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Question: What is the process of developing a clinical
information tool to be embedded in the electronic
health record of a very large and diverse academic
medical center?

Setting: The development took place at the University
of Pittsburgh Health Sciences Library System.

Method: The clinical information tool developed is a
search box with subject tabs to provide quick access to
designated full-text information resources. Each
subject tab offers a federated search of a different pool
of resources. Search results are organized ‘‘on the fly’’

into meaningful categories using clustering
technology and are directly accessible from the results
page.

Results: After more than a year of discussion and
planning, a clinical information tool was embedded in
the academic medical center’s electronic health
record.

Conclusion: The library successfully developed a
clinical information tool, called Clinical-e, for use at
the point of care. Future development will refine the
tool and evaluate its impact and effectiveness.

INTRODUCTION

Quick access to accurate knowledge-based informa-
tion to answer clinical questions at the point of care is
a key component of health care quality. Yet research
has shown that physicians often fail to find the
answer to many of their clinical questions [1, 2]. The
most cited obstacle is lack of time to consider the
question and search for the answer [1–7]. Other
barriers include uncertainty about where to look for
the answer and failure of the chosen resource to
provide the answer [1, 8]. Some studies note the lack
of access to information resources and poor searching
skills in using information resources as additional
reasons why clinicians have difficulty in meeting their
information needs [5, 8].

The results of a study by McKibbon and colleagues
showed that when physicians were given a choice of
information resources to answer their questions, they
did not always select the resource that would best
support their answer [9]. In separate studies, Magrabi
and Coiera and colleagues compared the outcomes of
clinical searches performed on disparate information
resources to those performed using a meta-search
filter or profile on the same set of resources [10, 11].
The meta-search filters included etiology, diagnosis,
treatment, drug information, and patient education.
One resource was chosen for each profile, such as

MEDLINE, and automatically generated keyword
filters were added to the search. The results of this
study indicated that it took clinicians less time to find
an answer using the meta-search filters and that the
answers retrieved were more accurate than those
retrieved using the individual resources without the
filters.

Cimino and colleagues have published extensively
on clinicians’ information needs at the point of care
and the need to embed links to knowledge-based
information resources within the electronic medical
record [12–15]. Cimino’s group developed and imple-
mented Infobuttons, and more recently Infobutton
Manager (IM), to link information resources within
their institution’s clinical information system [13].
Studies of IM use have shown that more than half of
the questions asked by clinicians could be answered
using IM. Results also show that the use of knowl-
edge-based information resources increased after IM
was available, compared to the baseline use of these
resources.

In an article about the future of medical libraries,
Lindberg and Humphreys suggested that electronic
health records in the future will include access to
‘‘customized information when and where it is
needed’’ [16]. This case study describes the process
of developing a clinical information tool, implemen-
tation of this information tool into the institution’s
electronic medical record, and challenges faced
during this process.

BACKGROUND

The University of Pittsburgh Health Sciences Library
System (HSLS) supports the educational, research,
clinical, and service activities of the health sciences
community of the University of Pittsburgh and the
University of Pittsburgh Medical Center (UPMC),
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through developing and providing innovative infor-
mation resources and services. UPMC includes 15
tertiary, specialty, and community hospitals; 400
outpatient sites; and doctors’ offices, as well as
rehabilitation and long-term care facilities. HSLS
receives budget support from UPMC to provide
system-wide access to licensed online resources. At
the time of this study, the UPMC electronic medical
record, called eRecord, had over 3 million unique
patient records and more than 22,000 active users,
including more than 5,000 physicians employed by or
affiliated with UPMC. It also included 200 clinical
applications from more than 120 vendors, including
EPIC and Cerner.

In June 2004, the library director was invited to
participate in the UPMC-wide Physician Advisory
Committee (PAC) to the eRecord. PAC is chaired by
the chief medical information officer, and its mem-
bership includes physicians and other health profes-
sionals, together with representatives from informa-
tion services and health information management.
Updates on eRecord activities are provided at the
quarterly meetings, and national speakers are fea-
tured to discuss recent advances in health information
technology and related fields. In his invitation to the
library director, the PAC chair wrote that he ‘‘viewed
the information that it takes to best care for patients in
two broad categories…patient specific and problem
specific.’’ He went on to state that it made ‘‘perfect
sense’’ to combine the library’s problem- or disease-
specific information resources with the eRecord.

In the fall of 2006, library collaboration with PAC
accelerated as the library identified a ‘‘key physician.’’
The key physician was willing to devote time to this
project and serve as its champion, providing the
much-needed bridge between the library and PAC.
This key physician, the medical director of the
ambulatory eRecord, had a vision that the eRecord
could improve practice by delivering not only patient-
specific data directly to the physician, but also
context-specific, knowledge-based information. The
key physician believed this would ‘‘raise the standard
of care and improve patient safety and satisfaction.’’

To design the best solution, a library development
team was initiated to work with the key physician to
learn more about the eRecord and clinical information
needs at the point of care and to identify full-text
information resources and appropriate technology.
The five-person development team included reference
librarians with expertise in clinical information needs
and computer services librarians with programming
experience, along with the library director.

CLINICAL INFORMATION
TOOL DEVELOPMENT

The library development team met several times with
the key physician to discuss what types of informa-
tion would be most useful to clinicians at the point of
care. Initial discussions focused on pre-populating a
search box with specific patient information or
International Classification of Diseases Clinical Mod-

ification (ICD-9) codes. The development team felt
that this was a worthy long-term goal, but that their
small group did not have the resources or skills to
build a tool of this complexity at the outset. It was
ultimately decided to start with a more attainable
pilot project and build from there.

The team aimed to develop a clinical information
tool that would take advantage of the library’s wide
variety of full-text licensed resources, thus minimiz-
ing dependence on any one resource. If a resource
changed, or if the library chose not to renew the
license for a particular resource, a comparable
resource could be substituted. To minimize repetition
and redundancy, the tool needed to search the fewest
number of resources that would answer the questions.

The Velocity search platform from Vivisimo was
chosen as the search interface. Velocity is a meta-
search engine that combines results from multiple
sources into a single results list, allowing users to
search several resources at once. It is a web- and file-
crawling system that can either query an existing
search function or crawl a series of documents such as
hypertext markup language pages, portable docu-
ment format files, or Microsoft Office files. The search
engine groups commonly occurring words and
phrases from the results and creates ‘‘on the fly’’
clusters. Clusters help narrow the results of a broad
subject search by organizing the results into subcat-
egories. The development team identified designated
fields, such as a title or a text snippet, to create the
clusters. Users can expand the clusters to find more
focused information. Because the HSLS website
already included several Velocity-based search boxes,
library staff had considerable expertise in developing
applications for this technology.

As a result of discussions between the key
physician and the development team, it was initially
decided that the tool should focus on three subject
areas: diagnosis, therapy, and patient education. A
tab-based search box was designed to allow users to
search each of these areas. A mix of resources was
identified for each search tab. The resources included
licensed textbooks such as Interpretation of Diagnostic
Tests, drug resources such as Micromedex, and
patient education information from resources such
as MedlinePlus. Clustered results of test searches
were analyzed, and resources were removed and new
ones added, depending on the results. For example, if
the search resulted in a small number of clusters or
items retrieved, an additional resource was added to
increase the retrieval and the number of clusters.
Similarly, if results were overly repetitive, the mix of
resources searched was reviewed and sometimes
altered. This remix occurred for each search tab until
the key physician and development team were
satisfied with the results.

The tool was named Clinical-e, and demonstrations
to physician groups began at the end of 2007. In
February 2008, Clinical-e was demonstrated to the
medical center’s information technology (IT) physi-
cians’ cabinet members, a subgroup of PAC,
and received positive feedback. At this group’s
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suggestion, an evidence-based medicine (EBM) tab
was added to Clinical-e to search resources such as
the American College of Physicians Pier and practice
guidelines in PubMed. As a result, the Clinical-e tool
now contained four subject search tabs: diagnosis,
therapy, EBM, and patient education.

In the summer of 2008, this revised version of
Clinical-e was introduced to the full PAC. Feedback
from this demonstration led to the addition of a drug
search tab. In the initial development phase, the
library team and key physician had decided not to
include a tab for drug searching, because they
believed that drug information was already easy to
locate. From the discussions during this PAC meeting,
it became clear that if physicians were to accept this
tool, it should include a broad range of useful subject
areas in one interface. Subsequently, a ‘‘drug search’’
tab was added to Clinical-e, the therapy tab was
changed to ‘‘diseases,’’ and resources were once again
changed. The tool now had five subject search tabs:
diagnosis, diseases, drugs, EBM, and patient educa-
tion.

Structured usability testing of this version of
Clinical-e was conducted using a volunteer group
from PAC. This process included both an online
survey and focus groups. The twelve-question survey,
designed to be taken after searching Clinical-e, had a
low response rate, as the participants apparently
preferred direct communication with the key physi-
cian or in the focus group setting. The focus groups,
consisting of IT physicians’ cabinet members and
PAC volunteers, began with librarian demonstrations
of navigational and design elements, such as tab
searching and results clustering. Group discussion
followed, with participants volunteering what they
considered to be meaningful keywords and search
phrases.

Feedback from the focus groups led to changes to
the tab arrangement, automatic appearance of a
cursor in the search box, and further refinement of
the resources searched. Initially, Clinical-e was de-
signed to save the search terms in the query box as
users changed tabs. The development team thought
this would allow users to easily progress from one

tab-based search to another without reentering the
search terms. Focus group results suggested that
users did not like this feature, and it was removed.
Figure 1 shows this version of Clinical-e, and Table 1
lists the resources chosen for each subject tab.

RESULTS

In the fall of 2008, Clinical-e was linked into the
eRecord. At that time, the key physician described
this at a PAC meeting as ‘‘the marriage of patient
information and disease information.’’ The library
team decided on a soft rollout to identify problems
and track user searching patterns.

Figure 2 illustrates the number of searches by
subject tab for the first six months after Clinical-e
was linked into the eRecord. The use of Clinical-e was
steady in these first six months but less than
anticipated. The diagnosis tab was the most used,
with drug information a close second. The diseases,
EBM, and patient education subject tabs had very low
use. The team also observed that tabs were searched
with diminishing frequency from the left side to the
right side of their arrangement over the search box.
Initial usage analysis indicated that clinicians
searched the diagnosis tab most often, probably
because it was the default search tab when Clinical-
e was opened. As a result, the number of tabs was
reduced by combining the diagnosis, disease, and
EBM into one tab.

DISCUSSION

The challenges in this process were many. There was
no additional funding for the development of this
clinical tool. The library team worked on this project
in addition to their regular job responsibilities, which
meant that often progress on the project slowed due
to a team member’s other commitments.

The scope of UPMC’s eRecord initiatives dwarfed
the library project. Because of the complexity and
fast pace of eRecord development and roll out, it
was often difficult to identify technical and
clinical partners and keep their attention. Once the

Figure 1
Clinical-e

A clinical information tool for the electronic medical record
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key physician stepped forward to champion this
project, the development process moved along more
smoothly.

This process involved working across two different
institutions, as the library is part of the university, and
the eRecord and PAC are UPMC. Because the library
team did not include clinicians, the team had no direct
access to the eRecord. After Clinical-e was linked into
the eRecord as an embedded search box, the library
team was not able to directly demonstrate Clinical-e
or to teach physicians and residents how to locate or
use the tool from within the eRecord.

In retrospect, the development team may have been
too quick to change Clinical-e in response to feedback
after presentations to groups of potential users.
Because the team did not have a planned revision
schedule or a well-designed process in place to
analyze feedback, the result was continual changes
to Clinical-e. This problem was exemplified by the
addition of new subject tabs and the subsequent re-

combining of these same subject tabs. A further
undesirable outcome of these frequent changes was
that Clinical-e was not stable enough over time to
conduct an extensive evaluation. The next phase of
development will include an evaluation component
and a planned revision schedule.

The positive outcomes of this project greatly
outweigh its challenges, however. The library is
clearly positioned as a partner in the development
of the eRecord. Evidence-based clinical care is
enhanced as the library’s knowledge-based informa-
tion resources are accessible at the point of care.
Clinicians can easily search multiple resources with
one click, thus broadening their information horizons
by introducing them to new information resources
that may provide better or more direct answers than
their familiar information standbys. The development
process benefitted the library as it brought together
team members with varying perspectives (e.g., refer-
ence, computer services, management, programming)

Table 1
Resources in each subject tab

Diagnosis Diseases Drugs Evidence-based medicine Patient education

& Access Medicine’s
Diagnosaurus

& 5 Minute Clinical Consult & AHFS Drug Information (DI)
Essentials

& American College of
Physicians (ACP) Pier

& MedlinePlus Drugs,
Supplements, and Herbal
Information

& Access Surgery’s
Differential Diagnosis

& Conn’s Current Therapy & Drug Facts and Compari-
sons: Pocket Version

& BMJ Clinical Evidence & MD Consult’s Patient
Education

& CURRENT Medical
Diagnosis and Treatment

& The Medical Letter’s
Treatment Guidelines

& The Medical Letter & The Cochrane Database of
Systematic Reviews

& University of Pittsburgh
Medical Center (UPMC)
Patient Education
Materials

& Ferri’s Clinical Advisor & UpToDate & Meyler’s Side Effects of
Drug: The International

& Current Practice Guidelines
in Primary Care

& UpToDate for Patients

& Interpretation of Diagnostic
Tests

& Encyclopedia of Adverse
Drug Reactions and
Interactions

& Database of Abstracts of
Reviews of Effectiveness
(DARE)

& MICROMEDEX & National Guideline
Clearinghouse

& Natural Medicines
Comprehensive Database

& PubMed Practice Guideline
Search

& US Preventive Services Task
Force

Figure 2
Number of searches by subject tab for the first six months of Clinical-e
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to collaborate on a single objective. The team spent
considerable time studying the content, structure,
strengths, and weaknesses of its licensed full-text
resources from the clinical viewpoint, thus develop-
ing more informed cost-benefit analyses for renewal
decisions.

CONCLUSION

This case study described the lengthy development
process to build an information tool that directly
searches knowledge-based library resources from the
institution’s electronic medical record. The develop-
ment team chose to begin with a relatively small pilot
project to gain credibility and to build from there. As
this paper was written, the team was changing its
approach from an embedded, tab-based search box to
a web portal linked from the eRecord and from the
library’s public home page. The team has also begun
collaborating with the eRecord interoperability group
that is tasked with creating a single unified patient
record incorporating data from the eRecord’s multiple
information systems, formats, and sites. It is hoped
that this new partnership will lead to implementing a
mechanism to pre-populate the search box with
patient-specific information from the eRecord.

REFERENCES

1. Gorman PN, Helfand M. Information seeking in primary
care: how physicians choose which clinical questions to
pursue and which to leave unanswered. Med Decis Making.
1995 Apr–Jun;15(2):113–9.
2. Ely JW, Osheroff JA, Maviglia SM, Rosenbaum ME.
Patient-care questions that physicians are unable to answer.
J Am Med Inform Assoc. 2007 Jul–Aug;14(4):407–14.
3. Ely JW, Osheroff JA, Chambliss ML, Ebell MH,
Rosenbaum ME. Answering physicians’ clinical questions:
obstacles and potential solutions. J Am Med Inform Assoc.
2005 Mar–Apr;12(2):217–24.
4. Graber MA, Randles BD, Ely JW, Monnahan J. Answer-
ing clinical questions in the ED. Am J Emerg Med. 2008
Feb;26(2):144–7.
5. Green ML, Ruff TR. Why do residents fail to answer their
clinical questions? a qualitative study of barriers to
practicing evidence-based medicine. Acad Med. 2005
Feb;80(2):176–82.
6. Coumou HCH, Meijman FJ. How do primary care
physicians seek answers to clinical questions? a literature
review. J Med Libr Assoc. 2006 Jan;94(1):55–60.

7. Dawes M, Sampson U. Knowledge management in
clinical practice: a systematic review of information seeking
behavior in physicians. Int J Med Inform. 2003 Aug;
71(1):9–15.
8. Ely JW, Osheroff JA, Ebell MH, Chambliss ML,
Vinson DC, Stevermer JJ, Pifer EA. Obstacles to answering
doctors’ questions about patient care with evidence:
qualitative study. BMJ. 2002 Mar 23;324(7339):710.
9. McKibbon KA, Fridsma DB. Effectiveness of clinician-
selected electronic information resources for answering
primary care physicians’ information needs. J Am Med
Inform Assoc. 2006 Nov–Dec;13(6):653–9.
10. Magrabi F, Coiera EW, Westbrook JI, Gosling AS,
Vickland V. General practitioners’ use of online evidence
during consultations. Int J Med Inform. 2005 Jan;74(1):1–12.
11. Coiera E, Westbrook JI, Rogers K. Clinical decision
velocity is increased when meta-search filters enhance an
evidence retrieval system. J Am Med Inform Assoc. 2008
Sep–Oct;15(5):638–46.
12. Cimino JJ. An integrated approach to computer-based
decision support at the point of care. Trans Am Clin
Climatol Assoc. 2007;118:273–88.
13. Cimino JJ. Use, usability, usefulness, and impact of an
infobutton manager. AMIA Annu Symp Proc. 2006:151–5.
14. Cimino JJ, Friedmann BE, Jackson KM, Li J, Pevzner J,
Wrenn J. Redesign of the Columbia University infobutton
manager. AMIA Annu Symp Proc. 2007:135–9.
15. Collins SA, Currie LM, Bakken S, Cimino JJ. Information
needs, infobutton manager use, and satisfaction by clinician
type: a case study. J Am Med Inform Assoc. 2009 Jan–
Feb;16(1):140–2.
16. Lindberg DA, Humphreys BL. 2015—the future of
medical libraries. N Engl J Med. 2005 Mar 17;352(11):
1067–70.

AUTHORS’ AFFILIATIONS

Barbara A. Epstein, MSLS, AHIP, bepstein@pitt.edu,
Director; Nancy H. Tannery, MLS (corresponding
author), tannery@pitt.edu, Associate Director for User
Services; Charles B. Wessel, MLS, cbw@pitt.edu,
Head of Hospital Services; Frances Yarger, MA,
MAED, yarger@pitt.edu, Assistant Director for Com-
puter Services; John LaDue, MLIS, jol25@pitt.edu,
Knowledge Integration Librarian; Health Sciences
Library System, University of Pittsburgh, Pittsburgh,
PA; Anthony B. Fiorillo, MD, fiorilloab@upmc.edu,
Medical Director, Ambulatory eRecord, University of
Pittsburgh Medical Center, Pittsburgh, PA

Received December 2009; accepted March 2010

A clinical information tool for the electronic medical record

J Med Libr Assoc 98(3) July 2010 227


