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Imagine a world...

Clinicians access high quality

data to inform assessments and
best treatments through clinica
decision support systems

Data is continually updated,
new data types ad -
dynamically, and the syste
continuously learning



Imagine a world...

Targeted delivery of
therapies both online
and in person based
on a patient's
characteristics and
data
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Imagine a world...

Patients access their own health information
to improve their education and self-
management of pain and other conditions.
Patients work collaboratively with their
clinicians to empower their individual care.
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Population Research
Improvementsin state and national
data are needed
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Under-treatment and inappropri- Public health entities have a role

ate treatment of pain among in pain care and prevention
racial and ethnic minorities .
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“Better data are needed to
understand the problem and
guide action”

National
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Improve professional education of
/ all providers
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High quality, evidence
based education pro-
gramsfor patientsand
the public



Learning health care systems

* Research happens closer to clinical practice
than in traditional university settings

: i * Scientists, clinicians, and administrators

G /vz% D 4 work together
\Sg(?/ BEST CARE AT LOWER COST e

5\‘ L — ROy, Y .  Studies occur in everyday practice settings

A _a Health Care in America

» Aggregates health data for the purpose of
learning and continuous structural
improvements in healthcare delivery

_— « Captures datain such a way that can
generate new knowledge

* Structures that knowledge so as to be rapidly
deployed back into clinical practice

Summary: Evidence informs practice and
practice informs evidence

National Academy of Medicine (IOM) 2007 Stanford University
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Clinician
Interface

Patient

Open source, open standard, ™™ Main Stack W 42
highly flexible, and free «—T Application Server & ) =
platform for a Learning Health ..

5 M A RT® Clinician interface

2-factor authentication
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Application of

Learning Health System

precision
medicine

Q Point of Care:

Biomedical Knowledge The learning

research ' network C H O I R engine

Research influences practice
Practice influences research

Research

Studies

National Academy of Medicine
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| OPEN
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January/February 2021 - Volume 6 - Issue 1 - p e8802021

Development and validation of the Collaborative
Health Outcomes Information Registry body map

Kristen Hymel Scherrer®?, Maisa S. Ziadni?, Jiang-Ti Kong?, John A. Sturgeon®, Vafi Salmasi®, Juliette Hong?,
Eric Cramer?, Abby L. Chen?, Teresa Pacht®, Garrick Olson?®, Beth D. Darnall®, Ming-Chih Kao?, Sean Mackey®*

Select the areas where you are experiencing pain.

R Code Tools for analysis and visualization of CHOIR Body Map
https://cran.r-project.org/web/packages/CHOIRBM/
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Q CHOIR Multiple Medical Specialties Across the Globe

. .
¢ C h ro n I C Pa I n PAIN September 2016 Volume 157 Number 9

Pediatric-Collaborative Health Outcomes
Information Registry (Peds-CHOIR): a learning

o P d . P I health system to guide pediatric pai A
e I atrl C a I n aﬁg tresa‘i’:n:nmt o guide pediatric pain researc

Rashmi P. Bhandari®*, Amanda B. Feinstein®, Samantha E. Huestis?, Elliot J. Krane®, Ashley L. Dunn®,
Lindsey L. Cohen®, Ming C. Kao®, Beth D. Darnall*, Sean C. Mackey™

* Family Medicine
* Chronic Fatigue Syndrome e
¢ O I’t h O p e d | C S u rge I’y Overcoming barriers to implementing PR EISED S My 2015

ACCEPTED 26 May 2015

patient-reported outcomes in an electronic R
health record: a case report AMI/ OXFORD

Christopher A Harle', Alyson Listhaus?, Constanza M Covarrubias’, Siegfried OF Schmidt?,
Sean Mackey®, Peter J Carek?, Roger B Fillingim*, Robert W Hurley®

* Trauma Surgery
* Pre-Surgery Assessment Clinic

ORIGINAL ARTICLE

i n te rve n ti O n a l Ra d i O IO gy Electronic Patient-Reported Outcomes:

Semi-Automated Data Collection in the

. : : o
o P h t Interventional Radiology Clinic
Sy C I a ry Nam S. Hoang', Winifred Hwang', Danielle A. Katz', Sean C. Mackey, MD, PhD",
[ ] L]
* Gl Medicine

Lawrence V. Hofmann, MD'"




#1 Reason for clinical informatics system failure: Lack of buy in

Dynamic patient videos CHOIR is designed to provide
® value to all stakeholders in the
patient’s experience

e .
Metrics
Dynamic patient videos
Clinic -
: : I
orientation Outcomes tracking Back Payer
video o Personal interactions Office o
Multidisciplinary evaluation o
. A .
® Translation A 88 Continuous
f Outcomes tracking al Research s /mprovement
Scheduler ® Bedside clinical support NIH 4 Academia
J Computer-assisted \‘r/
Patient documentation _
! Global view of patient Private
Provider Dynamic patient videos Translational
° Research
Referring
Comprehensive Prior authorization

recommendations . _
Nurses Patient education

Predictive analytics




QCHOl R Features and Status — Clinical

* Seamless and customizable clinic workflow integration
* Automated survey reminders (Email, Text)
* Mobile first, web browser-based; data entry in multiple languages

e Standard and computer adaptive testing surveys (ie PROMIS)

Population Health

Networked Learning Health Systems

AfEASE

Best Pra

Knowledg B

* Targeted assessments and point of care reporting {:%17‘;%% I
* Targeted delivery of content based on patient characteristics | wenen <—>£¢

* Clinical tools: E.g., Automated clinic note generator, clinical
calculators

Outcomes T cking
Decision Suppo

*HI'

* >100,000+ longitudinal assessments (Stanford Pain only)

* Open-source (free) licensing with minimal restrictions

Cloud based and on-premise options

Changed the culture of how we care for people!

tﬁnvﬁﬁégii
AfTASE
Tﬁﬁ?ﬁﬁ

wwwﬂ%m

System to Enhan
Ex perience(STEP )




{=1InBasket [z Schedule CHOIR

Hyperspace - PAIN MANAGEMENT - PRD - S A5 & 14 : Casign Nates
[] Orders Only CURES Login §™ PtStation F Chart (. Telephone Call > MyReports { Lane Library "_j UpToDate

i}
= SH @-(

Female, 38 Y,
MRN:
Adv Care Plan: None
MyHealth: Enrolled

COVID-19 Vaccine: Unknown

&P pCp - General
Coverage: Cigna/Cigna Ope...
Allergies (3)

Current Meds: 7

Ht 1.651m (5'5%)
>365 days

Weight:

104.1 kg (229 Ib 8 oz)
>7 days

BP: 114/66 >1 day
SINCE LAST PAIN

MANAGEMENT CENTER
VISIT

9 No visits
& No results

HEALTH MAINTENANCE
© HEPATITIS C SCREENING

? COVID-19 vacclne (1)

& 1 : Referral Notification Lett. ..

=0- |[= O] X

» L @ ¥ & print - GrLlogOut -

SEAN C MACKEY m

<« SnapShot | Chart Review CHOIR Results Synopsis Review Flowsheets Problems History | Letters Demographics Education  Care Everywh.. | CHOIR v L
CHOIR @
Overview Assessments Patient Detai Stanford Pain Management Center [{¢] ~

-

#IO—N&‘[‘«

BACK

PROMIS Qutcomes Measure
Global Health - Physical =
Global Health - Mental *
Depression

Anxiety

Anger

Upper Extremity *
Mability *

Pain Interference

Pain Behavior

Fatigue

Sleep-Related Impairment

Sleep Disturbance

Score

52

41

46

2

37

56

54

55

51

47

43

%ile

58

73
66

69

Category

Mone/Minimal

CHOIR Clinician

Functionality: EMR (EPIC)
integration for clinicians

R\

Normal v /ﬂ. ‘E’ ©'
Hyperspace - PAIN MANAGEMENT - PRD - SEAM Z85 i 14 : Cosign Notes &1 - Referral Notification Lett... =0~ |[= 8| X
[z Schedule CHOIR [5] Orders Only CURES Login §= PtStation Fg Chart (. Telephone Call [ MyReports { Lane Library "_j UpToDate » L @& 1) & Print - GrLog Out -
None to Slight v SEAN C MACKEY
SH [} \a SnapShot | Chart Review CHOIR Results Synopsis Review Flowsheets Problems History Letters Demographics Education Care Everywh.. ~CHOIR v
= B C
T =/ CHOIR @
T 2 S Overview Assessments Stanford Pain Management Center =

v, W
Adv Care Plan: None
MyHealth: Enrolled

COVID-19 Vaccine: Unknown

&P pCP - General
Coverage: Cigna/Cigna Ope...
Allergies (3)

Current Meds: 7

Ht 1651 m (5'57)
>365 days

Weight:

104.1 kg (229 Ib 8 oz)
>7 days

BP: 114/66 >1 day
SINCE LAST PAIN

MANAGEMENT CENTER
VISIT

9p No visits
& No results

HEALTH MAINTENANCE
@ HEPATITIS C SCREENING
@ COvID-19 V'accine (1)

Body Map

Pain Intensity

Global Health

PROMIS Anxiety

PROMIS Anger

PROMIS Depression

PROMIS Upper Extremity

PROMIS Mobility

PROMIS Pain Behavior

PROMIS Pain Interference

PROMIS Sleep Disturbance
PROMIS Sleep-Related Impairment
PROMIS Fatigue

PROMIS Emotional Support
PROMIS Satisfaction Roles Activities
PROMIS Social Isolation

PROMIS Bank v1.0 - Anger |
PROMIS Depression Bank

Percentile

=

Category

Normal

None/Minimal

* Scores and percentiles have been inverted

pa

Y

A\

i

1 -

72 =

24227, ]

/

202




CHOIR on FHIR Apps - Seamless EMR Integration to
Improve Clinician Workflow and Patient Care
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Hydromorphone © mg ) = }

Levorphanol © mg___ ) = ]

Meperidine © mg ) = ] :
[Methadone (© mg ) = ]
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- Input different EPIC files (Document Reference,
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Recruitment emails and eligibility surveys (electronic
consent/enrollment)

Research and clinical contact database (10’s of thousand

Rapid pilot data in real-world patients

QCHO'R Features and Status — Research and Q|

Research Paper

PAIN September 2016 Volume 157 Number 9

Pediatric-Collaborative Health Outcomes
Information Registry (Peds-CHOIR): a learning
health system to guide pediatric pain research
and treatment

Rashmi P. Bhandari®*, Al C. A. Harle et al. J Am Med Inform Assoc 2016;23:74~79. doi:10.1093/jamia/ocv085, Case Report
Lindsey L. Cohen®, Ming

Point of care randomization for clinical trials (e.g. EMPOWER)  overconing bariers to implementing

Amazon gift cards for completing assessments
Distributed computational registry to connect sites
>30 publications; >$30M in grants obtained

Evidence informs practice and practice informs evidence

<
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PATIENT-CENTERED OUTCOMES RESEARCH INSTITUTE

Beth D Darnall
John A Sturgeon
Ming-Chih Kao

ACCEPTED 26 May 2015

patient-reported outcomes in an electronic PUBLISHED ONLINE FIRST 9 Jly 2015
health record: a case report AMIA  OXFORD

Christopher A Harle', Alyson Listhaus?, Constanza M Covarrubias', Siegfried OF Schmidt?,
Sean Mackev®. Peter J Carek®. Roaer B Fillinaim*. Robert W Hurlev®
ORIGINAL ARTICLE

Electronic Patient-Reported Outcomes:
Semi-Automated Data Collection in the
Interventional Radiology Clinic

Nam S. Hoang', Winifred Hwang", Danielle A. Katz", Sean C. Mackey, MD, PhD",
Lawrence V. Hofmann, MD"

Journal 1 of Pain Research Dove

3 ORIGINAL RESEARCH
From Catastrophizing to Recovery:

a pilot study of a single-session treatment

for pain catastrophizing

Jennifer M Hah
Sean C Mackey




Advancing Precision Pain Care: Integration of
Biomarkers, Al and Learning Healthcare Systems

Application of

precision

Biomedical research medicine

Point of Care:

network CHOIR the learning

Knowledge

engine

Research influences practice
Practice influences research

Research

Studies
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‘Q C H 0 I R Health Outcomes 2 - © 10 OOMOCEIEWDAOO0 M
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RESEARCH SUBMISSIONS HeadaChe

Characterization of chronic overlapping pain conditions in
patients with chronic migraine: A CHOIR study

Meredith J. Barad MD'® | John A. Sturgeon PhD? | Juliette Hong MS, MEd® |
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SCIENCE ADVANCES | RESEARCH ARTICLE

HEALTH AND MEDICINE

Classifying chronic pain using multidimensional
pain-agnostic symptom assessments and
clustering analysis

Gadi Gilam*, Eric M. Cramer, Kenneth A. Webber Il, Maisa S. Ziadni, Z
Ming-Chih Kao, Sean C. Mackey )

A IICHOIR

N

Stanford Pain Management Center Outcomes

o

& b

22 areas selected on the most recent body map

Giobal health - physical *
Global health - mental *
Depression

Anxiety

Upper extremity *
Mobiltty *

Pain interference

Pain behavior

Fatigue

Sleep-related impairment
Sleep disturbance
Emotional support *

Satisfaction roles activities *

Social isolation
* Scores and percenties Neve Deen Pverted
c Optimal number of clusters
0.87
9
o
8 0.85 - i
[}
Q
©
O 0383 - [
|
1 1 T T T 1 1 ] | L} 1
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Gilam et al., Sci. Adv. 2021; 7 : eabj0320 8 September 2021

Number of clusters, k

Gender M

58 79

n %

62 88 Moderate
62 88 Moderate
4a B8

55 69

58 7

59 8

57 76

66 95

60 84

58 79 Mid

51 &4

60 84

53 62

Depression

Anxiety

Fatigue

Anger

Sleep impairment

Social isolation

Satisfaction with social roles
Sleep disturbance
Emotional support

Age 42 B

Dendrogram of training dataset

Cluster2
n=5802

Cluster1
n=2943

Cluster3
n=2703

Symptom contribution to overall separability between clusters

15.20 |
1391 |
13.48 |
13.29
13.28
9.92
9.90
7.84 |
3.19
0 5 10 15
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Open Platform for
Learning Health Systems

£y CHOR
Single Session Pain Catastrophizing Class to Reduce Pain

N=57 with chronic pain ‘4 :
. : "2) Empowered Relief. _
Single session class N

PCS = Pain Catastrophizing Scale Train your orain away jrom pain

Effect of FCR - CHOIR Outcomes

Time Point | PCS Mean (SD) " Tein [ran fotigue  [sieep
Baseline 26,]_(]_0_8) "~ Interference Behavior Disturbance

Post-Treatment 16.5 (9.9)
Week 2

Post-Treatment 13.8 (9.5)
Week 4

7

Darnall, B, Sturgeon, J, Kao, MC, Hah, J, Mackey, S (2014). Journal of pain research,

7,219,
Stanford University



h CH OI R Translating evidence into novel and
&‘! effective therapies
Néjte\/lg’ﬁ | OpenM JOURNAL OF MEDICAL INTERNET RESEARCH |

Ziadni et al

Original Paper

Original Investigation | Physical Medicine and Rehabilitation

Comparison of a Single-Session Pain Management Skills Intervention Efficacy of a Single-Session “Empowered Relief” Zoom-Delivered

With a Single-Session Health Education Intervention and 8 Sessions : - 8 - :
of Cognitive Behavioral Therapy in Adults With Chronic Low Back Pain Group Intervention for Chronic Pain: Randomized Controlled Trial

A Randomized Clinical Trial Conducted During the COVID-19 Pandemic

Beth D. Darnall, PhD; Anuradha Roy, MSc; Abby L. Chen, BS; Maisa S. Ziadni, PhD; Ryan T. Keane, MA; Dokyoung S. You, PhD; Kristen Slater, PsyD;
Heather Poupore-King, PhD; lan Mackey, BA; Ming-Chih Kao, PhD, MD; Karon F. Cook, PhD; Kate Lorig, DrPH; Dongxue Zhang, MS; Juliette Hong, MS, MEd;
Lu Tian, PhD; Sean C. Mackey, MD, PhD

Maisa S Ziadni', MS, PhD: Lluvia Gonzalez-Castro’, BS: Steven Anderson', PhD: Parthasarathy Krishnamurthy?,
PhD: Beth D Darnall', PhD

(») Empowered Relief.
=

Train your brain away from pain

-~

A\ =

Comparative Effectiveness of Online Cognitive Behavioral
:\ Therapy vs. An Online Single-Session Pain Relief Skills Class for

PCOTi . chronic pai



CHOIR Provides Research Trainee Opportunities

* Provides opportunities for junior investigators and trainees to easily conduct a
research study. furnaof Pain Resarh

3 ORIGINAL RESEARCH

Pain behavior mediates the relationship between
perceived injustice and opioid prescription for

» Social injustice and acceptance in chronic pain.  chronic pain:a Collaborative Health Outcomes

Information Registry study

 Junie Carriére (McGill University).

This articie was published in the following Dove Press journal

* 800 deeply phenotyped patients in several weeks B

Number of Smes shis article has been viewsd

Junie S Carriere' Background and purpose: Perccived injustice has been defined as an appraisal regarding the
Marc-Olivier Martel*? scverity and irreparability of loss associated with pain, blame and a scnsc of unfaimess. Recent
Ming-Chih Kao* findings have identificd perecived injustice as an important risk factor for pain-related outcomes.
Michael JL Sullivan® Studics suggest that perecived injustice is associated with opioid prescription in paticnts with
Beth D Darnall* pain conditions. Howcver, the mechanisms by which perecived injustice is linked to opioid
prescription arc not well understood. The primary objective of this study was to examine the

ORIGINAL ARTICLE

Department of Psychology, ‘Faculty

ann. behav. med. (2016) 50:802-812 @0 -
oss Marl
DOI 10.1007/512160-016-9808-6

The Impact of Perceived Injustice on Pain-related Outcomes

A Combined Model Examining the Mediating Roles of Pain
Acceptance and Anger in a Chronic Pain Sample

ORIGINAL ARTICLE

Social Disruption Mediates the Relationship Between Perceived
Injustice and Anger in Chronic Pain: a Collaborative Health
Outcomes Information Registry Study

Junie S. Carriere, PhD,* John A. Sturgeon, PhD,t Esther Yakobov, PhD,*
Ming-Chih Kao, MD, PhD,t Sean C. Mackey, MD, PhD,7
and Beth D. Darnall PhD7

John A. Sturgeon, PhD' - Junie S. Carriere, BA® Ming-Chih J. Kao, MD, PhD' -
‘Thomas Rico, BS' - Beth D. Darnall, PhD" - Sean C. Mackey, MD, PhD'

Key Words: chromic pan, perccived injustice, pain  acceptance,
Objective: Perccived injustice (P1) has been identified as an important physical function. opioid usc
risk factor for pain-related outcomes. To date. rescarch has shown i eei (s
that pain acceptance and anger are mediators of the association (Clin J Pain 2018:34:739-747)
between PI and pain-related outcomes. However, a combined con-
ceptual model that addresses the interrclationships between these

Published online: 20 June 2016
. The Socie J o

Collaborative
Health Outcomes
Information Registry

&7 CHOIR



L¥CHOIR The Future

Targeted intervention tracking (achieved)
Public dashboard for data visualization (done)
Public facing version (in progress)

Targeted delivery of content and referrals

* Patient education

ACPA and Stanford
Resource Guide to Chronic

* Digital behavioral medicine (e.g. EMPOWERED Relief)

EMR integration (SMART on FHIR) v
 Visualizations/dashboards for clinicians SMART
Distributed registry (in progress; pilot successful)

o O rir”

* Opening up data for broader collaborative projects? - (soliciting

feedback)



Q CHOIR Project Architecture
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mobile

Health Categories > Mobility > Statistics

al T8 Health Categories
N Walking Speed
Activity » @ Heart »
TOOAY SChedUIe Start Date End Date
+ 1/1/2022 2/24/2022

Mobility » Surveys »

09 10 n 12 14.00
Start Date End Date

) 11/2022 2/24/2022 13.00
Activity Index 1200

7-day moving avg (steps/day) "

Mar 9, 2022

- 000
800
EMA survey 4000 19:00 20:00 21:00 22:00 23:00 Feb 07 01:00 02:00 03:00 04:00 05:00
: 21.95m/s
Daily pain survey 2000 Total
a
Please take this survey in the morning Feb22  Feb0s  Feb0s  Feb07  Febos  Febil  Fabi3  Feols  Febi7  Febis  Febi
2/6/2022, 6:48:13 PM 1.27 m/s
COMPLETED v 2/6/2022, 6:50:06 PM 0.98m/s
Health Categories > Activity > Statistics - —
Health Categories > Heart > Statistics
Date Value
ey Dat: Val
EMA survey Heart Rate Variability SDNN ate alue
Daily pain survey Start Date End Date 2/6/2022,8:11:16 AM 0.56 keal
1/1/2022 2/24/2022 Start Date End Date 2/6/2022,8:58:24 AM 65.08 ms.
0000 2/6/2022,8:11:37 AM 23.16 kcal 1/1/2022 2/24/2022
Please take this survey in the afternoon 7200 2e20zz e o8 12621 ms
D 2/6/2022,8:26:23 AM 1.51 kcal
66.00 2/6/2022,11:29:13 PM 19.15ms
Start 120000 2/6/2022,8:27:25 AM 21.17 keal .
2/7/2022,5:38:46 AM 27.7ms
D 2/6/2022,8:42:11 AM 22.1 keal 54.00
2/7/2022, 6:34:08 AM 24,06 ms
1800
o0 2/6/2022,8:57:07 AM 2.69 keal
EMA survey Feb 07 Feb 09 Feb 11 Feb 13 Feb 15 42.00 272022 FEES TZER 7SEBmSs
Dal'y pal'n susey 6396.69 keal 2/6/2022,8:59:00 AM 21.67 keal 09:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 01:00 03:00 05:00
Total 57.53ms 2/8/2022,2:42:19 AM 65.17 ms
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Contributed: The biggest merger
in digital health should be
between behavioral and data
sciences

Digital tools have to do more than just feed people data. They
must also keep them engaged and motivate them to make
healthier decisions. This is where behavioral science comes in.

By Dan Goldner, PhD, and Dr. Harpreet Nagra | November 19, 2021 | 09:51 am




The Future: Personalizing delivery of digital therapies

Barriers prevent patient access to healthcare
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- Single-Session Intervention (SSI) transcend existing

barriers. Efficient, effective, scalable, low-cost, and online

access. Supported by a growing body of scientific evidence
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Deeply
characterize
real-world
chronic pain

Prioritize individual
treatment needs &
characterize trajectories

Research influences practice
Practice influences research

Adaptive trials

Pragmatic science
Subpopulation trajectories
High-quality national data
Integrated with EHRs
Tailorable to any condition

Assess treatment ®
response

—\

Flexibly deploy online
treatments matched
to individual need
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Stanford Systems Neuroscience and Pain Lab (SNAPL)

Redlich Pain Research Endowment
Stanford Research IT
All our collaborators inside and out of Stanford

£y CHOIR

http://CHOIR.Stanford.edu

Generous donors
Welcoming more collaborators.

National Institutes of Drug Abuse (NIDA)

National Institute of Neurological Disorders and Stroke
National Center of Complementary and Integrative Health
PCORI

Redlich Pain Research Endowment

Dodie and John Rosekrans Pain Research Endowment
Feldman Foundation Grant

TWITTER: @ STANFORDPAIN

FACEBOOK: FACEBOOK.COM/STANFORDPAINLAB
YouTuBe: YOUTUBE.COM/STANFORDPAINMEDICINE
WEBSITE: SNAPL.STANFORD.EDU




