
June 2021 CDS Connect Work Group Call



Meeting Agenda

Schedule Topic

3:00 - 3:02 • Roll Call, Michelle Lenox (MITRE)

3:02 - 3:05 • Review of the Agenda, Maria Michaels (CDC)

3:05 - 3:50
• Using CDS to Reduce Harm From Drug-Drug Interactions: 

Case Study of Warfarin and Non-Steroidal Anti-inflammatory Drugs 
(University of Pittsburgh; University of Utah)

3:50 - 3:55 • What's New with CDS Connect This Month (MITRE)

3:55 - 4:00 Open Discussion and Close Out, Maria Michaels (CDC)
• Open discussion and announcements
• Concluding comments, review next steps and adjourn
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Objectives

• Share lessons learned on development of CDS

• Share new features and resources available for CDS Connect

• Discuss topics of interest to members relating to opportunities 
for CDS Connect, including launch of patient partnering panel
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SHARING LESSONS LEARNED WITH CDS -
Using CDS to Reduce Harm From Drug-Drug Interactions: 

Case Study of Warfarin and Non-Steroidal 
Anti-Inflammatory Drugs (NSAIDs)

Richard Boyce, University of Pittsburgh
Dan Malone, University of Utah
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Disclosures

Rich Boyce: Neither myself or my spouse have any relevant 
financial relationships with commercial interests

Dan Malone: Neither myself or my spouse have any relevant 
financial relationships with commercial interests



Outline

• The use case: 
Contextualized drug-drug interaction clinical decision support 

• Authoring structured potential drug-drug interaction CDS
• Shared decision making via DDInteract™
• Discussion



The Use Case: Contextualized Drug-Drug 
Interaction Clinical Decision Support 
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The Use Case: 
Contextualized drug-drug interaction CDS

GRANTS:

1R21HS023826-01-PI Malone
1R01HS025984-01-PI Malone8



Potential drug-drug interactions (PDDIs)

• Exposure to two or more drugs that are known to interact
► “Potential” because exposure does not necessarily mean a clinically 

meaningful effect 
− Co-prescription or co-administration of drugs known to interact, regardless of 

whether harm ensues



Clues About the Frequency of Harm

• Clinically important events attributable to drug-
drug interactions:1
► 5.3% − 14.3% of inpatients
► 231,000 US emergency department visits 

• Hospital admissions associated with an adverse drug event 
attributable to drug-drug interactions:2
► 22.2%  (interquartile range 16.6% − 36.0%)

1 Magro L, Moretti U, Leone R. Epidemiology and characteristics of adverse drug reactions caused by drug-drug interactions. Expert Opin Drug Saf. 
2012;11(1):83-94. doi:10.1517/14740338.2012.631910

2 Dechanont S, Maphanta S, Butthum B, Kongkaew C. Hospital admissions/visits associated with drug-drug interactions: a systematic review and 
meta-analysis. Pharmacoepidemiol Drug Saf. 2014;23(5):489-497. doi:10.1002/pds.3592.



“When the Holes Line Up”

Hansten PD, Horn JR. Modified from: James Reason, Human Error, 1990



Prescribers’ PDDI Knowledge

Prescriber knowledge is often lacking
• 12,500 United States prescribers correctly identified 42.7% of 14 

drug pairs1

• 281 Iranian medical residents correctly classified only 41% (5.7/14) of 
14 drug pairs2

• Mean number of correct responses from 244 Turkish physicians 
regarding the clinical significance of the 7 COVID-19 therapy related 
DDIs was 2.04 (±1.31)3

1 Ko et al. Drug Saf. 2008;31(6):525 – 536.
2 Nabovati et al. International journal of clinical pharmacy 39.3 (2017): 560 – 568.
3 Sürmelioğlu et al. Postgraduate Medicine (2020): 1 – 5.



Does CDS Work?

Systems that provide PDDI alerts at the point of care often alert 
to PDDIs that have little potential clinical significance
• Frustrating clinicians: Clinicians override up to 90% of potential DDI alerts, 

primarily because clinicians do not consider the alerts to be relevant.

• Can lead to inappropriate responses: 87.3% of high-priority alerts were 
overridden in a 1-year sample of inpatient and outpatient data from a large 
academic health system; less than half (45.4%) of the overrides were 
considered appropriate 

Edrees H, Amato MG, Wong A, Seger DL, Bates DW. High-priority drug-drug interaction clinical decision support overrides in a 
newly implemented commercial computerized provider order-entry system: Override appropriateness and adverse drug events. 
J Am Med Inform Assoc. 2020;27(6):893-900. doi:10.1093/jamia/ocaa034



Key Point

PDDI clinical decision support is currently sensitive but not 
precise; alerts are more effective when they consider the 
specific patient context
• Daniels et al. observed a reduction in the override rate from 93.9% 

to 46.8% after making nearly a third (30.2%) of DDI alerts more 
contextual and suppressing another 16.5% of alerts.

1

1 Daniels CC, Burlison JD, Baker DK, et al. Optimizing Drug-Drug Interaction Alerts Using a Multidimensional Approach. 
Pediatrics. 2019;143(3). doi:10.1542/peds.2017-4111



What Does a Contextualized PDDI 
Algorithm Look Like?

• See the CDS Connect Repository
► Warfarin – NSAIDS: 

https://cds.ahrq.gov/cdsconnect/artifact/contextual-drug-interaction-decision-
support-algorithm-warfarin-nonsteroidal

► Warfarin – antidepressants: 
https://cds.ahrq.gov/cdsconnect/artifact/contextual-drug-interaction-decision-
support-algorithm-warfarin-antidepressants

• Others in the process of release to CDS Connect
► ddi-cds.org

https://cds.ahrq.gov/cdsconnect/artifact/contextual-drug-interaction-decision-support-algorithm-warfarin-nonsteroidal
https://cds.ahrq.gov/cdsconnect/artifact/contextual-drug-interaction-decision-support-algorithm-warfarin-antidepressants


Authoring Structured PDDI CDS
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CDS Hooks in the Prescribing Workflow

• Patient-view hook
► Clinician
► Shared decision making

• Order-select, order-sign hooks
► Clinician 



Patient View

• Short card summary of PDDIs
► Can be actionable from the card

• SMART App link
► Many PDDI situations require clinician input to arrive at the 

appropriate action
► Shared decision making



Order-Select/Order-Sign

• Clinician-facing CDS
► Order-select

− Early in the prescribing workflow
– Less cognitive burden than at order-sign?

► Order-sign
− Last step in the prescribing workflow



Additional Requirements?

• Ability to test the rules 
► Retrospectively
► Prospectively 

• Simple to author
► Most authors are not knowledgeable about FHIR and need some help to 

pick the correct resources 
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Authoring PDDI CDS Rules (1/5)

https://authoring.ddi-cds.org/authoring/

https://authoring.ddi-cds.org/authoring/


Authoring PDDI CDS Rules (2/5)



Authoring PDDI CDS Rules (3/5)



Authoring PDDI CDS rules (4/5)



Authoring PDDI CDS rules (5/5)



Shared Decision Making via DDInteract™
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Shared Decision Making with DDIs

• DDInteract
► Novel SDM app to improve clinician and patient understanding of risk of 

harm due to exposure to select potential DDIs.
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Shared Decision Making

Occurs when a healthcare provider and a patient work together to make a 
care decision that is best for the patient.

Elwyn G et al. Shared decision making: a model for clinical practice. J Gen Intern Med. 2012



Theoretical Connectivity
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Overall View
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Design

Primary Information Tab
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Shared Decision Making Attributes (1/2)
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Shared Decision Making Attributes  (2/2)
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Shared Decision Making Screenshot
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Screenshot 2
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Non-Medication Treatments
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Clincal Summary for Chart

37



Additional Information (1/4)
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Additional Information (2/4)
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Additional Information (3/4)



Additional Information (4/4)



Try DDInteract! (1/2)

• https://ddi-cds.org/apps/
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Try DDInteract! (2/2)
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Summary

• First authoring-to-service environment for PDDI CDS artifact 
development

• DDInteract is a novel SDM tool for managing drug-drug 
interactions
► App-based approach for the last mile of meaningful CDS for drug safety
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Discussion
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WHAT’S NEW WITH CDS CONNECT

Matt Coarr and Chris Moesel, MITRE
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Updates and New Features

• Authoring Tool​​
► Support for using base elements, parameters, and external CQL as arguments to external CQL functions
► Support for Strength of Recommendation and Quality of Evidence in CPG form
► Updates to design and interaction of Value Set Authority Center integration
► Visual error indicators and content indicators on tabs in Workspace
► “Sticky” tabs so authors always know their context (e.g., Inclusion, Exclusions)
► Bug fixes and continued updates to support reusability and maintainability

• Repository​​
► API update for related artifacts deployed (now returning title, ID, and URL for each related artifact)
► UI changes in progress
► CPG-on-FHIR work continues
► User documentation update continues
► Updated environments to PHP 7.4
► Software updates​ and security patches — In progress: Drupal 9 and Acquia Dev Desktop replacement
► Technical support for Repository contributors

Link to CDS Connect: https://cds.ahrq.gov/cdsconnect
47
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ANNOUNCEMENTS, OPEN DISCUSSION 
AND CLOSE-OUT

Maria Michaels
Office of Public Health Scientific Services

Centers for Disease Control and Prevention
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