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Computerized Provider Order Entry
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I still see patients
evenings and
weekends but this is
the job that really

Current Provider Order Entry

What is CPOE?

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

. Medications

. Ancillary services
+ Nursing orders
. Consultation requests

Basic CPOE workflow

2004 © Regenstrief Institute, Inc.
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ABVANGID COPY

@ There are serious problems in
quality
= Between the health care
we have and the care we
could have lies not just a
gap but a chasm.
@ The problems come from poor
systems...not bad people
= Inits current form, habits,
and environment, American
health care is incapable of
providing the public with
the quality health care it

(ROSSINGS THE
UUﬂ [."U (l-lﬂﬂﬂ ° ‘rg’guﬁgen c“hxair‘]g‘eE“‘ it will

In a rising tide of information...

@ Clinical decision-making is becoming
progressively more difficult

= we know more about the human body, how it works,
and how it fails

= we know more about individuals

@ Information we need is not always available at
the moment we need it

@ Too much poorly organized information is little
better than too little information

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

JAMA 1990

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

=g

Y - 0

Clement McDonald, MD

NEJM 1976

2004 © Regenstrief Institute, Inc.

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

Mark Twain
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Total lives lost per year

100,000 -

10,000 +

1,000 +

100

10 4

How Hazardous Is Health Care?

(Leape)
DANGEROUS REGULATED ULTRA-SAFE
(>1/1000 (<1/100K)
HealthCare
Driving
Scheduled
Airlines
Mountain Chemical European
Climbing Manufacturing Railroads
Bungee Chartered Nuclear
Jumping Flights Power
10 100 1,000 10000 100,000 1,000,000 10,000,00

Number of encounters for each fatality

Inappropriate Variation Exists

@ Variation in hospitalization rates; “decision
to treat” — Wennberg et al

@ High rates of care judged inappropriate or
equivocal — Rand: Brook, Chassin, Leape, et al

Ratio of HRR Rate of
Back Surgery Procedures
to U.S. Average {1994.95)

m 1D 250

1.10to< 1.30 (87)
B 0%0to< 11087
W 0.75t0< 090 [@8)

D43t0<07542)

Nat Populated

Effect of Inappropriate Variation

@ Destroys trust

= Damages the physician-patient relationship

= For individual patients and the general public
@ Increases errors

= Usually at handoffs

= Creating hassle and potentially harming patients
@ Wastes resources

= Through resulting inefficiencies

2004 © Regenstrief Institute, Inc.

@ Are we doing the right thing?
@ Are we doing things right?

@ How can we be certain that it is done right
the first time every time?

Standardize the care process

Bent James, [HC
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Reasons for Inappropriate
Variation
@ Complexity

@Lack of valid clinical knowledge (poor
evidence)

@ Subjective judgment / uncertainty

@ Human error

» Humans are inherently fallible information
processors — Clem McDonald MD

October 2004

Doing the Right Thing
Complexity
@“The complexity of modern American
medicine exceeds the capacity of the
unaided human mind” — David Eddy MD
@ How many factors can the human mind

simultaneously balance to optimize an
outcome — Alan Morris MD

Doing the Right Thing
Poor evidence

@ Evidence based medicine is a set of skills
which allow critical appraisal of the
literature

@ Emphasis on literature more than opinion

@ Evidence is often gray, decisions
black/white

Doing the Right Thing
Poor evidence
@ Percentage of practice with evidence

= 10% Williamson 1979
« 10-20% OTA 1975
= <20% OMRA

@ The rest is opinion
= This doesn’t make it wrong
= Much of it probably works
= May not represent the best patient care

Doing the right thing
Subjective judgment / uncertainty
@ Subjective evaluation is notoriously poor
across groups or over time

@ Enthusiasm for unproven methods — Mark
Chassin, MD

2004 © Regenstrief Institute, Inc.

Doing the Right Thing
Expert opinion

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

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

Business Week, 1968

There is no reason for any individual to
have a computer in their home.

President, Digital Equipment Corp, 1977

The Experts Speak 1984
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Expert opinion on valve failure

October 2004

The Knowledge Processing
Problem

@Good Ne
= Medical knowledge, accompanied by

evidence-based understanding of clinj
“best practices” is advancing at
accelerating pace.

@Bad News

[Ci7Te

11 i f

Converting research to care
%ﬂ Original research

o L 18w variable
Nreegitlll‘ée Dickersin, 1987 o

uit Submission

-2

Lack of

numbers Bibliographic databases
0,
eii)ﬁ’/ | 6.0 - 13.0 years auman 1002
Poynard, 1985 Reviews, guidelines, textbook
Inconsistent ¢ 9.3 years
indexing Patient Care

aaaaa BalasYearbook Med Inf 2

Medical Gopher Order Shaping

Tools

@ Problem oriented menus

@ Commented choice lists

@ Active menus

@ Cost

@ Last result for selected tests

@“Counter detailing” comments

@ Drug-drug and Drug-diagnosis interactions
@Reminders

2004 © Regenstrief Institute, Inc.

On-line Feedback Advantages

@ Can suggest NOT doing
something AFTER an
order has been initiated

@ Can ask for qualifying
data that computer does
not have

@ Computer knows context
once an order has been
selected

@ Provide feedback when
ordering

v,
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Medical Gopher Timeline Order Sessions (Outpatient)
Used in: . 2N
Inpatient N\
Outpatient . \[’“\‘ |
Emergency Department RHC test ordering HCR 20000 “w\“‘*"w {
Extended Care Facility esto e‘/\} H medicine service -._/}\N \

§ 15000

RHC all orders /
WMH all seryices H /yv
‘ N THC HM

I CHCs 10000

5000

1980
1990
=
<

1970

Year o

AN AN AN A
IS gt P S gy

5 g SRy & &S PO
§ S § & S & P S
S sO s § f & s §
e@e@e@&“@@@@@@e@eﬁ@“ﬁ@“@ﬁ“@@“@

Outpatient Order Adoption

WIFLE, PATIENT 3)3)) TEST ORBERS ...... I3 DEC 0% B1:S2M

Simple Informational
Interventions

@ Display of costs

@ Restriction of orderables to formulary

@ Allergy and drug interaction checks— “careful”

@ Menus that subtly biased MDs to less expensive
options

@ Active logic to re-direct from one option to
another

@ Control frequency or repetition of orders (Miller)

1.Patient 11 = ¢ 4 Faticat's Mard 5.Beds 6.Doct
38 ran sz 1z:eirill [l 6o i TIERNEV WILLIg

ptions
lish or quantify Dx
53 INITIAL MI T

2004 © Regenstrief Institute, Inc. 6
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Indication Specific Sigs Per drug

DAILY ORDERS Order® 235K, .B5s 10/14/98 B4
g 6.Doctor ID

When treating pseudomenbranous colitis order UANCOMYCIN
ORAL instead of UANCOMYCIN INJ. The Pharmacy and
Therapeutics Committee has estahlished guidelines for
limiting Uanc use to reduce development of resistant
organisns.

[Fill in the bhlanks in the following text:

<RESTRICTED TO FOLLOUYING REASONS ONLY3}

i1l Thivie

O I T T

) L - T ———— |

" T
Shah, James O B )
BTy b COB: ST/ shem dorrrs |
Major warming sumemary

WARNING: Ve ars prasertsng sspnn 5O
Ihsersgmenic Duplicetion loe ASEIRIN,

Ay v e For wppirin eats ared by reperarL e s b aten by Calegny
nonaternidal ami st uries

T s | st |
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Cost, Past Result, Comments

= Revelation 7|
U (O YR, I 66666-7 M W RELEASE  Owderdt 119K, .33s  B3:49PI

66666—9 B5 MAR 9588 @3 :42PMEN MEDL QUERHAGE, JOSEPH M

PA & Lateral Chest XRay: If worried about rib Fx. get
rib films. Remember, portable gives frontal views only.

NOY.

1) STAT
2> Now
3> TODAY

4) BEFORE NEXT UISIT
5> ON NERT UISIT

Drug allergy

o Tunsday Ap 11, 2000 You we logged in ax: Gdad J, Kupsrman, M.0. 9 E3

P POTASSILM
gy 10 Penicillie

Comments: This will not pret

Start Dae. [ Jena oun: [ £ | [ |
= "- . I O‘E‘ . ﬂtw Iu..— HED - NEVILLE HOUSE z
L L

e

Passive Menus

= Revelation
U, (- YNNI 66666-9 M U RELEASE  Owderdt 155K,

66666—9 B5 MAR 9588 @3 :36PMEN MEDL QUERHAGE, JOSEPH M
CHF.
REGENSTRIEF.

11> MORPHINE INJ

12> ENALAPRIL
13> CAPTOPRIL
14> BENAZEPRIL
Fi@. more choices)
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Active Menus

Revelation

= hitg ¥
LU PR VIR I 66666-9 M W RELEASE  Orederit 123K, .B6s B3:44F|

Price : §.55

HI1] ACTIVE: ENALAPRIL (5 MG> @.5 TABCS) PO QD quan=Q5 6 MON. Ord=A9 FER
95, last refill=B2 ...

I Consider using lower cost henazepril. Causes chronic cough in up to
282 of patients. Danger of hyperkalemia in diabetics and when Creat >

B 3 caused 2 deaths at local hosp.

SUGGESTED ORDER HENU—l_|
B 325 MG PO GAM

RENEW 1 MO

RENEW 2 MO

RENEW 3 MO 5 10 ng PO 0AM

RENEW 6 MO

RENEW 12 M 5 -125 mg PO gAM

NO ACTION
Up/Down—arrows to move, Spacebar or choicelf changes choice
3 to edit order. F8 to accept all. Esc to hack out

Rejecting a Suggestion

= Revelation = =
I (O YN0, I 66666-7 M W RELEASE  Opderdt 119K, .H@5s 16:41PI

Price : $.98

|
| REG

SUGGESTED ORDER MENU R
hoices—— I—|

Please explain why you have REJECIED this recommendation
for DIGOXIN.
1 disagree with recommendation

1> Computer data is in error 5) Patient is allergic to medication
2> Patient refuses 6> 1 disagree with reconmendation
3) Already ordered elsewhere 7> Defer, leave tu_primary MD

4> Already done with poor results 8) Defer, other priorities today

Gopher drug order for
gentamicin

Corollary orders for gentamicin

menu

Pill size qQuantity
] y

11=Select Order, Number=Action, F3=Edit Order, F8=Accept All, ESC

Substitution alerts

UiewOrders PtLookup Feedback Help Goodhye
TEST.TEST 34F WARAABAA fdn: 11/81/91 Roon:

MEDICATION ORDER

Kchange order to ceFuroxime (2nd generation cephalosporin2?
Keep the original order >
order Other >

Ok |
Enter all or vart of the route (PO, NG, IU, etc).

2004 © Regenstrief Institute, Inc.

6.Doctor 1D
 LINDBERGH, DON

Yhen treating pseudomembrancus colitis order UANCOMYCIN
ORAL inctead of UANCOMYCIN INJ. The Pharnacy and
Therapeutics Comnmittee has estahlished guidelines for
liniting Uanc use to reduce development of resistant
organisms . .
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Formulary alternatives support

Network Gopher
LA TNgL N 66666-9 M W DAILY ORDERS Orders 180K, 2.20s 03:44PH

Price = $.80
666 HMG-Coh reductase inhibitor indicated for the treatment of primary
hypercholesterolemia (maximum reduction 24-26#). Dosage adjustment
hyp may be required in patients with significant hepatic dysfunctien.

RECOMMENDED BLOCRING ORDERS

* 3) DHIT

2, OHIT SIHUASTATIM
Original order
3. OMIT LOVASTATIN

Up/Down-arrows to move, Spacebar or choice# changes choice
F3 to edit order, F8 to accept all, Esc to back out

Recruitment to Studies
0[5 o2 I | ) 55 ] 2 2y | B =TT

192K, 1.655 02/09/95 11:32A

This patient has acute back
pain {curcent episode < 90 days) and is competent for
interview. Research assistants may contact pt if eligible
{No actions needed by nuraing)

Capturing Clinical Data

Revelation

182K, .1is

e

Data entry instruction:
New York Heart Association functional classification for patients with
congestive heart failure.
B-no symptoms even with maximum exertion
1-gymptons with maximun exertion

F? for more => (more help)

Outcomes

0
f

: = '
3 py
»

)

vom o e oW oW T1IAsET A NNRENS KD

o ) ™

2004 © Regenstrief Institute, Inc.
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Achieving the best outcomes Research or quality cycle

@Informatics innovations are expensive!
= capital $$$ invested "Laboratory'"
= personnel time re-engineering processes

@ Purchasers should know the marginal gain

to expect from their investment

@ Effects of informatics innovations should
be tested in real clinical environments

Analysis

Outcomes

Interventions

ROSE IS ROSE

r
WU GOT ANOTHER. COMPUTER-
GENERATED REMINDER. TUAT
YOU'RE DUE FOR. A
PHYSICAL- EXAM /7

© 1995 United Feature Syndicate. inc.

http/www.unedmadia.com

Printed Reminders

\\\\\\\\\\\\\\\\

uuuuuuu B Study Group
B Controls
Mam

i
;
§
:
i

0 20 40 60 80 100

Compliance (%)

Ann Intern Med 1984; 100:130

2004 © Regenstrief Institute, Inc. 10
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Delayed vs. Immediate ; . .
: Forced Choice" Reminders
Reminders
Nitrates Pap smears
Beta blockers O Both
PPD testing [ Reminders Mammograms B Study Group
Pneumovax M Feedback B Controls
M Controls Occult blood
Occult blood F—’—'—‘
ALL TESTS !——’—'—'—W ALL TESTS
0 10 20 30 40 50 ! ! !
Compliance (%) 0 20 40 60 80
Compliance (%)
Med Care 1986;24:659 J Gen Intern Med 1993; 8:311

Pharmacy Outpatient Test-Ordering

@ 18% reduction in total
costs

@ Prescription
compliance with plan-
specific formularies

@ Doctors write correct
Rx the first time

@ Fewer call-backs from
pharmacist

Test prices

B Study Group

Prob of abnl M Controls

Prior results

0 10 20 30 40 50 60
Compliance (%)

Inpatient Drug Monitoring

(Consequent Orders) Inpatient Drug Monitoring
25
= 20
\ng* B Control
L g 10 B Intervention
— £ 5l
0

0 0102 03 04 05 06 07 08 09 1
Compliance (%)

0 20 40 60 80 100

Compliance (%)

2004 © Regenstrief Institute, Inc. 11
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Inpatient Prevention

60%

50%

40%

30%

B reminders
| control

20%

10%

0%

pnevx flu shot SQ Hep ASA

Dexter, Perkins, Overhage et al.. NEJM 2001

October 2004

CPOE Can Help Reduce Errors

@Brigham and Women'’s Hospital
launched its first CPOE in 1993

@ Since then, they have documented a
54% reduction in serious medication
errors

@ Resulted in 62% reduction in
preventable ADE’s

Improved Quality

@ CPOE allows for physician reminders of
best practice or evidence-based
guidelines

@Indiana University study
= Pneumococcal vaccine in eligible patients
0.8% w===p36.0%
= Heparin prophylaxis
18.9% nmmmd> 32%

Medication Cost Savings

@ Brigham and Women’s CPOE system includes
several alerts targeted to specific high-cost
drugs. The alerts provide a possible less
expensive alternative

@ Example of savings—Odansetron TID vs. QID
» TID dosing used 5.9% w===p>93.5%
= Estimated savings: $250,000

Improved Efficiency

@ Maimonides Medical Center (Bronx, NY)
@ 700 bed teaching hospital
@ After CPOE, found substantial reduction in
order processing time
= Physician order to receipt by pharmacy
@3.4 hours m===p0.5 hours
= Physician order to Delivery to Patient Care Area
4.6 hours mmmsp] 4 hours
@ Estimate 12% J in LOS following CPOE

2004 © Regenstrief Institute, Inc.
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iz 8 er ina
SO . ress, e

TR

512l
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H
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Y

TExy
=3
STnomase
u
a
[
bt

i

Class Medication (Rx) OE Diagnostic (Dx) OE
1: Basic Rx-
only
2: Basic Rx-Dx
3:
Intermediate
Rx-only Rx & Order-specific decision support,
4: with some patient data
Intermediate
Rx-Dx
5: Advanced | Sophisticated Rx & Order-specific decision support,
Rx-Dx with most patient data, EDI
Center for Information Technology Leadership

October 2004

001 2001 2001 a001
13 JUL 11 JUL 11 JUL 11 JUL |
04514 16:28  09:00 0B:%51

(continued)

. - - 3.6
108 - - 107 b
22 - - 22

. T - - 9

1.0 - - 1.0
10 b - - 87
7.3 1 - - 7.4
5.01 - - 5.0
2.01 - - 2.0
0.1 - - 0.1

44 1 - - 4“
69 h - - 72
56 b - - 62

PEE Hee

bty T

% Preventable ADEs Avoided

Clinical Benefits:
How Effective Is ACPOE?

—S WAV N®OOD
coQoeoeeeQ
RRRRRRRKRKRR

Q
xR

Basic Rx Basic Rx-
DX

I |
T - [
1 [
Int Rx  Int Rx- Adv Rx-
Dx Dx

Center for Information Technology Leadership

Concerns

@ Physicians overloaded with feedback
« How best to deliver “out of band” feedback
@ No dedicated time for chronic disease
management
» Provide feedback during “administrative
time”?
@ Physicians may feel like the computer is
intruding on their practice of medicine

2004 © Regenstrief Institute, Inc.
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CDSS Issues

Guideline selection (5%)
Reminder “stacking”
= How do you prioritize? Weighting?

(-3

@ Conflicting recommendations from guidelines.
= Who resolves these?

@ Inserting feedback at the right point in the care process
= Acute issues compete for provider's attention

@ Data issues

»  Data must be structured and coded

= How are these data captured

= Operational databases

= Direct provider entry

= Create process to obtain specific data

= Standardization of concepts & terminology
Time

= How do you get preventive care to “bubble up” high enough to get done?

= Must be provided while there is still an opportunity to change the actions taken

CDSS Triggers

@ Local variation
@ Threshold issues

@ May be difficult or
impossible to get the data
= PFTs in every asthmatic =-==j

@ Who will pay for the test

Tt is thormlobe i appearanc, bt § merd o vder  hattery o tats.”

CDSS Insertion Points

B Froactive D Templates G Warmnings
feenindirs e sets Feadtack

i Commcan )

END OF VISIT
TRANSACTIONS
(orders. decumentation)

SULTS
ARRIVE

CDSS Data problems

@ Definition

@ Availability

@ Completeness

@ Reliability

@ Changes over time
@ Representations

@ Need for inference

Definitions/Weasel words

@ Undefined/poorly
defined
= Organic heart
disease — MVP?,
mild mitral
regurgitation on
echocardiogram?
= Abnormal EKG — non
specific ST-T wave
changes?,
Occasional PVCs?
@ Vocabularies not
standardized

CDSS Time

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

O Paper BPaper
OCPOE OCPOE

- o
overall Writing Tasks overall

‘Writing Tasks

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

2004 © Regenstrief Institute, Inc.
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Activity Class

“[r T
-1 IH|

0 50 100 150

Sequence plot for Physician 12 / Observation 1
No. of patients =5

200 260 300

Time (minutes)

Sequence plot for Physician 34 / Observation 4

MNo. of patients =6

Agctivity Class

slERELL L N
ul NN

LU L
0 50

Sequence plot for Physician 26 / Observation 3

MNo. of patients =9

t t
0 200

250 300

Time (minutes)

Activity Class

Sequence plot for Physician 35 / Observation 6

No. of patients =5

0 50 100 150

200 250 300

Time (minutes)

2
o 50 100 150 200 250 300
Time (minutes)
Sequence plot for Physician 23 / Observation 2
MNo. of patients = 10
§xm“ | ‘ | ‘ ‘
2
o 50 100 150 200 250 300
Time (minutes)
Sequence plot for Physician 1/ Observation 2
Mo, of pat\ents =5
éi“”“ | ‘ ” ‘ ‘ ‘
2

0 50 100 150 200

Time (minutes)

250 300

2004 © Regenstrief Institute, Inc.
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s eyiremely doubtful
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requires much
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because its hue and character
are foreign and opposed to all
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ondon Times in 1834

For more information contact:;

J. Marc Overhage, MD, PhD
Regenstrief Institute, Inc
Indiana University School of Medicine
1050 Wishard Blvd

Indianapolis, IN 46202

__________

Voice: 317-630-8685
Facsimile: 317-630-6962
E-mail: moverhage@regenstrief.org

Web address: www.regenstrief.org

2004 © Regenstrief Institute, Inc.
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