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The NonThe Non--Perfectibility of ManPerfectibility of Man  

If  to do were as easy as to know If  to do were as easy as to know   

what were good to dowhat were good to do, ,   

chapels had been churcheschapels had been churches, , and and   

poor menpoor men''s cottages princess cottages princes' ' palacespalaces..  

    

... ... I can easier teach twenty what I can easier teach twenty what   

were good to be done than were good to be done than   

to be one of the twenty to be one of the twenty   

to follow my own teachingto follow my own teaching..  

  
----  William ShakespeareWilliam Shakespeare  

The Merchant of VeniceThe Merchant of Venice, , Act IAct I, , Scene iiScene ii, , 15971597  
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Clinical Decision SupportClinical Decision Support  

 Background Background  
exponential growth of biomedical literatureexponential growth of biomedical literature  

““current volume of scientific literaturecurrent volume of scientific literature”” is unmanageable is unmanageable  

Pubmed Pubmed includes more than twelve million citationsincludes more than twelve million citations  

–– added more than added more than 460 000 460 000 in in 20012001, , 500 000 500 000 in in 20022002, , 525 000 525 000 in in 

20032003, , and and 570 000 570 000 in in 2004 2004 ((httphttp://://wwwwww..nlmnlm..nihnih..govgov//bsdbsd//bsdbsd__keykey..htmlhtml).).    

–– ““to keep up with the to keep up with the 400400  000000 articles  articles [[added yearlyadded yearly]], , a physician a physician 

could read two articles each daycould read two articles each day, , every day of the year and by every day of the year and by 

the end of the year fall the end of the year fall 550550 years behind years behind””  

  

physicians often encounter multiple questions during practicephysicians often encounter multiple questions during practice  

questions generated during patient care are not answeredquestions generated during patient care are not answered  
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Durack DT  The weight of medical knowledge.  N Engl J Med 1978 Apr 6;298(14):773-5.   
Madlon-Kay DJ.The weight of medical knowledge: still gaining. N Engl J Med. 1989 Sep 28;321(13):908 
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Clinical Decision SupportClinical Decision Support  

Decision Support isDecision Support is……  
Opening a textbookOpening a textbook  

Turning on a PDATurning on a PDA  

Reviewing laboratory resultsReviewing laboratory results  

Going to Going to PubMedPubMed  

Flipping through a patientFlipping through a patient’’s charts chart  

Discussing a case with a colleagueDiscussing a case with a colleague  

a a ““therapeutic substitutiontherapeutic substitution”” warning warning  
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Clinical Decision SupportClinical Decision Support  

Clinical Decision Support isClinical Decision Support is::  

The provision of information to help clinicians make The provision of information to help clinicians make 

informed decisionsinformed decisions  

The The elucidation elucidation of implicit expert knowledge into of implicit expert knowledge into 

explicit rules usable by all cliniciansexplicit rules usable by all clinicians  

The integration of distinct and disparate pieces of The integration of distinct and disparate pieces of 

data into a single clinical workflowdata into a single clinical workflow  

  

To be successfulTo be successful, , Clinical Decision Support Clinical Decision Support 

should be part of normal workflowshould be part of normal workflow  
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Patient Care ProviderPatient Care Provider  

at Decision Pointat Decision Point  

Decision Decision   

SupportSupport  

IntegratedIntegrated  

intointo  

WorkflowWorkflow  

IDEA 

ACTION 
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Clinical ContentClinical Content  

Clinical content is the actual elements of Clinical content is the actual elements of 

knowledge presented by clinical decision knowledge presented by clinical decision 

support toolssupport tools  
Drug Dosing InformationDrug Dosing Information  

Laboratory ResultsLaboratory Results  

Patient Problem ListsPatient Problem Lists  

Disease Management GuidelinesDisease Management Guidelines  

Pathway or Institutional RulesPathway or Institutional Rules  

Basic Medical KnowledgeBasic Medical Knowledge  
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Patient Care ProviderPatient Care Provider  

at Decision Pointat Decision Point  

2. Local Knowledge 

“Best of Care” Pathways 

Institutional policies & costs 

Drug interactions & formulary 

Physician preferences 

3. Global Knowledge 
Medical literature 

Diagnostic databases regarding diseases 

National guidelines 

Patient databanks with outcome data 

1. Patient-Specific Information 
Core “Portable” Patient Summary:  

      Problems, Allergies, Meds  

Local Electronic Patient Record  

Orders: Active/Inactive 

 4. Algorithms to enhance care  
Reminders, Alerts 

Quality checks 

Self-Generated Monitors 

Decision support programs 

Decision Decision   

SupportSupport  

IntegratedIntegrated  

intointo  

WorkflowWorkflow  

IDEA 

ACTION 
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Provider Order EntryProvider Order Entry  

Provider Order Entry is a process in which Provider Order Entry is a process in which 

clinicians enter clinical orders directly into clinicians enter clinical orders directly into 

a computerized systema computerized system  
It permits real time consolidation of clinicianIt permits real time consolidation of clinician’’s s 

intent with available orderable itemsintent with available orderable items  

It helps to reduce errors of transcription and errors It helps to reduce errors of transcription and errors 

in communicationin communication  

It is used at It is used at ““the point of carethe point of care””  
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Provider Order EntryProvider Order Entry  

Provider Order Entry is often Provider Order Entry is often integratedintegrated  

into an electronic health recordinto an electronic health record..  
Sensitive to patientsSensitive to patients’’ specific information specific information  

Can utilize patientsCan utilize patients’’ allergies allergies, , medication listmedication list, , 

laboratory resultslaboratory results, , vital signs to drive Clinical vital signs to drive Clinical 

Decision SupportDecision Support  

Clinical Decision Support can drive the generation Clinical Decision Support can drive the generation 

of new ordersof new orders  
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Provider Order EntryProvider Order Entry  

Provider Order Entry is used at the Point Provider Order Entry is used at the Point 

of Careof Care..  
Most nonMost non--procedural care results from a written procedural care results from a written 

orderorder  

Delivery of Clinical Decision Support during order Delivery of Clinical Decision Support during order 

entry provides instant feedback to the entry provides instant feedback to the ““decision decision 

makermaker””  
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A Case of CDS in CPOEA Case of CDS in CPOE  

A Case of Clinical Decision Support A Case of Clinical Decision Support 
integrated into Provider Order Entryintegrated into Provider Order Entry  

WizOrder is a CPOE system developed at WizOrder is a CPOE system developed at 
Vanderbilt University Medical CenterVanderbilt University Medical Center..  

Used on Used on 648/662648/662 hospital beds hospital beds  

Used by MedicineUsed by Medicine, , SurgerySurgery, , PediatricsPediatrics, , OBOB//GYNGYN, , 
Emergency servicesEmergency services..  

Over Over 1313, , 000000 orders entered daily orders entered daily  

Over Over 70%70% of orders entered by physicians of orders entered by physicians  

Integrated into an Electronic Health Record systemIntegrated into an Electronic Health Record system  

Includes Clinical Decision Support tools Includes Clinical Decision Support tools   
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A Case of CDS in CPOEA Case of CDS in CPOE  

Implementation by unitImplementation by unit, ,   

CCU CCU 4/954/95  

MICUMICU, , BMT  BMT  99--10/199510/1995  

Adult Medicine Adult Medicine & & Surgery Surgery 19961996  

Pediatrics Pediatrics & & OBOB//GynGyn  19971997  

PICU PICU 12/200112/2001  

NICU NICU 4/20034/2003  

ChildrenChildren’’s Hospital opened s Hospital opened 2/20042/2004  
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1. Active orders 2. Common useful 

orders, based on 

patient location 

3. Commonly 

used features 

Order Entry Screen with three types of Decision Support Elements Explicitly Displayed 

Clinician enters order for antibiotic, 

Gentamicin, by partially typing its name 
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2. Entry of additional 

information is assisted 

1. Pertinent results displayed 

Order Entry Screen with two types of Decision Support Elements Explicitly Displayed 
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Pharmacokinetic model used to estimate 

drug distribution, and to prompt a warning 

and suggested proper dose if the ordered 

dose out of range. 

Order Entry Screen with one type of Decision Support Element Explicitly Displayed 
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Help is just one click away 

Drug monographs available as clinicians 

order medications. 
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1. Recently ordered medication 

2. Drug level monitoring 

orders “one click away” 

3. Running “cash register” for 

cost/charges of medications, lab 

tests, radiology exams from this 

order entry session 

Order Entry Screen with three types of Decision Support Elements Explicitly Displayed 
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Order Entry Screen with four types of Decision Support Elements Displayed 
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1. Drug interaction warnings 

2. Clicking on drug interaction warning 

displays monograph about nature and severity 

of interaction 

3. Option to override warning can be 

offered, although log can be kept 

Order Entry Screen with three types of Decision Support Elements Explicitly Displayed 
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Developing ContentDeveloping Content  

Define a clinical problemDefine a clinical problem  

Find a knowledge expertFind a knowledge expert  

Review published knowledgeReview published knowledge  

Find a clinical championFind a clinical champion  

DevelopDevelop, , RefineRefine, , DeployDeploy  

Listen to feedbackListen to feedback  
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Clinician BuyClinician Buy--InIn  

Solve problems for cliniciansSolve problems for clinicians, , not just not just 

administratorsadministrators  

Make certain decision support programs Make certain decision support programs 

mirror workflowmirror workflow  

Make certain training is adequateMake certain training is adequate  

Make interface simpleMake interface simple  

Give something backGive something back  
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Problem Problem –– Pediatric Dosing Pediatric Dosing  

Need to perform drug dose Need to perform drug dose / / weight weight / / 

concentration calculations concentration calculations   

Many calculations and recalculations may lead Many calculations and recalculations may lead 

to inefficiencies and errorsto inefficiencies and errors  

–– Potential adverse drug events Potential adverse drug events ((ee..gg.., , known allergyknown allergy))  

–– Medication prescribing errors Medication prescribing errors ((ee..gg.., , no weightno weight))  

Computer canComputer can::  

Perform dosePerform dose//concentration calculationsconcentration calculations  

Generate ordersGenerate orders  

Generate drip chartsGenerate drip charts  
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Drip infusion rate calculator for the PICU 

User then enters dose and rate 

Weight pre-filled 
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Drip infusion rate calculator for the PICU 

Entered data summarized 

Dosing concentration and 

rates are calculated 
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Problem Problem –– Pediatric Dosing Pediatric Dosing  

Before CPOE implementationBefore CPOE implementation::  

–– Potential Potential ADEsADEs  --  2.22.2 per  per 100100 orders orders, ,   

–– MPEsMPEs  --  30.130.1 per  per 100100 orders orders  

After implementationAfter implementation, ,   

–– Potential Potential ADEsADEs  --  1.31.3 per  per 100100 orders orders, ,   

–– MPEsMPEs  --  0.20.2 per  per 100100 orders orders, ,   

The overall error reduction was The overall error reduction was 95.9%95.9%. .   

Potential Potential ADEsADEs were reduced by  were reduced by 40.9%40.9%..  
 

Potts et al. Computerized Physician Order Entry and Medication Errors in a Pediatric Critical Care 
Unit. PEDIATRICS. 1/1/2004.  
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Problem Problem –– Pediatric Dosing Pediatric Dosing  
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Problem Problem --  AnticoagulationAnticoagulation  

Dosing of Dosing of unfractionatedunfractionated heparin highly variable heparin highly variable  

Variable dosing leads to variable therapy and Variable dosing leads to variable therapy and 

variable outcomesvariable outcomes  

Dosing guidelines existDosing guidelines exist, , but they are not but they are not 

universally followed or simple to implementuniversally followed or simple to implement  

  

Need to make it easy to follow guidelines and Need to make it easy to follow guidelines and 

activate multiple like ordersactivate multiple like orders  
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A decision support module to aid in anticoagulation for several medical indications 
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System calculates dosing and makes it easy to order tests associated with guidelines 

Clinician selects actions and clicks buttons to activate guideline-related orders 

Clinician reviews relevant medications & labs 

Links to educational materials 

available in protocol 
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Problem Problem –– Test Ordering Test Ordering  

Clinicians order too many testsClinicians order too many tests  

–– The BMP was the most ordered lab test The BMP was the most ordered lab test   

–– Daily Daily CXRsCXRs were being performed for weeks  were being performed for weeks 

in some ICU settingsin some ICU settings  

–– Need to make it easy to order lessNeed to make it easy to order less  

–– BMP unbundled BMP unbundled andand limited to  limited to 2424 hours hours  
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LCBG/BMP interventional module in WizOrder 

Copyright Copyright ©©  20012001--20052005, , Vanderbilt University Medical CenterVanderbilt University Medical Center  



    

Problem Problem –– Test Ordering Test Ordering  
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Problem Problem –– Formulary Formulary  

Institutional PInstitutional P&&T committee reviews and T committee reviews and 

recommends appropriate formulary based recommends appropriate formulary based 

on medical and financial needson medical and financial needs  

ThereforeTherefore, , the Formulary changesthe Formulary changes  

Clinicians cannot easily keep up with most Clinicians cannot easily keep up with most 

up to date formularyup to date formulary  

Need to educate clinicians when formulary Need to educate clinicians when formulary 

changeschanges  
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Problem Problem –– Head Imaging Head Imaging  

Multiple brain imaging modalitiesMultiple brain imaging modalities  

  

Often unclear which modality matches Often unclear which modality matches 

which disease process or symptomswhich disease process or symptoms  

  

Guidelines existGuidelines exist, , but are often hard to but are often hard to 

find find ((not available at the not available at the point of carepoint of care))  
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Dual purpose head imaging advisor / medical necessity ICD-9 capture 

Clinician provides relevant clinical information 

for head imaging advisor 
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Clinician selects reason for testing 
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Advisor summarizes information 

…and advises a test 
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Problem Problem –– Head Imaging Head Imaging  

Clinicians get the most appropriate test first Clinicians get the most appropriate test first 

and can continue to manage patientand can continue to manage patient  

  

Institution spends less on Institution spends less on ““duplicate testingduplicate testing””  

when correct test obtained firstwhen correct test obtained first  

  

Department of Radiology reimbursed for Department of Radiology reimbursed for 

interpreting the testinterpreting the test..  
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Regarding Decision SupportRegarding Decision Support  

  

The essence of knowledge isThe essence of knowledge is, ,   

having ithaving it, , to apply itto apply it;;  

    

not having itnot having it, ,   

to confess your ignorance  to confess your ignorance    

  

----ConfuciusConfucius.  .  ~~25002500 years ago years ago  

Copyright Copyright ©©  20012001--20052005, , Vanderbilt University Medical CenterVanderbilt University Medical Center  



    

DiscussionDiscussion  

Thank youThank you  
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