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Example 1: Care process - My Health Team

_ (patent ) Team-based, informatics-enabled, management for
. Iatory\ S* — targeted chronic co-morbid conditions (Hypertension,
‘ e pecialists | ) . . .
\ Intensivist “SCEER / Congestive Heart Failure, Diabetes) to improve process
_Cc,;;‘:*:ato, reliability, physiologic control, resource utilization &
- evaluation
Conventional
Innovation Patient Centered Medical Home
= Stratification algorithm triggers = Every patient has a medical home
enrollment, process intensity &
escalation
= Inter-disciplinary team personalizes &  ® Primary care coordinates with
manages to care plan specialists
» Process control & iterative design = Transparent metrics support

cycles support reliability & improvement  accountability & improvement
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My Health Team (microsystem view)
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Common plan of care

ACTIVE Plan of Care - Last Modified by greggns on ]2012-04-19 14:25:12
View Only Mode_ Switch to Edit

Disease POC Status|Target

Medication Goals

Disease/Issue (Stratification
Hypertension 2b [Since 2012/03/22] [T]|Active

2012/0120* BP:<= 140/90 [ 1|2012/04/19 Increase lisinopril to 40 mg dail

2012/01/20* DASH-No

Activity|2012/01/20* increase v

status to
target
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[Misc. Social Info.|)91/04/19 Lives with husband who has dementia [ |

Patient
specific
target



Blood Pressure Journal

Data from Home

Use this journal to record your blood pressure readings. Take your blood pressure each moming and evening
in the time (ex: 8:30), systolic reading, then diastolic reading. Then click submit.

Read more about blood pressure and symptoms to watch for here.

Target this week: 140/100 Long-term goal: 130/90

Date > Time (A.M.) Reading Time (P.M.) Reading
4/02/2012 0800 | | 142 |/ (1800 [ 128 |/
w2 he
04/03/2012 08:00 | 130 |/ | 17:00 126 |/
T 0
04/04/2012 [0800 | | 4 ’ I |1

To Clinic

(B TP e T8

: : =1 P P T 1 B
BPhome(click-drag-release on graph to expand) Print Alldates X e 4 [BPhome]
141 o Dates [2012/04/12 - 2012/04/1°
134 Stats |Sys Dias
131 IMin  |131 91
Max [142 102
Mean |137 96.75
Median|137.5 97
102 37.4/38.89| 994
il 389 102.0
4 36.7|36.67| 98.0
1 138/58|142/80(37.0 98.6
04/12/12 04f13/12 04/[16/12 04f17/12
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Process control dashboard

Patient Status: Active Patient Location(s): SUITE IV Active Diseases: Hypertension

.
Summary Statistics
Y
HTN Statistics
HTN POC Cycle Status  95.7% 03%| MM 4% |Total: 984
HTN CCF/U Status M 87% 39% |8 3% |MM 6.1% |Total: 984

HTN RiskLevel 1 Distr (engaged >= 8 wks)|a: 83.1%
HTIN RiskLevel 2 Distr (engaged >= 8 wks)|a: 722%
HTN RiskLevel 3 Distr (engaged >=8 wks)|a: 42.9%

13.3%|c: 3.6% |Total: 356
38%|c: 2% |Total: 299
429%|c: 143%|Total: 14

gl|e|e
(S0

Hypertension LifeStyle HomeBP PCP %
EEEEEE . Habermann,  |2012-09-20
2b | = ;
Process Control = Ralf C 10:00:00
N E Habermann, 2012-06-14
° ° 1-b = =
Detail View = Ralf C 15:0000
1, Habermann,  |2012-08-23
Ralf C 14:45:00
= Karlekar, 2012-04-25 :
i - Mohana B 08:20:00 PCPv:(00
la = == — Habermann, 2012-05-24
S Ralf C 13:45:00
. . || Denny, Joshua |2012-10-23
o u - c 09:00:00
1p . m Griffin, Marie R
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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
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Today’s care process optimization

lterative cycles of:

Plan
Do
Study
Act
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Act

* What changes
are to be made?
*Next cycle?

* Objectives
* Predictions
* Plan to carry out the

* Plan for data collection

Plan

cycle (who, what,
where, when)

Study

* Analyze data

* Compare results
to predictions

* Summarize
what was
learned

Do

* Carry out the plan
* Document observations
* Record data




Vision: Model-based system design & analysis

Healthcare Ecosystem
(Society)

Economic Model & Human Productivity &
Incentive Structure Healthcare Costs

System Structure
(Organizations)

Competitive Positions & Economic Returns &
Economic Investments Performance Information
Delivery Operations
(Processes)
Care Capabilities & Patient Care &
Health Information Health Outcomes
Health/Clinical Practices
(People)
VANDERBILT §7 UNIVERSITY Rouse & Cortise (Eds.) 2010. Engineering the System of
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“What if” simulation of care process alternatives

1A 1B 2A 2B 3A 3B C
ealth d bl 1A 0.66 0.09 0.15 0.06 0 0 0.04
H atVan erbilt
My H lerbilt ?9 P 18 052 011 02 009 001 0 007
u-i- o 2A 0.07 0.03 0.7 0.14 0.01 0.01 0.04
Site  @® Main Campus O ECLl Load Defauits saveRunAs|  Defaull 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
#ofpatlents[ﬂ} #ofexamrooms[J simulatedduration(years)‘j 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

#(eachtype) MD | 8| mps| 3 ccf 2l mal 2| PsR| 8| PpcT| 3]

Annual Salary (inc benefits) MD (250000 MDS [300000] cc | 82000] ™A [ 34000] PsR| 40000/ PCT [ 60000| Transition Probab”ity Matrix
Visit Intervals (i ) [ 12 oA 6 3a] 3 B 1|
Contact Int. (months) 1A | 6 2a] 6 3a] 3 B 3

Monitoring & Surveillance Int. (weeks) A 6 B /73 Sample ReSUItS

Unsched. Contact Int. (days) 14|  Lifestyle Int. (days) | 14|  Elig. Int. (days) 7|  New Cohort Size 20|

Time Spent for Risk Strata (1A)

Provider St [MD,MoTuWeThFr,0800,1130[MDS, MoTUWeThF,0800,1130|CC,MoTUWeThFr,0800,16301M] | Chang ‘ 60 Wcc
Initial Risk Distribution | 1A 0.305, 1B: 0.290, 2A 0.169, 2B: 0.183, 3A: 0.023, 3B: 0.015, C: 0.015| | Change u :g
Transition Probabilities [0.74,0.18,0.07,0,0,0,0.0110.32,0.63,0.01,0.03,0,0,0.010.05,0.01,0.65,0.23,0.01,0.02.0.03]0.4 W vos
45
S M PSR
N
Q
@ 30
3
¥
3
o
Dashboard = v
Ga Tech Contributors: Rahul C. Basole PhD, Dr. Mark . . e~

Braunstein, Trustin Clear, Hyunwoo Park, William B. Rouse SR e o e e e e e e e e
PhD Month
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Vision: Adapting protocols to individual
characteristics using control & feedback

Summative
Feedback

Stratification <

N

dentification
escalation _

&

y

Approach A Approach B Approach C
Just-in-time Just-in-time Just-in-time
controls controls controls

A A A
v A\ 4 v
Protocols Protocols Protocols
A A A
v v v
Outcomes Outcomes Outcomes
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Example 2: Patient Engagement

Patient records data
to plan of care

Clinician sifts &
Interprets data as it
comes in
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Today’s Care-centric

Patient records data el BN Z <
to plan of care .
Clinician kb'ﬁ
sifts & interprets data as
it comes in
Data  Episodic and sparse data collection, limited to health
Information patient chooses to actively upload
Patient * Requires additional work from the patient to enter
Involvement  data into health journal or portal
Clinician » Requires additional work from clinician to interpret
Interaction data entered by patient provides little incremental

value in a vacuum
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Vision - Individual Life Management

..u I;rlf‘“‘.) > 18 4 3
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Sensors collect
robust data
continuously

Aids improve quality of 32289426 135
life & care plan Data streams support
adherence pattern recognition
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Sensors collect
robust data

Aids improve quality of T continuously i

Data streams support
pattern recognition

life & care plan
adherence

€ 5

Patterns inform
life management
aids and link in
healthcare when
needed

« 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
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Example 3: Harnessing healthcare for discovery

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

ot
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The electronic medical record as a platform for research

Electronic Medical Record

Physician -
Ordere J Billing i Discarded

Clinical
Notes

blood samples
from routine

i T testing

Labs, Radiology, Test Results

codes

Patient and Staff
Messaging

If eligible,

\ extract DNA
De-identification

— .
— ) ;§ Vanderbilt

Derivative De-identified DNA repository
155k samples
17k pediatric

>28k with dense genetic data

~ 2 million records
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http://www.onlinetelemedicine.com/html/product/sam_images/X-Ray.jpg

Finding phenotypes in the EMR

Clinical Notes
(NLP - natural language
processing)

’
Labs & test results
NLP

Billing codes
ICD9 & CPT

Medications
ePrescribing
& NLP

Algorithm Development and Implementation

‘1’ <95%

Identify Case & control >95% . Genetic
phenotype | =» algorithm - .Marlual ——5 | Deployin |5 | . ciation
development and FEVIEW; aSSess BioVU

refinement precision tests

of interest
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Proof of concept: normal cardiac conduction

 Find individuals with normal ] |

QRS Duration

cardiac conduction

* Find genetic variants associated

with QRS duration

N
Atrial Ventricular Ventricular
Depolarisation Depolarisation Repolarisation

-

PR Interval |

QT}Intverval ~a

Hypothetical Record

“Normal” ECG

|

Myocardial infarction Atrial fibrillation

v

time

\

\Tl

. l l

T~ No Na-blocking drugs

No heart disease

No abnormal K, Ca, Mg
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GWAS of QRS duration

SCN5A/SCN10A- n=>5,272
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“PheWAS” — Phenome-wide association study

Genotype of
interest
(e.g., SCN10A S
rs6795970 ) Electronic
Medical
@ Record
~ @

PheWAS

>

~1,400 Clinical
———> phenotypes (&
controls)

Phenotype
mapping
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Compare with genetic loci

Vanderbilt

The eMERGE Network =

electronic Medical Records & G

A consortium of biorepositories linked to electronic medic
for conducting genomic studies

Denny et al. Bioinformatics. 2010



PheWAS of rs6795970 (SCN10A)
(associated with longer QRS duration in normal hearts)

N=13617 subjects

N cardiac arrhythmiase, i i41 fibrillation
L ®
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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

Atrial fibrillation-free
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survival

0.85 0.90 0.95 1.00
|

0.80

0.75

— AA
— AG
— GG

HR=1.49 per G allele
p=0.001

I I I I
5 10 15 20

Years since normal ECG
(and no heart disease)




Vision: adding non-biologic
determinants of health

Step 1: Health services & social science research

Validated instruments to
capture non-biological
determinants of health

|

Research data
collection

{

Statistical data
analysis
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Vision: adding non-biologic
determinants of health
Step 2: Population-scale “whole person” data for

hypothesis generation & algorithm
development

Structured & . Privacy enhancing,
unstructured personal, f\ marker extraction &
health/health care, \J pattern detection
community data sources algorithms
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End game vision: executable knowledge to
support “whole person” health/medicine

Platform

Deliverables

Privacy enhancing,
marker extraction &
pattern detection
algorithms

Structured &
unstructured personal,
health/health care,
community data
sources

Curated !
data sets !

Markers to extract &
data elements to

Determinant
sighatures

Determinant specific
decision support

Clinical Trials &
Routine Use

—t

Life & health/health
care management

“appS”

1
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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
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