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Abstract

Purpose—To illustrate approaches for providing decision support for evidence-based nursing
practice through integration of evidence into clinical information systems (CISs) with examples from
our experience at Columbia University Medical Center.

Organizing Construct—Examples are organized according to three types of decision support
functions: information management, focusing attention, and patient-specific consultation.

Methods—Three decision support tools that are integrated into three types of CISs are discussed:
1) infobuttons that provide context-specific access to digital sources of evidence; 2) automated Fall-
Injury Risk Assessment; and 3) personal digital assistant-based screening reminders, screening
assessments, and tailored documentation templates for the identification and management of obesity,
depression, and tobacco cessation. The informatics infrastructure for implementing these decision
support tools is described from the perspective of components identified in the published literature.

Conclusions—Efforts to facilitate application of evidence into nursing practice are unlikely to be
successful unless the approaches used are integrated into the clinical workflow. Our approaches use
a variety of informatics methods to integrate evidence into CISs as a mechanism for providing
decision support for evidence-based practice in a manner consistent with nursing workflow.

In recent years, there has been increased attention to evidence-based nursing practice. The

number of systematic reviews and resources for evidence-based practice has also risen. Despite
these factors, application of evidence to practice remains challenging for nurses as well as for
other clinicians. The findings of Tanner, Pierce, and Pravikoff’s [1] national survey indicate

Corresponding Author: Voice: 212-305-1278, Fax: 212-305-6937, e-mail: suzanne.bakken@dbmi.columbia.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could

affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bakken et al.

Page 2

that although the majority (64.5%) of nurses had information needs on a regular basis, less than
half of the respondents ever searched electronic databases. Moreover, two-thirds reported
“never” as the frequency of evaluating research reports and 52% reported “never” as the
frequency of using research in practice. In a related study, Pravikoff, Tanner, and Pierce [2]
reported that the nurses felt more confident asking colleagues or peers and searching the
Internet and World Wide Web than using bibliographic databases such as PubMed or CINAHL
to find specific information. The findings of these studies suggest that standalone approaches
for accessing evidence for practice are inadequate and highlight the need for meeting
information needs for evidence-based practice through tools that are integrated into the nurse’s
workflow.

A number of authors have stressed the importance of an informatics infrastructure for evidence-
based practice and patient safety and identified the components of such an infrastructure: data
acquisition methods and user interfaces, health care data standards, data repositories and
clinical event monitors, data mining techniques, digital sources of evidence or knowledge,
communication technologies, clinical information systems (CISs), and informatics
competencies [3,4]. Studies in nursing have addressed particular aspects of this infrastructure
such as health care data standards [5-8], data mining [9,10], and informatics competencies
[11-13]. However, there are few reports of approaches for integrating evidence into the nursing
workflow through CISs to enable decision support for evidence-based practice.

In this paper, we illustrate approaches for providing decision support for evidence-based
nursing practice through integration of evidence into CISs with examples from Columbia
University Medical Center (CUMC). We also describe the components of the informatics
infrastructure for evidence-based practice and patient safety used to implement each decision
support tool. The goal is to share our experience so that it may inform development by others.

Decision Support Examples

Clinical decision support systems are computer programs designed to help health care
professionals make clinical decisions and can be characterized according to one of three
functions provided: information management, focusing attention, and patient-specific
consultation [14]. Tools for information management enable access to information needed by
the clinician, but do not help apply that information to the task. Information management tools
include electronic resources such as bibliographic databases, Cochrane Collaboration, and
pharmacy knowledge bases. Tools for focusing attention remind the user of problems that might
otherwise be overlooked (e.g., abnormal lab values, potential drug interactions) or relevant
care protocols. Tools for patient-specific consultation provide custom-tailored assessments or
advice based on sets of patient-specific data (e.g., decision analysis, diagnostic decision
support, protocol eligibility, treatment recommendations). Each type of decision support tool
has relevance for evidence-based nursing practice as illustrated through the following examples
from our work at CUMC.

Information Management

Many information management tools are standalone systems. For example, typically in order
to meet an information need, the nurse must exit the CIS and use another type of information
system such as an intranet to access a pharmacy knowledge base, search for patient education
materials, or retrieve an institution-specific practice guideline. In contrast, at CUMC, context-
specific links called infobuttons are integrated into two CISs: the web-based CIS, WebCIS,
and the order entry module of the Eclipsys XA commercial product [15,16]. The links are
considered context-specific because the information retrieved is tailored to the location in the
CIS (e.g., sodium result or particular drug in the medication list) as well as to selected patient
data such as age and gender. Screen shots from two types of infobuttons are shown in Figure
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1. The first infobutton is accessed through the laboratory results section of WebCIS and the
second from the patient medication list.

The information needs that form the basis of the questions addressed in the infobuttons were
derived from observational studies during CIS use, focus groups, and interviews with nursing
quality assurance leaders [17]. Research team members selected the internal or external
resources they felt best met each information need [18]. The linkage between the clinician’s
information needs that occur as she uses a CIS for tasks such results review, order entry, or
documentation and the resources to resolve the information needs is managed through the
Infobutton Manager application [19].

Infobuttons have been in use for several years. Extracts of log file records of infobutton usage
from January 2006 until February 2007 indicate that 4,397 users accessed the infobutton at
CUMC for a total of 26,527 accesses. [20] The average monthly infobutton use during this
same time period was 1,863. The primary advantage of the infobutton approach from the
clinician perspective is that the information provided is context-specific. From the developer
perspective, a major feature of the approach is that the task of keeping the evidence up to date
resides with the content providers. Infobuttons as implemented at CUMC and elsewhere (e.g.,
KnowledgeL.ink at Partners HealthCare System) [21] and other context-specific methods
[22] illustrate a decision support approach that is suitable for broader application to enable
access to information for evidence-based nursing practice from within an existing CIS.

Focusing Attention

Computer-based alerts for focusing clinicians’ attention have been implemented in some
institutions for more than 30 years [23,24]. Common areas of application include drug-drug
and drug-laboratory interactions [25]. Such alerts are frequently integrated into computer-
based provider order entry and e-prescribing systems [26-28]. There have been few reports of
strategies for focusing attention that are specific to evidence-based nursing care.

A strategy for focusing attention on patient fall and injury risk was developed at the CUMC
campus of NewY ork-Presbyterian Hospital. A seven-item Fall-Injury Risk Assessment
instrument was created based upon a review of the literature and a retrospective case-control
study, with five items deriving fall risk and two items deriving injury risk [29]. The fall risk
items include: 1) Fall(s) in the past seven days, 2) Use of sedatives or hypnotics; 3) Male gender;
4) Impaired cognition; and 5) Unsteady gait while not using an assistive device, an interaction
variable. The injury risk items include risk for bleeding and risk for fracture. Following
usability testing of an initial prototype, an automated Fall-Injury Risk Assessment with tailored
safety measures based upon risk scores was deployed in WebCIS [29]. This CIS-based strategy
was developed to improve identification of patients at risk for falling while hospitalized, focus
clinicians’ attention on fall and injury risk scores, and facilitate selection of appropriate
evidence-based safety measures. The initial implementation of the Fall-Injury Risk Assessment
in WebCIS, was followed by deployment in a second CIS at Weill-Cornell Medical Center,
Eclipsys Sunrise Clinical Care. Screen shots of the two implementations are shown in Figure
2. The Fall-Injury Risk Assessment is in routine use within the CIS and studies evaluating its
impact on fall and injury rates are ongoing. The approaches that we have implemented to focus
attention on the risks of falling and sustaining falls-related injuries are applicable to other
aspects of nursing care that include identification of patients at risk based upon a standardized
assessment and implementation of evidence-based interventions based upon level of risk.

Patient-specific Consultation

For more than two decades computers have helped clinicians to provide care consistent with
standardized protocols or clinical practice guidelines (CPGs) [24,30]. A number of randomized

Int J Med Inform. Author manuscript; available in PMC 2009 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bakken et al.

Page 4

controlled trials have demonstrated that computer-based reminders increase compliance with
preventive care CPGs [31-32]. Several systematic reviews suggest that such systems impact
clinician adherence to CPGs [33-35], but most studies have focused exclusively on physicians.

The literature indicates that the impact of these systems is best realized through an integrated
set of applications with access to a broad array of patient data and well-specified decision rules
[24,35]. However, many clinicians see patients in settings without an integrated set of
applications. Recently, the potential for the use of personal digital assistants (PDAS) to support
CPG-based care has been recognized, [36-37] but no large-scale trials have been conducted.
The conclusion of the AHRQ-funded report, Making Health Care Safer: A Critical Analysis
of Patient Safety Practices, notes that “...well-constructed guidelines could play a significant
role in ensuring patient safety and reducing medical errors. The effectiveness of guidelines,
however, is dependent on many factors outside of their content. In particular, specific attention
must be focused on utilizing appropriate implementation strategies if the full potential of
guidelines is to be realized” [38].

The implementation strategy for CPG-based care at the Columbia University School of
Nursing, one of four schools comprising CUMC, is based upon PDAs because many of the
advanced practice nursing (APN) students deliver care in community-based environments that
lack CISs. For the last five years, APN students have documented clinical encounters using a
PDA-based clinical log and accessed other resources on their PDAs (e.g., Micromedex) within
the context of promoting evidence-based nursing practice [39-40]. Although the PDA-based
clinical log is not an enterprise CIS such as the WebCIS and Eclipsys systems described in the
previous examples, it shares many features of the documentation modules contained within
CISs such as the ability to enter patient demographic data, diagnoses, and a plan of care. In
addition, CPG-based decision support for depression screening, obesity management, and
tobacco cessation has been added recently to the clinical log application as an integrated
strategy for improving evidence-based care [41-45] .

The screening and treatment recommendations for each area were based on national CPGs.
For obesity management in adults, a single CPG provided the primary evidence [46]. However,
because we wished to support a shared decision making process, plans of care were tailored
according to one of three patient goals: lose weight, maintain weight, or no desire to lose or
maintain weight. The CPG chosen for tobacco cessation was Treating tobacco use and
dependence from the U.S. Department of Health and Human Services [47]. No single guideline
existed for adult or pediatric depression screening and management. Consequently, multiple
sources of evidence were used [48-53].

Patient-specific consultation is provided through tailoring of screening assessments based upon
age and additional tailoring of plans of care based upon the results of the screening (e.g., body
mass index, depression score, lactation/pregnancy status), and in the instance of obesity, patient
goal. CPGs were decomposed into screening elements and treatment recommendations
according to the five parts of the APN Plan of Care as implemented in the clinical log:
Diagnostics, Procedures, Medications, Teaching and Counseling, and Referrals. The resulting
CPG-based documentation templates were modeled using a variety of techniques including
use case analysis [54] and guideline interchange format [55] and were iteratively refined based
upon domain expert review. [41] In our approach (Figure 3), the nurse completes her
documentation by selecting from among the tailored CPG recommendations displayed in the
plan of care template.

The CPG-based decision support system has been in use for more than a year and the reminder
to screen has been deployed in more than 11,000 clinical encounters. A randomized controlled
trial testing the impact of the system on screening rates and adherence to CPG-based care is in
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progress. The three-pronged approach illustrated in our example: 1) reminder to screen, 2)
generation of diagnosis based upon standardized screening assessment, and 3) CPG-based
tailored plan of care may be applied to other aspects of nursing care that are evidence-based
and possess a similar workflow.

Informatics Infrastructure Components Used in the Decision Support Tools

The three approaches for decision support for evidence-based nursing practice are built upon
the informatics infrastructure for evidence-based practice and patient safety as described in the
introduction to this paper. [3,4] Four particularly relevant aspects of the infrastructure are
described in the following paragraphs: data acquisition and user interface, health care
standards, data repositories, and digital sources of evidence. The manner in which each
approach is integrated into a CIS, another key component of the infrastructure for evidence-
based practice and patient safety, was addressed in the previous section.

Data Acquisition and User interface

Data acquisition methods and user interface approaches are similar for infobuttons and the
automated Fall-Injury Risk Assessment. In both instances, some data is pre-populated from
other systems in the CIS and the applications can be accessed through a web-based user
interface (i.e.,WebClIS) or Eclipsys. One difference between the two decision support tools in
terms of data acquisition is that the automated Fall-Injury Risk Assessment requires some data
input from the clinician completing the assessment. For the PDA decision support system for
CPG-based care, selected data elements such as age, gender, height, and weight are fed to the
decision support module from the clinical log patient data module, but nurses must also enter
additional CPG-related data (e.g., screening items, patient goal) using a variety of techniques
including radio buttons, picklists, keyboard, and graffiti. The decision support module does
not acquire data from systems external to the clinical log.

Health Care Standards

Health care standards are essential to the three decision support tools. For instance, all integrate
multiple standardized terminologies. The Infobutton Manager uses a concept-oriented data
dictionary that integrates Medical Subject Heading terms [57] to implement a variety of
methods for linking resources to context-specific information needs. These methods have been
described in detail elsewhere [16]. The Fall-Injury Risk Assessment instrument items are
represented in the same concept-oriented data dictionary that supports infobuttons using names
and codes from the Unified Medical Language System and the Logical Observation, Identifiers,
Names, and Codes database [29]. The student clinical log and decision support system for
CPG-based care for depression screening, obesity management, and smoking cessation
incorporates a variety of standardized terminologies including International Classification of
Diseases-Clinical Modification, Current Procedural Terminology Codes, Clinical Care
Classification, and SNOMED Clinical Terms [43].

Other health care standards relevant to the implementation of the decision support tools that
we described include Health Level 7 messaging [58] for pre-population of selected data for
infobuttons and the automated Fall-Injury Risk Assessment from other information systems
and an evolving guideline representation format standard [55] for representation of the CPG
algorithms for the PDA-based decision support system [41]. In addition, the CPG
documentation templates, while not technically compliant with the Health Level 7 Clinical
Document Architecture standard, are informed by the standard [59].
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Data Repositories

Data repositories are an essential component in the applications described. In the instance of
infobuttons and the automated Fall-Injury Risk Assessment, data are retrieved from and stored
in the clinical data repository during interactions with the decision support tools. The PDA
decision support system interacts with its associated data repository through an explicit
synchronization process in which the user initiates the synchronization through the use of
Ethernet cradles, WiFi, or cellular telephone technology [60]. At the time of synchronization,
data are transferred from the user’s PDA to the data repository and application updates are
transferred from the data repository to the PDA.

Digital Sources of Evidence

Digital sources of evidence or knowledge are integral to all three decision support approaches.
Infobuttons support context-specific access to a broad variety of internal and external sources
of evidence and are premised on the separation of sources of evidence from the actual CIS
from which the evidence is accessed, i.e., the evidence is referential rather integrated into the
CIS. Consequently, updating the evidence is the task of the evidence provider rather than the
CIS developer. In contrast, for the automated Fall-Injury Risk Assessment and PDA-based
decision support system, the sources of evidence are integrated into the applications
themselves. For the Fall-Injury Risk Assessment, this includes institution-specific weights for
the risk variables and evidence-based interventions for the level of Fall-Injury Risk. In the
latter, national CPG recommendations were decomposed into templates against which the APN
plan of care is documented.

Conclusions

Efforts to facilitate application of evidence into nursing practice are unlikely to be successful
unless the approaches used are integrated into the clinical workflow. The approaches that we
have described use components of an informatics infrastructure to integrate evidence into CISs
to provide decision support for evidence-based practice in a manner consistent with the nursing
workflow. It is the responsibility of the tool developer to ensure the safety, usability, and
usefulness of such tools. In order to gain maximum benefit from such tools, nurses also must
possess basic competencies in the areas of evidence-based practice and informatics.

Toward the goal of informing development by others, our CUMC examples illustrated
implementation of three types of decision support functions (information management,
focusing attention, and patient-specific consultation) to evidence-based nursing practice. We
are currently evaluating the impact of the applications used in our examples. Additional
research is needed to implement and test integrated decision support functions for evidence-
based nursing practice in other CISs and to further develop the necessary information
infrastructure.[61]

Acknowledgements

The informatics innovations described in this paper were supported by the National Library of Medicine
(R01LMO07593) and the National Institute of Nursing Research (RO1INR008903). Sarah A. Collins is supported by the
National Institute of Nursing Research (T32 NR007969).

References

[1]. Tanner A, Pierce S, Pravikoff D. Readiness for evidence-based practice: Information literacy needs
of nurses in the United States. Medinfo 2004:936-40. [PubMed: 15360950]

[2]. Pravikoff DS, Tanner AB, Pierce ST. Readiness of U.S. nurses for evidence-based practice. Am. J.
Nurs 2005;105:40-51. [PubMed: 16138038]

Int J Med Inform. Author manuscript; available in PMC 2009 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bakken et al.

Page 7

[3]. Bakken S, Cimino JJ, Hripcsak G. Promoting patient safety and enabling evidence-based practice
through informatics. Med. Care 2004;42:1149-56. [PubMed: 14734942]

[4]. Committee on Data Standards for Patient Safety. Patient Safety: Achieving a New Standard for Care,
Board on Health Care Services. Institute of Medicine; Washington, DC: 2004.

[5]. Danko A, Kennedy R, Haskell R, Androwich 1M, Button P, Correia CM, et al. Modeling nursing
interventions in the act class of HL7 RIM Version 3. J. Biomed. Inform 2003;36:294-303. [PubMed:
14643725]

[6]. Goossen WT, Ozbolt JG, Coenen A, Park HA, Mead C, Ehnfors M, et al. Development of a
provisional domain model for the nursing process for use within the Health Level 7 reference
information model. J. Am. Med. Inform. Assoc 2004;11:186-94. [PubMed: 14764610]

[7]. Hardiker NR, Rector AL. Modeling nursing terminology using the GRAIL representation language.
J. Am. Med. Inform. Assoc 1998;5:120-8. [PubMed: 9452991]

[8]. Choi J, Jenkins ML, Cimino JJ, White TM, Bakken S. Toward semantic interoperability in home
health care: formally representing OASIS items for integration into a concept-oriented terminology.
J. Am. Med. Inform. Assoc 2005;12:410-7. [PubMed: 15802480]

[9]. Goodwin L, VanDyne M, Lin S, Talbert S. Data mining issues and opportunities for building nursing
knowledge. J. Biomed. Inform 2003;36:379-88. [PubMed: 14643734]

[10]. Abbott PA, Quirolgico S, Manchand R, Canfield K, Adya M M. Can the US Minimum Data Set be
used for predicting admissions to acute care facilities? Medinfo 1998:1318-21. [PubMed:
10384674]

[11]. Staggers N, Gassert CA, Curran C. Informatics competencies for nurses at four levels of practice.
J. Nurs. Educ 2001;40:303-16. [PubMed: 11596683]

[12]. Staggers N, Gassert CA, Curran C. A Delphi study to determine informatics competencies for nurses
at four levels of practice. Nurs Res 2002;51:383-90. [PubMed: 12464758]

[13]. Desjardins KS, Cook SS, Jenkins M, Bakken S. Effect of an informatics for evidence-based practice
curriculum on nursing informatics competencies. Int. J. Med. Inform 2005;74:1012-20. [PubMed:
16125454]

[14]. Musen, MA.; Shahar, Y.; Shortliffe, EH. Biomedical Informatics: Computer Applications in Health
and Biomedicine. Third ed.. Shortliffe, EH.; Cimino, JJ., editors. Springer; New York: 2006. p.
698-736.

[15]. Cimino JJ, Li J, Graham M, Currie LM, Allen M, Bakken S, Patel VL. Use of online resources
while using a clinical information system. AMIA Annu. Symp. Proc 2003:175-9. [PubMed:
14728157]

[16]. Cimino JJ, Li J, Allen M, Currie LM, Graham M, Janetzki V, Lee NJ, Bakken S, Patel VL. Practical
considerations for exploiting the World Wide Web to create infobuttons. Medinfo 2004:277-81.
[PubMed: 15360818]

[17]. Currie LM, Graham M, Allen M, Bakken S, Patel V, Cimino JJ. Clinical information needs in
context: an observational study of clinicians while using a clinical information system. AMIA Annu.
Symp. Proc 2003:190-4. [PubMed: 14728160]

[18]. Allen M, Currie LM, Graham M, Bakken S, Patel VL, Cimino JJ. The classification of clinicians’
information needs while using a clinical information system. AMIA Annu Symp Proc 2003:26-30.
[PubMed: 14728127]

[19]. Cimino JJ. Use, usability, usefulness, and impact of an Infobutton Manager. AMIA Annu Symp
Proc 2006:151-5. [PubMed: 17238321]

[20]. Cimino J J, Friedmann B, Jackson K, Li J, Pevzner J, Wrenn J. Redesign of the Columbia University
Infobutton Manager. AMIA Annu Symp Proc. 2007

[21]. Maviglia SM, Yoon CS, Bates DW, Kuperman G. KnowledgeLink: impact of context-sensitive
information retrieval on clinicians’ information needs. J. Am. Med. Inform. Assoc 2006;13:67-73.
[PubMed: 16221942]

[22]. Rosenbloom ST, Geissbuhler AJ, Dupont WD, Giuse DA, Talbert DA, Tierney WM, Plummer WD,
Stead WW, Miller RA. Effect of CPOE user interface design on user-initiated access to educational
and patient information during clinical care. J. Am. Med. Inform. Assoc 2005;12:458-73. [PubMed:
15802487]

Int J Med Inform. Author manuscript; available in PMC 2009 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bakken et al.

[23].
[24].
[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].
[36].

[37].

[38].

[39].

[40].

[41].

[42].

Page 8

McDonald CJ. Protocol-based computer reminders, the quality of care and the non-perfectibility of
man. N. Engl. J. Med 1976;295:1351-5. [PubMed: 988482]

Barnett GO, Winickoff RN, Morgan MM, Zielstorff RD. A computer-based monitoring system for
follow-up of elevated blood pressure. Med. Care 1983;21:400-9. [PubMed: 6341724]

Classen DC. Computerized surveillance of adverse drug events in hospital patients. JAMA 1991;
(266):2847-51. [PubMed: 1942452]

Bates DW, Teich JM, Lee J, Seger D, Kuperman GJ, Ma’Luf N, Boyle D, Leape L. The impact of
computerized physician order entry on medical error prevention. J. Am. Med. Inform. Assoc
1999;6:313-21. [PubMed: 10428004]

Bates DW. Computerized physician order entry and medication errors: finding a balance. J. Biomed.
Inform 2005;38:259-61. [PubMed: 15964247]

Halamka J, Aranow M, Ascenzo C, Bates DW DW, Berry K, Debor G, Fefferman J, Glaser J,
Heinold J, Stanley J, Stone DL, Sullivan TE, Tripathi M, Wilkinson B. E-prescribing collaboration
in Massachusetts: early experiences from regional prescribing projects. J. Am. Med. Inform. Assoc
2006;13:239-44. [PubMed: 16501174]

Currie LM, Mellino LV, Cimino JJ, Bakken S. Development and representation of a fall-injury risk
assessment instrument in a clinical information system. Medinfo 2004:721-5. [PubMed: 15360907]
McDonald CJ, Hui SL, Smith DM, Tierney WM, Cohen SJ, Weingerger M, McCabe GP. Reminders
to physicians from an introspective computer medical record: A two-year randomized trial. Ann.
Intern. Med 1984;100:130-8. [PubMed: 6691639]

McPhee SJ, Bird JA, Fordham D, Rodnick JE, Osborn EH. Promoting cancer prevention activities
by primary care physicians: Results of a randomized, controlled trial. JAMA 1999;266:538-44.
[PubMed: 2061981]

McDonald C, Hui S, Tierney WM. Effects of computer reminders for influenza vaccination on
morbidity during influenza epidemics. MD Comput 1992;9:304-12. [PubMed: 1522792]
Johnston ME, Langston KB, Haynes RB, Mathieu A. Effects of computer-based clinical decision
support systems on clinician performance and patient outcome: A critical appraisal of research.
Ann. Intern. Med 1994;120:135-42. [PubMed: 8256973]

Shea S, DuMouchel W, Bahamonde L. A meta-analysis of 16 randomized controlled trials to
evaluate computer-based clinical reminder systems for preventive care in the ambulatory setting.
J. Am. Med. Inform. Assoc 1996;3:399-409. [PubMed: 8930856]

Zielstorff RD. On line practice guidelines: State of our knowledge and a look to the future. J. Am.
Med. Inform. Assoc 1998;5:227-36. [PubMed: 9609492]

Strok B, Speedie S, Ratner E. A novel way of distributing medical practice guidelines using personal
digital assistants (PDA). AMIA Annu Symp Proc 2003:1021. [PubMed: 14728524]

Barrett J, Strayer S, Schubart J. Information needs of residents during inpatient and outpatient
rotations: Identifying effective personal digital assistant applications. AMIA Annu Symp Proc
2003:784. [PubMed: 14728289]

Trowbridge, R.; Weingarten, S. Making Health Care Safer: A Critical Analysis of Patient Safety
Practices. AHRQ Publications Clearinghouse; Rockville, MD: 2003.

Bakken S, Cook SS, Curtis L, Desjardins K, Hyun S, Jenkins M, John R, Klein WT, Paguntalan J,
Roberts WD, Soupios M. Promoting patient safety through informatics-based nursing education.
Int. J. Med. Inform 2004;73:581-9. [PubMed: 15246038]

Bakken S, Jenkins M, Choi J, Hyun S, John R, Joyce M, John R, Lee N-J, Roberts WD, Soupios
M. Usefulness of a personal digital assistant-based advanced practice nursing student clinical log:
Faculty stakeholder exemplars. Stud. Health Technol. Inform 2006;122:698-702. [PubMed:
17102353]

Choi J, Wang D, Sapp J, Bakken S. Encoding a depression screening guideline using GLIF. Stud.
Health Technol. Inform 2006;122:905-06. [PubMed: 17102456]

Lee N-J, Bakken S. Preliminary analysis for the development of a PDA-based decision support
system for the screening and management of obesity. Stud. Health Technol. Inform 2006;122:129-
33. [PubMed: 17102233]

Int J Med Inform. Author manuscript; available in PMC 2009 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bakken et al.

[43].

[44].

[45].

[46].

[47].
[48].
[49].
[50].
[51].
[52].
[53].
[54].
[55].

[56].

[57].
[58].
[59].

[60].

[61].

Page 9

Roberts WD, Patel VL, Stone PW, Bakken S. Knowledge content of advance practice nurse and
physician experts: a cognitive evaluation of clinical practice guideline comprehension. Stud. Health
Technol. Inform 2006;122:476-80. [PubMed: 17102303]

Choi J, Currie LM, Wang D, Bakken S. Encoding a clinical practice guideline using guideline
interchange format: A case study of a depression screening and management guideline. Int. J. Med.
Inform. Jun 26;2007

Lee NJ, Bakken S. Development of a prototype personal digital assistant-decision support system
for the management of adult obesity. Int. J. Med. Inform. Jun 30;2007

NHLBI Obesity Education Initiative and North American Association for the Study of Obesity.
U.S. Department of Health and Human Services, Public Health Service. National Institutes of
Health, National Heart, Lung, and Blood Institute. Bethesda, MD: 2000.

Fiore, MC.; Bailey, WC.; Cohen, SJ. Public Health Service. U.S. Department of Health and Human
Services; Clinical Practice Guideline, Rockville, MD: 2000. Treating tobacco use and dependence.
U.S. Preventive Services Task Force. Screening for depressions: Recommendations and rationale.
Ann. Intern. Med 2002;136:760-4. [PubMed: 12020145]

Institute for Clinical Systems Improvement. Major Depression in Adults in Primary Care. Institute
for Clinical Systems Improvement; Bloomington, MN: 2004.

Hamrin V, Pachler MC. Child & adolescent depression: Review of the latest evidence-based
treatments. J. Psychosoc. Nurs. Ment. Health Serv 2005;43:54-63. [PubMed: 15685845]

Sharp LK, Lipsky MS. Screening for depression across the lifespan: A review of measures for use
in primary care settings. Am. Fam. Physician 2002;66:1001-8. [PubMed: 12358212]

Richmond TK, Rosen DS. The treatment of adolescent depression in the era of the black box
warning. Curr Opin Pediatr 2005;17:466-72. [PubMed: 16012257]

University of Michigan Health System. University of Michigan Depression Guideline Update.
University of Michigan; Ann Arbor, MI: 2004.

Rumbaugh, J.; Jacobson, I.; Booch, G. Addison-Wesley; Boston, MA: 2005. The unified modeling
language reference manual.

Boxwala AA, Peleg M, Tu S, Ogunyemi O, Zeng QT, Wang D, Patel VL, Greenes RA, Shortliffe
EH. J. Biomed. Inform 2004;37:147-161. [PubMed: 15196480]

Lee N-J, John R, Bakken S. Functional requirements specification and data modeling for a PDA-
based decision support system for the screening and management of obesity. AMIA Annu Symp
Proc 2006:1002. [PubMed: 17238621]

Cimino JJ, Elhanan G, Zeng Q. Supporting infobuttons with terminological knowledge. AMIA
Annu Symp Proc 1997:528-32.

Health Level 7. Health Level Seven Standard Version 2.4: An Application Protocol for Electronic
Data Exchange in Healthcare Environments. Health Level Seven, Inc.; Ann Arbor, MI: 2001.
Dolin RH, Alschuler L, Boyer S, Beebe C, Behlen FM, Biron PV, Shabo Shvo A. HL7 Clinical
Document Architecture, Release 2. J. Am. Med. Inform. Assoc 2006;13:30-9. [PubMed: 16221939]
Bakken S, Roberts WD, Chen E, Dilone J, Lee N-J, Mendonca E, Markatou M. PDA-based
informatics strategies for tobacco use screening and smoking cessation management: A case study.
Medinfo. 2007

Newbold SK, Kuperman GJ, Bakken S, Brennan PF, Mendonca EA, Park HA, Radenovic A.
Information technology as an infrastructure for patient safety: nursing research needs. Int. J. Med.
Inform 2004;73:657-62. [PubMed: 15246047]

Int J Med Inform. Author manuscript; available in PMC 2009 June 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Bakken et al.

=10l x| Infobutton Mar
Fle_Edt
313.3.3- SANDIEGO,, CARMEN - 151-05-26 - 52y - (- (z steading MEN - Noms - List- Add to fst P
From the Cohumbia Univ. ™| " sosnats 4 Locaton |50 N3+ Tarma o woreis e Sibhezargfdoperet-oecs m ] @ Vil Featnl
Togout 2 Tahoratory + (2004-02-1210 2002-02-01) « Newsr -« Older Ntk B
Conept of Interest. DIGOXIN Library m
a0 sumary [oxEx 7 PROFILE 2002-05-251304 P [ Dhte o2 Datisat Tata 2002.05.25 03.57, Pmeed of Medicire 2|
[~ vpdats
g g b a Enre: Puved Nickoide >uiein_ Genore Sinclws _OMM _PMC_Jounal
1211 261 | 721 | Day: 53 2 Freenently Asked Questors = Subhea
|4cimin summare =3 200205250352 F| B =torl> e asneos [Gof Gu
e T 0525055 1T What does the CPMC Lab Manal ¢ Limts  Previewndex  History Clipbaard Details —
© Alrssuts |aBC. 2002-05-25 uAAs ¥ Whatis its toreity?
 Rufoun s [BASIC LIFTAROLIC PANE: 20020 F J How does tae CPMC Lab Manual s¢ [ | | | | J
Facosatory  Febl2 [M2ASLESIGS 2002-03-101453 What are the edverse reactors accor [tems 1-20 of 343 Page [ of18 Hed
Radidozy  Noviz ICHOLESTERYL 25TERS 2002-05-101¢:53 Y 8 L
[Pachelogy Hovld UDETIDISTINIDITADM a1 MO0 04 01102 T 7 1: Wang VH Chao PD. Hsiu SL, Win KC HouYC. Relsted Anticles, _inks M
Dusch sur. 2002 Other Common Questons Lt g dgoncscion s s
IOp/Cliicel Whiat s the ifferirial Gagaosis whed L 303 200471 23,7410 1
Gitram, || D 370 e b MECLINE
. e M2 Docchasitd 2. Pecai . Michelelt Relsted Aricles, irks
Clin Sam Search Other Resources BZmb
leuropiys 1995 ey [F]  Diverse sty asocaed wihcardac Na#E:+ pun iibion evabiaion
IOb/Cyn Novi? s R of electrephysiologeal mechanicms
QiEade 2 UpToDate Eep Thr 2003 Mey 30576571, Epu 203 P 20
B o T PR A S ot it MELLIN
1007 Micromedes B Related Articles, _inks
SR 504 LuMF A Gigul
2wt PubMed 545, ey
Movi National Guidelines C:earinghouse oy
Phacmacalogoal profie ofthe novel nolrepic aget
o2 — S 5,17 dione
Mar12 o " (PSTZ744) " |
The Department of | 2 4
& Mald B PB counvis Universiny Corge orPryseras st Surgeeas
LO?notrs 1000 A et trom the N ional Liveary SfMecicine
SlReplib Novie| Send comments tc: Junes ) Cimine. MD -
CIEall [Pocurmert: Do S 9P @ 2| Y Elnall [Document: Dore e &0 @ 2| g

1

2
A PubMed search is returned in answer to a question about digoxin

toxicity.
£ WebC: 312 0f) - Netscape SER [ Infobutton Manager Retecape -
File Edit V\ew uo Commuh\cawr Help. Fle Edt View G
3131313 SANDIEGO , CARMEN - 1951 05 26 + 52y F + () * (a aiteading 7 -

| Pharmacy * (2001-09-21to 200C-12-2) - Newer -+ Older

Onlaredon Onder Doe  Feo Bowe St
2001-09-2: 0927 ERYTHROPOIETIN INI40000UAMLCE' D 400000 TODAY SC x
200009200927 iy tporoin sumLcr @ 40000 TODAY s =4
@ Allseauts 2001 09 2: 0936 poTASSIUM CL IvPD-PMIZ Lo MEGAcout B 10MEQ 1DOSE 1Y =
| Befoe cate Fnsn N capropR TaR1s NG D sasme Do RN, 0
= 0012021500 coryrE sor amongr @ 1EA SOAY oRAL X 7l
r 5

LO2notes 1080
SelffepLeb Novis|
& [Docurient; Dur e

Sookmaks U Netste [ come ccombi ed oebcide T ine_iorarwged o <] Q0 Whis Ente

o Questlons of Interest o -
From the Cohumbia University Infobutten Manages' L E X I = P A LS

Corcept of Inter=st CAPTOPRIL TAB 12.5 MG
Preferec Kame for Searching Captopril
Tate of Patent Data: 2001-05-22-22.03

Frequenty Asiced Questions

aptopril

Marcas estadounidenses Capotzn® | =

What i the patient information Fom Lezi-Cemp?
What is the Spanish frem Lesi-Comp?

Marcas canadienses Alti-Captcpri; ApoE-Captc;
Capotendt-ade;; Gen-Caatopril; Novo-Captopr;
Nu-CaplLi®, PMS-Caplug il

What dozs it look lice? ifrom Lesi-Comp'
“What are the forns and strensths accordicg to Micromedex?

What i the dosing and edriristrator information frem 2 h
2 Marcas mexicanas CapirzI®, Capoter®;
Eow do [ trent cverdosage accordingto i Capotena; Capira®, Caripril;, Cryoprite;

“What do>s this éruz interact wita zccording to Mizromedsx? Eczpresan, Ecaten®, Kenolan®, Lerpryi®,
What are the eccording to Mizromedex? Frezopti; Romi

e Gt . Categoria terapeutica fibido e la enzira

canversora de Ia angiotensinz (ECA)

£Qué advertencias debo tener en cuenta
antes de tomar este medicamento?

a

acnen Questions

What dozs Rt say? i W
0 de

TEDT ytercer

B R trimestre puede causar defectos de
v —— nacimiento. Si queda embarazada mienras
TpToDate acts tnmandn acta mariramantn’
s Lal |
Earisons Principles of Taternal Medicine =
B Bocument: Dare

3

The nurse selects the infobutton next to Captopril in the medication list.

The nurse selects the question related to patient instructions in Spanish
and then Spanish patient instructions for Captopril are returned from
Lexi-Comp®, a knowledge source external to the CIS.

Figure 1.

Infobuttons in the laboratory results and medication list in WebCIS.
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Falls Risk, Injury Risk, and Fall-Injury level are displayed in order to
focus the clinician’s attention.

The evidence-based scoring algorithm is displayed along with the

patient’s falls risk and injury risk scores.
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Institution-specific standard measures that are required by hospital policy
are pre-selected. The nurse can select additional safety measures by
checking relevant boxes.

The computer screen displays score and reminds to nurse to

implement safety measures appropriate to risk level.

Figure 2.

Fall-Injury Risk Assessment instrument as implemented in WebCIS (Screens 1-3) and Eclipsys

Sunrise Clinical Care (Screen 4).
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1

The user begins documentation of the
clinical encounter from the Encounter
screen and also typically ends
documentation of the encounter by
entering patient disposition and exiting
via the Home button. The User selects
Screening to initiate screening for the
relevant guideline.

2

The user receives a reminder to screen
for tobacco use, identify special
populations, Ask about tobacco use,
and Assess willingness to quit.

From the five-part Plan of Care, the
user selects Rx to view a list of first
and second line drugs. Dimmed
buttons indicate that no Diagnostics or
Procedures are recommended by the
guideline. If the patient was pregnant
or lactating, the Rx button would be
dimmed since Rx would be
contraindicated.

4

The user selects the desired medication
from the list of first line drugs (Assist).

[ Tobacco dependence

D Tobacco dependence

[ Tobacco dependence
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5

Once the user selects a medication, it
appears in the Plan of Care box.

6

The user views categories of patient
teaching/counseling (Assist).

7

The user selects a category of patient
teaching/counseling (Assist).

8

The user selects one or more areas of
patient teaching/counseling (Assist).

D¢ Tobacco dependence
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9
Once the user selects a
teaching/counselling intervention, it
appears in the Plan of Care box.

10
From the five-part Plan of Care, the
user selects Rf to view a list of referrals
(Arrange).

The user selects one or more referrals
(Arrange).

12

Once the user selects a referral
(Arrange), it appears in the Plan of
Care box. After the Plan is complete,
the User has the option of completing
another Screening, documenting other
Assessments, or returning to Encounter
screen.

Figure 3.

Screen shots from PDA-based decision support system for tobacco cessation. Ask, Assess,
Assist, and Arrange are components of the 5 A’s of smoking cessation. The fifth A, Advise,
in which the smoker is advised of the importance of quitting prior to Assessing willingness to
quit is not explicitly documented in the application.
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