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ABSTRACT

Objective To conduct a systematic review and synthesis
of the evidence surrounding the cost-effectiveness of
health information technology (HIT) in the medication
process.

Materials and methods Peer-reviewed electronic
databases and gray literature were searched to identify
studies on HIT used to assist in the medication
management process. Articles including an ecanomic
component were reviewed for further screening. For this
review, full cost-effectiveness analyses, cost-utility
analyses and cost-benefit analyses, as well as cost
analyses, were eligible for inclusion and synthesis.
Results The 31 studies included were heterogeneous
with respect to the HIT evaluated, setting, and economic
methods used. Thus the data could not be synthesized,
and a narrative review was conducted. Most studies
evaluated computer decision support systems in hospital
settings in the USA, and only five of the studied
performed full economic evaluations.

Discussion Most studies merely provided cost data;
however, useful economic data involves far more input.
A full economic evaluation includes a full enumeration of
the costs, synthesized with the outcomes of the
intervention.

Conclusion The quality of the economic literature in this
area is poor. A few studies found that HIT may offer cost
advantages despite their increased acquisition costs.
However, given the uncertainty that surrounds the costs
and outcomes data, and limited study designs, it is
difficult to reach any definitive conclusion as to whether
the additional costs and benefits represent value for
money. Sophisticated concurrent prospective economic
evaluations need to be conducted to address whether
HIT interventions in the medication management process
are cost-effective.

BACKGROUND AND SIGNIFICANCE

The introduction of health information technology
(HIT) into the medication management process
holds the promise of reducing adverse drug events
(ADEs), increasing efficiency of care delivery,
improving quality of care, reducing costs, and
saving money over the longer term. However, even
if these technologies are effective, they are complex
and expensive to acquire, implement, and maintain.
Assessing the cost versus effectiveness is critical
to determining HIT’s value and ultimately its
adoption. An ideal economic evaluation of these
technologies would explicitly measure all direct
healthcare costs (eg, capital costs) and direct
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non-healthcare costs (eg, home care services) as
well as indirect costs (eg, productivity losses or
gains) that could be affected by an intervention.
Additionally, the full enumeration of the total costs
needs to be synthesized with the consequences of
the intervention.! A review of the economic liter-
ature to determine cost-effectiveness and value for
money for such interventions is warranted.

OBJECTIVE

The purpose of this paper is to review and
synthesize the evidence on the costs and cost-
effectiveness of HIT in the medication process. This
review was undertaken as part of a larger study
funded by the US Agency for Healthcare Research
and Quality to review the evidence on the effec-
tiveness of HIT in all phases of the medication

management pl’OCESS.2

METHODS

Literature search

Details of the search strategy have been described
previously.? Briefly, electronic databases (e,
Medline, Embase, Business Source Complete) and
gray literature were searched. The search strategy
comprised controlled vocabulary and keywords to
identify papers concerned with specific devices
supporting the medication process (eg, electronic
medical record (EMR)) published in all languages
up to the summer of 2010. Hand searches of
bibliographies were also performed.

Selection method

For inclusion, studies had to meet the following
criteria: electronic systems that collect, process, or
exchange health information about patients and
formal care givers; medication management infor-
mation technology that was integrated with at
least one HIT system that processed patient-specific
information and provided advice to the healthcare
provider or patient or dealt with transmission or
order communication between pharmacist and
clinical prescriber. Any article that included an
economic component was tagged and underwent
further screening. For this review, full and partial
economic evaluations were eligible for inclusion. A
full economic evaluation is the comparative anal-
ysis of alternative courses of action in terms of both
costs and consequences, and these were further
classified into one of the three categories: (1)
cost-effectiveness analysis; (2) cost-utility analysis;
and (3) cost-benefit analysis." The label partial
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economic evaluation indicates that the studies are restricted to
either costs or outcomes or consider no alternative to the
intervention being studies. However, cost analyses can provide
useful information on ‘upfront’ costs compared with ‘down-
stream’ cost avoidance' and thus were included in this review.
Within each of these classifications, articles were further cate-
gorized into the setting in which the evaluation took place as
well as the type of HIT implemented. A checklist for assessing
economic evaluations developed by Drummond et al® was used
to help guide the assessment of the literature.

In order to make the economic results more comparable,
inflation adjustments* and currency conversions” were carried
out so that all values in the text and tables reflect 2011 US
dollars.

RESULTS

Of the 35510 articles identified in the original search, 40
contained some cost information. Of these, 31 were included in
this analysis (figure 1). The nine excluded studies either did not
include any cost data or did not provide an evaluation of the

costs. The majority of studies evaluated computer decision
support systems (CDSSs) (n=19), and 65% of the studies were
conducted in hospital settings. Most of the reports (n=23, 74%)
were from the USA, three (10%) were from Canada, and the rest
were in Europe and Israel (tables 1 and 2). Only 16% (n=5) of
the studies performed full economic evaluations. Two (7%) of
the studies were conducted in pediatric populations, and eight
(26%) were concerned with improving the use of, and reduction
in, the costs of antibiotic therapy. Owing to the heterogeneity of
studies, a synthesis of the data was not possible, and thus
a narrative description of the findings is provided in the
following sections.

Full economic evaluations

The following section reports the findings of the five economic
evaluations that provided information on the incremental
costs and the incremental effects an HIT. The HITs included
computerized physician order entry (CPOE) (n=2), computer-
ized reminder systems (n=2), and CDSS (n=1) for improving
prescribing practices (table 1).

Figure 1 Literature flow of medication
management studies. Adapted from the
larger AHRQ report.2 MMIT, medical
management information technology.

Electronic database
searches:

MEDLINE 11 723
EMBASE 10 013
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Identification

Screening

Eligibility

Included

Cochrane 171
CINAHL 5913
PsyclInfo 3573
IPA 4612
BSC 1180
Engineering village 1878
Sociological abstracts 742
LISTA 276

93 from review

408 Articles from gray literature

\ 4 \ 4

40 582 articles

A\ 4

7797 Duplicates removed

A 4

32 785 articles screened at
title and abstract

\ 4

28 207 records excluded

A 4

4578 full-text articles assessed
for eligibility

'

789 of studies assessing health IT in MM

3789 full-text articles excluded

Unable to retrieve and/or foreign
Language 150

Theses 1332
Not MMIT 11 856
Not a primary study 2181
No outcomes of interest 260

A4

428 studies included in final
report
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40 studies with economic data

A

9 full text articles excluded
4 no cost data

A

31 studies included in economic review
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Hospital setting
Computerized physician order entry
Two studies evaluated the economic consequences of imple-
menting a CPOE system to an existing EMR in a hospital
setting. The first study used both primary data and data from
various sources to obtain ADE rates as well as cost data.” The
new system included a menu of medications from the formulary
with typical doses, drug-allergy checking, drug—drug interac-
tion, and duplicate drug checking. The analysis included system
costs (eg, implementation) and cost savings due to decreased
healthcare utilization resulting from reductions in ADEs. It was
estimated that the electronic CPOE would avert 261 ADEs over
a 10-year time horizon compared with the standard paper
ordering approach. Given the incremental cost of the new CPOE
of US$3.95 million, the incremental cost-effectiveness ratio
(ICER) was US$15192 per ADE averted.

The second economic evaluation of a CPOE system developed
a decision analytic model to estimate the net benefits of the
intervention aimed at reducing medication errors.” Monetary
values were assigned to the interventions, efficiency savings, and
treatment and health effects of preventable ADEs. In addition,
quality-adjusted life year-based monetary values of the
preventable ADEs were included in the net benefit analysis. The
CPOE had a mean net benefit of US$64.9 million over a 5-year
time horizon with the intervention and maintenance costs
included in the model. The monetary value of lost health needed
to be included in the model for the interventions to have a high
probability of producing positive net benefits.

perspective the CDSS
was dominant. From
the payer perspective
the ICER was $66.64/
percentage point
reduction in SGRQ

Main economic
scale

findings
From societal

Intervention and
alternative being

evaluated
CDSS versus no

using SGRQ, healthcare CDSS

resources, medical
visits, hospitalizations,

Effectiveness
Difference in QOL
asthma treatment,
blood analysis,
spirometry, chest
radiographs

measure

Direct (resource X unit
cost, treatment costs)
and indirect (time off
work due to medical

Cost elements
visits) costs

Computerized reminder system

The one hospital-based study measuring the cost-effectiveness
of a CDSS reminder system conducted a trial-based economic
evaluation. The 1-year, prospective trial evaluated the effect of
three reminder systems (ie, computer-generated, telephone,
mailed letter) on patient compliance with tetanus vaccination.®
The costs of contacting patients were estimated (eg, physician
time). The cost per additional vaccination was US$0.64,
US$8.16, US$9.11 for the computer reminder system, telephone
reminders, and mailed out letter, respectively, versus usual care.
The cost of setting up the computerized reminder system was
not included in the analysis.

Perspective
(time horizon)
Societal & national
health system

(ie, payer)
perspectives

(10 pulmonologists
and 10 primary care

Population (n)
20 physicians
asthmatic patients
followed for 1 year

Primary care setting

Computerized reminder system

A trial-based economic evaluation compared the costs and
effects of a multifaceted intervention aimed at improving
prescribing of antihypertensive and cholesterol-lowering drugs
in primary care.” The intervention included: (1) educational
outreach visit to clinics; (2) audit and feedback on adherence to
guidelines; and (3) computerized reminders to physicians during
patient consultations. This intervention was compared with
passive dissemination of guidelines through a national medical
journal. Over the 1-year study period, the ICER was US$570.25
per additional patient started on thiazides rather than another
antihypertensive agent. The reduction in drug expenditures did
not outweigh the costs of the intervention; however, if the effect
was sustained for a second year, the intervention would be
expected to lead to savings.

offering recommendations physicians). 198

study comparing CDSS
or no CDSS

(include setting)
Randomized, multicenter,
prospective, pragmatic

Study design

recommendation of the
GINA compared with

CDSS to promote the
standard practice

Study objective
To evaluate the cost-
effectiveness of a

Type of
economic
evaluation
Cost-
effectiveness

Computer decision support system

A multicentre, pragmatic randomized study determined the
cost-effectiveness of a CDSS designed to promote guidelines for
the treatment of asthma.'® Twenty physicians (198 asthmatic
patients) were randomized to a hand-held CDSS that offered

Continued

Plaza'®

(2005)
Spain
ADE, adverse event; CDSS, computerized decision support system; CPOE, computerized physician order entry; GINA, Global Initiative for Asthma; ICER, incremental cost-effectiveness ratio; MAR, medication administration record; MMIT, medical management

information technology; MOE, medication ordering entry; pADE, preventable adverse drug events; QOL, quality of life; RCT, randomized controlled trial; SGRQ, St George Respiratory Questionnaire.

CDSS

Table 1
Author (year)
country

426 J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310



panunuo)

(A1oyei0qe)

pue ‘ABojoipes
‘Buisinu 0y siaplo

10} BWI} punoJeuin}
‘Bia) pajou saI10UBIANYD
ul syuswanosdwy|
‘7169813

J0 3509 |auuosiad

ur jo sbuines e

Uum uoljiw G°Z$

Jo s3s09 Bunetado
pue uoljjiw z'€$

J0 3509 |eyded [ejo)
(zog0=d

'L818$ '30d0-1sod
€L08$ '30d0-aud)
leydsoy Jaoued ayy
urdo (£89'0=d LLLL$
‘3049-1s0d ‘961/$
'3049-9.d) aseyd
Jayya ur Apueaiubis
abueyd jou pip
uoissiwpe Jad 309
|e101 paisnipe-Ajianas
‘pauIquI0d 31aM
S89IAIS AU} ||B UBYM
‘|le1ano Inq s3s09

ul uonaNpal e pamoys
S8IINIBS BLI0S
Ajanioadsal

sdnoib 3ss,

pue ‘jas-aid, ‘1as ou,
ay} Jo} :£ZG$ '8GH$
‘11G$ a1am sabieys
Aoewueyd 919¢%$
'18€¥$ ‘Iryy$ alam
soblieyo [ejo] "sdnoib
a3y} ay) Buowe gQ7
10 S]1S09 Ul 92UBIBYIP
ueayiubis oy

3049 ou
ynm pasedwiod 3049

(dvne snid 30d Jo
uoljeulquiod ay} pue
30d Jo uosuedwod
e) 30d9-1s0d

uim ‘pue 30d9
-1sod pue 3049-9d

uoneuawa|dwi

laye pue

810J3q WajsAs 3049 e
UIYUM 13S 1apIo
ewyise pazusndwos

awn

uonejuswa|dw Japio
'S10119 UONEIIpaW
‘Aajes juaned

uoresipaw
‘sauwl} punote

-uiny 18} Auojesoqe)
pue ‘ABojoipes
‘uonealpaw ‘sl

‘siajeyul
as0p-paJajaw Jo asn
pue ‘Anawixo asjnd
J0 SN 'SpI0Ja]S021LI0d
o1WalsAs Jo as

uonejuawa|dw
40 S1S09
|endea pue [suuosiad

juaned Jad s3s09 |ejo|

sabieyd Aoewieyd
pue sabieyd
juanedut [e10} ‘SO

uoijeyuawa|dwi

3sod syuow g
puodas ayy ul 9019
pue yjuow 9 3sod ISy
ay1 ul £965 pue pouad
aid ay} ur sainpasoud
G189 1sod

pue aid sainpasoid

(800z/£002) asn [e21Buns Jo Jaquiny

syun Buisinu

(zooz) asn jusijedul Jo oyog
(saseo 1ss, 99
.,(pasn 1ou 18s Japio)
18s ou, €9 ‘Jas—aud,
192) 06L=N

'€00Z J8quianop

pue |00z Jaquisnop
uaamiaq [eudsoy 0}
paniwpe sieaA gz pue
Z 1o abe ay) usamiaq

(pae1s 10u) @SN sjuaijed ewyisy

aonoeld [eaibins
olwapede [eydsoy
Ayeroadsynw e jo
syanedu] 30d49-1sod
syuow g pue -aid
Syjuow g sainseaw
Aiajes-juaned jo
sasAjeue anipoadsoid
pue aandadsonay

sjeydsoy

annoadsal ayy

ul S39INIBS ||B SS0J0E
sypuow z1—01

Jo pouiad e Joy
30d9-1s0d uyum pue
304 Jaye-pue-aiojaq
‘(saus g) waisAs
y3jeay olwapede

ue ul spun Buisinu
juaijedul Jo poyon

|endsoy
Buiyaeay aeipad
juanedu) “1a)ye/aiojeg

sjuaned |eaibins

J0 awabeuew

ay} ur waysAs 3049 e
Jo uonejuswajdwi
ay} alenjeny

aleoyeay Jo Asanijap
ay) uo YyNe pue
3049 ® Jo syyauaq
8y} alen|eAa o)

Juswieas)
ewyse aueipad

a1ed Jo sassaooud
pue 30d9 e UlylIm 18s
1apl1o pazusndwod e
usamiaq diysuonejal
3} ssasse 0]

sisAjeue 1509

sisAjeue 1s09

sisAjeue 1509

vsn
(6002) ,8u01S

vsn (zooz)
Zuetiyeiy

vsn

,,(9002) wiosiyy

30dJ
1IN paseqg-lendsoH

sbuipuy
o1WO0U093 e\

pajenjeaa
fuiaq annewsayje
pue uopuanIau|

ainseaw 9a))3

S)uawaja 1s0)

(1eah) Aouaing (u) uonejndod

(Bumas apnjoul)
ubisap Apms

annaalqo Apms

uonen|ead
a1Wou02a
jo adA}

Anunoa
(1eah) 1oyiny

(@SN 110z ur S1s02 ||e) Saipnls uofen|eAs 21Wouoda [eiued jo Alewwns g ajqel

427

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310



panuiuo)

Ajannoadsal
‘uappliano

uswibal pue ‘pamoj|o}
uawibal ‘|013u0d o}
72599% pue y1£25$
snsisA /106€$

sem uoijezijeydsoy

40 1809 [e10} 3y}

pue £g9¢ pue y05$
SNSIaA |G| § sem
Safoigiue Jo 3509 ay|
pouad |o1u0d

ay} yum pasedwod
pouad Apnis ayy
Bunnp juaned Jad ssa|
(0 "0>d) 0L°Z€L$
Sem safoiqgiue

J0 1509 ueaW 3Y]
paquasaid sanoiqgiue
10} 81°6/$ Jo abesane
ue yym pasedwod
‘waned sad $9°79$
sem safoiqiue
paisabbns-1aindwod
ay} Joj Adesayy Jo y 4z
104 3509 abesane ay)

99IAI3S BUIdIPAW
s,lendsoy 1eyy

10} Ajjenuue sabieyo
ur uoljiw z°g$ ueyy
alow 0} Junowe pjnod
S07 Ul suonanpal
ay] ‘sabieyo

Bnip pue ‘1se}

‘paq ul SavuaIayIp
Je|IWIS Yym [013u0d
SNSIAA UOIIUBAIBIUI
10§ (uononpai

%L'TL 'PEGLS)

ssa| Apueayiubis
alaMm uoissiwpe

Jad sabieyd |ejo|

pouad |03u02

ayl yum pasedwod
pouad Apnmis

ay) Buunp ggq9 Buisn
paisplo sonolquuy

pouad |0u02

ay} 0} pasedwod
pouad Apnis

ayy Buunp gsg9 Buisn
palapio sanoignuy

asn juejnsuod
anoiquue jo spouad
18A0SS0140 UdaMmlaq
pasedwod suerdisAyd
paziwopues

Aq ss@9 Buisn
palapio sanoiqnuy

$13plo usnum-puey
snsJan Japlo juanedul
||e 1o} wiaisAs

HIAI3 anisuayaidwiod e
0} Payul| SUONRISHIOM
JaIndwo20101|\|

Ayjenow
pue ‘SQ7 ‘abesop

SO pue s3av

uerdisAyd
Aq pajag|as s:
pue sainynd

J0 s)nsal
Yum sanoiquue
paysabbns-1ayndwoy

uonow uj awp ‘SO

uonezijendsoy
pue sanoiqiue o 1509

SO1j0IqNUE JO 1509

SO1j0IgIUE J0 1509

(sBrup pue s1sa1 ‘SQ7)
sablieyd juanedu|

(661) asn

(v661) asn

(v661) asn

(16/0661) asn

|0J3u02 Ul sjuaied
99/ ‘uonuaniaul
ul syuaned ge€

sainynd
78v 'sueidisAyd gz

(09gg=U) |osu00 pue
(6G81=Uu) uonuanaul
0} paubisse Ajwopuel

S8IIAIBS |RIIpaW g

Syuow z|
(+a3je/810§30) NI
Aiojendsal/ewnen
/Mooys paq gL e

ur Apnis anipoadsold

nal
Asojendsai/ewnen
/M30ys pag-z| e
ul snoinald syuow
-Z1 yum pasedwod
jojid yyuow-£

awely awi yuow
-Z1 “(81u8d Buiyoeay
Jolew pue |eydsoy
ajeaud ‘Aseinay)
Apnys uonoa|as
-wopuel abeys-om|

syuow g

Jano [endsoy ongnd
ueqgin ue Jo 92IAI8S
auIoIpawW [eulalul
juanedur ue ul 19y

sonoignue

10 1500 8y} 8INpaI pue
40 asn ay anoidwi

0} $S{9J & d1enjens o)

sanoiqnue
J0 1509 8y} 99npal pue

Jo asn ay} anoidwi
0} SS9 e djenjens o)

sanjolqiue
oudws ajendoidde
JO uonaaes ay}

ur suedisAyd isisse
01 SS9 e dlenjeAs o)

1509 Buronpai

pue sSausnolasuod
1509 Buisealoul jo wiy
‘Buriapio aAioaya
-1509 sabeinooua
ey} 30dJ e

JO uoneZIN 82IN0Sal
aleayyjeay uo

$108)49 8y} SSasse 0]

sisAjeue 1s09

sisAjeue 1s09

sisAjeue 1s09

sisAjeue 1s09

vsn
(8661),,SueA3

vsn
(5661) ,SUBAT

vsn
(661) 5 SueA3

SSad

vsn
(€661) ,, Asusall

sbuipuy
21WL0Uu093 ulep\

pajenjeaa
fuiaq annewsayje
pue uopuanIau|

ainseaw 933

S)uawaja 1s0)

(1eah) Aouaing

(u) uonejndod

(Bumas apnjoul)
ubisap Apms

annoalqo Apms

uonenjeas
21LOU093
jo adA}

Anunoa
(1eah) 1oyiny

panupuoy  z ajqel

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310

8

N



panuiuo)

uaned

Jad €0°Gp$ 40 ‘(%EZ)
¥12001$ Jo sBuines e
10} ‘wJe |013u09

8yl ul 609 Zvv$

SA UOIJUBAIBIUI

104 168 LVES

alam sainyipuadxa
|elqoJoiwnue [endsoy

€6£916€$
sem sbuines

109 |enuue pajoadxa
ay] ‘paroenqgns
sem (£G€ 09$)

a1emyos jo aaud

181 841 4 *(8861$

X auop sem bBunsay
Anjiqndaosns woym
Joy susnedur 0p0z)
6YL 9.6 €8 ! Ajjenuue
sBuines 1s09 ajgerien
pajewnsa ayj

1eah 1ad 01Z6L$

Uey} alow Jo 1S09

Ul 9se8123p e Ul }nsal
pinoa siy] "pouad
uonuaniaul-aid ayy
Buunp sjuaijed ueyy
(88€€1$ sA L1'9LLS)
1509 UBBW JaMo| e

1e S91j01qIIUe JO Sasop
ueaW JaMmay pey
dnoib uonuaniaul ay |

(ma1nal
uonduosaid-jsod)
Adesayy |eigosolwnue
ajenbapeul

Ajenuayod jo J NV
ay) pausje walsAs
ay] "wue |0u0d ay}
ul wajsAs ay} Inoyum
pue wue uonuaABlUl
ay} ul wasAs ayy
Buisn Ny Bunsixa
Aq pabeuew uoneziin
[elqoioIunuy

suonuanBul [enuajod
jo sysioew.eyd
sua|e pue

a1emyos Jandwod
Buisn passasoid
ejep 0} Aoew.eyd
3y} ul Jauuew
|eNUBL [BULIOU BY} Ul
passadoud aiam ejep
aibojoiqoaiw asoym
syuaned paledwog

pouad [013u02

ay} yum pasedwod
pouad Apms

ay) Buunp ggq9 Buisn
paiapio sonoighuy

uonez|[nn
lelqoudiwiue
Buibeuew juads awry
"gjioyyip wnipLisojy
1o} s1s8} Jo Aouanbauy
'S0 ‘Aufenop

S01 ‘Avjenopy

abesop
21]0IqIIUE BAISSBIX
jo shep ‘s3qv

1500
Jelqouaiwinue [eydsoy

$1S09
1981Ipul paxly ‘(s1say
ABojoipel ‘s1sa} qge|
‘saljddns ‘Aoew.eyd)
108.1p 3|geLeA
‘(peaylano) s1s09
paxi} ‘s1s09 [e30]

Sa1j0IgIUE JO 1509

(v00Z) asn

(patess Jou) asn

(9661) asn

(wue jo1u09 g/ 7z pue
wle uoiuaAIalul ay}
ul ££7Z=U) L0SY=N
uaye) uaaq

pey ainyna 1o ajdwes
OU WOYM wWolj Inq
Adesayy uo sjained
(A1) pue ‘palsa)

jou a1am oym Adelayy
uo sjuaned (1)
‘Adesayy [eiqoJoiwnue
JUBLINJ 0) Juelsisal
ela)oeq YIm pajoajul
sjuaned (1) ‘Adesayy
[BIQODIWIIUR 10} 1BPIO
Uue noyym aje|os!
|eLa)oeq B YUM
paldajul swaied (1)
nal

3y} 01 panIwpe IaAdu
alem oym ‘Adesayy
anoiqnue a10jaq
}nsal 158} aJueles|d
aululeald auun

10 8UIUNE3II WNIsS B
ynm sanoigiue
palabiel g jo |=
PaAIadal Oym ‘9661
'L€ Ydue|\ 01 ‘g66l ‘L
judy woyy |eudsoy 0y
paniwpe ‘sieah g1 =
sjuaned |y

pouad yjuow

- e Jano |eudsoy
Jllapeae ‘aied
Atenay pag-gyg e
‘sjuaned-ur ‘1 9y

pouad awi yuow-g e
Jano |eydsoy Buiyoeal
Ayunwwos pag-gGy e
ur Apmis aanjoadsoid
sjuaied pazijendsoy
jo (we z) 19y Iseng

pouad uonuanisul
1eaA-| pue

pouad uonuaBlul
-aid JeaA-z e Jo
Apnis 216ojoiwapida
annduasag

|elqoIoIWIIUe JO
Juawabeuew ay) 1o}
$S@9 pazusindwod
‘paseq-gam e

JO SSBUBAIABYD

1509 pue SSAUAAI}IAYS
8y} ajenjend o

wedboud Juawanoidwi
uonuaniaul Adesayy
9 Jue ue jo
Joedwi 8y} ssasse 0]

sanoiqiue
0} Alepuooas

s3QV Jo Jaquinu

3y} pue uoijouUNy |eual
%982 0} JO}UOW BSOP
anoiqiue pajsisse
-19Indwod e jo

108}J 8y} duIWeXd 0]

sisAjeue 1s09

sisAjeue 1s09)

sisAjeue 1s09

vsn (9002)
021003199

vsn (100z)
o Jobuejualeq

vsn
(6661) 4,SuBAT

sBuipuy
o1W0U093 ule\

pajenjena
Bulaq aapewsaye
pue uopuaAIau|

ainseaw 19aj)3

Sjuawaja 107

(1eah) Aouaing

(u) uonejndog

(Bumas apnjoui)
ufisap Apms

annaalqo Apms

uonen|eaa
21Wou029
jo adA}

Anunoa
(1eah) 1oyiny

panuiuo) ¢ ajqejl

429

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310



panunuoy

(Ajoanoadsal

‘sdnoib |013u09 By}
pue uoiuanIalul Ay}
10} /889$SN SNsIan
99/9$SN) $109

[B10} Ul SBIUBIBYIP
jueayiubis oy
Ajanioadsal
uoljuanIBIuL

pue [0J3u0d

10} 6/°Z6E$ SNSIan
0L'ZL€$ Wuaied
/1502 BAJIBUI-|
UeaW Ul 32UBIBYIP
ON LL'LG6 £€$
SNSI8A £9°9Z€ 8E$
1509 |eydsoy

Ul 32UBIBYIP ON
51509

|e2160j099 JaMO| WO}
Aurew Buneuibuo
uondnpal ay} yum
‘Juaned sad 6¢'8/E$
Aq j03u09 ueyy
1aMo| alam suawifal
SS9 a1eudoidde ayy
10} 53509 pajoafoid
[e30]'£00°0=d
(uonuaniaul)
LG°918$ snsian
(101u02) $0°006$

1d Jad s)s09 2301q13UE
[e30} UBBW :]9Y
"%8Y JO 9sealosp
anijejal e ‘sueidisiyd
yum pasedwod $Sa9
Joj uaned Jad Jamo|
ybES 21om s1S09
2110Iq1JUe [2}0] :UOY0Y

dnoub josu0d ayy ui
SUO[}EPUBWILLIOIA] OU
snsian Aauaioignsul
|Ual U0 paseq apew
u9aq pey sawisn(pe
jeyy papinosd

SEM UoIjeloU B pue
Jasn Anua-1apio ayy 0}
Aouanbayy jjnejap pue
‘Junowe 8sop jnejap
‘Is1] asop paisnipe
ay) pakedsip SS9
ay] ‘Asuaiaynsul
Jeual yum sjusned

ur sbnip Buiquosaid
10} SSQJ awi-leay

(s1api0

uanumpuey) SSAd
-aid snsian SO0

SSaJ noyum
Bunoyuow anoignue
SNSIaA Juswyeal}
anoiqnue ou
Buipnjour ‘asualaip
1jeuag-1soo 1saybiy
3y} Yum ‘Juswiealy
anoignue [eauidwsa o
awif ay} e a|qejiene
ejep Buisn syuanedul
1o} Adelayy onoiqiue
sasiApe §SA9

uonouny
leual ul sabueyd

pue ‘sQ7 ‘uonduasaid
ajendoidde Jo sajey

Ayjeyow

‘S0 ‘pasn sasop [e30}
‘pasn sbnip anosjul
-ue Jo Jaquiny

SO1
‘Ajjeniow ‘yuawyesn
anoiquue ajeudolddy

sabieyo Aoewseyd
pue |eyndsoH

safueyo Bnip annaajul
-ljue ‘s}s09 |eHdsoH

(Aaeaiye anoignue

10 $S0] 10} WaIsAs02a
0} $)$09) S1S09
122160]093 !(SATVD
pue sAep [endsoy

ul S}S09 pue ainjesay|
ay) woyj sajel) 3qv
!S}S00 Uoljelsiuiwpe
R Bnup 108110

8661 |dy—/661
laquiaydag

‘spouad [043u02

OM] U} Ul suoissiwpe
L¥66 ‘spouad
uonuaAIaul oMy

ay} Buunp suoissiwpe
L88L 'Aausioynsut
[euas yym

(paiess Jou) SN sjuaied pazijendsoy

(uonusniaiul 6y6
‘|ou0d 608) 8GLL=N

(6661) aSN ‘syaned ouielpag

sjuaned 9z€Z 1194
swaied ozl :Hoyo)
(Ajey ‘Auewuan
‘laeus|) s|endsoy

€ Ul suoioajul
leusloeq Bullogley

Jo pajoadsns sjusijed

(¥00Z-LH ‘€0
/200z-Hoyoy) soin3

[exdsoy

Buiyoeay aed Aleiay
uequn pag-0zL e

ur pajonpuod ‘(walsAs
yoddns uoisioap snid
3049) uonusnsaul
yum Buneussye
(3049 [ensn)

1013u09 Jo Bunsisuod
s|eAIdul ypuow

-Z 9AIIN23SUOI IN04

uonejuawaldw

-1sod snsian -aid
Luowr-g :[eydsoy paq
-Z£7 dlwapeae ue ul
N9l ouzelpad pag-gz e
ur sjuaned ‘poyon

(s|endsoy

Ateruay pue Arewnd
palelye Ajsianun

€) '$SaJ 8y

mnoyum Buuonuow
an0Iqiue SNSIaA
$S@9 8y Buisn
spiem Buiedwod |9y
12)sNj9 “18)usdiynw
“yuow-g e

Aq pamoj|o} Juswiean
s,uelaisAyd o0y aainpe
Juswieal) onoigiue
10} §S@9 e Bunedwos
Apnmis poyod

Yuow-9 aAnoadsold

$awo093no juaned

pue Buiquosaid Bnip
sanoldwi Asuaioignsul
|eual yum syuaned

ul Aouanbayy pue asop
Bnip Bunsnipe oy
uonealdde wajsAs e
Jl BuIwIRlep 0]

$SaJ aARdajul-ue
aujeipad e jo 1oedwi
8y} a1enjens o

SaLI02}N0
pajejai-juaned

pue aouewsopad
uedisAyd panosdwi
$SQJ 8y} Japaym
ssasse 0] sem

[e0B a1 ‘1Y 8y u|
'$1S09 91301q1UE pue
Juawieal) ooiqiue
10} aouewuopad
ueidisAyd yum aainpe
SS9 asedwod o)

vsn (100z)

sisAjeue 1509 £zMOM3YY

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310

vsn

sishjeue 3509 (1002) M8l

Ay
‘Auewlay) ‘jeeis|

sisAleue 1509 (9002) ,Ined

sButpuy
21WOU093 uIe\

pajenjend
fuiaq aaneusaye
pue UORUBAIBYU]

ainseaw }9ay)3

sjuawiaja 1s09

(1eah) Asuaiung (u) uonejndog

(Bumas apnjoul)
ubisap Apms

annoalqo Apms

uonenjerd Anunoa
21Wou09a (1eah) 1oyiny
jo adA}

0

penuguoy g ejqel <



panunuo?

51509
|endsoy pasealoap
ul ynsal pjnom
s3Qy ul uononpal e
ey} 1sabbns
sioyne ay| ‘s3gy
noyum sjusned

10} 61 01§ pue
$3QV 8lelspow yum
syuaied 10} 961 9€$
's3Qy 2Janss yum
syuaned 1o} €17 19$
sem uonezijeydsoy
40 1509 abeiany

Jyausq

1bpnq Buneiado

ue azijeal 0} sleah |
13A0 pue Jyauaq Jau e
azi|leas 0} sleah
18A0 %00} } “Uol|jIW
8'Ge$ 4o [endsoy 0y
sbuines ‘siA g| Jano
3049 eesado pue
‘Juawajdwn ‘dojansp
0} uoljiw 8'y1$

0L69v$ J0

JA/shep uaned zG| 01
uo paseq ‘ainbiy
|enuue [e10} e o}
Ajiep juaned/zgy$ 10
auw Buisinu jo uiw ||
aq pjnom juaned Jad

papinoid sem abueyd
abesop 1o Bnip

JO UOIIBPUBILIOIAY
'S3aV paylsn e jo
uoiealylou aleIpawwl
SNSIaA (81anas)

s3dv payuaa jo
uoneaynou uerdisAyd
Unm adue|jisnins
pazuendwoy

3043 3y noyum
uaaq aAey ybiw

11 1eYM JO salewisa
0} pasedwod

sieah | Jano $SQ9

pajenpesd yum 3049

"dno.b jonuod
|BOLIOJSIY UB YHM
paledwos weiboid
pazuaindwod ayy
ybnouy) pasalsiuipe
Adelayy unepem
yum Aysejdosype

SO7 pue
$3qV Ul uononpay

(aanyesay)

3] WoJj seinseaw
awos) sisa} Abojoipes
pue Alojeloqe|
‘suonduosaid
ajeudoidde

Jo uoodoud ‘SO
‘s3gy Ul suononpay

wsijoqua Ateuow|nd
10 sisoquioiy}
snouaa o saposida
‘sg]el UoISSIWpeal
‘saposida Buipas|q
alanss ‘abuel
annadelay} palisap
8y} UIyIM paulejulew

51509 |e)dsoH

51509
|endsoy pue ‘Bnip
‘leuonesado ‘lendeq

wedboid ayy yum
paleIoosse s)s09 aled
Buisinu annesedwod

(paiess Jou) asn

(Bununoasip
%L ‘2002) asn

saned paziendsoy

(z00z—¢€661)
aweljawi} Jeah-g|
ay} Jano [eydsoy ay}
0} papiwpe sjuaned

(jo1u09 ‘6/Z=U SA
uonuaAalul ‘6z, y=U)
€| uey} Jajealb

ofjeJ pazifewiou
|eUONBUIBIUI BUI[@SEq
10 9seasIp JaAl| a1aAas
‘Uone|[Lqy [eLle ‘aAleA
ueay [eolueydaw

ou ‘aseasip
91|0qUa0qLIOIY}

Jo saposida juadal ou
pey oym Aysejdoaype

$3dv ou yum

dnoub |013u03 e snsian
waysAs aouejIdAINS
3gv pazuaindwod e
Buisn ubisap 1sod-aiyd

|endsoy olwapeoe
aied Alena) ‘paq
}npe-gz/ e ul wajsAs
3049 e JO sajewnsa
Jjausg pue 1s0)
paonpo.ul

sem weiboid ayy
aloyaq pouad yuow
-8 8y} ur sainpasoid
Je[iWIS JUBMIBPUN
oym sjuaned yum
pasedwoa uonnysul
aipadoynio aied
Atenay e ur (8661
1aquiadag—1661
Anp) pouad yuow
-§G e Jano papiwpe
synpe jo Apnis

s3gy Jo asegelep e
9]eaId 0] pue

s3av Ayuspi djay

0] WwalsAs uonewoul
|endsoy e asn 0]

walsAs

SSaJ pue 30dJ &
Jo uoneyuswaldwi
8y} YUM pajeloosse
s}yauaq pue

150D 8y} SSasse 0]

Aisejdosype

juiol Jolew Jaye
sixejAydoidoquioyp
uuepem juanedu
abeuew 0} weiboid
paseq-Aiojeloqe|
‘pazusndwod e

Jo sBuines 109
|enuajod pue Ajajes

sisAjeue
1509 Isenp

vsn
(z661) g;SueA3

wajsAs aoue|jianins 3qy paziieindwor

sisAjeue 1s09

vsn
(9002) g leusney

epeue) (z00z)

sBuines |enuajod ay| juiof Jole s}nsal 1sa] pue Asewleyd (paless 10u) QY9 8SB2-8ANJ3SU0Y) ay} Jo uonenjeay sisAjeue 1s09) »zP[EUOPIBI\|
SSad pue 30dJ
sbuipuy pajenjena ainseaw 1993 SJUaWa|d 1509 (1eaA) Aouaiing (u) uonejndog (Bumas apnjoui) annoalqo Apms uonen|eas Anunoa
21WOU093 ule|\ fuiaq annewaye ubisap Apmg 21WOou093 (1eah) 1oyiny
pue uonuaniau| Jo adA)

panuiuo)  z ejqel

431

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310



panunuoy

(69¢ ¥Z$ :as)

Z00 L1$ asioeweyd
pue ueroisAyd

ylog (610618

‘as) 6€901$ ‘Auo
Isioeuleyd :(8€L G1$
@as) 9£06$ :Ajuo
uenisAud /(815 vz$
as) Liots

}|o1u09 :S1S09
sdnoib ssoloe $1s09
[B10} Ul 32UBIBHIP ON

(9eLvEL LS
—¥508G1$ 'HOI)
LLZ 1G¥$ jo sBuines
109 B Ul paynsal
Ajlenuaiod spajy

¥'11$< si sBuines
1509 Aoew.eyd

ay) ‘sdnoib |o1u00
ay} 0} paidde aie
sasealoap abejuaalsad
ay} J| “dnoib

1013U09 [eUIBIXS

ul Gyy$ SA 91y$ pue
dnoib Apnmis ui 6yES
SA €/€$ 81500 Brug
'928$ SA 09/$ :dno.b
1013U09 |euIBIXd
uaned Jad 968¢

SA 868¢ :-Jsod—aid
wouy s1s09 Adewieyd

SuOIlepUaWLLIO0Ia) OU
snsiaA sisioewleyd
pue ueidisAyd
‘sysioew.eyd
‘suergisAyd

0} Ajleaiuoioaje
paAejdsip
SuOIIepUAWWLO09a)
aled Jeipied
paseq-aauaping

sajewnsa
Joued padxa uo paseq
yoddns uoisioap yum
Buiquasaid oluoi09j0

§0 Jyyauaq [enuslod

awely
awi) uonejuswajduwi
-1sod 3qv Buiyorew
dnoib jo1u02
leusaixa (f) pue
‘aluely awiy [0ju0d
Jeusaur Buyazew
dnoub jonuod
|eusalxa (g) ‘dnoib
uonejuaws|dwi-}sod
() ‘(dnoib jonu02
Jeusajul) waysAs
yaje 3qv-aud (1)
:sdnoib uno4 ‘waisAs
Hsle 3av isod-aid

UOIUAAJIAIUI PIBAO]
apnuye ueioisAyd
‘a1ed )M UOIjoR)SIIes
‘aoueldwod
uonedlpsw ‘aH

J0 UOIeqIadexa “100
‘UonepusWWo9al

0} aouaJaypy

saunful
pajejai pue s3ay

Xapul XIw-ased
pue ‘uoissiwpeal
10 8381 ‘SO ‘AjeHopy

(sabieyo juanedu
B juaiedino) sabieya
aleayljeay [eo]

uonduosaid

pa||l} ‘USIA 8310
‘usiA wool Aouabiawa
‘uonezijendsoH

1509 uopezieydsoy
[e30] 51509

Bnip ajqelien ‘s}sod
juawypedap Aoewleyq

(papnjoul

syuaned 90/)
suoissas aonoeid
Z¢ ‘sueidisAyd
‘sysioew.eyd
juanedino awn-Jed

(9661/v661) Asn 6 pue awn nj ||

sueldIuId 81ed
Aojeinque 1zgz Aq
uapum suonduosaid

(9002) asn pausle 9/¥6/¢

}lomjau
yyeay e ui sjendsoy
£ 0 | 0} papiwpe

(paie1s 10u) ASN sjuaiedur ||y

aanoeid

dnoub aiea Asewnd
‘Jlwapede ‘] 9y uue §
‘lel0jae} Zxz ‘1eah-|

joued padxa ue Buisn
apew alam Jqy Yoea
ssaippe 0} palinbai
uoiez||in aieayyeay
ay} pue ‘waned

ayy 03 Anfur Ay
ay} ‘Moje ue yum
paleloosse sjqgy Jo
Ajuanas pue pooyiay|
ay} Jo suoiewnsy
*Apnis pajaoejynw
‘Yuow-9

dnoJb |oiu0d

8y} paniisuod
walsAs usje 3qy

ue Jnoyum sjendsoy z
ul sjuanedu| ‘wasAs
H9je 3Qv 8y} aiojaq
1eaA-| pue ‘laye
S3WO0IINQ HI0MIaU
Yileay e ur sieydsoy
[ ur walsAs uae
3QV ue Jo syo8ya ayy
jo Apnis |euonensasqo
annoadsonay

4H

pue gHI yum sjuaned
Buibeuew 1oy SS9
paseq-auljapinb e
yum 3odo e
Buiuiejuod waysAs
HIAI3 paysi|qelsa ue jo
$3108)49 8y} ssasse 0]

pasn a1am 3049
[BI2JBWWOI B §i 8Ied
Asojenquie ui susje
Aajes uonesipaw
Jo syjauaq [enuajod
3y} puejsiapun o]

sjeudsoy Ayunwwod
u sawodno Ayjenb
pue 1509 uo wasAs
Haje 3QV ue o s19ay3

vsn
(€002) g AdusBl]

SSad

sisAjeue 1509

vsn
6002 g Hebutapn

3049
Bumas aiea Arewid

sisAeue 1s09

sbuipuy
21L0U093 Ul

pajenjens
fulaq anneusayje
pue uonuanIaju|

ainseaw 9ajy3

S)uawaja 1s0)

(1eah) Aauaiung (u) uonejndog

(Bumas apnjoui)
ufisap Apms

annoalqo Apms

vsn
sishleue 1503 (010Z) ,e0d
uonenjeas Anunos
2lwouola (1eah) 1oyIny
jo adA}

panupuoy  z ajqel

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310

2

o



panuiuo)

"(100'0=d ‘z01$

01 6€$ 12 %S56) LL$
SEeM d9uasaylp ay|
*dnoif uonuaniayul
8y} ul G9z¢ pue
dnoub a1ea |ensn ayy
ul £ge$ a1am Juaned
Jad s)s09 [e30} BUY) JO
sueaw pajsnipe ay)
*dnouB uonuaniaul
Ayl ul GLy6yLS

pue dnoib aiea |ensn
3yl Ul y8 ¥GZ$ 81em
1509 jJuawieal) ay]
751 LZ1$ sem sBuines
yjuow-z| 8y ‘dnosb
[04U02 3y} Ul pEH$
Ag paseaioul pue
dnoub uonuaniaul ayy
ur 00°'1$ Aq paseasosp
uonduosaid

Mau Jad 1509 abelany
ueiolulo Jad (g10.L$ 01
Z€T1$ 10 %S6) LZLv$
aq 0} pajewss

alam sbuines yjuow
-9 8y] *(10°0=d)
1amo| £6°G$

sem suonduasaid
pajjyas pue

Mau 1o} 1509 abelane
ay) pue ‘dnoib
uonuUaAIBIUI 3Y} Ul
(z0°0=d) 19m0] 86't$
sem uonduosaid

mau Jad 1509 abelany

(9gz61$ :as)
0v18$ Isioewueyd
pue uerdisAyd
uyloq (gesels

aleo
|ensn snsisA $SQ9

ssad0.d

Buiquasaid o1uon293
ay Buunp sueioiulo
0] SUOIBPUSWILIOIAI
paseg-aauapina
sapinoid $SA9

ssadoud

Buiquosaid auonasd
ay} Buunp suerould
0] SUOIIRPUBWIWO093I
paseq-aauaping
sapinod $SQ9

SUOIIEPUBLILLIOIA]
ales

ou snsian 1sioeweyd
pue ueidisAyd

y1oq ‘sysioewleyd

%0Z> Sem auljaseq
1d uaym 90z>

11 Buidaay 1o sieah g|
1910 %0Z< HAD YIm
syd ui sjeob uononpal
J-107 J0 JusWBABIYIY

IIN

suoijezilepdsoy ‘sHsin

sBnip Bulamo|
-pidi| ‘sasAjeue

qe| ‘susia uerdisAyd
181509 198110

1509 uonduasaid
Bunsixa pue may

1509 uonduasald
paj|yal pue maN

(zooz) soin3

(paie3s J0u) asn

(paie3s Jou) asn

(SS@2 0901
‘aled [ensn 1911)

syd |zzz ‘saonoeld
¥ ‘Apnmis Jayjoue

ur Bunedioned

alam Jo |p/Bw goy<
SUOI}eLU3IU0D
apLadA|bLy

pey Asup j1 papnjoxa
alam sjuaijed
"BIWA|0J3)sa|oydladAy
Unm sjuaijed

(dno.f

yoea ul suerdisAyd
61) Apmis pauonuaw
9AOQE JO UOISUB)Xd
Apnis yuow-9)
SYluow z| 's|osuod
0] payolew alam
$SQ9 buisn sueioiuy

(dnoub sad sueidisAyd
61) dn-mojjo}

YIUoW g YHM S|0J3u0d
0] payolew aiam
$s@9 Buisn sueroiuly

Bumas

aled Arewnd e ur ey
anewbeid ‘papuijqun
‘paziWopueI-18)sn|d
18juad-inw ‘Jeah-| y

aies Aewnd

ur aseqejep swie;d
Aoewueyd Buisn
(181ye-81040q) Apnis
10yod aAndadsoliay

a1ed Aewnd

ul aseqelep swiejd
Aoewieyd Buisn
(19)je-a10j2q) Apnmis
10yo2 aAndadsoay

elwa|o1alsajoyasadAy
ynm

sjuaijed Joj a1ed jensn
yum uosuedwod

Ul AHOS3 8y}

JO SUOIIBPUBWIWO093)
uo paseq SS9 e

JO SSBUBAI}BYA pue
1509 3} SSasse 0]

$1509 uonduasaid
uo $SQ9 ® jo 1eduwi
8y} alenjens o

1509 uonduosald

uo $S@9 ® Jo 1eduwi
ay) aienjens o)
adoJ ‘o

ewyise yum sjuaned
Buowe sawoono

pue juawabeuew
juanedino

ay} anosdwi Ja3ndwod

sisAjeue 1509

sisAjeue 1s09

sisAjeue 1509

ureds
(5002) ¢s0q09

vsn (5002)

2eUIINNPIN

vsn (¥002)
NAPIA

:as)189£¢$ Ajuo ‘suedisAyd 43 ‘sisioewleyd (papnjaur suaned lendsoy e Jsisioewleyd
1s10euLeyd ‘(096 92$ 0} Ajeaiuoi}ose B uerdisAyd yum 90L) paziwopuel ur 89n0e1d |eaipaw pue suedisAyd ein
'as) 0gs L1L¢ :Auo papinoid uonoeysies id “100 (yuanedur sisioew.eyd |eusaur [esoush  pasanap suoisabbns
uedisAyd :(€6Z2Z1$ NI TETTIRET] ‘sauljopinb juswieas; B jusnedino) sabieyo juanedino gz olwapede ‘|JY wie § aled paseq-aulapinb vsn
:1S) £6€8$ :j01u0) ale) 0} 82UdJAYPY aledyyjeay 2o (9661/4661) Asn pue sueisAyd 9pz  ‘|eloloe} Zxz ‘Ueah-| Jaylaym ssasse 0] sishjeue 3503 (5002) (gAsusarl
sBuipuy pajenjeaa ainseaw 293 SJUaWa|d 1509 (1eah) Aouaing (u) uonejndog (Bumas apnjoui) annaalqo Apms uonenjeAa Anunoa
21Wou033 utey Bulaq aanewsaye ufisap Apmg 21WOU0923 (1e0A) Joyny
pue uonuaniau| jo adA}

panunuo  z ajqel

433

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310



“1eaA 81| paisnipe-Ayenb ‘AyD ‘Anus Japio uerdisAyd ‘o4 ‘yuow Jad saquaw sad ‘wdwd ABojouydsy uonewlojul Juswabeuew [eapaw ‘I ‘Aels Jo yibua| ‘SO ‘aseasip Leay d1wayds ‘gH| ‘Hun a1ed aAisualul ‘ng| ¢ uoneziuebig adueuajulely

UNE3H'OINH ‘@aniiey Heay ‘Y !

001 AduabBiawia ‘Y3 Juswabeue|y eiwa|oia)sajoyaiadAy 1oy sanald0s Jayio pue ABojoipie) jo Aja100S ueadoing ‘|NHOST ‘PI093I [eIIPAW DIUOLIB[S ‘Y| ‘PI0I3I UOHEASIUILUPE UOHEDIPAW DIU0LIBIB "HYIND “SH Jeindsenoipied

"YAD ‘p109a1 juaned paseq-1aindwod ‘Yd9 ‘Anus Japio uedisAyd pazusindwod ‘Jod9 ‘einjie} Leay aasabuod ‘4H9 ‘waisAs poddns uoisioap pazuendwiod ‘SSOY ‘UONEIAPISUOD i) ‘97 ‘wes) Juswabeuew eigosdjwnue ‘JAY Juaas Bnip esianpe ‘Iqy

(wdwd

2G°6v7$ SA 16°L1¥$)
dnoib jonu0d

ayy Joy abieyo abelane
ay} Jo %1'9 Aq dnoib
Apnis ur sabieyd |ejo}
abeiane ay) paanpal
uonusAIBUI 8y |
JUBWISAAUI UO UINal
pjoj-g ue Buisabbns
‘wdwd 9°1§

1509 UORUBAISIUI By |
*dnoib |osu03 ainua
8y} 10} uey) 1amoj
wdwd pg°6$ a1em
dnoib uonuanisul
alus ayy Joy

SWwIejo pied ‘aulj@seq
3y} yum pasedwod
|0J3U0D UBY} JAMO)
wdwd //°8/¢$ a1am
swiejd pred pue Jamo|
wdwd ¢|°06$ a1em
dnoib uonuaniayul

J10} sabieyn

pouad uonusniByul
ay u (190
=d) ‘(05°0v$) £L'1€$

pue ‘(88'8€$) vi'LES
sem pouad |ou0d
ay} ur uonduosaid sad
1500 (QS) ueaw ay|
'$1s09 Bnup [[esano

ul 99uaIaylp oN

dnoub jonuod

ul Jo pawiny s99
‘ueroisAyd o} abessaw
puss 0] Jayjaym
papioap Aayy pue
asinu QI\|H ue 03 Jo
ueidisAyd ajeudoidde
ay) pajjea Aayr

pue 1039a.1p [eaIpaw
OINH 8ys Jayye 03
abessaw )7 e spuss
pue sanssl, saliuapl
'sa|nJ uoIsioap

J0 18s e ybnouyy
10231 By} SunI uay}
elep aAlensiuIWpe
W0} P109al 21U0AIID
ue saanpoud

1ey |00} §SAD

dno.f

[03U03 3y} 0} Jou

1nq dnob uonuaniajul
ay ul ueoisAyd ayy o}
abessaw 97 e spuss
pue sanssl, saluapl
‘Sa|n1 uo|sIoap Jo 1as e
ybnouyy 11 suni pue
elep aAlelsIuIWpe
W0} PI09al 21U0LIID
ue saanpoud

1ey |00} §SAD

pouad joiuod

ay1 Buunp paAejdsip
Buiaq uonewioul 1509
ou yum paledwod
Japlo uonduasaid

JO awi} Je uoiewloul
1502 Bnup sAedsip
ey} waisAs Yd9

panjosal
ale S99 YoIym Je ajey

puE :UONEpUSILIOAI
yum aouerjdwod
ueldisAyd ‘dnoib

Aq pajesauab s99

(jeuoissayoud
‘uonduosald
“uaned-no uaned
-u1) sabieyd |ejo|

(jeuoissajoud
‘uonduasaid
“uaned-ino uaned
-u1) sabieyd |ejo|

1500 uonduasalg

dnoib

|0u0d 26/ 6L=U
‘dno.b uonuaniayul
6LL 6L=U

sieaA G9> sjuaijed
Jle “zeaA snoinaid ayy
ur sableyd [eaipawl

(100z) asn pey |le sjuaned

Jusw|joIua
al10jaq syuow z|

ay} ur wied Asewneyd
auo Jo wiefd ueiisAyd
8U0 }Sea| Je paunaul
pey pue siesA 9

pue z| jo sabe

8y} Usamiaq saa||0Jua

(payess 1ou) @sn ueid yyeay [y

sjuapisal

(9661/5661) asn 9¢ 'suetdisAyd |

OINH abuej e

ul pajonpuoy “dnoib
|0J3U02 Y} Ul Jou pue
Uo pauIn} aI1emyos
ay} pey dnoib

Apnis 0} paziwopues
syuedioued ‘1 9y

pua Apnis 0} pauajep
alam dnoib jouod
ay} 10} asoyy pue
‘suerdisAyd Bunean
0} paAejal alam
dnoJb uonuaniayul
ay} u sy08lqns oy
$Sa9 Aq pejesauab
$99 "|oau0d

10 uonuaARUl

0} paubisse
Ajwopues QNH

ue Jo slaquiaw ‘| 9y

Bumas aonoeid
Ajwey o1wapeay
‘pake|dsip aiam s3s02
‘pouiad uonuaniaiul
yuow-g juanbasqns
ayy Buunp ‘paAeldsip
JOU Sem uorew.ojul
1502 ‘poutad

yuow-g e Buung

wdwd

sab.eyo abesane

uo uonUBAIBIUI

ay} Jo 109y8

ay} pue aied jo Ayjenb
sanoidwi (00} SSJ B
JEMENETEENE]

saanoeld

[eIIPaW 1S3 WO}
SUOIJRIABP pUE 3led
ur 10118 ayebiw pue
198)ap 0] ejep [ealulfd
pue uoijewlojul
SWied aAelsIuIWpe
Sueas ey} waisAs
|1aunuas e BuiAojdap
J0 198)49 |enuajod
8y} ajessuowap 0]

suedisAyd

Ajwey Aq s1s00 Brup
Buisealoap uo walsAs
YdJ e ul uonew.oul
1509 uonduosaid
BuiAeidsip jo joedwi
8y} aulwalep o

sisAjeue 1s09

sisAeue 1509

vsn
(8002) gghiner

vsn
(S002) gginer

SSad

sBumas aiea Atewnd pue [endsoH

sisAeue 1509

VSN (6661)
peutaIsuIQ

SSa9 yum Buiquasaid-3

sbuipuy
21WL0Uu093 ulep\

pajenjens
fuiaq anneusayje
pue uonuanIaju|

ainseaw 1933

Sjuawaja 1s0)

(1eah) Aouaiung (u) uonejndod

(Bumas apnjoui)
ufisap Apms

annoalqo Apms

uonenjeas
21LOU093
jo adA}

Anunoa
(1eah) 1oyiny

panupuoy  z ajqel

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310

4

o



therapeutic recommendations based on guidelines or usual care.
Effectiveness was determined by measuring the quality of life
through the St Georges Respiratory Questionnaire (SGRQ).
Costs were calculated from the consumption of resources over
the 1-year study period. From a societal perspective, the inter-
vention dominated standard care (ie, less costly and more
effective). From the healthcare payer perspective, the ICER was
US$66.42 per percentage point reduction in the SGRQ. The cost
of the CDSS was not included in the analysis.

Partial economic evaluations

Most of the economic literature reported the results of partial
evaluations (26 of 31, 84%). All of these evaluations took the
form of cost analyses whereby the costs and effects of the
alternatives were examined separately in the analysis.

Hospital setting

Computerized physician order entry

A computerized order set within a CPOE was designed to
manage hospitalized pediatric patients with asthma.'* A before—
after study evaluated the relationship between computerized
order set use and financial outcomes by studying the use of
three generally recommended inpatient asthma treatments (ie,
systemic corticosteroids, pulse oximetry, and metered-dose
inhalers). There was no significant difference in the total inpa-
tient costs among the pre- and post-intervention groups.
Hospital charges were US$4381 and US$4616, while the
pharmacy charges were US$458 and US$527 in the pre- and
post-intervention groups, respectively.

Another pre/post study assessed the introduction of a CPOE
system and electronic medication administration record across
all inpatient clinical areas.’? More than 450 evidenced-based
order sets (eg, drug interaction), designed to meet the needs of all
clinical specialties, were available to facilitate and expedite
electronic order entry to support best practice. Severity-adjusted
total cost per admission for all services did not change
significantly in the health system.

A CPOE introduced to help with the management of surgical
patients in an academic, multispecialty hospital had no effect on
the rate of medication errors.'”® However, a redistribution of
workload was found leading to personnel changes resulting in
a savings of US$485512. The authors noted that considerable
gains in efficiencies will likely result in long-term cost savings
and improved quality of care. However, this was an expensive
technology to implement (US$3.2 million) and operate (US$2.5
million).

Finally, a randomized controlled trial (RCT) estimated the
effects of a CPOE system that displayed various cost informa-
tion associated with an order with the aim of promoting cost-
effective ordering and reduce costs.'* The total charges per
admission were significantly less (US$1534) for the intervention
teams than for the control teams, with similar differences in all
types of charges. If these effects were extrapolated to all medi-
cine service admissions, the projected savings would be US$5.2
million in charges per year. The network hardware costs were
approximately US$33 181 per ward, with additional costs for
installation and maintenance (not included in the cost savings
calculation).

Computer decision support system

Various modifications to a CDSS aimed at improving the use of
and reducing the cost of antibiotics have been reported in four
separate studies. The evaluation of the first version of the
antibiotic consultant was conducted in an academic, tertiary,

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310

private hospital. The computer displayed five antibiotic regi-
mens most likely to be effective for an infected patient and
suggested an appropriate antibiotic regimen. The average cost
for 24 h of antibiotic therapy recommended by the CDSS was
US$16.54 per patient less than what was actually prescribed.'”
The same CDSS, with additional user options incorporated, was
evaluated in two studies that took place in a 12-bed shock/
trauma/respiratory intensive care unit. A 7-month pilot study
revealed a mean reduction in the cost of antibiotics of US$132.70
less per patient compared with the pre-intervention period.'
Over a 1-year period, the mean cost of antibiotics was US$151
versus US$504 and US$633, while the cost of hospitalization
was US$39017 vs US$52 314 and US$66 522 for the computer
regimen followed, regimen overridden, and no CDSS, respec-
tively."” Finally, an antibiotic-dose monitor was incorporated
into the CDSS to check the renal function of patients to identify
those who may be receiving excessive dosages of antibiotics.'®
The intervention group received fewer mean doses of antibiotics
at a lower average cost (US$116.11) than patients during the
pre-intervention period (US$133.88). If this reduction in cost is
summed for all 4483 patients in the intervention group, this
would result in a total decrease of more than US$79210/year.
The costs associated with developing and implementing the
CDSS were not included.

Another CDSS for antibiotic prescribing was introduced in
a 450-bed community teaching hospital.'” The 5-month study
compared patients whose microbiologic data were processed in
the usual manner with patients whose data were processed
using the software. There was a difference in variable healthcare
costs (eg, pharmaceuticals) of US$1988 less per patient in the
study group compared with the severity-adjusted control group.
Using these adjusted data, the estimated annual cost savings
from the intervention was US$3976749. If the list price of the
CDSS (US$60357) was subtracted from the expected annual
cost savings, the resulting savings (US$3916393) would be
substantial in the first year.

A third antimicrobial CDSS was evaluated in a 3-month RCT
in a 648-bed tertiary care, academic hospital.>® Antimicrobial
utilization was managed by an existing management team using
the web-based system in the intervention arm and without the
system in the control arm. Expenditures for antimicrobial drugs
were US$341 891 for the intervention group and US$442 605 for
the control group, for a saving of US$100714 (23%).

An evaluation of another CDSS to support appropriate anti-
biotic treatment used a cohort study followed by a multicenter
(Israel, Germany and Italy), cluster, RCT*! The trial compared
hospital wards using the CDSS with antibiotic monitoring
without the CDSS. Total antibiotic costs were US$344 lower per
patient for the CDSS, a relative decrease of 48%, the difference
originating from lower ecological costs (eg, costs associated with
loss of antibiotic efficacy) in intervention wards in Israel and
Italy. Direct antibiotic costs, as well as costs incurred by
observed adverse events, were similar.

An anti-infective decision support tool, designed for a pedi-
atric population, was introduced in a 26-bed intensive care unit
in an academic hospital.?? During the pre-CDSS 6-month period,
all patient care orders were handwritten. The study found no
difference in hospital costs in the pre-CDSS period (US
$38326.63) compared with the post-CDSS period (US
$33951.71) or on anti-infective costs per patient (US$§372.70 in
the control group versus US$392.79 in the intervention group).

Chertow et al*® studied the effect of adding a CDSS to an
existing CPOE for prescribing drugs to hospitalized patients
with renal insufficiency. The authors measured the difference
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between the intervention and control groups in hospital and
pharmacy costs and found that there were no differences (US
$6766 vs US$6887 in total costs for the intervention and the
control groups, respectively).

CPOE and CDSS
A study conducted in an orthopedic institution assessed the safety
and potential cost savings of using a laboratory-based computer-
ized program to manage inpatient warfarin therapy after major
joint arthroplasty.”* Consecutive patients having major joint
arthroplasty surgery over a 3-year period were compared with
a historical cohort undergoing similar procedures in the 18-month
period before the program. Financial measures considered were
pharmacy and comparative nursing care costs associated with the
program. The authors estimated that the potential savings per
patient of US$4.62/day were due to a reduction in nursing time (ie,
administration time reduced from 15 min per patient to4 min), for
a total annual figure of US$46 910.

The costs associated with the implementation of CPOE with
a CDSS over a 10-year period were measured in a 720-adult bed,
tertiary care academic hospital.®® Reductions in items such as
ADEs, drug costs, and laboratory tests were found, and it was
estimated that the system saved the hospital US$35.8 million,
even after including the capital and operational costs of US$14.8
million, with cost savings of US$21 million. The authors
determined that it took about 6 years for the intervention to be
cost saving.

Computerized ADE surveillance system

A computerized ADE surveillance system was used to help
identify and prevent specific types of ADEs in hospitalized
patients.?® The authors compared the length of stay of patients
incurring an ADE with a historical control group of inpatients
with no ADEs, and showed that the average length of stay was
20 days for patients with severe ADEs, 13 days for those with
moderate ADEs, and 5 days for those with no ADEs. This
translated into a cost of US$61213, US$36 196, and US$10179
for patients with severe, moderate, and no ADEs, respectively. It
is important to acknowledge that the cases were not matched
for disease severity and that no direct cost analysis was made of
the ADEs prevented by the system compared with before
implementation of the system.

A recent publication measured the impact of an ADE alert
system on cost and quality outcomes in seven community
hospitals within a health network.?” The ADE alerts were trig-
gered in real time, which enabled immediate pharmacy inter-
vention. The results showed a statistically significant decrease in
average pharmacy department costs per patient from before to
after implementation (US$898 ws US$856, p<0.001). In
contrast, the external control group had a significant increase in
pharmacy department costs (US$760 vs US$826, p=0.029). If
this percentage cost decrease was extrapolated to the control
groups’ results, this would yield pharmacy department cost
savings in excess of US$11.4 million. It was noted that these
savings coincided with only modest quality improvements in
projected mortality and length of stay. The costs associated with
averting ADEs were not measured in this study.

Primary care setting

Computerized physician order entry

Weingart et al*® designed an empirical study to understand the
potential benefits of medication safety alerts generated by an
e-prescribing system in ambulatory care. Using a modified
Delphi technique and data from 1.8 million prescriptions, the
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authors estimated that e-prescribing alerts possibly averted
133—846 ADEs. An expert panel reviewed a sample of common
drug interaction alerts, and estimated the likelihood and severity
of ADEs associated with each alert, the likely injury to the
patient and the healthcare resource utilization required to
address each ADE. The analysis estimated that the cost savings
due to the e-prescribing by using third-party-payer and publicly
available information was US$451277 (IQR US$158 054—
US$1134736).

Computer decision support system

In two separate RCTs, the effect of a CDSS that provided
guidelines for the treatment of ischemic heart disease and
chronic heart failure’” and patients with asthma or chronic
obstructive pulmonary disease were evaluated.*® In both studies,
care recommendations were displayed to physicians or phar-
macists, or both, and the results were compared with not
receiving care recommendations. In the heart disease study, there
were no differences between the groups in terms of adherence to
guidelines or any clinical or subjective patient outcome,
including outpatient, inpatient, or total healthcare costs
(physician, US$9,076; pharmacist, US$10639; physician and
pharmacist, US$7639; control, US$10117). Similarly, the CDSS
had no impact on total healthcare costs across groups in the
asthma and chronic obstructive pulmonary disease study
(physician, US$11530; pharmacist, US$7681; physician and
pharmacist, US$8140; control, US$8353).

McMullin et al published two papers that evaluated the
impact of a CDSS that provided evidence-based recommenda-
tions during the e-prescribing process on prescription costs for
a range of medications used in primary care. A retrospective
cohort study using pharmacy claims data found that the average
cost for new and refilled prescriptions was US$5.97 lower in the
intervention group with 6-month savings of US$4127 per
clinician.®" A 6-month extension of this study showed 12-month
savings on new prescriptions of US$127 152.%?

A cluster-randomized, pragmatic trial assessed the cost and
effectiveness of a CDSS based on recommendations of the
European Society of Cardiology and other societies for Hyper-
cholesterolemia Management in comparison with usual care for
patients with hypercholesterolemia.*® The CDSS included
recommendations on treatment, drugs, and follow-up visits
according to the patient’s cardiovascular risk and low-density
lipoprotein goals. The CDSS did not modify effectiveness, but
the treatment costs of hypercholesterolemia were markedly
different in the two groups: US$254484 in the control group
and US$149 415 in the intervention group.

E-prescribing with CDSS

Ornstein et al** measured the effect of displaying cost infor-
mation in an EMR at the time of prescribing by family physi-
cians. The authors found no effect on overall drug costs (mean
cost per prescription was US$31.44 and US$31.73) in the control
and intervention periods.

Hospital and primary care settings

Computer decision support system

A claims-driven CDSS system was designed as a ‘rule-based
artificial intelligence engine’ combined with an automatic
message generator that conveyed clinical recommendations and
supporting literature to physicians.*” A 12-month randomized
study found that charges among those whose recommendations
were communicated were US$90.14 per member per month
(pmpm) lower, and paid claims were US$78.77 pmpm lower

J Am Med Inform Assoc 2012;19:423—438. doi:10.1136/amiajnl-2011-000310



Figure 2 Cost components of
economic evaluation in healthcare.
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than controls compared with baseline values. The intervention
cost was US$1.16 pmpm and was associated with lower paid
claims of US$9.34 pmpm, suggesting an eightfold return on
investment from the payer perspective. However, this study was
not intended as a formal cost-effectiveness analysis.

An extension of this analysis used an additional 2 years of
data.®® This evaluation showed a reduction in average total
healthcare charges in the study group by US$31.61 pmpm
compared with the control group.

DISCUSSION

Relative to the volume of research evidence that has examined
the impact of HIT on the medication management process, the
amount of literature evaluating the economic impact of these
systems lags far behind.? Compounding the problem is the fact
that the quality of the available economic evidence is poor. For
example, most of the studies reviewed here would not be
considered full economic evaluations." Only 16% of the papers
measured the cost per successful patient outcome, and 84%
simply provided cost data. Economic evaluation of health
services is a comparative analysis of alternative courses of
action in terms of both their costs and consequences. The goal
is to identify which intervention is most efficient. The main
categories of costs of healthcare interventions are the costs
associated with the use of resources within the health sector,
those used by patients and their families, those used in other
sectors, and productivity changes (figure 2).” The cost may
also include downstream costs associated with ongoing treat-
ment, or the management of adverse events or side effects of
the treatment. The consequences are the relevant outcomes
of interest caused by an intervention (either clinically measured
or reported by the patient). The outcomes could be expressed in
terms of final health outcomes such as gains in health-related
quality of life, or in terms of intermediate health outcomes
(eg, mm Hg in hypertension). However, in general, one
should choose an effectiveness measure relating to a final
outcome.*

Very few of the studies included the large cost items such as
the purchase of new software (capital outlay) or implementa-
tion costs (eg, training costs, maintenance costs). Additionally,
the settings where HIT programs had already been introduced
had existing technology infrastructure (eg, EMRs) to support
the new interventions; this may not be the case in many areas.
Additionally, whether the technology is commercial or home-
grown (eg, academic health center) will have implications for
start-up costs and organizational savvy.

The heterogeneity (eg, cost elements) between studies was so
great that combining the studies was not possible. This has
meant that, while studies have been broadly grouped according
to setting and type of intervention, the review has been
presented on a study-by-study basis, rather than as a complete
synthesis of the results. This makes the interpretation of the
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results somewhat complicated and commenting on the cost-
effectiveness of HIT for medication management difficult. Many
of the studies provided evidence of some reductions in costs in
certain areas due to the intervention (eg, reduction in drug costs
and hospital length of stay). The assumption is that these
changes will likely result in Jong-term cost savings and improved
quality of care. These potential cost savings are speculative and
are not conclusive.

Despite the limitations of the literature, the great strength of
this review lies in the fact that extensive searches were under-
taken and included studies that reported any relevant informa-
tion on the economics of the impact of HIT on medication
management. The systematic review searches were updated in
July 2010, and should therefore provide a comprehensive up-to-
date review of the evidence available. Furthermore, to the best of
our knowledge, this is the first systematic review conducted to
combine the available research in this area.

Adoption of newer technologies needs to be based on formal
evaluation of whether the additional benefit is worth the addi-
tional cost. Given the tension between the benefits of HIT for
medication management and the high up-front costs, decision-
makers deciding whether to implement these technologies need
to better understand how and when financial benefits of
such systems accrue. These types of analyses are important for
well-informed decision-making. In addition, one needs to bear in
mind that the effectiveness of any given system is dependent on
the system’s design, implementation, the user(s) of the
system, and the setting into which the system is being intro-
duced. However, because of the focus of our review (ie,
systematic review of economic evaluations), we did not conduct
a detailed review of implementation issues; this is left for future
research.

CONCLUSIONS

In summary, the quality of the economic literature in this area is
poor. A few of the studies reviewed found that HIT interventions
may offer cost advantages despite their acquisition costs.
However, given the uncertainty that surrounds the cost and
outcomes data, and limited study designs available in the litera-
ture, it is difficult to reach any definitive conclusion as to
whether the additional costs and benefits represent value for
money. Analyses of the consequences of using health technology,
both in terms of costs and benefits, is crucial for decisions on
resource allocation. We acknowledge that the use of economic
methods in this area is relatively immature (74% of the articles
were published since 2001), but some of the groundwork has
now been carried out for future work in this field.
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