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Agenda

• Very brief review of the effectiveness of 
CDS

• Interpretation of the mixed evidence from 
a workflow perspective

• Understanding workflow and workflow 
integration



State of the Evidence
“Nonetheless, there are few CDS 
implementations to date in routine clinical use
that have substantially delivered on the promise 
to improve healthcare processes and outcomes, 
though there have been an array of successes at 
specific sites …Yet even these successes have 
generally not been widely replicated. There are 
many reasons for the lack of diffusion of these 
systems.”1



State of the Evidence
The Good

• Computerized Provider Order Entry 
(CPOE) with CDS can reduce medication 
error rates and increase the quality and 
efficiency of medication use2

• Using order sets as basic CDS within 
CPOE systems can, potentially, improve 
clinician efficiency3



State of the Evidence
The Good

• CDS integrated into CPOE can improve the 
use of the order sets4

• Computerized clinical reminders can increase 
compliance with guidelines and even save 
time 5



State of the Evidence
The Good

• Well-designed interruptive alerts can 
increase alert acceptance to 67%6

• CDS can lead to faster diagnosis7



.

State of the Evidence
The Less Good

• Systems did a poor job of identifying 
severe clinically significant drug-drug 
interactions8

• Drug safety alerts are overridden 49%-
96% of the time9



State of the Evidence
The Less Good

• Even allowing primary care physicians to 
customize drug alerts still resulted in 88% of 
alerts being ignored10

• Ambulatory CDS automation is criticized for 
being time consuming and unusable11

• Primary care physicians working for the 
Veteran’s Health Administration (VHA) rated 
their CDS as average12



State of the Evidence
The Less Good

• Reviews that have demonstrated CDS can 
improve physician outcomes have not 
been able to demonstrate improvements 
to patient outcomes7



Why are the Results Mixed?
Workflow integration problems

“Rather, the CDS should unobtrusively, but effectively, 
remind clinicians of things they have truly overlooked 
and support corrections, or better yet, put key pieces of 
data and knowledge seamlessly into the context...” 1

“Systems that alter clinician workflow by not integrating all 
relevant information for informed decision making into 
one place run the risk of distracting already busy 
clinicians. …”14

A systematic review of CDS effectiveness found that CDS 
can improve clinical practice if there was workflow 
integration15



Clearly workflow integration is 
key. But what do we mean by 

workflow and workflow 
integration? 



Workflow

• Workflow can be defined as the flow of 
work through space and time, where work 
is comprised of three components: inputs 
are transformed into outputs. 



What is Workflow?
• Inter-organizational workflow: 

– workflow between a primary care physician and a 
community pharmacy or 

– between an emergency department physician and a 
primary care physician to share information about a 
patient

• Clinic-level workflow: 
– flow of a physician, nurse or patient through physical 

space 
– and the flow of information, in paper or electronic 

formats, among people at a practice or clinic



–

What is Workflow?
• Intra-visit workflow: 

– workflow during a patient visit, which involves the 
workflow of the visit (e.g. start by asking for a problem 
list, then do history and physical, then prescribe 
treatment)

• Cognitive workflow – the workflow in the head: 
– Sensation, perception, decision making, response 

execution
– A clinician might be thinking “listen for any significant 

acute problems and deal with those first. Also, 
investigate my concern about spousal abuse. If I don’t 
hear any, focus on the chronic problems.”
This is unlikely to be observable



What is Workflow?

• People flow through space and time. 
• Information flows through space and time in 

paper and electronic formats
• Objects, such as medications, flow through 

space and time 
• The flow of all of those, information, people, 

and products and the different levels of 
workflow are necessary to consider when 
designing CDS to support workflow



What does it mean to integrate 
CDS into workflow?

• Making sure CDS supports the flow of 
work desired at the multiple levels



HIT-workflow integration16
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From EBM to CDS: Salto 
Mortale? 

Salto Mortale:
- deadly jump
- full somersault
- dangerous or crucial 

undertaking 



From EBM to CDS: 
©2008 David F. Lobach

Underlying Logic of Alerts 

The Decision Tree



Alerts, Underlying Logic

The 
Decision 
Tree

Correct 
direction?



Reality: A Simple Decision Tree



More Reality: Decision Trees



Data bases on which CDS are 
created

• Evidence on the Evidence

• Evidenced-Based Medicine: Promise and 
potential



Decision Trees: Still Simplified



Some Data

• 80-90% of alerts overridden
Fewer if tiered (i.e., increasing levels)

In study of 300 Overrides, 300 were 
medically correct. 



Types of CDS

Range of types and intensities: 
Linkage to CPOE and EMRs

1. Requesting help (e.g., click to see more)

2. Alerts/Alarms

3. Order sets



Requesting Help

1. Hide n’ go seek
2. More monitors?
3. Link to…. 

other documents

Abbreviated or not



Alerts: For Rx and/or for Dosages

1. Regular:
OR
2. Tiered:
• Flash on screen
• Must Acknowledge
• Must justify override



Alerts Just for You 

• Service-specific

• Provider-specific



Alerts: 
Other (unintended) Function

Bumpers



Order Sets

• Acknowledge order sets as not-so-hidden 
CDS

• Order set wars



©2008 David F. Lobach

Competing Order Sets

• Danger of differing order sets when 
residents or others circulate across 
institutions and/or services. 



Trajectories of installation:

1. Off the shelf  (or off someone’s shelf)
2. Withdrawn

• (Real story of Cedar-Sinai)

3. Re-introduced stepwise 
4. Role of departments and power
5. CDS and order-set wars
6. Time and input and utility



Evaluations: What the data 
show

1. Implementation rates
2. Success rates
3. Factors influencing achievement
4. The bases of decision support: 

building on CPOE and EMRs
5. Concerns of experienced providers



• Learning from our mistakes
• Improved technology
• Concern about future clinicians who never 

practiced without them

• Don’t leave home without them?

The Future of CDS
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Presentation Overview
• Success Factors for CDS
• CDS Engine - SEBASTIAN
• CDS Examples in Practice

– Chronic Disease Management
– Diagnosis and Management
– Population Health Management
– Medication Management
– Care Transitions for Complex Patients

• Lessons Learned
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Success Factors for CDS
• Systematic review to identify features of CDS systems important 

for improving clinical practice1

• >10,000 manuscripts screened, 70 RCTs included
• 68%  significant improvement in clinical practice
• Most common system types and content:

- 34%: Computer systems providing patient-specific advice on 
printed encounter forms or printouts attached to charts

- 26%: Non-electronic systems that attached patient-specific 
advice on appropriate charts

- 16%: CPOE systems with CDS capabilities
- 81% chronic conditions, 23% acute conditions
- 53% pharmacotherapy, 46% lab test ordering

1  Kawamoto K, Houlahan C, Balas A, Lobach DF. Improving clinical practice using clinical decision support 
systems: a systematic review of trials to identify features critical to success.  BMJ.  2005;330:765-72.
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Principle Findings-1
Multi-variate regression analysis identified 4
features as independent predictors of success:

CDS Intervention Feature Adjusted OR p-value
Automatic provision of decision 

support as part of clinician workflow 112.1 < 0.00001

Provision of decision support at time 
and location of decision making 15.4 0.0263

Provision of a recommendation 
rather than just an assessment 7.1 0.0187

Computer generation of decision 
support 6.3 0.0294
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Principle Findings-2

• % of CDS interventions leading to significant 
improvements in clinical practice
- CDS interventions lacking any of the 4 features  46%
- CDS interventions with all 4 features  94% (n = 32)
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System for Evidence-Based 
Advice through Simultaneous 
Transaction with an Intelligent 

Agent across a Network
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SEBASTIAN Overview

SEBASTIANSEBASTIAN
Independent, Independent, 

centralized, scalable, centralized, scalable, 
portable CDS resourceportable CDS resource
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CDS for Chronic Disease Mgt

• Setting: Duke University Health System
• Goal: To provide guideline-based care 

recommendations for chronic diseases at 
the point of care
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Duke University Health System
• Academic medical center and hospital with 2 

associated community hospitals 
• >100 academic and community-based clinics
• 10,765 full-time employees 

– 1,653 clinical faculty
– 850 house staff physicians in training 

• Inpatient admissions: 61,197  (FY07)
• Outpatient visits: 1.4 M (FY07)



Duke eBrowser -- Electronic Record Viewer
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Duke eBrowser – Disease Management Module
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Duke Health Disease Management System – Diabetes
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Duke Health Disease Management System – Diabetes Knowledge 
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Duke Health Disease Management System – Diabetes
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Duke eBrowser – Disease Management Data Entry Screen
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CDS for Diagnosis and Mgt

• Setting: Private practice ophthalmology 
and optometrist offices

• Goal: To overcome challenges to 
collecting complex clinical data at the 
point of care in order to provide 
diagnostic decision support and improve 
care documentation, staging and quality



Point-of-Care Data Collection and 
Decision Support for Eye Care Professionals

Principle Investigator: Paul Lee, MD, JD
Joint Project of

Division of Clinical Informatics, Dept. of Community and Family Medicine
and Department of Ophthalmology, 

Duke University Medical Center, Durham, NC
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Sample Note – Color Diagrams
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Capturing Detailed Diagrams
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Eye Care Decision Support
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CDS for Population Management

• Setting: Urban and rural safety net 
providers for Medicaid beneficiaries in a 
6-county region of north central NC

• Goal: To improve appropriate utilization 
and quality of care
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COACH HIE Context

• Receives and displays external 
billing/claims/clinical data from 5 hospitals, 8 
clinics and NC State Medicaid

• Supports care management activities 
(documentation, communication, referrals, 
care plans, etc.) for 2 care management teams 

• 5 Hospitals, 34 Primary Care Clinics, 3 Urgent 
Care Facilities, & 8 Government Agencies

• >40,000 Medicaid Beneficiaries



COACH Sample Screen
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Population Mgt  Intervention

SEBASTIAN
CDSS

COACH 
HIE

Community
Network
Clinical

Database

Feedback
Reports

Query
Database

Data from 
Community
Partners

Patient 
Entered Data 
via Kiosk
System

Email
Alerts

Patients

Care
Providers

Clinic
Managers

Interventions

Patient
Reminders



Sample Provider Alert
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Sample Feedback Report
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Sample Patient Letter

Same rules for diabetes used 
across 4 applications

© 2007 David F. Lobach --Permission granted to copy this material for personal use only provided that proper notice of copyright appears on each copy.
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CDS for Medication Management

• Setting: 14 primary care practices and  
their affiliated care managers serving 
Medicaid beneficiaries

• Goal:  To improve adherence to 
evidence-based pharmacotherapy for 
IOM priority conditions
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Med. Mgt. Project Overview
• Point-of-care information about filled 

prescriptions
• Evidence based pharmacotherapy 

recommendations about 7 priority 
conditions (IHD, CHF, Htn, Stroke, 
Asthma, COPD, Diabetes)

• 14 clinic sites and notifications to care 
managers

• Report delivery beginning March 2009
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Intervention Overview

SEBASTIAN
CDSS

Community
Network
Clinical

Database

Med. Mgt.
Reports

Query
Database

Data from 
Community
Partners –
Pending 
Appointments 
and NC 
Medicaid 
Claims

Email
Alerts

Patients

Clinicians

Care 
Managers

Intervention
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Sample Medication Mgt. Report
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CDS for Care Transitions

• Setting: A 6-county regional health 
information exchange network serving 
Medicaid beneficiaries

• Goal: To increase awareness about care 
transitions and to augment information 
availability across these transitions
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Project Description
• Identification of Care Transitions

– Hospitalizations
– ED visits
– Specialty care consults

• Notification about Transitions
– Medical homes
– Patients
– Care managers

• Request of Information
– Discharge summaries
– ED encounter notes
– Specialty care consult notes
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Intervention Overview

SEBASTIAN
CDS System

COACH 
HIE

Community
Network
Clinical

Database
Event

Reports

Query
Database

Data from Hospitals Email
Notices

Patients

Care
Managers

Care Sites:
Hospitals

Emergency Depts
Specialty Clinics

Patient
Letters

Data from Medical Homes

Data from NCHSS Claims

Data from Care Manager Notes

Release of
Information

Medical
Home



Sample Event Report
Notice of Hospitalization for Lincoln Community Health Center

Patient Information:
Name: Smith, Sample P. DOB: 8/17/1943 Age: 64 Gender: F
Phone #s on file: 919-111-1111 (h); 919-222-2222 (w)
Address on file: 1234 Maple Street, Roxboro, NC 27573
MRNs on file:  Lincoln (B15304), Durham Regional Hospital (1849302), Medicaid (574829491S)
Hospitalization Information:
Date: 2/1/08 – 2/6/08
Location: Durham Regional Hospital
Primary diagnosis: congestive heart failure
Secondary diagnoses: diabetes mellitus, type II; essential hypertension; obstructive chronic bronchitis
Procedures performed: right heart catheterization, echocardiogram, chest radiograph, electrocardiogram 
Billing providers: Joshua Maynard, MD
Request for discharge summary: sent on 2/11/08 
Pending Appointments:
2/25/08 Duke Cardiology Clinic
No pending appointment found for Lincoln Community Health Center
Recent Encounter History (past 12 months or 12 encounters):
Date: Type: Location: Provider: Primary Diagnosis:
02/01/08 In Durham Regional Hospital Joshua Maynard, MD congestive heart failure
12/07/07 Sp Duke Cardiology Clinic Elizabeth Smith, MD congestive heart failure
11/24/07 ED Durham Regional ED Angela Daniels, MD congestive heart failure
10/15/07 PCP Lincoln Com.Health Ctr. William Donavan, MD diabetes mellitus, type II
08/18/07 Sp Duke Cardiology Clinic Elizabeth Smith, MD congestive heart failure
07/28/07 Sp Duke Pulmonary Clinic Terry Sanders, MD chronic bronchitis

© 2007 David F. Lobach --Permission granted to copy this material for personal use only provided that proper notice of copyright appears on each copy.
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Sample Event Report (con’t)
Recent Encounter History (past 12 months or 12 encounters):
Date: Type: Location: Provider: Primary Diagnosis:
02/01/08 In Durham Regional Hospital Joshua Maynard, MD congestive heart failure
12/07/07 Sp Duke Cardiology Clinic Elizabeth Smith, MD congestive heart failure
11/24/07 ED Durham Regional ED Angela Daniels, MD congestive heart failure
10/15/07 PCP Lincoln Com.Health Ctr. William Donavan, MD diabetes mellitus, type II
08/18/07 Sp Duke Cardiology Clinic Elizabeth Smith, MD congestive heart failure
07/28/07 Sp Duke Pulmonary Clinic Terry Sanders, MD chronic bronchitis
06/02/07 Sp Triangle Ophthalmology Dana Copeland, MD diabetes mellitus, type II
05/02/07 PCP Lincoln Com.Health Ctr. William Donavan, MD diabetes mellitus, type II
03/10/07 Sp Duke Cardiology Clinic Elizabeth Smith, MD congestive heart failure
02/19/07 In Duke Hospital Donna Sullivan, MD congestive heart failure
01/22/07 PCP Lincoln Com. Health Ctr. William Donavan, MD diabetes mellitus, type II
Medical Home Information:

Most recent medical home provider: William Donavan, MD (last saw patient on 10/15/07, 5/2/07, and 1/22/07)
Patient also seen in last 24 months by Mary Langley, MD (on 4/22/06)
If you have any questions regarding this notice, please contact: Jan Willis, MS, MBA, project coordinator, Duke University Division of 
Clinical Informatics, at (919)684-2340.

PLEASE NOTE: The above information was generated from claims data and may be inaccurate or incomplete.  Please verify 
the information, as the provider is acknowledged as the final authority for all care. decisions.



Sample Care Manager Notice
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Sample Information Release

© 2007 David F. Lobach --Permission granted to copy this material for personal use only provided that proper notice of copyright appears on each copy.



©2008 David F. Lobach -- Permission granted to copy this material for personal 
use only provided that proper notice of copyright appears on each copy.

Project Challenges → Lessons

PeoplePeople Working with diverse Working with diverse 
stakeholdersstakeholders

PoliticsPolitics Working with systems, Working with systems, 
institutions and their policiesinstitutions and their policies

PragmatismPragmatism What we wish we had known What we wish we had known 
soonersooner
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Lessons: People

• Controlling expectations
• Avoiding “Scope Creep”
• Securing buy-in from end users

– Decision rules
– Letter content

• Creating familiar associations
– Letterhead from clinic sites
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Lessons: Politics

• Obtaining data from partners
• Complying with HIPAA regulations
• Receiving IRB approval
• Working with community partners
• Working in the community setting
• Navigating the academic institution
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Lessons: Pragmatism #1

• Limiting the volume of notifications
• Providing adequate content in notices

– Dates 
– Values

• Accommodating flexibility
• Assuring accuracy of CDS information
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Lessons: Pragmatism #2

• Enabling local configuration of CDS
– End user control of notification distribution
– Narrow scope of options

• Configuring CDS for individual patients
• Understanding the data

– Accommodating data differences
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Questions & Answers
Our Panel:

Ben-Tzion Karsh, PHD, MSIE, University of Wisconsin 
Department of Industrial and Systems Engineering

Ross Koppel, PHD, MA, University of Pennsylvania 
Department of Sociology, and Center for Clinical 

Epidemiology and Biostatistics, School of Medicine 

David F. Lobach, MD, PhD, Division of Clinical 
Informatics, Department of Community and Family 

Medicine, Duke University



Save the Date!
Our Next Event

A National Web Conference on How CDS Can Be Used 
to Monitor or Improve Population Health

Third teleconference in our four-part series on Clinical 
Decision Support 

November 18, 2008, 
from 3:30 – 5:00 PM Eastern Time 

Watch your inbox for information on how to register



Thank You for Attending
This event was brought to you by the

AHRQ National Resource Center for Health IT

The AHRQ National Resource Center for Health IT promotes 
best practices in the adoption and implementation of health IT 
through a robust online knowledge library, Web conferences, 

toolkits, as well as AHRQ-funded research outcomes.

A recording of this Web conference will be available on the 
AHRQ National Resource Center Web site in approximately 

one week.

http://healthit.ahrq.gov




