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ABSTRACT

Objective: Infobuttons appear as small icons adjacent to electronic health record (EHR) data (e.g., medications,

diagnoses, or test results) that, when clicked, access online knowledge resources tailored to the patient, care

setting, or task. Infobuttons are required for “Meaningful Use” certification of US EHRs. We sought to evaluate

infobuttons’ impact on clinical practice and identify features associated with improved outcomes.

Methods: We conducted a systematic review, searching MEDLINE, EMBASE, and other databases from incep-

tion to July 6, 2015. We included and cataloged all original research in any language describing implementation

of infobuttons or other context-sensitive links. Studies evaluating clinical implementations with outcomes of

usage or impact were reviewed in greater detail. Reviewers worked in duplicate to select articles, evaluate qual-

ity, and abstract information.

Results: Of 599 potential articles, 77 described infobutton implementation. The 17 studies meriting detailed

review, including 3 randomized trials, yielded the following findings. Infobutton usage frequency ranged from

0.3 to 7.4 uses per month per potential user. Usage appeared to be influenced by EHR task. Five studies found

that infobuttons are used less often than non–context-sensitive links (proportionate usage 0.20–0.34). In 3 stud-

ies, users answered their clinical question in >69% of infobutton sessions. Seven studies evaluated alternative

approaches to infobutton design and implementation. No studies isolated the impact of infobuttons on objec-

tively measured patient outcomes.

Conclusions: Weak evidence suggests that infobuttons can help providers answer clinical questions. Research

on optimal infobutton design and implementation, and on the impact on patient outcomes and provider behav-

iors, is needed.
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INTRODUCTION
Clinicians routinely ask questions during their daily practice,1,2 and

seeking and finding accurate answers is associated with improved

quality of care.3–6 Efficiently finding answers requires consideration

of issues related to the specific patient and clinical setting as well as

access to robust knowledge resources.1,3,7,8 Electronic health

records (EHRs) can support providers in answering questions at the

point of care by, e.g., linking information about the patient, setting,

and EHR task (e.g., lab result, medication list) with information

contained in online knowledge resources. Context-sensitive
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knowledge links, commonly referred to as “infobuttons,”9 offer

an omnipresent yet unobtrusive way to support point-of-care

decisions. Effective September 2012, infobuttons are required for

“Meaningful Use” certification of US EHR systems.10,11 How-

ever, many EHR functions have failed to improve clinical practice

as intended, or have paradoxically increased workload and

errors.12–15 As such, it makes sense to empirically study the use of

infobuttons in practice.

The typical infobutton appears as a small icon adjacent to EHR

data such as a medication, diagnosis, or laboratory test result (see

Appendix Figure A1). When clicked, the infobutton opens a Web

page with links to online knowledge resources relevant to the EHR

task, such as drug dosing or side effects, disease treatments, or test

interpretation. This information can be further tailored to the clini-

cal context using characteristics of the patient (e.g., age, gender,

comorbid conditions), provider (e.g., specialty), or care setting (e.g.,

outpatient, inpatient).

Systematic reviews have synthesized the evidence for various

clinical information systems and component parts, including

EHRs,16 clinical decision support,3,15,17–19 and clinical knowl-

edge resources.3,20,21 However, no such review has focused on

infobuttons and similar EHR tools supporting context-sensitive

information access (hereafter referred to as infobuttons). Such a

review would help clinicians, researchers, administrators, and

medical informaticians in deciding when and how to implement,

integrate, and use infobuttons to support clinical decisions. Our

purpose is to synthesize the evidence on infobuttons, including

their impact on clinical care and the factors that influence their

use and effectiveness.

METHODS

The systematic review was planned, conducted, and reported using

a protocol adhering to PRISMA standards.22

Study questions
We sought to answer the following questions:

1. What outcomes have been reported in infobutton evaluation

studies?

2. What impact have infobuttons had on clinical practice in terms

of patient outcomes and provider learning and behaviors (e.g.,

usage, influence on clinical questions or decisions)?

3. What infobutton features are associated with better or worse

clinical practice outcomes or user experience?

Data sources and searches
To identify potentially relevant studies, we conducted a comprehen-

sive search of MEDLINE, EMBASE, CINAHL, the Cochrane Regis-

try, Scopus, Web of Science, and ProQuest Dissertations, from each

database’s inception to July 6, 2015. We made no restrictions on

language. An experienced research librarian (L.J.P.) and author

M.T. worked iteratively to develop the search strategy. Keywords

and subject headings included Medical Records Systems, Computer-

ized; Decision Support Systems, Clinical; Point-of-Care Systems;

context* adj aware*; and infobutton (see Appendix Table A1 for

the full strategy). To identify omitted studies, we searched the refer-

ence lists of all included reports and asked experts for lists of rele-

vant publications.

Study selection
We used broad inclusion criteria to present a comprehensive over-

view of infobutton implementation, use, and evaluation. We defined

infobutton as: “a knowledge retrieval tool embedded in an EHR

that automatically links to knowledge resources tailored to the spe-

cific EHR context.” We included all original research studies

describing infobuttons for any consumer of medical content, includ-

ing health care providers, researchers, and patients.

We planned in advance to conduct data abstraction at 2 levels of

detail: a brief review for all studies describing infobutton implementa-

tion, including studies not reporting outcomes, to create a comprehen-

sive list of studies for interested readers; and a detailed review of

studies describing outcomes or comparisons of interest. Criteria for the

detailed review were (1) implementation in a clinical setting and (2)

evaluation that measured an outcome of usage frequency or clinical

impact, or made any comparison using any outcome. We included

comparisons with another intervention, with pre-intervention data, or

across participant features (i.e., subgroup comparison). We accepted

both objective and user-reported measures of clinical impact, including

any reported frequency of patient outcomes, provider behaviors, influ-

ence on clinical decision, or support in answering clinical questions.

Ordinal scales estimating the degree of clinical impact were not consid-

ered for inclusion purposes because we anticipated such would be

more susceptible to recall bias and acquiescence bias.

Two authors (M.T. and B.H.) worked independently and in

duplicate to screen potential articles for inclusion, looking first at

titles and abstracts (raw interrater agreement 84%; kappa 0.6) and

then reviewing the full text (raw agreement 90%; kappa 0.7). Con-

flicts were resolved by consensus with the assistance of a third

reviewer (G.D.F.) when needed.

Data extraction and quality assessment
We initially planned as our primary outcome the frequency of clinical

impact on objective measures of patient outcomes and provider behav-

iors. However, finding no such studies, we redefined our primary out-

comes as usage frequency and user-perceived clinical impact (e.g., on

clinical decisions or answering questions). Other outcomes of interest

included cost (time, money, and other resources) and satisfaction.

An electronic data abstraction form was developed through itera-

tive testing and revision by all the authors. Working independently and

in duplicate, the authors used this form to abstract key information at

2 levels of detail. For all included articles, we abstracted information

on setting, comparison, and outcomes. In addition, for studies meeting

criteria for detailed review (defined above), we abstracted additional

information on study design and quality, institution, users, EHR task,

infobutton features, and outcome results. We evaluated methodologic

quality using an adaptation of the Newcastle-Ottawa Scale for cohort

studies23,24 that evaluates the representativeness of the intervention

group, selection of the comparison group and comparability of the

cohorts, blinding of outcome assessment, and completeness of follow-

up. We reconciled all disagreements by consensus.

Data synthesis
We looked at the prevalence of each abstracted element to identify

themes regarding current infobutton implementation and usage. We

further explored quantitative details for usage, impact, and satisfac-

tion. To standardize usage across studies, we calculated usage fre-

quency of an information-access resource (e.g., infobutton or Web

page with non–context-sensitive links) as the average number of

uses per month per potential user, with potential user defined as
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someone who used the resource at least once during the study

period. We calculated the ratio of usage frequency for studies com-

paring infobuttons vs non–context-sensitive resources. We report

quantitative information using forest plots. Cross-study variation in

implementation, outcome measurement, and reporting precluded

meaningful synthesis using meta-analysis.

RESULTS

Trial flow
We identified 598 potentially eligible studies from the database search

and 1 additional study from article reference lists and expert contacts.

Of these 599 articles, 77 described the use of infobuttons and 17 met

criteria for detailed review (see Table 1). These 17 studies25–41 reported

data on over 24 000 users and 240 000 infobutton searches. We briefly

reviewed the other 60 studies (see Appendix Table A2).

Characteristics of included studies
Considering all 77 included studies (detailed and brief review)

together, 44 (57%) employed infobuttons implemented in a clinical

context; the others were conducted in a laboratory or other pilot set-

ting. Twenty-five studies (32%) made some type of comparison

(with another group, pre/post-intervention, or by subgroup), 22

(29%) reported usage, and 9 (12%) reported impact. Five (6%)

reported data described more completely in another publication; we

included only the most complete article for detailed review. Sixty-

two studies (81%) took place in the United States.

The remainder of this review focuses only on the 17 studies

reviewed in detail (i.e., clinical implementations with data on usage,

impact, or a comparison). Of these, 14 (82%) originated from 1 of 3

institutions with locally-developed EHR systems: Columbia Univer-

sity, Intermountain Healthcare, or Partners HealthCare. Sixteen

(94%) took place in the United States. Sixteen studies reported info-

buttons developed for use by clinicians; 1 study (from Buenos Aires)

reported use of infobuttons embedded in a patient portal.41

Study quality
We evaluated study quality for the 17 studies reviewed in detail (see

Table 2). We judged the study sample to be representative of the overall

potential user base in only 2 studies; for the remainder, investigators

included data only for people who had actually used the infobutton (i.e.,

a potentially biased sample). Three studies used a comparison group

with randomized assignment, 1 used a comparison group with nonran-

dom assignment, 1 used a historical control, 2 contrasted results across

institutions, and 7 compared the use of different information-access

resources by a single group over a fixed period of time (i.e., cross-

sectional study with comparison of resource usage). Three studies

reported data from a single group and time point without comparison.

For the 7 studies with a separate comparison group, the comparison

group was selected from a similar community in 5 studies. Six studies

reported outcomes beyond a single time point; among these, 4 had

>75% follow-up. All studies reported log file data on infobutton usage,

which we coded as an objective, blinded measurement. Several studies

also reported self-report measures of impact on patient care and satisfac-

tion (see Table 1).

Historical evolution
The first report of infobutton-like context-sensitive decision support

was the Hepatopix tool in 1989.42 Subsequent similar tools included

Psychotopix,43 Interactive Query Workstation,44 and MedWeaver.45

Cimino coined the term “infobutton” in 1997,9 and this term has

now been widely adopted to refer to context-sensitive EHR decision

support.46 The infobutton manager47,48 was introduced in 2002 as a

bridge between the infobutton itself (i.e., the EHR-embedded link)

and the knowledge resource(s). Infobutton managers anticipate the

clinical questions likely to emerge from an EHR task, prioritize

potential knowledge resources, and provide links that automatically

search target resources based on context. An “Infobutton Standard”

has been developed by Health Level Seven International (HL7;

http://www.hl7.org/) to regulate the EHR context and the search

request sent to knowledge resources, thus facilitating infobutton

implementation and system interoperability.49 In 2014, infobutton

functionality compliant with the HL7 Infobutton Standard became

a required criterion for EHR certification in the US EHR Meaning-

ful Use program.11 Since then, the standard has been widely adopted

by EHR products and knowledge resources (see https://www.

healthit.gov/chpl).

Usage
Usage frequency ranged from 0.3 to 7.4 uses per month per user (see

Figure 2), with substantial variation within and between institu-

tions. We found no clear pattern in usage rates over time, although

1 study found a steady rise in usage over a 4-year period.29 Sub-

group analyses of usage frequency across health care provider type

(e.g., practicing physicians, residents, nurses, or other allied health)

likewise revealed no consistent patterns (data not

shown).25,28,30,35,36,39 Infobutton usage varied substantially, albeit

inconsistently by EHR task. Three studies25,29,38 (including 1 multi-

institutional study38) found that searches while prescribing or

reviewing medications accounted for 70–84% of infobuttons uses,

while another study found that that >80% of searches occurred

while reviewing labs.35 A fifth study found a roughly equal distribu-

tion of usage across tasks.27

When compared with traditional information-access resources

such as non–context-sensitive links on a library Web page or EHR

resource tab, infobutton usage frequency is usually lower than the

alternative (see Figure 3). Five studies at the same institution over a

10-year period25,28,32,35,39 consistently found that infobuttons are

used less often than non–context-sensitive links (proportionate

usage [infobutton/non–context-sensitive] range 0.20–0.34). By con-

trast, another study at the same institution found that while infobut-

tons were used less often than non–context-sensitive links for

outpatient questions, the opposite pattern was found for inpatient

questions.33 A randomized trial at another institution evaluated a

computerized provider order-entry (CPOE) screen redesigned to

include context-sensitive links (i.e., infobuttons) along with other

information and alerts, in comparison with the original CPOE

screen that presented non–context-sensitive links. This study found

proportionate usage of the screen with infobuttons to be 9.2 times

higher.27

Clinical impact
We found no studies evaluating impact on actual patient outcomes

or objectively measuring provider behaviors beyond usage. Three

studies asked users to complete a brief questionnaire regarding per-

ceived impact immediately following infobutton use (see Figure

4).30,32,34 Although response rates were low (<30% of uses), avail-

able responses suggest that users found an answer to their clinical

question at least 69% of the time, although it changed their clinical

decision less often (range 15–77%). One study26 asked similar
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Table 1. Characteristics of studies reviewed in detail (n¼ 17)

Author, year Users No.:

type

Site Study design Duration

(mo.)

Infobutton fea-

tures

Comparisons Usage

out-

comes

Non-usage outcomes

No comparison

Reichert

(2004)26

130: MD IHC Cross-sectional NR T: Dx, Meds, Test – Y Impact (answered ques-

tion, improved care),

Satisfaction, Time

R: DB, Paid

Del Fiol et al.

(2006)29

2611: MD,

RN

IHC Cross-sectional 49 T: Dx, Meds, Test – Y –

R: DB, Paid

Oppenheim

et al.

(2009)36

272: PG, MD,

RN, PA,

NP, MS

NSLIJ Cross-sectional 1 T: Clinical Note,

Test

– Y –

R: DB, Paid

Comparison with non-IB resource

Cimino et al.

(2003)25

2607: PG,

MD, RN

Columbia Cross-sectional,

compare by

resource

6 T: Meds, Test Web page with static

links

Ya Satisfaction

R: Paid, DB, Int

Rosenbloom

et al.

(2005)27

147: PG Vanderbilt 2-group,

randomized

12 T: Dx, Meds,

Order, Test

Order entry screen

with static links

Y Impact (cost of care)

R: Paid, DB, Int

Chen et al.

(2006)28

4,621: MD,

PG, RN

Columbia Cross-sectional,

compare by

resource

18 T: Dx, Meds, Test Web page with static

links

Ya –

R: Int, DB, Paid

Cimino

(2007)32

> 2901: MD,

MS, PG,

RN

Columbia Cross-sectional,

compare by

resource

31 T: Dx, Meds, Test Web page with static

links

Y Impact (answered ques-

tion, improved care),

Satisfaction

R: Int, DB, Paid

Hunt et al.

(2013)39

1430: MD,

PG, NP,

RN

Columbia Cross-sectional,

compare by

resource

12 T: Test Web page with static

links

Y –

R: DB, Int, Paid

Hyun et al.

(2013)40

156: RN Columbia Cross-sectional,

compare by

resource

12 T: Dx Web page with static

links

Y Satisfaction

R: Paid

Borbolla et al.

(2014)41

N not

specified:

patients

Hospital Ital-

iano, Bue-

nos Aires

Cross-sectional,

compare by

resource

14 T: Dx, Test Other patient portal

resources

Ya –

R: DB

Comparison with alternate IB implementation

Maviglia et al.

(2006)30

590: MD, RN,

NP

Partners 2-group,

randomized

12 T: Meds IB linking to 1 of 2

alternative knowl-

edge resources

Y Impact (answered ques-

tion, improved care),

Satisfaction, Time

R: Paid

Cimino et al.

(2007)31

4397: mixed

“users”

Columbia Historical

control

14 T: Dx, Meds, Test IB with enhanced nav-

igation vs original

Y Time

R: Int, DB, Paid

Cimino and

Borovtsov

(2008)33

896: MD, PG,

RN, MS

Columbia 2-group, non-

randomized

24 T: Dx, Meds, Test IB implemented with

e-mail reminder vs

no reminder

Y –

R: Int, DB, Paid

Del Fiol et al.

(2008)34

104: mixed

“clinicians”

IHC 2-group,

randomized

6 T: Meds IB with topic-specific

links vs nonspecific

links

Y Impact (answered ques-

tion, improved care,

learning), Time

R: DB, Paid

Cimino

(2009)35

3483: MD,

PG, RN,

MS

Columbia Cross-sectional,

compare by

resource

24 T: Dx, Meds, Test Alternate methods of

IB topic/resource

selection IB vs non-

IB resource (Web

page with static

links)

Y –

R: Int, DB, Paid

Del Fiol et al.

(2010)37

N not speci-

fied: mixed

“users”

Columbia,

IHC,

Partners

Prospective

prepost

cross-site

comparison

24 (12 pre,

12 post)

T: Test IB augmented to fill

topical gaps vs

original

b Impact (answered

question)R: Paid

Cimino et al.

(2013)38

N not speci-

fied: mixed

“users”

Columbia,

IHC, Part-

ners, VHA

Cross-site

comparisons

1–60 (vary

by site)

T: Dx, Meds, Test Site-specific IB imple-

mentation factors

Ya –

R: Int, DB, Paid

aReports usage, but insufficient information to calculate frequency (uses per user per month).
bAnalyzed log files to determine the proportion of infobutton uses that retrieved relevant content, but did not report usage rates.

Abbreviations: IB¼ infobutton; NR¼ not reported; Users: MD¼practicing physician; MS¼medical students; NP¼ nurse practitioner; PA¼ physician assistant;

PG¼ postgraduate physician (i.e., resident); RN¼ nurse; Site: Columbia¼Columbia University (New York Presbyterian Hospital); IHC¼ Intermountain Healthcare;

NSLIJ¼North Shore-Long Island Jewish Health System; Partners¼ Partners HealthCare System; Vanderbilt¼Vanderbilt University Hospital; VHA¼Veterans Health

Administration; Infobutton features: T-¼EHR task/topic (Dx¼diagnosis/problem list, M¼meds, Order¼ order entry; Test¼ test results, Other), R-¼ resources linked

to (Int¼ internal resources; DB¼ literature database, e.g., MEDLINE, PubMed; Paid¼paid/commercial resource, e.g., MicroMedex, UpToDate).
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questions on a post-study survey, and found that 68% (of 22

respondents) agreed that infobuttons answered their questions more

than half the time, and 91% agreed that infobuttons helped them

make better decisions.

One study27 hypothesized that a CPOE screen redesigned to

include infobuttons along with information about medication and

test costs might reduce the total cost of orders placed (i.e., health

care resource utilization). However, it found no significant differ-

ence between the redesigned and original CPOE screens (average

$403 vs $409 per order session, respectively).

Time
Three studies estimated the time required to find an answer with

infobuttons, reporting average times of 25,30 39,34 and 9731 seconds

per question. We found no studies comparing time for searches

using infobuttons vs other information-access resources.

User satisfaction
User satisfaction with infobuttons (i.e., usefulness, ease of use) was

universally very favorable (see Figure 4). We found 1 study compar-

ing satisfaction with infobuttons vs non–context-sensitive resources,

in which a similar percentage of users perceived infobuttons (68%)

and a Web page with static information links (69%) as useful.40

Influential features of infobutton design and

implementation
Studies comparing different approaches to implementing or promot-

ing infobuttons shed limited light on effective approaches. For

example, 1 study found increased usage frequency following e-mail

reminders to increase infobutton awareness.33 Another study found

higher usage when the implementation was enhanced to improve

coverage of the content domain.37 A change in the infobutton inter-

face to reduce the number of words and improve cross-topic consis-

tency resulted in users selecting resources more often and finding

answers more quickly in a controlled (usability lab) setting, but had

no impact on usage frequency in clinical settings.31

The choice of knowledge resources accessed by an infobutton

matters. One study found that infobuttons linking directly to the

subsection of a drug monograph specific to the question (e.g., drug

dosing or contraindications) reduced the session time compared

with infobuttons linking to the top of the monograph.34 Another

found significant differences in usage among 2 commercial knowl-

edge resources that differed in both content and presentation.30 A

multi-institutional observational study found that 15% of infobut-

ton topics accounted for 80% of infobutton uses.37 Another multi-

institutional study identified important differences in information

needs and available knowledge resources at each institution.38

DISCUSSION

We identified 77 studies describing infobutton implementation, 17

of which evaluated infobutton usage or user-reported impact and

satisfaction. Usage ranged from 0.3 to 7.4 uses per potential user per

month, with high variability within and between institutions. Usage

appears to be influenced by the EHR task. Clinicians in practice

appear to use infobuttons less often than non-infobutton approaches

to access knowledge resources, although most of this evidence comes

from 5 nonrandomized studies from a single institution; moreover,

lower usage is not unexpected for reasons outlined below. Users

report favorable impact on answering questions and making clinical

decisions. We found no studies isolating the impact of infobuttons

on patient outcomes.

Table 2. Study quality

Author, year Representativeness (sampling) Selection of comparison group Comparability of cohortsa Outcome follow-upb

No comparison

Reichert (2004)26 0 N/A N/A 0

Del Fiol et al. (2006)29 0 N/A N/A N/A

Oppenheim et al. (2009)36 0 N/A N/A N/A

Comparison with non-IB resource

Cimino et al. (2003)25 0 N/Ac N/A N/A

Rosenbloom et al. (2005)27 1 1 1 (RCT) 1

Chen et al. (2006)28 0 N/Ac N/A N/A

Cimino (2007)32 0 N/Ac N/A N/A

Hunt et al. (2013)39 0 N/Ac N/A N/A

Hyun et al. (2013)40 0 N/Ac N/A N/A

Borbolla et al. (2014)41 0 N/Ac N/A N/A

Comparison with alternate IB implementation

Maviglia et al. (2006)30 0 1 1 (RCT) 0

Cimino et al. (2007)31 0 1 0 1

Cimino and Borovtsov (2008)33 0 0 0 1

Del Fiol et al. (2008)34 0 1 1 (RCT) 1

Cimino (2009)35 0 N/Ac N/A N/A

Del Fiol et al. (2010)37 0 1 0 N/A

Cimino et al. (2013)38 0 0 0 N/A

NA¼ not applicable (no separate comparison group or no follow-up period).
aComparability of cohorts could be demonstrated through randomized group assignment or by statistical adjustment for baseline characteristics; no studies

reported the latter approach.
bWe also appraised the quality of outcome assessment. All studies reported log file data on infobutton usage, which we coded as an objective, blinded measure-

ment. Several studies also reported self-report measures of impact on patient care and satisfaction (see Table 1).
cCompared usage of different resources among the same group of potential users, thus providing comparison results without a separate comparison group.
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Limitations and strengths
This review has several limitations. First, as with all reviews, our

findings are constrained by the quantity and quality of published

evidence. Although we identified 77 original research studies, only

17 reported outcomes of primary interest or useful comparisons.

The quality of even these studies was generally low, and no studies

reported objectively measured impact on patient care or provider

behaviors. Rather, all study outcomes were limited to usage rates

and self-reported measures of perceived impact and satisfaction.

Moreover, incomplete and imprecise reporting in most studies made

it difficult to determine key aspects of study methods and results.

Second, infobutton usage—the only outcome reported in most

studies—is important, yet problematic, because of varying denomi-

nators and context-specific influences. Optimal usage depends on

the incidence of user information needs; thus it is hard to know how

often an information resource should have been used. Additionally,

comparisons of usage between infobuttons and other information-

access resources can be misleading since infobuttons are accessible

only from a subset of possible EHR contexts, whereas context-free

resources are typically available from a variety of locations. Finally,

many reports omitted information needed to calculate standardized

usage frequencies, or lacked details regarding the implementation

and context that might explain cross-study differences in usage.

Third, most studies originated from 1 of 3 academic institutions

(similar to the findings of a previous review of health information

technology19); generalizability to nonacademic settings remains

unknown. Moreover, authors J.J.C. and G.D.F. were involved in

several of the included studies. While their expertise is an obvious

strength, their close involvement also introduces a potential conflict

of interest and lack of objectivity in this review. To mitigate this lim-

itation, other authors (M.T., B.H., D.A.C.) independently synthe-

sized the results to form impartial conclusions and then discussed

these conclusions with all authors to incorporate their expert-

derived insights. Fourth, heterogeneities in study design or outcome

precluded formal meta-analysis; however, we did abstract and

report quantitative data whenever possible. Fifth, although many

“preliminary” research reports promised more robust reporting of

detailed results and analyses, we could not find follow-up reports in

most instances; this could reflect publication bias against nonsignifi-

cant or unfavorable findings.

Strengths include the systematic search of multiple databases

guided by an expert research librarian, duplicate review at all stages

of inclusion and data abstraction, involvement of experts in the

field, consideration of study design and quality when synthesizing

evidence, and reporting of quantitative results whenever possible.

Integration with prior work
Clinical questions arise frequently but usually go unanswered,1 due

in large part to insufficient time.50,51 The ideal knowledge resource

varies for different questions,37 and resources that are efficient, inte-

grated with clinical workflows, and optimized for the question will

facilitate finding answers.3,8 Infobuttons should, in theory, help pro-

viders find answers faster and with greater accuracy. We found no

studies directly comparing the search time or accuracy for infobut-

tons vs other information-access resources in clinical practice.

Figure 2. Frequency of infobutton usage Abbreviations: NR¼not reported; mo¼month. See Table 1 footnotes for other abbreviations.

Potentially relevant articles identified and 
screened (n=599 after duplicates removed) 

598 from database search (MEDLINE, 
EMBASE, Scopus, Web of Science, CINAHL, 
Cochrane Registry, ProQuest Dissertations) 
304 from references and author requests 

Studies excluded based on title/abstract review 
(n=411) 

Did not describe use of an infobutton in original 
research (411) 

Studies retrieved for full-text evaluation (n=188) 

Studies included for data abstraction (n=77) 

Studies excluded based on full-text review (n=111) 
Did not describe use of an infobutton in original 
research (111) 

Studies included for detailed review (n=17) 

Studies excluded from detailed review (n=60) 
Duplicate reports of previously published data (5) 
Not implemented in clinical setting (32) 
No outcomes for usage or clinical impact (23) 

Studies included for partial review (n=60)

Figure 1. Trial flow.
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However, a systematic review of information-seeking behaviors1

identified 3 studies reporting search time, which provide an indirect

comparison. The average search times for infobuttons (range 25–

97 s)30,31,34 compare favorably with searches without infobuttons

(range 118–241 s).2,52,53 While these data do not allow formal stat-

istical analysis, they suggest that infobuttons could enhance

information-seeking efficiency. Research is needed to confirm this,

and to clarify how to further optimize the speed and accuracy of

information searches.1

Previous reviews of health information technology research have

called for improved reporting, greater attention to how implementation

and context affect outcomes, and evaluations using commercially-

available EHRs to enhance generalizability.15,18,19 We identified simi-

lar gaps in the evidence for infobuttons, and affirm the suggested

research agendas. In particular, we agree that “the most important

improvement. . . is increased measurement of and reporting of context,

implementation, and context-sensitivity of effectiveness.”15

Implications for practice and future research
The incorporation of infobuttons into modern EHRs as part of the

Meaningful Use standard creates an imperative for evidence-based

guidance in design and implementation. This is particularly impor-

tant as commercial EHRs with built-in infobutton functionality

replace locally-developed systems, because most design features will

be prespecified and inflexible. Unfortunately, we found only limited

evidence to guide the optimal implementation of infobuttons to sup-

port clinical decisions. Authors have suggested that usability, topic

availability, and relevance are associated with usage and clinical

impact,27,30,31,34,35,39 but data are insufficient to confirm these

propositions. In addition to research focusing on the clinical impact

of infobutton use (e.g., provider behaviors and patient outcomes),

we need research clarifying the barriers and solutions to infobutton

design, development, implementation, usage, and maintenance. For

example, we need to understand the information needs and work-

flow of potential users, especially across different settings1,15,51,54;

how to optimize the speed and accuracy of identifying trustworthy,

concise, and relevant information8; how to focus clinicians’ atten-

tion on the most salient information; and how to encourage initial

use so that clinicians gain familiarity with and integrate infobuttons

into their clinical routine. Studies in controlled settings (laboratory)

and in authentic clinical contexts will likely yield complementary

evidence. The rising use of commercial EHR systems with

Figure 3. Comparative usage for infobuttons vs non–context-sensitive information-access resources. All studies were conducted at Columbia University and all

users were mixed providers. The “other” (non–context-sensitive) comparison was a “Health Resources” Web page with static links. Calculations accounted for

different sample sizes for infobutton and other (non–context-sensitive links) groups, except that Cimino 2003 and Chen 2006 did not report users for infobutton

and other links separately, and for these studies we used the total sample size. Abbreviations: mo¼month.

Figure 4. Perceived clinical impact and satisfaction. See Table 1 footnotes for abbreviations. Panel A. Answered question. Panel B. Improved clinical decision.

Panel C. Satisfaction.
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standards-based infobutton functionality will enhance the generaliz-

ability of research results and could enable multicenter projects.37

These research efforts will require robust outcome measures.

Usage remains an important measure, as noted above. However, we

note the absence of any studies reporting objective impact of info-

buttons on patient care, and suggest this as an important, albeit

challenging, aspiration in future research. In addition to patient out-

comes such as diagnostic accuracy, treatment success, cost of care,

and patient satisfaction, other important clinical outcomes include

time to find an answer, adherence to guidelines, and adverse events

(e.g., did the infobutton point the provider to misleading informa-

tion?). Various data sources (EHR data, user self-report, patient sur-

vey), each with unique advantages and disadvantages, could be used

to measure these outcomes. Validation of these outcome meas-

ures,55,56 including correlation between clinically important meas-

ures and “surrogate” measures,57 would be an important research

direction. Creating standardized definitions for key variables such as

usage, potential users, session success, and session time would also

be helpful.

In addition to facilitating timely access to information at the

point of care, infobuttons may find use in continuing medical educa-

tion, maintenance of certification, and patient education. For exam-

ple, providers frequently use infobuttons to access patient education

materials.30,40 Perhaps more importantly, with the rise of patient-

directed information systems (e.g., patient portals),58,59 we antici-

pate a growing need for infobuttons directed at patients.41 Given the

lack of background knowledge among this target audience, the

potential benefits and potential risks (i.e., of misinformation) of

patient-directed infobuttons could be even greater than for health

care professionals.

Finally, usage in many studies seems lower than anticipated, sug-

gesting that the availability of even well-designed infobuttons does

not guarantee their use. In addition, usage varies widely across clini-

cal tasks and between institutions. We suspect this variability

reflects the “context-sensitive effectiveness” of information technol-

ogies15; i.e., issues related to local culture, clinical task and topic

(e.g., laboratory test interpretation vs medication prescription sup-

port), workflow (e.g., timing of the task51), infobutton availability

(i.e., some infobuttons are available only in limited clinical or EHR

contexts), and promotion (advertising and education). Research on

infobuttons must focus not only on the technology and user experi-

ence, but also on the workflow, cultural, and organizational deter-

minants of their long-term success.
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