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Session #2 The Future of Clinical Decision Support

• Wednesday, Sept. 27, 2023, 11 a.m. – 4 p.m. ET

• This session will cover topics important to the future of clinical decision support. 

Session #3 Creating Value by Modernizing and Measuring Clinical Decision Support

• Wednesday, Nov. 8, 2023, 12 p.m. – 3 p.m. ET

• This session will discuss how new technologies can add value to CDS and how the impact of CDS can be 
measured and evaluated.

• Registration for both opens June 19.

Upcoming workshops

More information 
about workshops here
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• CDS workshop sessions

• Overview of CDS 
• Tom Mason, MD, Chief Medical Officer, ONC

• How to implement CDS locally
• Bill Russell, MD, Conviva Care Centers

• Questions at 12:54 p.m.

• Break at 1:05 p.m.

• Examples of interoperable CDS in the real world
• Buck Rogers, Medical University of South Carolina
• Lydia Drumright, PhD, University of Washington
• Patrick O’Connor, MD, and Deepa Appana, HealthPartners Institute

• Questions at 2:22 p.m.

Agenda
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• Definition and Types of CDS

• Benefits of CDS

• Challenges and Limitations

• Trends of CDS

• Today’s Case Studies

Overview of CDS



5

• Clinical decision support (CDS) provides clinicians, staff, patients or other individuals with knowledge and 
person-specific information, intelligently filtered or presented at appropriate times, to enhance health and 
health care. CDS encompasses a variety of tools to enhance decision-making in the clinical workflow.

• Key components and stakeholders that support a typical CDS system
• Data integration by technology developers

• Knowledge base by providers/researchers

• User interface by providers/patients

• Types of CDS include
• Alerts and reminders to care providers and patients

• Clinical guidelines

• Condition-specific order sets 

• Contextually relevant reference information

• Documentation templates

• Diagnostic support

• Focused patient data reports and summaries 

Definition and Types of CDS



6

• When CDS is effectively designed to provide the right information, to the right person, in 
the right format, through the right channel, at the right time in the workflow, benefits can 
include:

• Increased quality of care and enhanced health outcomes

• Avoidance of errors and adverse events

• Improved efficiency, cost-benefit, and provider and patient satisfaction

Benefits of CDS

The CDS Five Rights were first articulated by Jerry Osheroff, MD, in 2007.
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• Increasing interoperability

• Keeping content up-to-date 

• Increasing access to sharable CDS 

• Improving workflow integration

Key Challenges
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• Integration with electronic health records (EHRs)

• Mobile and wearable technology

• Decision support for precision medicine

• Standards for integrated quality improvement

• Patient-centered decision support 

• Health Data, Technology, and Interoperability: Certification 
Program Updates, Algorithm Transparency, and Information 
Sharing (HTI-1) Proposed Rule

Current Trends of CDS

More information about 
HTI-1 Proposed Rule here
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• CDC Clinical Practice Guideline for Prescribing Opioids Recommendations Pilot
• Buck Rogers, Medical University of South Carolina

• Clinical Opioid Summary with Rx Integration (COSRI) tool and PainTracker
• Lydia Drumright, PhD, University of Washington

• Priority Wizard
• Patrick O’Connor, MD, and Deepa Appana, HealthPartners Institute

Today’s Case Studies
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How to Implement CDS Locally
Bill Russell, MD, Conviva Care Centers
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Questions
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Break   
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Examples of Interoperable 
CDS in the Real World



MUSC/CDC Clinical Practice Guideline for Prescribing Opioids for Pain
Recommendations Pilot

Epic FHIR Opioid Prescribing CDS-Hooks Support Implementation

Dr. Leslie Lenert, Director, Biomedical Informatics Center / CRIO

Wei Ding, Senior Interface Developer/Architect

Buck Rogers, Epic Research Manager 

Contact Info: rogersbr@musc.edu

All Epic screenshots © 2023 Epic Systems Corporation
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BMIC Team
Director: Dr. Leslie Lenert
Senior Interface Developer/Architect: Wei Ding
Project Manager: Luke Sox
Epic Research Manager: Buck Rogers
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Contract Team

NAME ROLE PHONE EMAIL

Johnathan Coleman, 
CISSP Program Manager 843-442-9104 jc@securityrs.com

Amber Patel, LLM Project Manager 832-427-8401 ayp@securityrs.com

Greg White, MS, MA
Program 

Coordinator/Technical 
Lead

843-442-0149 gw@securityrs.com

Trish Austin, PMP, 
MBA

Comptroller/Contracts 
Mgr. 843-416-4880 taustin@securityrs.com

Kensaku Kawamoto, 
MD, PhD, MHS Subject Matter Expert 919-358-9361 kkinformatics@gmail.com

Floyd Eisenberg, MD, 
MPH Subject Matter Expert 202-643-6350 feisenberg@iparsimony.com

Rob McClure, MD Subject Matter Expert 303-926-6771 rmcclure@mdpartners.com

Bryn Rhodes Subject Matter Expert 801-368-4628 bryn@smilecdr.com

mailto:jc@securityrs.com
mailto:ayp@securityrs.com
mailto:gw@securityrs.com
mailto:taustin@securityrs.com
mailto:kkinformatics@gmail.com
mailto:feisenberg@iparsimony.com
mailto:rmcclure@mdpartners.com
mailto:bryn@smilecdr.com
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Government 
Leadership

NAME ROLE PHONE EMAIL
Lolita Kachay, MPH COR, ONC 202-969-3368 lolita.kachay@hhs.gov

Alison Kemp, MPH ONC 202-820-7158 alison.kemp@hhs.gov

Anastasia Perchem ONC 202-969-3375 anastasia.perchem@hhs.gov

Wes Sargent, EdD CDC 770-488-7740 ylt5@cdc.gov

Jan Losby, PhD CDC 770-488-8085 kfy9@cdc.gov

Terry Davis, EdD CDC 770-488-3940 ddu8@cdc.gov

Andrew Terranella, 
MD, MPH CDC aqt1@cdc.gov

mailto:lolita.kachay@hhs.gov
mailto:alison.kemp@hhs.gov
mailto:anastasia.perchem@hhs.gov
mailto:ylt5@cdc.gov
mailto:kfy9@cdc.gov
mailto:ddu8@cdc.gov
mailto:aqt1@cdc.gov


Traditional BPA Pop-Up



BPA Alert Fatigue

• The term alert fatigue describes how busy workers (in the case of 
health care, clinicians) become desensitized to safety alerts, and as a 
result ignore or fail to respond appropriately to such warnings. This 
phenomenon occurs because of the sheer number of alerts, and it is 
compounded by the fact that the vast majority of alerts generated by 
CPOE systems (and other health care technologies) are 
clinically inconsequential—meaning that in most cases, 
clinicians should ignore them.

• The problem is that clinicians then ignore both the bothersome, 
clinically meaningless alarms and the critical alerts that warn of 
impending serious patient harm.



Interruptive vs. Non-Interruptive alerts in EHR

1.) Interruptive BPA – Standard Flu screening pop up for example. 

2.) Non-interruptive – Background BPA that sends an in-basket message 
to a provider. 

3.) New Innovation – note/smartform in clinicians note instead of a 
pop-up BPA

a.) Alert fatigue – Does not interrupt clinician’s workflow
b.) Interruption adds to cognitive loads – Heavy lift on the 

system.



BPA alternative used in Opioid overdose in ED



Opioid OD Smart Form



Effectiveness of non 
interruptive template

• A noninterrupted decision support intervention 
was associated with higher take-home naloxone 
prescribing in a pre-post study across a multi-
institution health system.

• Timing is different from traditional BPA. Presented 
during documentation time rather than during 
ordering. Doesn’t interrupt cognition, may be 
better accepted. 



BMIC Gateway



Trigger Overview



Recommendation 10 When prescribing 
opioids for chronic 
pain, clinicians should 
use urine drug testing 
before starting opioid 
therapy and consider 
urine drug testing at 
least annually to assess 
for prescribed 
medications as well as 
other controlled 
prescription drugs and 
illicit drugs. 



Recommendation 10 - UDT
Test case – Order Sign – 1 Positive UDS test results



Recommendation 10 - UDT
Test case unexpected – Order Sign – Interruptive Alert



Recommendation 10 Test case 1 – Flowsheets/Data Storage



Recommendation 10 – Non-Interruptive alert in Epic note template



Recommendation 11 – Interruptive Alert



Conclusion

1.) Non interruptive alerts that add new tools to physician templates 
are a promising new technology for decision support

2.) These tools can be integrated into both traditional (inside Epic or 
other EHR) decision support or advanced external method
feasible to bring CDS Hooks cards back into an EHR using Smart-on-
FHIR gateway using two methods. 

a.) Interruptive alert pop up
b.) Non-interruptive alert in clinician's note

3.) Further study is need to assess where this new approach to non-
interruptive alerts is most effective.



Clinical Opioid Summary with Rx Integration 
(COSRI) & PainTracker Integration:
Extending a SMART-on-FHIR Application for a More 
Integrated Patient Experience

Lydia Drumright, PhD MPH
University of Washington
LND23@UW.EDU



COSRI Background

June 7, 2023 COSRI-PainTracker Integration 34



Rationale for Building COSRI

June 7, 2023 COSRI-PainTracker Integration 35

• Prescription drug monitoring programs (PDMPs) established to curtail US opioid epidemic
• Increased information exchange to support more informed prescribing
• Suboptimal use reported by prescribers

• Washington (WA) State
• Fatal overdoses of non-heroin opioids continue to increase
• Despite Department of Health (DoH) efforts opioid Rx are high (~90/1000 population)
• 2019 UW study, providers reported difficulty accessing and cost as barriers to PDMP use

https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates https://adai.washington.edu/WAdata/deaths.htm https://doh.wa.gov/data-statistical-reports/washington-tracking-
network-wtn/opioids/county-prescriptions-dashboard

https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates
https://adai.washington.edu/WAdata/deaths.htm
https://doh.wa.gov/data-statistical-reports/washington-tracking-network-wtn/opioids/county-prescriptions-dashboard
https://doh.wa.gov/data-statistical-reports/washington-tracking-network-wtn/opioids/county-prescriptions-dashboard


Framework for Building COSRI
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• 2020-2021 Washington State Opioid and Overdose Response Plan
• Strategies to promote best opioid prescribing practices and increase use of PDMP data 

• UW Clinical Informatics Research Group (CIRG) & WA DoH collaboration
• Develop a clinical decision support (CDS) app for opioid prescribing using current HIT 

standards
• Goal: increased use of PDMP & support Health IT standards, demonstrate utilization of FHIR, 

SMART-on-FHIR and clinical quality language (CQL)

https://www.hca.wa.gov/assets/program/WashingtonStateOpioidandOverdoseResponsePlan-final-2021.pdf

https://www.healthit.gov/topic/standards-technology/health-it-standards

https://www.hca.wa.gov/assets/program/WashingtonStateOpioidandOverdoseResponsePlan-final-2021.pdf
https://www.healthit.gov/topic/standards-technology/health-it-standards


Design

June 7, 2023 COSRI-PainTracker Integration 37

• Used open-source SMART-on-FHIR application codebase from the AHRQ CDS
Connect Pain Management Summary project as template

• Extended code
• Updated to FHIR R4 & developed a FHIR abstraction layer, or “facade” to present PDMP dispensing data 
• Incorporated milligrams of morphine equivalents (MME) CQL calculator
• Established production connectivity to the WA State PDMP & added WA State prescribing rules to the guideline

• Iterative End User Participatory Design (focus groups & qualitative interviews)
• Developed faux EHR (“fEMR”) to serve as a SMART-on-FHIR host to launch COSRI when in free-standing mode 

(e.g., without integration with an EHR)
• Supports authentication & authorization via Keycloak

• Controlled substance classification implemented through logic mapping from NIH/NLM RxNav API returns
• Developed extract load transform (ETL) services to receive information from clinics in the free-standing mode and 

store them as FHIR resources in fEMR’s HAPI FHIR database
• Ability to record urine drug screen (UDS) & controlled substance agreements (CSA) in HAPI FHIR database & 

present in user interface
• Array of alerts for contra-indicated co-prescribing, UDS and CSA, high MME, failure of MME calculation, and other 

risks through rules implemented in Java script and CQL

Utilized iterative design methodology to meet the needs of state/federal agencies (HIT 
standards, opioid prescribing guidelines) and providers (efficient, accessible, inexpensive)



Architecture
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The COSRI Application

June 7, 2023 COSRI-PainTracker Integration 39

• Demo versions of COSRI can be found at:
• Free-standing version: https://project.cosri.app/demo.html
• EHR-integrated version: 



COSRI Application: Patient Search

June 7, 2023 COSRI-PainTracker Integration 40



COSRI Application: Rx Summary

June 7, 2023 COSRI-PainTracker Integration 41



COSRI Application: Rx Details

June 7, 2023 COSRI-PainTracker Integration 42



Implementation & Evaluation
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• Implemented at two primary care clinics in September/October 2021
- Nurse practitioner owned & led - Serving ~50% Medicaid patients
- Low technology EHRs - Standalone version

• Evaluated using a mixed methods approach
- COSRI App logs - Qualitative interviews with providers
- 1911 patient views/ 26 weeks - 9 user support issues logged



Center for Pain Relief (CPR) Adoption
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• CPR 
• UW Medicine
• Chronic pain referral center providing a wide range of treatment, support, and guidance for 

chronic pain
• One of the few chronic pain specialty centers that accepts Medicaid patients in WA

• Clinical Informatics Research Group (CIRG) provides CPR a patient-facing app (PainTracker)
• PainTracker is a patient reported outcomes and measures (PRO) tool to capture key health 

information
• Paper version used in clinic
• Difficult for providers to integrate with EHR

• CIRG implemented Web-based version in 2014
• Produces a pdf sent electronically to the clinic

• Integration of COSRI and PainTracker
• Could provide a holistic or “365” view of patient when assessing pain
• Patient input into their experiences and care
• Potential to improve delivery of care



PainTracker
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Chronic Pain is Complicated
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• Can be impacted by other factors
• Mental Health (e.g., depression, anxiety, post-traumatic stress disorder (PTSD))

• Treatment for mental health concerns can reduce experience of pain

• Opioid therapy needs driven by other factors
• Risk for dependency
• Family history of dependency
• Response to and dependency on opioids varies between individuals
• Patients often unaware of dependency on prescribed opioids

• Goals for chronic pain management
• Functionality, not pain free 
• PEG – Pain intensity, interference with Enjoyment of life, and interference with General 

activity



PainTracker Application 
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Demo link: https://cprohealth.org/



PainTracker PRO App
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Items Assessed on the PainTracker PRO
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• Pain - Location
- Intensity
- Interference with life enjoyment
- Interference with general activity
- Interference with most important activity

• Sleep - STOP (from STOP-BANG)

• Depression - PHQ-9

• Anxiety - GAD-7

• PTSD - PC-PTSD

• Opioid Risk - TAPS-1
- OPCT

• Other - Treatment satisfaction
- PROMIS-GLOBAL
- WHODAS



COSRI-PainTracker Integration

June 7, 2023 COSRI-PainTracker Integration 50



Information Flow
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FHIR 
Database 



COSRI-PainTracker Application: Overview

June 7, 2023 COSRI-PainTracker Integration 52



COSRI-PainTracker Application: PainTracker Report 

June 7, 2023 COSRI-PainTracker Integration 53



COSRI-PainTracker Application: PainTracker Report Details 

June 7, 2023 COSRI-PainTracker Integration 54



COSRI-PainTracker Application: PainTracker Report Details 

June 7, 2023 COSRI-PainTracker Integration 55



COSRI-PainTracker Application: PainTracker Report Details 

June 7, 2023 COSRI-PainTracker Integration 56



End User Development/ Assessment

June 7, 2023 COSRI-PainTracker Integration 57

• Prototype ready
• Development

• Stage

• End user input
• Qualitative “think out loud” sessions
• June 2023

• Measures
• Usefulness of summary data
• Ease of user interface layout
• Match to workflow
• Additional CDS
• Additional tools
• Current challenges



Future Activities
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• Update COSRI-PainTracker based in end user input

• Create FHIR QuestionnaireResponses for all other questionnaires in PainTracker

• Develop implementation guidance

• Production Instance

• Training

• Pilot testing of COSRI-PainTracker at UW

• Iterative development

• Evaluation
• Usage metrics
• Qualitative interviews
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Preview
• Priorities Wizard developed since 2006 with 12 NIH Grants ($40 M)
• Currently Used at adult and pediatric encounters in 12 medical groups 

in 10 states caring for about 3 million patients
• Tested for impact in a series of clinic-randomized trials

• Better glucose and BP control in diabetes patients
• Better BP care/control in high-risk safety net patients 
• Improves CVD risk in adults without DM or CVD
• Improves reversible CVD risk in Serious mental Illness
• May reduce Health Care Disparities based on race
• No impact on Prediabetes Care

• Persistent High Use Rates and Clinician Satisfaction
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Living in the Primary Care Jungle

• 300 clicks per encounter
• 18-25+ encounters per day; 3-5 problems per encounter
• EMR in-basket out of control
• Endless BPAs and alerts; interrupts thought and eye contact
• Hard stops = rage reaction
• In an EMR-lenghtened 11-hour day do >5 hours of EMR 

documentation (much of it “pajama time”)
• Paid less than any other types of clinicians
• >40% would not again choose to be a clinician (true of all docs)
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Priority Wizard CDS Design Elements

1. Web-based and EHR integrated

2. Person centered rather than disease focused: Delivers personalized and prioritized 
CDS content across multiple clinical domains

3. Prioritzed:  CDS based on EHR information and sophisticated algorithms housed in the 
Priority Wizard web service (suggestions based on distance from goal, comorbidities, 
allergies, lab values, previous procedures, safety considerations)

4. NO MOUSE CLICKS: Reliance on a BPA pop up to rooming staff to open and print CDS 
tools: one page for patients and one page for clinicians print together when clicking on 
a link in the BPA for targeted high risk patients

5 Discussion and shared decision making about priority conditions is facilitated through 
patient engagement (one patient page) and clinician efficiency (one clinician page)

6 Active Guideline Features (optional & rarely used): Quick orders for labs, meds, 
referrals suggested by Wizard, access to patient info materials, facilitates 
documentation

7 Dot Phrases:  Popular and widely used for documentation and for post-visit decisions 
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Quick Orders in Active Guideline
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Domain Specific Tools
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Data

DATA
• Patient Demographics
• Vitals
• Labs
• Allergies
• Prescriptions
• Imaging 
• Immunizations
• Procedures
• Diagnosis/Problem list
• Care Episodes
• Visit history
• Family History
• Referrals

68

DOMAINS
• BP
• A1C
• Lipids
• Smoking
• Aspirin
• Weight
• Opioid Use
• Cancer
• CKD
• Adherence
• Cognitive Impairment
• Pre-diabetes



Current Architecture

Technology
• Custom code in EHR
• Mapping client specific codes
• Security based on IP Whitelisting 

and SSL
• Reliance on EHR specific rules
• < 300 ms response time

Challenges
• Limited to Epic 
• Long implementation 6-18 

months
• Reluctance to maintain custom 

code
• Not many developers with the 

skillset at the implementation 
site

69



Epic Trigger 
(BP Entry)

Custom MUMPS 
Program

Extract patient data and 
generate run id 

Priorities Wizard 
Webservice

Write back run id into Epic

BPA displays link To 
Priorities Wizard Web App

Interconnect 
Epic Webservice

Current Architecture

Priorities Wizard 
Web App

*(SMART on FHIR)

1- Invokes Backend Programming Trigger

2 - SOAP WS Request

3 - SOAP WS Response

4 - Save data to Epic

5 - Click to launch 
web app



FHIR

• CDS Hooks
• SMART on FHIR App Launch
• Writeback
• Standardized code sets

Advantages
- EHR Agnostic
- Quicker implementation
- Less build in the EHR

Challenges
• Limited trigger points
• Limited flexibility (diagnosis, 

patient data)
• Latency
• Non-standard data is hard to find
• Not all orgs have the code sets 

implemented uniformly
• Implementation is not standard
• dotPhrase functionality
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EMR: CDS Hooks Trigger
BP entered/Chart Open

EMR: CDS Hooks (Pre-fetch 
FHIR Resources)

a) CDSHOOKS Service  (Mutual 
SSL Auth)

b) SMART on FHIR Web App

Priorities Wizard 
Webservice

EMR:  FHIR Server
1. Extracting additional 

FHIR Data
2. Write data into Patient 

Record

EMR: CDS Card with 
Priority Wizard SMART on 

FHIR App Link (OAuth2)  

FHIR

1- Invokes CDS Hook
Programming Trigger

2- Pre-fetched
patient data 
send to CDS

3- send to CDS service 
for decision support

4- Response from CDS5- Send CDS Card

7- Web UI Display Priorities Wizard 
Web App

*(SMART on FHIR)



Wizard CDSHooks Launch Design

Research Partner Health System

Epic 
Hyperspace

1. CDSHooks (Prefetch + Access Token)

Epic 
Interconnect 
(FHIR)Server

3. R/W FHIR Resource Response

HealthPartners

HealthPartners

FHIR WizardGateway 
Server

Wizard CDS Web 
UI App Instance

Wizard CDS Web 
UI App Instance

Load Balanced

2. R/W FHIR Resource API with Access Token(Encounters)

4. Send CDS Cards with “smart” link



Wizard Web UI SMARTonFHIR Launch Design

Research Partner Health System

Epic 
Hyperspace

1. SMARTonFHIR EHR Launch

Epic 
Interconnect 
(FHIR)Server

3. Oauth Token Response

5. Oauth Access Token Response With Wizard Run Id included

HealthPartners

HealthPartners

Wizard CDS Web 
UI App Instance

Gateway 
Server

Wizard CDS Web 
UI App Instance

Wizard CDS Web 
UI App Instance

Load Balanced

2. Get Oauth Token

4. Get Access Token

6. Wizard Web UI display



FHIR
Latency
• Huge impact on user experience
• 19 sec vs 300 ms
• Split data extraction to 2 points in time
• Data caching
• Used prefetch

Standard codes
• Some things can only be accessed via URN 

which changes in each environment and 
client – eg writeback to flowsheet

• All codes systems are sent back. Makes 
message heavy

Wish List
• More standard trigger points
• Specify code system
• Prefetch has more search parameters
• Option to limit data in resource
• Option to gather data across encounters
• Search by base name ( limitation of LOINC)
• Ask for subset of data
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Results

• Use rates
• Clinician Satisfaction
• Impacts on Care
• Safety Net Clinics
• Serious Mental Illness
• The challenges of OUD and CI
• Patient and Clinician Archetypes 
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Use Rates 
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Historical Essentia Health Wizard Clinic Print Rates

Interventio
n Clinics

80%
System
Goal 0%

20%

40%

60%
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2019-2020 HealthPartners, Essentia & Park Nicollet 

Clinic Print Rates 

HP CKD Intervention
HP CKD Control
Essentia Intervention
Park CKD Intervention
Park CKD Control
Goal

78



79

Primary Care Clinician Satisfaction 
with Wizard

Wizard User Comments (N=107) % Agree/Strongly Agree
Useful for shared decision making 86%

Ranking clinical issues based on potential benefit is helpful 89%

Influences what addressed during visit 64%

Encourages patients to initiate conversation about listed opportunities 60%

Lengthens appointment time 68%

Time constraints are barrier to using Wizard 75%

Use at preventative visits most often 50%

Use at follow-up visits most often 79%

Would be more helpful if in after visit summary 78%

Would use more if easier to access in EHR 71%

Would like if available to patients via myChart 85%

Preference toward patient view being only option in myChart 79%



Primary Care Clinician Satisfaction with CV Wizard
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How useful is Priority Wizard in helping 
with care for the following issues

Clinical Issue Somewhat Useful/Very Useful

Hyperlipidemia 90%

Hypertension 88%

Diabetes 88%

Obesity 67%

Tobacco 80%

Aspirin 76%

Anticoagulation for AFib 39%  

Chronic Kidney Disease 44%

Opioid Use 25%

Medication Adherence 36%

High CV Risk 90%
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HP myVoice Survey Results
• myVoice participants were shown Priority Wizard through a survey and asked 

how likely they were to take action based on the handout. 

• 63% of panelists rate their likelihood to take action based on this handout 8, 9 or 
10 on a 10-point scale 
• Likely to Take Action Based on Wizard Handout

63%
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