

AI Algorithm

ED patient

Inpatient with 
negative 

COVID-19 
status

Occurs in REAL-TIME

These algorithms can then become integrated into CDS systems



Diagnostic AI Model to 
read CXR and if ID’s rib 
fracture and turn on rib 

fracture care map

Treatment AI Model to 
determine if mortality 
lower with vs without 

rib fixation

Prognostic AI Model to 
recommend ICU, 

stepdown, floor and 
associated orders

Deterioration AI Model 
to determine if high risk 

of decompensation



How do we as a trauma community achieve

“...a health system in which internal data 
and experience are systematically 
integrated with external evidence, and that 
knowledge is put into practice.” 

- Agency for Healthcare Research and Quality



Learning Health NETWORK

• UMN was recently rewarded an AHRQ R18 grant 
to develop such a Learning Health Network for 
Trauma (PI: Tignanelli / Melton-Meaux)

• Need 3 key pieces to make a LHN
• 1.) Centrally Maintained Clinical Decision 

Support Applications
• 2.) Process for Evidence-Maintenance
• 3.) Shared Real-time Data Repository to 

enable AI



The Trauma Learning Health Network Team

Stanson
Health
Premier

Stanson Health



Centralized Decision Support Application – an example 
from Angry Birds

iPhone

Samsung/Android

Google Play Store

Apple Store

Angry Bird Server

Ranking Boards



Well now imagine if the “Angry Birds” Application was a 
Clinical Care Map for TBI Management

Indiana University

University of Minnesota

Cerner App Gallery

CDS Platform (i.e. Stanson, SmileCDR, 
National Decision Support)

Real-Time Clinical 
Benchmarking Reports

TBI
 CPG

TBI
 CPG

TBI
 CPG Database can be 

mined similar to 
NTDB



If the evidence or best practice changes, can update the 
application once centrally and push out update

TBI
 CPG
V2.0

TBI
 CPG
V1.0

CDS VendorAHRQ Evidence-Based Practice Centers



Developed a data infrastructure since 2020 to support 
“AI/Analysis-Ready Datamarts”

LHS Data 
Platform

Health System EHR 
Data
> 4.6 million M 
Health Fairview Epic 
since 2011

CQODE Data Core
2 Directors 
1 Administrator
2 Project Managers
1 Regulatory Specialist
1.0 FTE Solutions Architect
8.5 FTE Data Analysts
3.0 FTE ETL
2.0 FTE SQL Analysts
Over 20 Clinicians assisting

Omics Data
Proteomic, Transcriptomic, 
Metabolomic, Cell Surface 
Markers, Immunologic

EMS EHR
Imagetrend 
and Zoll

3rd Party 
DataOperative 

Videos!

Intraoperative and 
Procedural Videos

Social Determinants of 
Health
❖ 11 SDoH
❖ Gender Identity
❖ Sexual Orientation

Manual Disease 
Registries
NAACR (Cancer)
TQIP (Trauma)
NSQIP (Surgery)
GWTG (Stroke)
Etc…

❖ 7 PB of images
❖ 0.6 billion clinical 

notes
❖ + ECG, EEG, 

pathology, and 
other notes

❖ ECG images

Death Certificate Database
Immunization Database
Well Water Database
Wastewater Database
Radon Database
Environmental / Pollution Data:    
❖         EPA, ERS, CACES Databases

RPM Devices

Bluetooth Home Scales
Bluetooth Home Spirometers
Patient Mobile Applications

Device Data
❖ Staplers
❖ Ventricular Assist 

Device
❖ Robotic
❖ Neurosurgical
❖ NPWT (i.e. Abthera)



Center for Learning Health System Sciences

“US Healthcare Federated Learning Collaborative” – Founded in 2020

Federated partners 
1. M Health Fairview 
2. Indiana University
3. Emory University 
4. University of Florida 

Gainesville
5. Medical University of 

Carolina (In Progress)
6. University of North 

Carolina (UNC) (In 
Progress)

Corporate Partners: 
• CISCO 
• Nvidia
• Microsoft AI for Health



Diagnostic AI Model to 
read CXR and if ID’s rib 
fracture and turn on rib 

fracture care map

Institution N AUROC Specificity Sensitivity
MHFV 3738 0.89 0.83 0.84
UF 343 0.79 0.73 0.74
Indiana 5550 0.75 0.67 0.71

Rib Fracture AI Diagnostic Model



In conclusion, to enable the future digital transformation of trauma evidence-
based practice

• Current medical practice routinely fails to delivery evidence-based care

• Technological advances can expedite the evidence to guidance process in a more efficient, 
computational, and interoperable manner

• AI can enable personalized care and be readily integrated into decision support systems
• But AI requires new methods for data management 

We need to partner together to do this as a medical discipline ideally as a pilot across 5-6 
trauma systems in conjunction with medical societies, decision support vendors, and the 

tech industry with financial support from the ACS

We can serve as a model for the entire field of medicine



The Learning Health System integrates three disciplines: EBM + AI/ML + CDS

Advanced in Evidence-
based Medicine (EBM)

Data Analytics (AI/ML)

Clinical Decision 
Support Systems (CDS)

Evidence to 
Practice Gap

One Size Fits All 
Approach

Physician 
Cognitive 
Overload


