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Order EntryOrder Entry
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Indiana University School of MedicineIndiana University School of Medicine

I still see patients 
evenings and 

weekends but this is 
the job that really 

pays the bills

Current Provider Order EntryCurrent Provider Order Entry
What is CPOE?What is CPOE?

CPOE is a computer application that accepts CPOE is a computer application that accepts 
physician orders and may provide clinical physician orders and may provide clinical 
decision support.decision support.

MedicationsMedications
Diagnostic studies including laboratory testsDiagnostic studies including laboratory tests
Ancillary servicesAncillary services
Nursing orders Nursing orders 
Consultation requestsConsultation requests

Basic CPOE workflowBasic CPOE workflow

Provider 
enters
orders

CDS

Nursing
notified

Ancillary
department

notified

Ancillary
personnel
notified

Billing
System
notified
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There are serious problems in There are serious problems in 
qualityquality

Between the health care Between the health care 
we have and the care we we have and the care we 
could have lies not just a could have lies not just a 
gap but a chasm.gap but a chasm.

The problems come from poor The problems come from poor 
systemssystems……not bad peoplenot bad people

In its current form, habits, In its current form, habits, 
and environment, American and environment, American 
health care is incapable of health care is incapable of 
providing the public with providing the public with 
the quality health care it the quality health care it 
expects and deserves.expects and deserves.

We can fix itWe can fix it…… but it will but it will 
require changesrequire changes

In a rising tide of information...In a rising tide of information...

Clinical decisionClinical decision--making is becoming making is becoming 
progressively more difficultprogressively more difficult

we know more about the human body, how it works, we know more about the human body, how it works, 
and how it failsand how it fails
we know more about individualswe know more about individuals

Information we need is not always available at Information we need is not always available at 
the moment we need itthe moment we need it
Too much poorly organized information is little Too much poorly organized information is little 
better than too little informationbetter than too little information

It is simply unrealistic to It is simply unrealistic to 
think that individuals can think that individuals can 
synthesize in their heads synthesize in their heads 
scores of pieces of scores of pieces of 
evidence, accurately evidence, accurately 
estimate the outcomes of estimate the outcomes of 
different options, and different options, and 
accurately judge the accurately judge the 
desirability of those desirability of those 
outcomes for patients.outcomes for patients.

David M. Eddy, MD, PhD

JAMA 1990

..

...many of these errors ...many of these errors 
are probably due to are probably due to 
manman’’s limitations as a s limitations as a 
data processor rather data processor rather 
than to correctable than to correctable 
human deficiencieshuman deficiencies

Clement McDonald, MD

NEJM 1976

Man Man –– a a 
creature made at creature made at 
the end of the the end of the 
week, when God week, when God 
was tired.was tired.

Mark Twain
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How Hazardous Is Health Care?How Hazardous Is Health Care?
(Leape)(Leape)
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Power

Inappropriate Variation ExistsInappropriate Variation Exists

Variation in hospitalization rates; Variation in hospitalization rates; ““decision decision 
to treatto treat”” –– WennbergWennberg et alet al

High rates of care judged inappropriate or High rates of care judged inappropriate or 
equivocal equivocal –– Rand: Brook, Rand: Brook, ChassinChassin, , LeapeLeape, et al, et al

Variation in the process of care; the Variation in the process of care; the 
““manner of treatmentmanner of treatment””
Variation in Variation in ““expertexpert”” opinion; perceived opinion; perceived 
treatment outcomes treatment outcomes –– Eddy Eddy 

Effect of Inappropriate VariationEffect of Inappropriate Variation

Destroys trustDestroys trust
Damages the physicianDamages the physician--patient relationshippatient relationship
For individual patients and the general publicFor individual patients and the general public

Increases errorsIncreases errors
Usually at handoffsUsually at handoffs
Creating hassle and potentially harming patientsCreating hassle and potentially harming patients

Wastes resourcesWastes resources
Through resulting inefficienciesThrough resulting inefficiencies

Standardize the care processStandardize the care process

Are we doing the right thing?Are we doing the right thing?
Are we doing things right?Are we doing things right?
How can we be certain that it is done right How can we be certain that it is done right 
the first time every time?the first time every time?

Bent James, IHC
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Reasons for Inappropriate Reasons for Inappropriate 
VariationVariation

ComplexityComplexity
Lack of valid clinical knowledge (poor Lack of valid clinical knowledge (poor 
evidence)evidence)
Subjective judgment / uncertaintySubjective judgment / uncertainty
Human errorHuman error

Humans are inherently fallible information Humans are inherently fallible information 
processors processors –– Clem McDonald MDClem McDonald MD

Doing the Right Thing Doing the Right Thing 
ComplexityComplexity

““The complexity of modern American The complexity of modern American 
medicine exceeds the capacity of the medicine exceeds the capacity of the 
unaided human mindunaided human mind”” –– David Eddy MDDavid Eddy MD

How many factors can the human mind How many factors can the human mind 
simultaneously balance to optimize an simultaneously balance to optimize an 
outcome outcome –– Alan Morris MDAlan Morris MD

Evidence based medicine is a set of skills Evidence based medicine is a set of skills 
which allow critical appraisal of the which allow critical appraisal of the 
literatureliterature
Emphasis on literature more than opinionEmphasis on literature more than opinion
Evidence is often gray, decisions Evidence is often gray, decisions 
black/whiteblack/white

Doing the Right Thing Doing the Right Thing 
Poor evidencePoor evidence

Doing the Right Thing Doing the Right Thing 
Poor evidencePoor evidence

Percentage of practice with evidencePercentage of practice with evidence
10%10% Williamson 1979Williamson 1979
1010--20%20% OTA 1975OTA 1975

<20%<20% OMRAOMRA
The rest is opinionThe rest is opinion

This doesnThis doesn’’t make it wrongt make it wrong
Much of it probably worksMuch of it probably works
May not represent the best patient careMay not represent the best patient care

Doing the right thingDoing the right thing
Subjective judgment / uncertaintySubjective judgment / uncertainty
Subjective evaluation is notoriously poor Subjective evaluation is notoriously poor 
across groups or over timeacross groups or over time
Enthusiasm for unproven methods Enthusiasm for unproven methods –– Mark Mark 
ChassinChassin, MD, MD

Doing the Right Thing Doing the Right Thing 
Expert opinionExpert opinion

The telephone is an amazing invention, The telephone is an amazing invention, 
but who would ever want to use one of but who would ever want to use one of 
them?them?

President Rutherford B. Hayes, 1876President Rutherford B. Hayes, 1876
The Japanese auto industry isnThe Japanese auto industry isn’’t likely to t likely to 
carve out a big slice of the U.S. market.carve out a big slice of the U.S. market.

Business Week, 1968          Business Week, 1968          
There is no reason for any individual to There is no reason for any individual to 
have a computer in their home.have a computer in their home.

President, Digital Equipment Corp, 1977President, Digital Equipment Corp, 1977
The Experts Speak  1984
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Expert opinion on valve failureExpert opinion on valve failure
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The Knowledge Processing The Knowledge Processing 
ProblemProblem

Good NewsGood News
Medical knowledge, accompanied by Medical knowledge, accompanied by 
evidenceevidence--based understanding of clinical based understanding of clinical 
““best practicesbest practices”” is advancing at an is advancing at an 
accelerating pace.accelerating pace.

Bad NewsBad News
This pace already far exceeds our ability to This pace already far exceeds our ability to 
disseminate that knowledge, and far outpaces disseminate that knowledge, and far outpaces 
the ability of individual clinicians to keep up.the ability of individual clinicians to keep up.

Publication

Bibliographic databases

Submission

Reviews, guidelines, textbook

Negative        
results

variable

0.3 year

6. 0 - 13.0 years50%

46%

18%

35%

0.6 year

0.5 year

9.3 years

Dickersin, 1987

Koren, 1989

Balas, 1995

Poynard, 1985

Kumar, 1992

Kumar, 1992

Poyer, 1982

Antman, 1992

Negative        
results

Lack of        
numbers

ExpertExpert
opinionopinion

Inconsistent
indexing

17:14

Original research

Acceptance

Patient Care

Converting research to careConverting research to care

Balas Yearbook Med Inf 200

17 years to apply 14% of 
research knowledge

to patient care!

Balas Yearbook Medical Informatics 2000gtre4 8

Medical Gopher Order Shaping Medical Gopher Order Shaping 
ToolsTools

Problem oriented menusProblem oriented menus
Commented choice listsCommented choice lists
Active menusActive menus
CostCost
Last result for selected testsLast result for selected tests
““Counter detailingCounter detailing”” commentscomments
DrugDrug--drug and Drugdrug and Drug--diagnosis interactionsdiagnosis interactions
RemindersReminders

OnOn--line Feedback Advantagesline Feedback Advantages
Can suggest NOT doing Can suggest NOT doing 
something AFTER an something AFTER an 
order has been initiatedorder has been initiated
Can ask for qualifying Can ask for qualifying 
data that computer does data that computer does 
not havenot have
Computer knows context Computer knows context 
once an order has been once an order has been 
selectedselected
Provide feedback when Provide feedback when 
orderingordering
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Medical Gopher TimelineMedical Gopher Timeline
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RHC all orders
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Outpatient Order AdoptionOutpatient Order Adoption

Simple Informational Simple Informational 
InterventionsInterventions

Display of costsDisplay of costs
Restriction of orderables to formulary Restriction of orderables to formulary 
Allergy and drug interaction checksAllergy and drug interaction checks–– ““carefulcareful””
Menus that subtly biased MDs to less expensive Menus that subtly biased MDs to less expensive 
optionsoptions
Active logic to reActive logic to re--direct from one option to direct from one option to 
anotheranother
Control frequency or repetition of orders (Miller)Control frequency or repetition of orders (Miller)
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Indication Specific Sigs Per drugIndication Specific Sigs Per drug
Cost, Past Result, CommentsCost, Past Result, Comments

Prompt for formulary Prompt for formulary 
constrained indicationsconstrained indications Drug allergyDrug allergy

Therapeutic DuplicationTherapeutic Duplication Passive MenusPassive Menus
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Active MenusActive Menus Rejecting a SuggestionRejecting a Suggestion

Gopher drug order for Gopher drug order for 
gentamicingentamicin Corollary orders for gentamicinCorollary orders for gentamicin

Substitution alertsSubstitution alerts
Prompt for formulary Prompt for formulary 

constrained indicationsconstrained indications
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Formulary alternatives supportFormulary alternatives support Recruitment to StudiesRecruitment to Studies

Capturing Clinical DataCapturing Clinical Data

OutcomesOutcomes
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RESULTS: CHARGES/COSTS/LOS

INT CON

ABS

DIFF

PCT

DIFF

P

VALUE

Total

Costs

$6077 $6964 $887 13% 0.02

Total

Charges

$3942 $4536 $594 13% 0.02

LOS

(days)

7.6 8.5 0.89 10% 0.11



Computerized Provider Order Entry October 2004

2004 © Regenstrief Institute, Inc. 10

Achieving the best outcomesAchieving the best outcomes

Informatics innovations are expensive!Informatics innovations are expensive!
capital $$$ investedcapital $$$ invested
personnel time repersonnel time re--engineering processesengineering processes

Purchasers should know the marginal gain Purchasers should know the marginal gain 
to expect from their investmentto expect from their investment
Effects of informatics innovations should Effects of informatics innovations should 
be tested in real clinical environmentsbe tested in real clinical environments

Research or quality cycleResearch or quality cycle

"Laboratory"

Subjects

Interventions

Outcomes

Analysis

Printed RemindersPrinted Reminders

0 20 40 60 80 100

ALL GUIDELINES

Serum K+

Mammography

Flu Shot

Diet Consultation

Reticulocyte count

Compliance (%)

Study Group
Controls

Ann Intern Med 1984; 100:130
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Delayed vs. Immediate Delayed vs. Immediate 
RemindersReminders

0 10 20 30 40 50

ALL TESTS

Occult blood

Pneumovax

PPD testing

Beta blockers

Nitrates

Compliance (%)

Both
Reminders
Feedback
Controls

Med Care 1986;24:659

"Forced Choice" Reminders"Forced Choice" Reminders

0 20 40 60 80

ALL TESTS

Occult blood

Mammograms

Pap smears

Compliance (%)

Study Group
Controls

J Gen Intern Med 1993; 8:311

Pharmacy SavingsPharmacy Savings

18% reduction in total 18% reduction in total 
costs costs 
Prescription Prescription 
compliance with plancompliance with plan--
specific formularies specific formularies 
Doctors write correct Doctors write correct 
Rx the first timeRx the first time
Fewer callFewer call--backs from backs from 
pharmacist pharmacist 

Outpatient TestOutpatient Test--OrderingOrdering

0 10 20 30 40 50 60

Prior results

Prob of abnl

Test prices
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Study Group
Controls

Inpatient Drug Monitoring Inpatient Drug Monitoring 
(Consequent Orders)(Consequent Orders)
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Inpatient PreventionInpatient Prevention

36%

0.80%

51%
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32%
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36%
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pnevx flu shot SQ Hep ASA

reminders
control

Dexter, Perkins, Overhage et al.. NEJM 2001

CPOE Can Help Reduce ErrorsCPOE Can Help Reduce Errors

Brigham and WomenBrigham and Women’’s Hospital s Hospital 
launched its first CPOE in 1993launched its first CPOE in 1993
Since then, they have documented a Since then, they have documented a 
54% reduction in serious medication 54% reduction in serious medication 
errorserrors
Resulted in 62% reduction in Resulted in 62% reduction in 
preventable preventable ADEADE’’ss

Improved QualityImproved Quality

CPOE allows for physician reminders of CPOE allows for physician reminders of 
best practice or evidencebest practice or evidence--based based 
guidelinesguidelines
Indiana University studyIndiana University study

Pneumococcal vaccine in eligible patientsPneumococcal vaccine in eligible patients
0.8%            36.0%0.8%            36.0%

Heparin prophylaxisHeparin prophylaxis
18.9%18.9% 32%32%

Medication Cost SavingsMedication Cost Savings

Brigham and WomenBrigham and Women’’s CPOE system includes s CPOE system includes 
several alerts targeted to specific highseveral alerts targeted to specific high--cost cost 
drugs. The alerts provide a possible less drugs. The alerts provide a possible less 
expensive alternativeexpensive alternative
Example of savingsExample of savings——Odansetron TID vs. QIDOdansetron TID vs. QID

TID dosing used 5.9%           93.5%TID dosing used 5.9%           93.5%
Estimated savings: $250,000Estimated savings: $250,000

Improved EfficiencyImproved Efficiency

Maimonides Medical Center (Bronx, NY)Maimonides Medical Center (Bronx, NY)
700 bed teaching hospital700 bed teaching hospital
After CPOE, found substantial reduction in After CPOE, found substantial reduction in 
order processing timeorder processing time

Physician order to receipt by pharmacyPhysician order to receipt by pharmacy
3.4 hours           0.5 hours3.4 hours           0.5 hours

Physician order to Delivery to Patient Care AreaPhysician order to Delivery to Patient Care Area
4.6 hours           1.4 hours4.6 hours           1.4 hours

Estimate 12%    in LOS following CPOE Estimate 12%    in LOS following CPOE 
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ACPOE System ClassificationACPOE System Classification

EDI with laboratory/radiology. EDI with laboratory/radiology. 
PatientPatient--specific decision specific decision 
support.support.

EDI with pharmacy.EDI with pharmacy.
PatientPatient--specific specific 
decision support.decision support.

5: Advanced 5: Advanced 
RxRx--DxDx

Email or fax orders. OrderEmail or fax orders. Order--
specific decisionspecific decision--supportsupport

Email or fax Email or fax 
prescriptions.            prescriptions.            
OrderOrder--specific specific 
decision support.decision support.

4: 4: 
Intermediate Intermediate 

RxRx--DxDx

3: 3: 
Intermediate Intermediate 

RxRx--onlyonly

Record and print orders. Record and print orders. 
Passive medical references.Passive medical references.2: Basic Rx2: Basic Rx--DxDx

Record and print Record and print 
prescriptions.prescriptions.
Passive medical Passive medical 
references.references.

1: Basic Rx1: Basic Rx--
onlyonly

Diagnostic (Diagnostic (DxDx) OE) OEMedication (Rx) OEMedication (Rx) OEClassClass

Structuring data capture, passive references

Rx & Order-specific decision support, 
with some patient data

Sophisticated Rx & Order-specific decision support, 
with most patient data, EDI 

Center for Information Technology Leadership

Clinical Benefits:Clinical Benefits:
How Effective Is ACPOE?How Effective Is ACPOE?
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Center for Information Technology Leadership

ConcernsConcerns

Physicians overloaded with feedbackPhysicians overloaded with feedback
How best to deliver How best to deliver ““out of bandout of band”” feedbackfeedback

No dedicated time for chronic disease No dedicated time for chronic disease 
managementmanagement

Provide feedback during Provide feedback during ““administrative administrative 
timetime””??

Physicians may feel like the computer is Physicians may feel like the computer is 
intruding on their practice of medicineintruding on their practice of medicine
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CDSS IssuesCDSS Issues
Guideline selection (5%)Guideline selection (5%)
Reminder Reminder ““stackingstacking””

How do you prioritize?  Weighting?How do you prioritize?  Weighting?
How do you get preventive care to How do you get preventive care to ““bubble upbubble up”” high enough to get done?high enough to get done?

Conflicting recommendations from guidelines. Conflicting recommendations from guidelines. 
Who resolves these?Who resolves these?

Inserting feedback at the right point in the care processInserting feedback at the right point in the care process
Acute issues compete for providerAcute issues compete for provider’’s attentions attention
Must be provided while there is still an opportunity to change tMust be provided while there is still an opportunity to change the actions takenhe actions taken

Data issuesData issues
Data must be structured and codedData must be structured and coded
How are these data capturedHow are these data captured
Operational databasesOperational databases
Direct provider entryDirect provider entry
Create process to obtain specific dataCreate process to obtain specific data
Standardization of concepts & terminologyStandardization of concepts & terminology

TimeTime

CDSS TriggersCDSS Triggers

Local variationLocal variation
Threshold issuesThreshold issues
May be difficult or May be difficult or 
impossible to get the dataimpossible to get the data

PFTsPFTs in every asthmaticin every asthmatic

Who will pay for the testWho will pay for the test

CDSS Insertion PointsCDSS Insertion Points

Time

CDSS Data problemsCDSS Data problems

DefinitionDefinition
AvailabilityAvailability
CompletenessCompleteness
ReliabilityReliability
Changes over timeChanges over time
RepresentationsRepresentations
Need for inferenceNeed for inference

Definitions/Weasel wordsDefinitions/Weasel words
Undefined/poorly Undefined/poorly 
defineddefined

Organic heart Organic heart 
disease disease –– MVP?, MVP?, 
mild mild mitralmitral
regurgitation on regurgitation on 
echocardiogram?echocardiogram?
Abnormal EKG Abnormal EKG –– non non 
specific STspecific ST--T wave T wave 
changes?, changes?, 
Occasional Occasional PVCsPVCs??

Vocabularies not Vocabularies not 
standardizedstandardized

CDSS TimeCDSS Time
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Time Spent/Patient Encounter—
Duplicate Tasks Removed (minutes)

Evidence shows that CPOE adds less than one minute to the time physicians 
spent writing orders and overall only added 1-2 minutes per patient 
encounter. As physicians gained experience with the system, the time for 
orders actually decreased.

Overhage JAMIA 2001
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That it will ever come into That it will ever come into 
general use, notwithstanding its general use, notwithstanding its 
value, is extremely doubtful value, is extremely doubtful 
because its beneficial application because its beneficial application 
requires much time and gives a requires much time and gives a 
good bit of trouble, both to the good bit of trouble, both to the 
patient and to the practitioner patient and to the practitioner 
because its hue and character are because its hue and character are 
foreign and opposed to all our foreign and opposed to all our 
habits and associations.habits and associations.

That it will ever come into That it will ever come into 
general use, notwithstanding general use, notwithstanding 
its value, is extremely doubtful its value, is extremely doubtful 
because its beneficial because its beneficial 
application requires much application requires much 
time and gives a good bit of time and gives a good bit of 
trouble, both to the patient trouble, both to the patient 
and to the practitioner and to the practitioner 
because its hue and character because its hue and character 
are foreign and opposed to all are foreign and opposed to all 
our habits and associations.our habits and associations.The London Times in 1834
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