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The future is here, it’s just not evenly distributed yet.—William Gibson

OBJECTIVE. Today in the hospital setting, several functions of the radiology informa-
tion system (RIS), including order entry, patient registration, report repository, and the phy-
sician directory, have moved to enterprise electronic medical records. Some observers might
conclude that the RIS is going away. In this article, we contend that because of the maturity
of the RIS market compared with other areas of the health care enterprise, radiology has a

unique opportunity to innovate.

CONCLUSION. While most of the hospital enterprise spends the next several years go-
ing through the digital transformation converting from paper to a digital format, radiology
can leap ahead in its use of analytics and information technology. This article presents a sum-
mary of new RIS functions still maturing and open to innovation in the RIS market.

adiology departments were among

the first clinical departments in

health care to implement electronic

systems as part of their clinical
workflow, with the first such systems to assist
radiology reporting processes appearing as ear-
ly as the mid-1960s [1]. The early systems were
information islands used to manage the opera-
tions of radiology independently of the hospital.
This included managing the patient identifica-
tion database and the ordering physician data-
base, as well as tracking the patient through the
steps of acquiring the images and tracking re-
port interpretation. The advancements in radiol-
ogy informatics to date, including integration of
PACS and the radiology information system
(RIS) into department workflow, have done
much to increase departmental efficiency. Mul-
tiple groups have highlighted the decreased
number of steps within the standard workflow
when using these systems compared with tradi-
tional film-and-paper—based systems; this has
led to departmental efficiency (higher volume
of studies being performed and interpreted), im-
proved customer service (via faster report turn-
around time and ready availability of images
for clinician review), and decreased costs. The
fundamental advantages of these systems lie in
their ability to keep massive amounts of data (of
all, types, including images, demographic and

clinical information, and billing and schedul-
ing) readily accessible and to streamline work-
flow via elimination of previously required
steps, more efficient workflow management,
and facilitation of rapid communication.

Background

The first RISs were developed in the 1960s
[1] and focused mainly on improving depart-
mental and radiologist efficiency in two core
problem areas—report coding as well as de-
livery of reports.

In the early to mid-1970s, RISs continued to
evolve and become more reliable as new serv-
er technologies became available, incorporat-
ing more robust programming and database ap-
plications, with such tools as the Massachusetts
General Hospital Utility Multi-Programming
System. This new technology served well in de-
partments’ efforts to automate other functions,
including initiatives to implement structured re-
porting methods to improve reporting efficien-
cy, film jacket tracking, and improved report
delivery via remote printing technology to dis-
tributed areas for better results communication.

In 1980, a group of university and private
hospitals formed the Radiology Information
Systems Consortium (RISC) to develop re-
quirements for an improved RIS and to create
arequest for proposal for commercial entities
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to build this system. This request for proposal
was eventually won and developed by Digital
Equipment Corporation. RISC continued to
guide the development of additional features
of the RIS (the product now called DECrad)
through the mid-1980s, working with Digital
Equipment Corporation and helping to fos-
ter the DECrad users group, a national group
of users formed with the purpose of enhanc-
ing clinical workflow, as well as systems and
film management. The RISC later became the
Society of Imaging Informatics in Medicine.

Beginning in the late 1990s and continu-
ing into the early 2000s, as PACS technolo-
gy became available and stable, radiology de-
partments were again transformed, this time
moving away from physical film and incor-
porating the new workflow of digital imaging
for diagnostic interpretation. Digital dictation
also became available in the early 2000s, al-
lowing speech-to-text functionality, again
improving diagnostic report turnaround.

The struggle to achieve improved effi-
ciencies in radiology through the use of im-
proved information system technology is a
journey that has lasted over 40 years and will
continue to evolve in radiology.

Areas of Innovation

‘We conducted a literature review and grouped
advanced RIS functionality into eight catego-
ries. Advanced functionality was classified as
not commonly available through commercial
RIS vendors. This functionality was predomi-
nantly developed at academic medical center
settings by in-house informatics groups. The
categories chosen to classify the functionality
are electronic medical record (EMR) aggrega-
tion, order entry decision support, advanced
workflow, clinical decision support, digital
dashboards, data mining, customer service,
and, finally, surveillance and outcomes. We
acknowledge that this categorization scheme
is arbitrary. There is overlap between catego-
ries, and the nomenclature is vague. In our
opinion, this is precisely because the technol-
ogy is still evolving and will define itself as
it matures. The available literature on radi-
ology informatics (and, more broadly, health
informatics) provides no formal conventions
for classifying types of health information
technology. Our categorization and nomen-
clature derives from common conventions in
the current literature that we think are suffi-
ciently descriptive.

Electronic Medical Record Aggregation

As radiologists and other clinicians become
more dependent on information systems, it
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has become clear that improved access to the
full EMR to ascertain pertinent clinical in-
formation can affect diagnosis and potential-
ly improve patient care. Modern informatics
systems can provide a number of benefits by
linking disparate hospital information systems
containing unique sources of data for a given
patient, such as PACS for diagnostic images,
RIS for examination scheduling and diagnos-
tic reporting, and general hospital information
systems for other clinical data. Unfortunately,
radiologists are often provided images for in-
terpretation without supporting clinical data
other than that provided by the requesting pro-
vider on the examination request. These data,
including patient history, are often brief, un-
structured, and possibly inaccurate. Although
this is not a new problem, increasing interest
in patient-centered care, individualized medi-
cine, and quality improvement should prompt
calls for change. The incorporation of demo-
graphic and clinical data are vital for optimal
modality and protocol selection, examination
interpretation, and recommendations for fur-
ther patient management.

The expansion of EMR utilization has al-
lowed electronic storage of clinical data [1-
5], yet utilization of this information in ra-
diology has been limited. Radiologists often
must use separate workstations, software,
and login credentials to access the EMR.
Practically, this often means moving to a dif-
ferent computer, performing an additional or
separate login, and manually retrieving, re-
viewing, and analyzing patient data. To exac-
erbate this issue, a radiologist would need to
navigate to multiple locations with an EMR,
often entailing several minutes and several
clicks, just to see whether there is pertinent
information available.

Despite the negative effect on workflow,
studies have shown that radiologists use the
EMR frequently, with one study (in which the
EMR was located on a remote workstation)
showing EMR usage in as many as 73% of
examination interpretations with certain mo-
dalities, accounting for 21% of the diagnostic
effort (defined as time spent on image analy-
sis) [6]. Our institution, like several other aca-
demic medical centers, needed to develop an
in-house program, integrated into the worklist
and dictation systems, that would automatical-
ly provide a summary of relevant EMR data
on opening an examination. Prior imaging re-
ports, clinical notes (including operative nar-
ratives, history and physicals, and discharge
summaries), and laboratory and pathology
data were provided in a simple user interface
on one of the workstation’s side monitors. The

system was also integrated with the PACS, al-
lowing retrieval of images for viewing (even
from separate patients) without exiting the
current examination.

An evolving challenge is presenting the
vast and growing amount of data available
on the EMR in an efficient way. Added func-
tionalities, such as EMR indexing, structured
searches, and automated searches, could fur-
ther streamline workflow. Zalis and Harris
[7] designed a programmable search system
for the EMR that allowed time-of-service
queries of patients’ medical records. The sys-
tem stored structured complex queries, fil-
tered the EMR dataset to more specified sub-
sets, and transmitted the output of the search
to a readable form, such as a web browser or
other software. Benefits of the system were
highlighted by a sample project that includ-
ed a query built for use before intervention-
al procedures, ultimately providing the same
search satisfaction and accuracy as a manual
EMR search while reducing search time by
a factor of 8. Other uses include automated
EMR search for contraindications to certain
procedures and automatic queries at the time
of order entry to identify possibly unneces-
sary duplicate examinations [7]. Future work
should continue to optimize the integration
of clinical and radiographic information.
For example, efforts are under way to em-
bed images from RIS and other clinical im-
aging systems into the EMR, which should
improve the accuracy and efficiency of pa-
tient management while increasing clinician
and patient satisfaction via collaboration and
information sharing [8].

Clinical Decision Support at the
Time of Ordering and Interpretation
Integrated RIS-based decision support tools
are available that may improve patient man-
agement and optimize resource utilization at
several points along the workflow chain, in-
cluding at order entry, during image inter-
pretation, and when recommending further
patient management. There is increased pres-
sure to limit utilization of imaging to evi-
dence-based applications, in an effort to rein
in costs of health care in the United States
[9]. At the same time, the effective use of
medical imaging can save costs beyond radi-
ology; for example, the appropriate use of CT
in the emergency department has been shown
to be cost effective by decreasing the rate of
unnecessary operations [10]. Nevertheless,
there are wide variations in clinician ordering
behavior [11]. A lack of agreement on what
is appropriate, difficulty in changing practice

1065

www.manaraa.com



Downloaded from www.ajronline.org by NY U Langone Med Ctr-Sch of Med on 07/01/15 from | P address 128.122.253.228. Copyright ARRS. For personal use only; al rights reserved

patterns, and increased types and complexi-
ty of imaging tests contribute to the problem.

“Just-in-time” interventions—that is, inter-
ventions delivered at the point of care—have
been shown to significantly affect the safety
and quality of patient management beyond
radiology by reducing serious medical errors
[12]. Computerized order entry systems with
embedded imaging decision support have
been developed in response and have strong
data showing clinical acceptance and de-
creased utilization of low-yield examinations
[9, 13, 14]. Most systems use web-based soft-
ware programs that provide a choice of tests
from structured menus linked to predefined in-
dications (with varying levels of detail). Ap-
propriateness criteria, such as that provided by
the American College of Radiology [15], or
direct evidence is provided at the time of order
entry. The utility of the requested examination
can be ranked and alternatives provided [9, 11,
13, 14]. In addition, some systems have inte-
grated data collection functionality to track or-
dering behavior, providing another vehicle for
intervention [11, 14].

Decision support can also improve quality at
the time of image interpretation. Just-in-time
learning tools are available, including web-
based image search applications designed spe-
cifically for radiologists (e.g., Yottalook [16]
and the American Roentgen Ray Society’s
Goldminer [17]), diagnostic decision support
systems in web portal formats (e.g., STATdx
[18]), and biomedical literature databases (e.g.,
PubMed [19]). In addition, the evidence in cur-
rently available literature can be codified into
computer models for diagnostic and recommen-
dation guidance. For example, decision support
applications are available for mammography
wherein image features and clinical data are
inputted as variables in a computer model, and
then a Bayesian network is used to provide post-
test probabilities for various diagnoses to help
guide further management [20-22]. As with all
nonessential informatics tools, seamless inte-
gration into the workflow is vital for usability
and clinical acceptance.

Advanced Workflow
Peer Review

Peer review, in which redundant interpre-
tations are rendered for a given study, is a
commonly used method for performance as-
sessment in radiology [23]. Integrating peer
review into departmental workflow may be
accomplished in a variety of ways; howev-
er, authors have emphasized the importance
of simplicity and streamlined integration in
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order for any peer review system to be ac-
cepted and effective [24]. Modern informat-
ics solutions can help accomplish these goals
using several tools. The American College of
Radiology’s peer review system RADPEER
[25], in which interpretations are scored on
a scale from 1 to 4, is the leading method for
peer review in the United States [26]. This
program can be integrated into the RIS or
PACS user interface for seamless use during
clinical workflow. Alternatively, RIS-inte-
grated software can be developed that allows
users to tag prior imaging if problems are
identified, or randomly selected cases can be
reviewed on standalone software in which
discrepancies are identified, classified, com-
municated, and further analyzed [27]. Kruskal
et al. [28] found that a secure online peer re-
view system promoted reporting of problem-
atic cases and allowed the identification of
performance trends.

In addition to routine performance assess-
ment, peer review could also serve as a vital
component for improved radiology resident
training. Although this has traditionally been
accomplished in real time with joint review of
examinations by attending physicians and res-
idents, this is not always feasible, especially
with increasing volumes and spatial and tem-
poral separations of attending physician and
resident interpretations. When attending phy-
sicians remotely edit dictations, trainees are
forced to manually access the RIS, search for
reports, and compare finalized versions us-
ing only their memory of the preliminary in-
terpretations. This is a considerable time bur-
den, and, indeed, studies have shown that a
significant number of residents forgo this pro-
cess [29]. One proposed solution is software
that can query the RIS; extract preliminary re-
ports, finalized reports, and report metadata;
store this information in an indexed database;
and present a comparison view with chang-
es highlighted through a web-based applica-
tion. One training program that implemented
this system found significant increases in the
number of trainees who routinely reviewed
their reports, from 46.2% before implementa-
tion to 80.8% afterward [29]. Such software
solutions also afford the ability to store, track,
and analyze a variety of other metrics obtain-
able from reports, such as relative value units,
trends in dictation style, and so forth. Our in-
stitution has recently introduced a similar sys-
tem for rapid review of trainee reports, which
is integrated into a web-based portal that con-
tains several of the other informatics applica-
tions reviewed in this article.

Critical Findings and Automated Reporting

Effective communication of imaging re-
sults is one of the key components of qual-
ity in radiology [30], with recent studies sug-
gesting that communication problems are a
significant source of overall radiology errors
[31]. As aresult, there is an increasing medi-
colegal emphasis on accurate and timely re-
porting of critical findings [32], and several
regulatory bodies have highlighted the need
for direct reporting of critical findings with
subsequent documentation of the communi-
cation [33, 34]. Although direct synchronous
communication with ordering physicians al-
lows two-way interaction, immediate feed-
back, and confirmation of message receipt,
it is also associated with a number of prob-
lems, not least of which is a significant in-
terruption in workflow. A variety of solu-
tions have been developed to streamline this
process [35—-40]. The ideal solution will be
specific to the nuances of a given institution,
but, in general, should be integrated into ex-
isting systems, deliver messages at the point
of care (i.e., just in time), provide options for
the delivery method according to the specific
situation, and provide automatic documenta-
tion in the patient record. Automated asyn-
chronous message delivery in the form of e-
mail or text-page can provide an extremely
efficient solution; however, this cannot sup-
plant direct communication in critical cas-
es. One group used a workflow management
system to automatically facilitate direct re-
porting and documentation of critical find-
ings by nonradiologist personnel within the
department, whereas another created an au-
tomated alert system for emergency depart-
ment physicians that required acknowledg-
ment of receipt for documentation purposes
[37]. Although the communication of critical
findings will likely remain a tangible compo-
nent of routine workflow, ongoing and future
informatics efforts should offer solutions to
minimize interruptions.

Technologist Feedback

Technologists have always been and remain
an integral part of any radiology department;
they are as important as any other individual
within the workflow chain for optimal efficien-
cy and quality. Although the rise of digital radi-
ology has improved workflow for technologists
[41, 42], it has also led to a trend in decreased
quality control [43], despite research showing
the importance of continued quality analysis
[44] and the release of quality-control guide-
lines by the American Association of Physicists
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in Medicine [43, 45]. There are tools built into
most modern imaging acquisition or transmis-
sion machines that collect valuable quality met-
rics (e.g., exposure data, repeat examinations,
fluoroscopy time, and sonographic, thermal,
and mechanical indexes), yet informatics tools
to aggregate, analyze, and present these data
are sparse [46]. Furthermore, one of the most
important quality-control measures, feedback
from the interpreting radiologists, is increas-
ingly limited in the new digital environment.
Increased workflow demands and geographi-
cally remote image acquisition and interpreta-
tion have limited direct radiologist-technolo-
gist interactions [47].

Several informatics tools have been exam-
ined to address these problems, often borrow-
ing from the principles presented elsewhere
in this review. Nagy et al. [48] incorporated
technologist-specific metrics into their de-
partmental dashboard, such as overall image
quality, number of quality control issues sub-
mitted by radiologists, and examination re-
peat rate. These data were used as a part of
a systemwide approach to quality improve-
ment according to the principles of business
analytics (discussed later in this article).

Another group developed software specifi-
cally aimed at improving the training, coach-
ing, and management of technologists [46].
Their system pulled data from the CT reader
for analysis of departmentwide data and indi-
vidual technologist performance (e.g., number
of examinations performed, repeat rate, and
common reasons for repeat examinations).
Data were presented in a digital x-ray dash-
board for fast review. This group was not only
able to identify stark differences in individual
performance (e.g., 80% of examinations were
performed by 21% of the technologists), they
also found that they could significantly reduce
repeat examination rate simply by making
specific systemic changes in workflow (e.g.,
positioning for scoliosis examinations) [46].

To improve direct communication, Nagy
et al. [48] developed a web-based tool that
enabled radiologists to quickly and efficient-
ly document and provide feedback to tech-
nologists in specific cases, which resulted in
the identification of systemic problems for
root-cause analysis, improved technologist
receptiveness to problems (with the ability
to coach those technologists with high num-
bers of issues), and significantly higher sub-
missions of quality-control issues (compared
with prior paper-based methods). In addition,
radiology turnaround times were improved
after implementation [47].
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Digital Dashboards

The complexity of radiology operations
presents numerous challenges to departmen-
tal efficiency and quality. The overall theme
of this review is to emphasize that a mas-
sive amount of available data is not being ful-
ly used, largely because of the multiplicity of
data sources and a lack of convenient data pro-
curement, analysis, and display that can lead
to actionable intervention. The concept of a
“digital dashboard” has been used in a variety
of other complex systems to overcome these
problems [49], and applications in radiology
are becoming increasingly common.

The overall goal of a radiology dashboard,
like dashboards in other systems, is to quickly
present real-time data that can be used to fa-
cilitate operational corrections. This borrows
from established principles in business intel-
ligence and analytics, in which data analysis
tools provide the means to make smaller ev-
idence-based adjustments more frequently,
providing increased transparency, fewer and
smaller systemwide interruptions, and, the-
oretically, increased efficiency and quality
[48]. The available applications are vast, in-
cluding technologist feedback [46, 47], radi-
ologist workflow management [50-52], and
overall departmental quality metrics [48, 49,
53]. The reader is referred to the reference ma-
terial for specific details. There are certain de-
sign considerations, however, that should be
applied in most circumstances. First, an ef-
ficient dashboard must be able to aggregate
and store data from multiple systems; this is
accomplished via extraction from the source
systems and storage in a centralized data ware-
house. Data should be indexed so that they are
accessible across multiple platforms. Analyt-
ics are then performed on these data and dis-
played in web-based graphical user interfaces
[48]. Morgan et al. [49] nicely summarize sev-
eral factors that can increase the success of a
dashboard: interface optimization, where there
is concise presentation of only the relevant
data at the appropriate time; context sensitiv-
ity, which should account for the variability
in needs between different users; user cus-
tomization, to improve user satisfaction and
account for interindividual preferences; and
workflow integration, because nonintegrated
systems have been shown to have a poor im-
pact on end behaviors [52, 54]. Perhaps most
important, there must be a system in place to
drive change on the basis of the information
acquired, whether through real-time alert sys-
tems [50], individual self-assessment [51], or
organized departmental meetings [48].

There are multiple published examples
showing clinical acceptance of dashboard
implementation and the identification of un-
expected data, which can drive highly speci-
fied and efficient quality improvement pro-
grams. Improvement in multiple quality
metrics following dashboard implementation
have also been identified, including report
turnaround time, outpatient waiting time,
status order turnaround time, quality-con-
trol resolution time, and repeat examination
rate [46—-48, 50, 52]. We anticipate that the
use of digital dashboards will expand in ra-
diology as it has in other fields, especially as
demands for efficiency and quality continue
to grow while our informatics infrastructure
becomes increasingly complex.

Data Mining

Data mining is a broad field of computer
science that can have multiple meanings in
the context of radiology informatics. Gener-
ally speaking, the goal is to extract data from
a source and transform that data into a form
suitable for further use. Many of the concepts
mentioned in this review contain some form
of data mining, such as the use of digital dash-
boards, as already discussed. The concept has
been applied to individual radiologist perfor-
mance [55-58], the optimization of radiolo-
gy reports [59], ionizing radiation dose audits
[60], technologist quality control [46, 47], and
overall departmental quality metrics [48, 50—
52]. In this section, we will focus on retriev-
al of the end product: radiology text reports.
Advances in digital acquisition and storage
have resulted in huge archives of data. Like
other large data sources, such as the World
Wide Web, efficient methods of data extrac-
tion become increasingly important as data ac-
cumulate. Several tools have been developed
that should improve the ability of the radiol-
ogy community to use our own product for
enhancement of real-time performance and
teaching and research initiatives.

The overall design of most described re-
port mining tools involves extraction of data
from a source (generally, the RIS, but other
data sources, such as the hospital information
systems and PACS, could also be integrated)
and storage in a separate database. The most
efficient systems often take advantage of in-
dexing, for example, by building a relational
database with linked tables containing differ-
ent subsets of information [61]. The database
serves as the back end, while a query client,
usually a simple graphical user interface in a
web browser, serves as the front end. Boolean
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queries (AND, OR, NOT, and so forth) en-
hance the efficiency of searches. Output can
be in the form of hyperlinks to reports match-
ing the search query, with various options for
data display (e.g., ordered by relevance or
date) [61, 62].

A wide variety of freeware and commer-
cial software is available to build such sys-
tems [61], which can be tailored to specific
applications or institutional needs. Although
the potential utility of these tools is excit-
ing, the inherent information and capabili-
ties contained within them necessitates strict
HIPAA compliance and robust database se-
curity [61, 62]. Ongoing work in natural lan-
guage processing (i.e., computer extraction
of meaningful data from nonsystematic text
reports), structured reporting, and radiology
ontology (e.g., the RadLex lexicon) should
improve the capabilities and expand the uti-
lization of report mining software [62—66].

Customer Service

Health care is part of the service sector; as
such, customer relationships are a vital com-
ponent of quality and success. Radiology, in
particular, is service oriented, because the
field has two major “customers’—patients
and referring physicians. The recent digital
revolution has provoked fears that the spe-
cialty is becoming increasingly marginal-
ized and commoditized, and optimal service
may be more important now than ever be-
fore. Informatics initiatives can improve cus-
tomer relationships in several ways.

Easy scheduling, thorough information on
how to prepare for an examination and what
to expect, prompt access to results, and pa-
tient autonomy are factors that may improve
radiology-patient relationships. Much of this
can be accomplished via increasingly avail-
able web products providing data security,
easy navigability, context-appropriate in-
formation, and direct communication with
providers (e.g., online consultations) [38].
Growing emphasis on patient-centered care
is also driving web-based communications
solutions [37]; furthermore, these initiatives
are supported by evidence that increased pa-
tient involvement in medical decision mak-
ing positively impacts outcomes [67-69].

The ubiquitous utilization of medical im-
aging in routine clinical practice necessitates
that the needs and requests of referring phy-
sicians are also routinely considered. RIS-
based personnel tracking systems, integrat-
ed into the hospital intranet and available to
clinicians, have been shown to increase radi-
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ologist accessibility and save clinicians time
when they have a question or need to find a
specific radiologist [70]. Automated report-
ing systems can track message delivery and
receipt [29] while decreasing results turn-
around time and reliance on fixed computer
terminals [37-39]. Computerized order entry
systems have been developed with add-ons
designed specifically for referring provid-
ers, including risk-management tools (e.g.,
electronic notifications or reminders) and
outcomes tracking [11]. Ongoing work on
structured reporting may improve physician
satisfaction with clarity, brevity, and clini-
cal correlations, which are the three met-
rics most valued by both patients and clini-
cians [71]. Finally, informatics initiatives to
increase image access, distribution [11], and
integration with the EMR [8] are under way
to address demands for more comprehensive
information management.

Surveillance and Outcomes
Radiologists gain clinical experience with
every case; however, feedback is necessary
to optimize the learning and self-improve-
ment process. This feedback often comes in
the form of subsequent clinical data, such as
operative reports, pathology reports, labora-
tory data, clinical visits, and follow-up im-
aging. Many systems are used to keep track
of interesting or difficult cases, from notes
scribbled on napkins to more sophisticated
electronic-based tracking (e.g., an e-mail to
oneself). Manual methods, electronic or not,
introduce considerable inefficiency for those
radiologists with dedicated follow-up habits.
Today’s digital environment provides an ide-
al medium for robust informatics solutions.
At our institution, a teaching file integrat-
ed into the PACS provides a convenient and
commonly used method for case tracking. A
single click opens a web browser containing
the selected image with automatically popu-
lated information. A brief description is add-
ed, and the case is saved in a database that is
accessible at any later date via a web brows-
er. Sharing and sorting of cases is also avail-
able. Alkasab et al. [72] described a similar
program; however, their system possessed
added functionality to further automate the
acquisition of subsequent clinical data. The
program, named ‘“RaceTrack,” automatical-
ly searches the patient record and populates
relevant clinical information (e.g., operative
notes and pathology reports) into the data-
base entry. In addition, there is a direct link
from the web browser to the patient’s EMR

entry and to a web-based display of the study
images [72]. Radiologists should seek and
encourage future initiatives in this area, such
as automated patient surveillance with elec-
tronic notification of predefined outcomes.
In an increasingly competitive market, effi-
cient feedback promoting lifelong skills im-
provement can provide one method to distin-
guish individual value.

Conclusion

For over 40 years, radiology departments
have been early adopters of technology, in-
corporating the latest innovations from fields
beyond health care to improve their clinical
practices. Beginning with early server and da-
tabase improvements and evolving through
newer technologies and workflows, such as re-
mote image distribution and teleradiology, ra-
diology departments have been under constant
pressure to both automate and improve their
practices through the innovative use of infor-
mation technology. Radiology continues to be
one of the most technology-heavy clinical en-
deavors, potentially serving as a key proving
ground for information technology specialists
looking to improve quality, efficiency, and pa-
tient care through improved access to relevant
clinical data and innovative software tools.
Radiologists themselves may spend more time
than any other physician specialty directly in-
teracting with computer systems as they pro-
vide patient care, and they are well positioned
to lead in the transformation of medicine
through electronic health records that is cur-
rently under way. We think that the practice of
radiology will continue to evolve with inno-
vative technologies and that there are several
promising opportunity areas for those looking
to improve patient care both within radiology
and throughout the health care system.
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