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Team-based, informatics-enabled, management for 

targeted chronic co-morbid conditions (Hypertension, 

Congestive Heart Failure, Diabetes) to improve process 

reliability, physiologic control, resource utilization & 

evaluation 

Innovation 

 Stratification algorithm triggers 

enrollment, process intensity & 

escalation 

 Inter-disciplinary team personalizes & 

manages to care plan 

 Process control & iterative design 

cycles support reliability & improvement 

Conventional 

Patient Centered Medical Home 

 Every patient has a medical home 

 

 

 Primary care coordinates with 

specialists  

 Transparent metrics support 

accountability & improvement 

Example 1: Care process - My Health Team 
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Common plan of care 
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Results as of week of January 2013 

 5,081 patients with hypertension 

– 78.5% control rate for patients after 8 weeks  

– Typical population control rate -- 45-55% 

 Significant levels of engagement 

– 72-87% of patients journaling BP values 

 Patients per Care Coordinator ~ 900-1000 

 

 

 

 



Today’s care process optimization 

Iterative cycles of: 

Plan 

Do 

Study 

Act 



Healthcare Ecosystem 

(Society) 

System Structure 

(Organizations) 

Delivery Operations 

(Processes) 

Health/Clinical Practices 

(People) 

Economic Model & 

Incentive Structure 
Human Productivity & 

Healthcare Costs 

Economic Returns & 

Performance Information 

Competitive Positions & 

Economic Investments 

Patient Care & 

Health Outcomes 

Care Capabilities & 

Health Information 

Vision: Model-based system design & analysis 

Rouse & Cortise (Eds.) 2010.  Engineering the System of 

Healthcare Delivery.  Amsterdam, IOS Press. 



1A 1B 2A 2B 3A 3B C 

1A 0.66 0.09 0.15 0.06 0 0 0.04 

1B 0.52 0.11 0.2 0.09 0.01 0 0.07 

2A 0.07 0.03 0.7 0.14 0.01 0.01 0.04 

2B 0.14 0.04 0.54 0.19 0.01 0.01 0.07 

3A 0.09 0.03 0.55 0.14 0.09 0.03 0.07 

3B 0.11 0.04 0.51 0.16 0.07 0.03 0.08 

C 0.38 0.1 0.27 0.11 0.01 0.01 0.12 

“What if” simulation of  care process alternatives 

Ga Tech Contributors: Rahul C. Basole PhD, Dr. Mark 

Braunstein, Trustin Clear, Hyunwoo Park, William B. Rouse 

PhD 

Transition Probability Matrix 

Dashboard 

Sample Results 



Vision: Adapting protocols to individual 

characteristics using control & feedback 



Example 2: Patient Engagement 

Patient records data  

to plan of care 

Clinician sifts & 

interprets data as it 

comes in 

Today’s approach is care-centric 



• Episodic and sparse data collection, limited to health 

information patient chooses to actively upload 

Data 

Patient 

involvement 

• Requires additional work from the patient to enter 

data into health journal or portal  

Clinician 

interaction 

• Requires additional work from clinician to interpret 

data entered by patient provides little incremental 

value in a vacuum 



Vision – Individual Life Management 

Sensors collect 

robust data 

continuously 

Data streams support 

pattern recognition 

Patterns inform 

life management 

aids and link in 

healthcare when 

needed  

Aids improve quality of 

life & care plan 

adherence 



• Sensors gather a rich variety of data. Context sensitive “whole life” 

algorithms detect patterns and inform individual life management aids.  

• Individual is supported in active life management, visualizing trends, potential 

for change, and actionable steps   

• Individual is alerted to link in healthcare when appropriate, proactively 

targeting clinician interaction to areas of concern 

• Privacy is protected by restricting access to summary 

interpretation/trends unless drill down is  requested & permitted 
 



Example 3: Harnessing healthcare for discovery 

Today’ standard: Genome-wide association study (GWAS) 



The electronic medical record as a platform for research 

De-identified DNA repository 
155k samples 

17k pediatric 

>28k with dense genetic data 

 

De-identification 

Clinical  
Notes 

Physician 
Orders 

Patient and Staff 
Messaging  

Billing  
codes 

Labs, Radiology, Test Results 

Synthetic 
Derivative 

Electronic Medical Record 

Discarded 

blood samples 

from routine 

testing 

~ 2 million records 

VanderbiltBioVU 

If eligible, 
extract DNA 

http://www.onlinetelemedicine.com/html/product/sam_images/X-Ray.jpg


Algorithm Development and Implementation 

 
 
 
 

Clinical Notes 

(NLP - natural language 

processing) 

Billing codes 

ICD9 & CPT 

Medications 

ePrescribing 

& NLP 
Labs & test results 

NLP 

Finding phenotypes in the EMR 

True cases 

Identify 
phenotype 
of interest 

Case & control 
algorithm 

development and 
refinement 

Manual 
review; assess 

precision 

Deploy in 
BioVU 

Genetic 
association 

tests 

≥95% 

<95% 



Proof of concept: normal cardiac conduction 

• Find individuals with normal 

cardiac conduction 

• Find genetic variants associated 

with QRS duration 

“Normal” ECG 

time 

No heart disease 
No Na-blocking drugs 
No abnormal K, Ca, Mg 

Hypothetical Record 

Myocardial infarction Atrial fibrillation 



GWAS of QRS duration  

SCN5A/SCN10A n=5,272 

Ritchie et al. Circulation 2013 



Electronic 
Medical 
Record 

~1,400 Clinical 
phenotypes (& 

controls) 

“PheWAS” – Phenome-wide association study 

Denny et al. Bioinformatics. 2010  

Phenotype 
mapping 

PheWAS 

Genotype of 
interest 

(e.g., SCN10A 
rs6795970 ) 

Compare with genetic loci 

VanderbiltBioVU 



PheWAS of rs6795970 (SCN10A) 

(associated with longer QRS duration in normal hearts) 

disease codes 

N=13617 subjects 

Ritchie et al. Circulation 2013 

atrial fibrillation cardiac arrhythmias 



In silico “trial” of what happens in the 

“heart healthy” population? 

Examined the n=5272 

“heart healthy” 

population 

 

Followed for 

development of atrial 

fibrillation based on 

genotype 

Years since normal ECG  
(and no heart disease) 
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HR=1.49 per G allele 
p=0.001  GG 

AG 
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Step 1:  Health services & social science research 

Validated instruments to 

capture non-biological 

determinants of health 

Research data 

collection 

Vision: adding non-biologic 

determinants of health 

Statistical data 

analysis 



Step 2:  Population-scale “whole person” data for 

hypothesis generation & algorithm 

development 

Structured & 

unstructured personal, 

health/health care, 

community data sources 

Vision: adding non-biologic 

determinants of health 

Privacy enhancing, 

marker extraction & 

pattern detection 

algorithms 



Structured & 

unstructured personal, 

health/health care, 

community data 

sources 

Markers to extract & 

data elements to 

collect 

Determinant 

signatures 

Determinant specific 

decision support 

End game vision: executable knowledge to 

support  “whole person” health/medicine 

Deliverables Platform 

Privacy enhancing, 

marker extraction & 

pattern detection 

algorithms 

Curated 

data sets 

Life & health/health 

care management 

“apps” 

Clinical Trials & 

Routine Use 



Smart Health: Path toward the vision 

Harness Health/Healthcare as “real world” test beds: 

 Adapt “non-system” to “system-based approaches” on a 

small scale to test approaches with potential to scale-up 

 Use system engineering spiral development, feedback and 

control for proof of concept & optimization 

 Aggregate data broadly for “population scale” pattern 

detection & visualization 

 “And” computational awareness with human reasoning 

under uncertainty & judgment 

 Use modeling to explore & formalize relationships 


