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Imagine a world…
Clinicians access high quality 
data to inform assessments and 
best treatments through clinical 
decision support systems

Data is continually updated, 
new data types added 
dynamically, and the system is 
continuously learning



Imagine a world…

Targeted delivery of 
therapies both online 
and in person based 

on a patient's 
characteristics and 

data



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.

Imagine a world…



Disparities
Under-treatment and inappropri-

ate treatment of pain among
racial and ethnic minorities
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High quality, evidence
based education pro-

gramsfor patients and
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bility and quality of pain care
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in pain care and prevention
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“Better data are needed to 
understand the problem and 

guide action”



Learning health care systems

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

• Scientists, clinicians, and administrators 
work together

• Studies occur in everyday practice settings
• Aggregates health data for the purpose of 

learning and continuous structural 
improvements in healthcare delivery

• Captures data in 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



Open source, open standard, 
highly flexible, and free
platform for a Learning Health 
System 
(http://choir.stanford.edu)



Application of 
precision 
medicine

Point of Care: 
The learning 

engine

Research 
Studies

Knowledge 
network

Biomedical 
research

Learning Health System

National Academy of Medicine
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R Code Tools for analysis and visualization of CHOIR Body Map
https://cran.r-project.org/web/packages/CHOIRBM/



Multiple Medical Specialties Across the Globe

• Chronic Pain
• Pediatric Pain
• Family Medicine
• Chronic Fatigue Syndrome 
• Orthopedic Surgery
• Trauma Surgery
• Pre-Surgery Assessment Clinic
• Interventional Radiology
• Psychiatry 
• GI Medicine 
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#1 Reason for clinical informatics system failure: Lack of buy in
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CHOIR is designed to provide 
value to all stakeholders in the 

patient’s experience
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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
• Standard and computer adaptive testing surveys (ie PROMIS)
• Targeted assessments and point of care reporting 
• Targeted delivery of content based on patient characteristics
• Clinical tools: E.g., Automated clinic note generator, clinical 

calculators
• >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!



CHOIR Clinician 
Functionality: EMR (EPIC) 
integration for clinicians 



CHOIR on FHIR Apps – Seamless EMR Integration to 
Improve Clinician Workflow and Patient Care

• Parse EPIC JSON files directly into readable formats
• Includes metadata and contents
• Input different EPIC files (Document Reference, 

Diagnostic Report, Medication Statement, etc)



Features and Status – Research and QI

• Recruitment emails and eligibility surveys (electronic 
consent/enrollment)

• Research and clinical contact database (10’s of thousands)
• Rapid pilot data in real-world patients
• Point of care randomization for clinical trials (e.g. EMPOWER)
• 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

September 2016 Volume 157 Number 9



Application of 
precision 
medicine

Point of Care: 
the learning 

engine

Research 
Studies

Knowledge 
network

Biomedical research

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



Botox for Migraine
• Objective To define individual patient level predictors of 

response to the Phase III REsearch Evaluating Migraine 
Prophylaxis Therapy (PREEMPT) protocol among high 
complexity pain patients in practice

• 658 observations of 183 subjects 20 30 40 50 60 70

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

AGE (years)

P
ro

ba
bi

lit
y

20 30 40 50 60

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

General Health - Mental Score

P
ro

ba
bi

lit
y

40 50 60 70 80

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Pain Interference

P
ro

ba
bi

lit
y

50 60 70 80

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

PROMIS Fatigue Score

P
ro

ba
bi

lit
y

Regional Anesthesia & Pain Medicine. 2019 Jun;44(6):660-668



Headache



Gilam et al., Sci. Adv. 2021; 7 : eabj0320 8 September 2021



CHOIR Open Platform for
Learning Health Systems

Single Session Pain Catastrophizing Class to Reduce Pain
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Effect of FCR – CHOIR Outcomes

Time Point PCS Mean (SD)
Baseline 26.1 (10.8)
Post-Treatment 
Week 2

16.5 (9.9)

Post-Treatment 
Week 4

13.8 (9.5)

N=57 with chronic pain
Single session class
PCS = Pain Catastrophizing Scale  

Darnall, B, Sturgeon, J, Kao, MC, Hah, J, Mackey, S (2014). Journal of pain research, 7, 219. 



Translating evidence into novel and 
effective therapies

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



CHOIR Provides Research Trainee Opportunities
• Provides opportunities for junior investigators and trainees to easily conduct a 

research study.
• Junie Carrière (McGill University). 
• Social injustice and acceptance in chronic pain. 
• 800 deeply phenotyped patients in several weeks



• Targeted intervention tracking (achieved)
• Public dashboard for data visualization (done)
• Public facing version (in progress)
• Targeted delivery of content and referrals
• Patient education 
• Digital behavioral medicine (e.g. EMPOWERED Relief)

• EMR integration (SMART on FHIR)
• Visualizations/dashboards for clinicians

• Distributed registry (in progress; pilot successful)
• Opening up data for broader collaborative projects? - (soliciting 

feedback)

The Future
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Project Architecture
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The Future: Personalizing delivery of digital therapies 



Prioritize individual 
treatment needs & 

characterize trajectories

Flexibly deploy online 
treatments matched 

to individual need 

Assess treatment 
response

Deeply 
characterize 

real-world 
chronic pain

Research influences practice
Practice influences research

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

Da
ta Data

Da
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Dat
a



Imagine a world…



• Stanford Systems Neuroscience and Pain Lab (SNAPL)
• Redlich Pain Research Endowment
• Stanford Research IT
• All our collaborators inside and out of Stanford
• Generous donors
• Welcoming more collaborators. http://CHOIR.Stanford.edu

Funding:
• 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


