Blueprints for Learning:

How does Healthcare System advance the science of Its data?

Abstract

In this poster we present a framework for planning and implementing
research projects that rely on skills and techniques of “data science”
to generate actionable knowledge from linked, full-cross-continuum
health data in the context of learning healthcare system.

First, we lay out the elements of the general framework for applied
health data science (AHDS), exemplifying a generic workflow process.
Then we delineate critical features of the environments for data
access and data analysis that are critical to ensuring practical
reproducibility - a paramount consideration for building a healthcare
system that /learns.

Using an ongoing research program at the Stroke Rapid Assessment
Unit at VIHA, we proceed to demonstrate how a specific
implementation of this framework transmutes into the
research/analytical core of the Cognitive Health Initiative (CHI), which
pursues a combination of computerized cognitive assessments and
provider-generated clinical records to advance the accuracy of
diagnosing and to improve patient care. Data visualizations of person-
level and cohort-level are provided.

We conclude by demonstrating how this framework could be
instantiated to support two projects of the current HSI fellow. The first
project, explores the predictive capacity of clinical transactions (i.e.
how healthcare system was engaged by the patient) to anticipate
catastrophic medical events, such as opioid overdose (OO) or a death
from an OO. The second project aims to leverage directly off of
transactional records generated at a full continuum of services to
enhance the surveillance of MHSU conditions, which are notoriously
prone to be misrepresented by administrative sources of data.
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lays out the elements and processes involved in generating
clinically useful discoveries in the patient-oriented research
while adhering to standards of reproducible software design.

Patient-Oriented Applied Health Data Science — Overview — Workflow & Operations

Patient-Oriented Health Research -
Workflow Overview

Identify problems, frame as questions

Hypothesize working models that characterize problem-relevant
cause-effect relationships - based on data and/or the literature
and/or consensus among experts (including patients)

Model service provider and patient/client information
requirements

Generate Target Information Architecture describing cohorts,

Operate reproducible research
production environment

Model relational data

Data flattening

Flattened data architecture
repository

Semantic layers

service contexts and information dependencies
Identify data required to evaluate/validate models

Map data requirements onto data sources and explore data
where tools are available

Create research designs that reflect content/structures of

Meta-data management

Case definitions, cohort definitions

Cohort definition repositories

available data and ethics/feasibility of implementing true
experimental designs

Modeling - visualization

Develop strategy/tactics for management of risk associated
with data access

Research protocol or QA/QIl analysis plan - peer review, REB
and/or organizational review and approval

Build reproducible research environment
Link and assemtile available data
“Pre-analysis” - architect high dimensional, complex data
contents into [far] fewer clinically meaningful hypothetical
constructs; map constructs onto ‘raw’ data

Specify, evaluate and validate constructs & statistical models

From prediction models to prescription models - re-express

Modeling - latent constructs
Evaluate cause-effect relationships
Predictions
Construct validation of clinical

measures that populate prediction
models

Translating prediction models into
prescription models

Validation of prediction models

results in terms that carry direct implications for actions of
patients, providers and planners

Field trials

Production build in EHR/EMR

Translation of prediction models into
business requirements for

configuration of clinical decision
support tools in EHR/EMR

Analytically-derived product refresh/improvement cycles

88.7%
(74564)

(n=78532)
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Cohort description tools

4.72%
(3968)

6.62%
(5570)

General MHSU Cohort

ds %»% unigue_sums("service_location”) %% arrange(desc(n_people)) %% neat()

service_location n_people n_encounters

Hospital 151715 1279618
Ambulatory Clinic 147479 934561
Medical Imaging 119550 648411
H Lab 109263 534040
Home 79798 134912
A 60551 213732
Community 20404 38351
Community Facility 17824 28539
Morgue 12533 12809
Pharmacy 6494 7050
Hospital-ED 4218 5688
Telehealth 3758 9159

240 241
Administrative 214 222
Family Care Home 3 8

ds %»% unigue_sums("population_age™) %»% arrange(desc{n_people)}) %>% neat()

population_age n_people n_encounters

Mixed Ages 163842 3541256
Adults, some adols, older adults 72031 207836
MA 60551 213732
Older Adults Exclusively 36336 59021
Children, Adolescents 18426 48885
Mother-Baby 10241 30071
Young Children 4382 6311
nfants 549 B16

240 241
Administrative 214 222

Number of unique patients and encounters per each value of
service location and population age, two of the components
in the Clinical Context Coding Scheme (CCCS) that reduced

~1700 unique VIHA locations into ~150 location classes

pStance Use
(n=9538)

invites to assemble concrete research initiatives by describing

TIA space

relationships among data sources, analytic methods, and
products.

Applied Health Data Science ‘Space’ — Entities, Activities, Processes, Products
Basic Analytical Toolset — Health Data

Transactions - 2°, 3°Services - Health
Authorities

Acute Care- Diagnoses & Procedures, Length
of Stay - Discharge Abstracts Database (DAD)

Diagnoses - Primary Care (MSP)
Emergency Department - NACRS

Pharmacy Data - 2°, 3°; Community

Lab Data - 2°, 3°; Community

Mental Health & Substance Use

HCRS, CCRS (RAIl)- Home & Community Care
Residential Care

Science ‘Competencies’

Correlations/associations —
parametric, non-parametric

Clustering algorithms

Factoring algorithms

Data exploration, descriptive statistics

General/Generalized Linear Models -
e.g., [logistic] Regression, ANOVA

Mixture models/latent class analysis
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Target Information Architecture for enhancing case definitions
of chronic mental health conditions and improving detection
accuracy of opioid overdose events.

CDC Chronic Disease Case Definition Methodology/[At risk for] Overdose -

Entities, Activities, Processes, Products
Basic Analytical Toolset — Health Data

Science ‘Competencies’
Acute Care- Diagnoses & Procedures, Length il

< of Stay - Discharge Abstracts Database (DAD) i Data exploration, descriptive statistics J

J Diagnoses - Primary Care (MSP) 1

H Pharmacy Data - 2°, 3°; Community :
' Lab Data - 2°, 3°; Community '
' Minimum Reporting Requirements -

\ Mental Health & Substance Use

HCRS, CCRS (RAI)- Home & Community Care;
Residential Care

Correlations/associations -
parametric, hon-parametric

e.g., [logistic] Regression, ANOVA

- Mixture models/latent class analysis

Clusteri ng algorithms
Factoring algorithms

PREMs; PROMS

Structured Clinical Documentation, EHR/
EMRs

‘Omic data
Other researcher-supplied data

Transactions - Primary Care (MSP)

= Minimum Reporting Requirements -

Time series/longitudinal methods

Trajectory mining — structured data
Decision tree analysis - structured
data

Al methods applied to unstructured or
partially structured data

Data visualizations and associated statistical models

Bayesian methods

Transactions - Primary Care (MSP)

PREMs; PROMS

Time series/longitudinal methods ]

Transactions - 2°, 3°Services - Health
Authorities

-

L

Structured Clinical Documentation, EHR/
EMRs

‘Omic data

J

Other researcher-supplied data

Trajectory mining - structured data

Al methods applied to unstructured or
pa rtially structured data

Data visualizations and associated‘ statistical models

Bayesian methods

Evidentiary Foundations — data ‘measureables’

Personalized Health Care/Precision Medicine - Deeper

Data set simulations

Evidentiary Foundations — data ‘measureables’

Data set simulations

Phenotypes
P

Genomics, other ‘omics - pathophysiology,biological

determinants

Cause-effect relationships within cohorts - Randomized

Controlled Trials

Real-world clinical trials — approximation of cause-effect

relationships - e.g., propensity score models

Surveillance - Communicable Disease
Surveillance - Chronic Disease
Distal, non-medical determinants of health

Proximal determinants, behavioural risk profiles of persons,

communities

Care for Cohorts - Protocol-Based Care - ‘Smart’ Statistical

Evidence-Based Products — analytically-
derived knowledge ‘translatables’

Case definitions
Estimates - incidence, prevalence
Population-health alerts

Drugs, Devices
Procedures, treatments

Protocols - narrowly targeted
(within problem-focused service)

Protocols - Integrated service delivery

models (targeting e.g. chronic disease)

Programs, Integrated Programs - that
embody protocols/service models

‘ Personalized Health Care/Precision Medicine - Deeper

Phenotypes

Genomics,

other ‘omics - pathophysiology,biological
determinants

Cause-effect relationships within cohorts - Randomized

Controlled Trials

Real-world clinical trials - approximation of cause-effect
relationships - e.g., propensity score models

| Surveillance - Communicable Disease

|
| Distal

Surveillance - Chronic Disease
. hon-medical determinants of health

communities

‘ Proximal determinants, behavioural risk profiles of persons,

Evidence-Based Products — analytically-
derived knowledge ‘translatables’
Case definitions
Estimates - incidence, prevalence
Population-health alerts

r
.
:

Drugs, Devices
Procedures, treatments

Protocols - narrowly targeted
(within problem-focused service)

I Protocols - Integrated service delivery |
- models (targeting e.g. chronic disease)

Programs, Integrated Programs - that
embody protocols/service models

Process Control

Case costing - interventions
Case costing - episodes

Cost-benefit analytical models

Operations Research-type models - service system
optimization

metrics, frameworks

Clinical Quality performance monitoring

Cross-jurisdictional linkages
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60 Older Adults - Rehab - Acute Care 16 18
50 Misc - MHSU 14 14
19 Ambulatory Treatment Services - Psychogeriatric (secondary level) 13 16
100 Liver - Behavioura 13 35
144 Primary Care - Island Health 12 67
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Case Study: Addiction

Severe addiction
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Person description tools
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2012 2014 2018

Admission Date

Palette colors

H&CC and Related Supports
ED - Mad-Surg

Addictions - Detox (secondary level)

Class

Emergency
Home Cara
Inpatient
Other
Outpatient

Recurring

an image that is representative of a single individual patient ‘journey’ through the array of secondary and tertiary
services, but not actually reflecting at a row level the data of any patient.

This is a fictional composite visualization based on data from several patients, cut and reassembled (Photoshop) to create

INSTITUTE ON AGING
& LIFELONG HEALTH

island health

Health System Impact Fellow, CIHR

Observatory for the Population and Public Health, BCCDC, UBC
Institute on Aging and Lifelong Health, University of Victoria
Applied Clinical Research Unit, Vancouver Island Health Authority

TIA

Target Information Architecture for engaging transactional
data from Island Health to pursue research goals of Cognitive
Health Initiative, aimed at studying cognitive aging in the
context of clinically rich data.

Cognitive Health/Polypharmacy Initiative —
Entities, Activities, Processes, Products
Basic Analytical Toolset — Health Data

Science ‘Competencies’

~ Acute Care- Diagnoses & Procedures, Length -
= of Stay - Discharge Abstracts Database (DAD) | | Data exploration, descriptive statistics

ﬁ Diagnoses - Primary Care (MSP) f Correlations/associations -
T Emergency Departent -NACRS | | parametric, non-parametric
# Pharmacy Data - 2°, 3°; Community _

‘ Lab Data - 2°, 3°: Community | eg., [Iogistjc] Regression, ANOVA

<= Nmmum Reporting Requirements - Mixture models/latent class analysis
Mental Health & Substance Use ’ Clustering algorithms i

~ HCRS, CCRS (RAl)- Home & Community Care; Factoring algorithms
Residential Care - -
- PREMs: PROMS | Time series/longitudinal methods

Structured Clinical Documentation, EHR/ Trajectory mining - structured data
EMRs Decision tree analysis - structured
data

Al methods applied to unstructured or
partially structured data

Authorities
Transactions - Primary Care (MSP)

_t

Transactions - 2°, 3°Services - Health

‘Omic data

Other researcher-supplied data @

Evidentiary Foundations — data ‘measureables’

Personalized Health Care/Precision Medicine - Deeper ‘
Phenotypes

Bayesian methods

! Data set simulations

Evidence-Based Products — analytically-
derived knowledge ‘translatables’

Case definitions
Estimates - incidence, prevalence
Population-health alerts

Data visualizations and associated statistical models

Genomics, other ‘omics - pathophysiology,biological
determinants

Cause-effect relationships within cohorts - Randomized
Controlled Trials

Real-world clinical trials - approximation of cause-effect
relationships - e.g., propensity score models \

Drugs, Devices \

I Procedures, treatments

Surveillance - Communicable Disease }
. — : Protocols - narrowly targeted
Surveillance - Chronic Disease !

, : _ _ | (within problem-focused service)

l Distal, non-medical determinants of health ’ Protocols - Integrated service delivery
models (targeting e.g. chronic disease)
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optimization

Case Study: Stroke Mimic

1B18542 - Male, age 53 - MoCA: Baseline = 22 ; Blind = 15
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This is a 53 year old male with extensive history of ischemic events, and who scored moderately low on both MoCA time
points. Patients’ slope of cumulative number of encounters with the system maintains a steady pattern of service
utilization which may indicate that he retains unresolved health issues

Stratifications of Clinical Histories

PSU,

PSU, = Dx

PSU,

>

time

Question: Do individuals with certain diagnoses/event tend to have similar
patterns of service utilization?

Premise: Transactional records of secondary and tertiary health services of
Island Health are linked with substance use profile from MHSU-MRR
profile, emergency room, and acute care records to assemble a data frame
for estimating and training statistical models for identifying patterns of
service use (PSU) related to specific health outcomes.

Applied Objective: Demonstrate clinical heterogeneity of diagnostically
homogeneous cohorts by describing the variability in their clinical histories.

Methodological Question: How can we stratify patients on severity of
condition and burden of disease based on their clinical history?

Predictive Utllity of Service Use

ICHE)ES

PSU, DX
PSU, ? - Dx,
PSU, Dx

time

Question: What patterns of service utilization can help identify individuals at
risk for an overdose event?

Premise: Using mathematical operationalizations of PSUs generated in Part 1
(“Models of Clinical Histories”) we establish statistical relationship between
exhibiting a particular PSU and subsequently experiencing an overdose
event(s).

Applied Objective: Identify the features of service use that differentiate
individuals who go on to experience an opioid overdose event.

Methodological Question: A conceptualized and operationalized PSU may not
have a strong predictive relationship with the outcome, so how do we screen
for PSU that would be useful in predicting a particular health outcome?




