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e Objective: Clinical decision support (CDS) can be
a useful tool to decrease inappropriate imaging by
providing evidence-based information to clinicians at
the point of care. The objective of this case study is
to highlight lessons from a health care improvement
initiative using CDS to encourage use of ultrasound
rather than computed tomography (CT) scans as an
initial diagnostic tool for suspected appendicitis in
pediatric patients.

e Methods: The percentage of suspected pediatric ap-
pendicitis cases receiving ultrasounds and CT scans
was calculated using electronic health record data.
Four steps for implementing health information tech-
nology were identified in a literature scan that guided
data collection and analysis: planning, software cus-
tomization and workflow design, training and user
support, and optimization.

® Results: During the fourth quarter of 2010, 1 in 7 pe-
diatric patients with suspected appendicitis received
an ultrasound and almost half received a CT scan. By
the first quarter of 2012, ultrasounds were performed
in 40.8% of these cases and the use of CT scans de-
clined to 39.9% of suspected pediatric appendicitis
cases.

¢ Conclusion: Four lessons emerged. First, all levels of
staff should be involved in the planning process to
make organizational priorities actionable and build
buy-in for each healthcare improvement initiative.
Second, it takes time to design and test the alert to
ensure that clinical guidelines are being properly ap-
plied. Third, re-engineering the workflow is critical for
usability; in this case, ensuring the availability of ul-
trasound staff was particularly important. Finally, the
effectiveness of CDS depends on applying relevant
evidence-based practice guidelines to real-time pa-
tient data.
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iagnostic imaging is a useful tool for identify-
D ing and guiding the treatment of many health

conditions, but evidence indicates that health
care providers do not always use imaging appropriately.
In fact, a substantial proportion of diagnostic imag-
ing procedures performed in hospital and ambulatory
settings are not supported by clinical guideline recom-
mendations [1,2]. Spending on diagnostic imaging is
rapidly increasing, and some patients receive unneces-
sary radiation exposure that can lead to adverse health
impacts [3]. Inappropriate imaging falls into 3 broad
categories: imaging that does not conform to clinical
guidelines, imaging that is contraindicated due to an
allergy or implantable medical device, and imaging that
might be clinically indicated but is duplicative of prior
imaging services.

Clinical decision support (CDS) functionality sup-
ports health care improvement initiatives to narrow the
gap between evidence-based practices and routine care
[4]. CDS merges patient-specific clinical information
with relevant information about evidence-based practic-
es, providing health care providers with timely informa-
tion to guide decisions at the point of care [5]. Decision
support is most commonly delivered in the form of alerts
and reminders [6]. CDS can be effective in reducing ad-
verse drug events [7], sepsis [8,9], and other conditions
in hospital [10-12] and ambulatory settings [13,14].
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For the evaluation of suspected appendicitis in chil-
dren, ultrasound is the preferred initial consideration for
imaging examination [15]. Evidence suggests that CDS
can increase the use of ultrasound for suspected pediat-
ric appendicitis [16,17] and has affirmed the utility of
ultrasound as a first-line diagnostic tool for suspected
appendicitis [18,19]. In the Choosing Wisely campaign,
the American College of Surgeons and the American
College of Radiology have both endorsed ultrasound as
an option to consider prior to conducting a CT scan to
evaluate suspected appendicitis in children [15].

Banner Health, a large health system headquar-
tered in Phoenix, Arizona, implemented a health care
improvement initiative using CDS functionality to en-
courage providers to use ultrasound instead of CT as
a first-line diagnostic tool for suspected pediatric ap-
pendicitis. We conducted a site visit to Banner Health,
an organization who had had attained a high score
on the EMR Adoption Model [20] to examine their
implementation process. We sought to build on previ-
ous research examining the use of health information
technology to improve performance in large health
systems [21-23].

Methods

Setting

Banner Health is a large not-for-profit health system
that is comprised of 24 acute care hospitals across several
states, as well as ambulatory medical practices, behav-
ioral health, home care, and ambulatory surgery centers
[24,25]. The health system is the largest employer in
Arizona and one of the largest in the United States with
over 50,000 employees. Banner Health has been nation-
ally recognized for clinical quality [26], an innovative
leadership team [27], and using health IT to improve
quality [20]. The health system was also selected as one
of the Centers for Medicare & Medicaid Services (CMS)
Pioneer Accountable Care Organizations.

Site Visit

The first 2 authors conducted a 2-day site visit to the
Banner Health headquarters in Phoenix, Arizona in
November 2013. The team conducted discussions with
over 20 individuals, including health system leader-
ship, frontline clinicians in several units of an acute
care hospital, staft members in 2 telehealth hubs—in-
cluding a tele-ICU hub—and trainers in a simulation
facility that is used for staff training. The discussions
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were conducted with groups of staff or on an individual
basis, as appropriate. At the outset of the project, an
environmental scan of relevant grey and peer-reviewed
literature was conducted under contract on behalf of the
authors to guide data collection and analysis [28]. An
interview protocol was created to guide the discussions.
The protocol contained modules that were used during
each discussion, if relevant. The modules addressed top-
ics such as technical issues with designing and deploy-
ing health information technology functionalities such
as clinical decision support systems, the organizational
processes and structures needed to launch health care
improvement initiatives, and using health information
technology care coordination. Within each module,
questions probed about the challenges that arose and
the solutions to these challenges, with a focus on the
four phases of implementing a health information tech-
nology intervention: functionality planning, software
customization and workflow design, training and user
support, and optimization. To assist with interpreting
the qualitative findings, an evolving outline of the find-
ings was maintained. Salient themes and conceptual
categories were tracked, which helped the researchers
organize, synthesize, and interpret the information col-
lected during the site visit. Once the authors chose to
focus on clinical decision support, summary notes from
the discussions were reviewed for relevant information,
and this information was compiled and organized under
the rubric of the four implementation phases. The find-
ings and key themes from the discussion notes were
distilled into key lessons for the field.

Data obtained included the percentage of pediatric
patients with suspected appendicitis who received ultra-
sounds and CT scans each month from 1 October 2010
through 31 March 2012. Banner Health staff originally
collected the data to support the implementation of
health care improvement initiative; the use of these data
in this paper is a secondary use [29].

This manuscript was prepared using the SQUIRE
2.0 guidelines [30]. No patient-identifiable data were
used, so institutional review board approval was not
sought.

Results

The 4 steps of implementing CDS can be described
as functionality planning, software customization
and workflow design, training and user support, and
optimization [31].
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Pre-Implementation

The use of computerized provider order entry (CPOE)
is a precursor to using clinical decision support, since or-
ders must be entered electronically to be subject to CDS
review. Banner Health deployed CPOE to its various fa-
cilities starting in 2008. The deployment was staged in a
rolling fashion with one or two facilities going live every
few months so that the deployment team was available
at each facility.

Phase 1: Planning

In contrast to many large health systems, the organiza-
tion has a single board of directors that oversees the
entire system of over 37,000 employees. Activities and
relationships to promote the use of evidence-based
practices are built into the organizational structure. For
example, Banner Health maintains a Care Management
Council, a group comprised of clinical and administra-
tive leadership to provide executive oversight of health
care improvement projects. The Council convenes on
a quarterly basis to review and approve the adoption
of new clinical practice guidelines, policies, and stan-
dardized standing orders that have been developed by
multidisciplinary groups of physicians and other clini-
cians. A key focus of the Council is ensuring consistent
application of evidence-based guidelines to clinical care
and disseminating knowledge of clinical best practices
across a large and complex enterprise.

Interdisciplinary clinical consensus groups support
the Council’s work. These groups are comprised of ad-
ministrative and program management staff, physicians
and other clinicians, and engineers. Each clinical con-
sensus group focuses on emerging issues and improve-
ment opportunities within a specific clinical domain and
leads the implementation of health care improvement
initiatives in that domain. Providers and staff at all lev-
els of the organization were involved in planning and
implementing the health care improvement initiative in
inappropriate imaging. This increased buy-in and staft
support, which are associated with successful health care
improvement initiatives [32]. Banner Health staff rallied
around the idea of addressing inappropriate imaging as
a key priority initiative. The teams that implement each
initiative include an engineer that focuses on redesign-
ing clinical workflows for each initiative. There is also
an organizational unit responsible for project manage-
ment that provides teams with logistical and operational
support.
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Phase 2: Software Customization and Workflow
Redesign

Once the clinical consensus group selected inappropri-
ate imaging as a priority, the next step was to examine
the process flow for imaging ordering. In 2011 Banner
Health integrated CDS functionality with CPOE into
the electronic health record. Before the use of CDS,
inpatient and emergency department imaging orders
were simply transmitted to imaging staff after the order
was entered. After CDS implementation, the process
flow begins with an inpatient imaging order and en-
tailed checking the order against clinical guidelines on
the proper use of imaging. If the image order did not
conform to guidelines, which in this case indicate that
ultrasound should be used before CT scans as a diag-
nostic tool for suspected pediatric appendicitis, the CDS
system triggered an alert [15].

Bringing the perspective and skill sets of engineers
to the process of redesigning clinical workflows was
particularly valuable [33]. While CDS has the potential
to reduce inpatient inappropriate imaging, effectiveness
depends on adjusting workflows to ensure that the
information provided by CDS alerts and reminders is
actionable. To reduce alert fatigue among the clinical
staff, the team identified the appropriate level of work-
flow interruption for each alert and reminder (hard stop,
workflow interruption, or informational) [5,6].

The design principles that were used to design the
alert include intuitive system development to promote
case of use, one set of screen formats and data defini-
tions, and a set of consistent core reports and standard
system output formats across facilities. The alert’s ap-
pearance was tailored for maximal impact and covered
most of the screen. Color contrast was used, but since
some people are color-blind, the meaning of the alert
did not depend on the color contrast. The alerts includ-
ed recommendations for changing the treatment plan
to encourage using ultrasound as a first-line diagnostic
tool. Minimizing the number of clicks to accept the
proposed treatment plan change in the alert is desirable.

Phase 3: Training and User Support

Training and support structures and tools were criti-
cal to the rollout of the inappropriate imaging alerts.
Providers were reminded about clinical best practices
and informed during staff meetings about the new CDS
rules. In addition, various types of training and support
were available to clinicians and staft during the rollout
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Figure 1. Percentage of "high radiation exposure" alerts that led to order cancellations.

process. Dedicated time for end-user training provided
an opportunity to identify and cultivate super-users.
These super-users not only helped provide technical
support to their colleagues, but also helped create ex-
citement for the initiative. A centralized support desk
provided telephone support for providers in facilities
throughout the Banner Health system. Site managers
were provided toolkits to support providers and staff
throughout the implementation process. The toolkits
included frequently asked questions and answers, and
were maintained as ‘living documents’ that were up-
dated based on emerging issues and questions.

To keep things on track, project managers from the
central project management department were involved
in the initiative to provide direct project management
services to the initiative. They also worked to instill
project management competencies throughout the or-
ganization, applying a train-the-trainer approach to
disseminate best practices for enhancing communica-
tion among team members, implementing workflow
changes, and monitoring the results.

Phase 4: Optimization

The optimization phase is continuous and continues to
the present day. Notably, the success of the CDS rules
depends on the availability of current clinical informa-
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tion for each patient, in addition to information about
the treatment plan. For this initiative, Banner Health
maintained aggregated clinical patient data in the data
warehouse that aggregated data from disparate sources,
including billing and EHR data from different care
settings such as ambulatory offices, inpatient units, the
emergency department, home care, and ambulatory
surgery centers. The data warehouse is housed in a stra-
tegically chosen physical location to minimize the threat
of natural disasters, and cloud-based backup is also used.
A master patient index and provider credentialing system
are integrated with the data warehouse. Query-based
health information exchange is used, when possible, to
collect information on care received by patients outside
of the Banner Health system.

It is important to note that many CDS alerts are
over-ridden without changes to clinical care [34]. Previ-
ous research indicates that alert fatigue from “false posi-
tives” can impede the effectiveness of alerts [35]. Banner
Health monitors the rate at which CDS alerts are over-
ridden. Figure 1 shows the percentage of all alerts for
radiation exposure—including the alert related to using
ultrasound as a diagnostic tool for pediatric appendici-
tis—that led to order cancellations. The percentage of
CT orders that generated the alert and were cancelled fell
from 18.9% in March 2011 to 13.6% in February 2012.
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Figure 2. Percentage of suspected pediatric sppendicitis cases receiving CT scans and ultrasounds.

The rate of order cancellations might have declined over
time due to a change in provider behavior from the alert.
That is, if inappropriate CT scan orders declined over
time, then providers would cancel a decreasing percent-
age of the CT scan orders that prompted an alert.

Imaging Use

In Figure 2, data on the use of the 2 imaging procedures
for the diagnosis of pediatric appendicitis is presented.
During the fourth quarter of 2010, almost half of pedi-
atric patients with suspected appendicitis received a CT
scan and only about 1 in 7 received an ultrasound. After
the clinical decision support alert was put in place to
remind providers to perform an ultrasound as a first-line
diagnostic tool, the use of ultrasounds increased sharply.
By the first quarter of 2012, ultrasounds were performed
in 40.8% of these cases and the use of CT scans declined
to 39.9% of suspected pediatric appendicitis cases.

Discussion

This case study discusses the application of CDS func-
tionality in a health care improvement initiative to ad-
dress inappropriate imaging in a large health system.
Four main implementation lessons emerge for the field.
First, it is important to involve all levels of staff in the
planning process to ensure that health care improve-
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ment activities are prioritized correctly and to build
buy-in for the priorities addressed with health care
improvement activities. Second, it is necessary to allow
time to design the alert or reminder, as well as testing
it during the implementation process to ensure that
clinical guidelines are being properly applied. Third,
re-engineering the workflow and ensuring usability of
the alert or reminder are important, and using the skills
of trained engineers helps in this process. Ensuring the
availability of trained ultrasound staft was particularly
important to this initiative. Finally, the effectiveness of
CDS depends on having complete data for each pa-
tient, as well as up-to-date information on the relevant
evidence-based practice guidelines.

These results can help guide the implementation of
health care improvement initiatives that use CDS func-
tionality to address inappropriate imaging. The adoption
of electronic health records with CDS functionality was
incentivized and supported by the Medicare and Med-
icaid Electronic Health Record Incentive Programs; the
Medicare program now exists as part of MACRA. Using
CDS to reduce inappropriate imaging is required for
Medicare fee-for-service patients in the 2014 Protecting
Access to Medicare Act (PAMA), highlighting the criti-
cal nature of these results, which can guide implementa-
tion of CDS to reduce inappropriate imaging [41].
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As noted above, the optimization phase is continu-
ous. Banner Health still encourages use of ultrasounds
as a first-line diagnostic tool for pediatric appendicitis.
Identifying which patients should immediately receive
CT scans is difficult, and sometimes the decision de-
pends on the availability of staff to conduct the ultra-
sound scans. Ways to maximize the productivity of ul-
trasound technicians have been explored. Another focus
area since the original implementation of this health care
improvement initiative has been health information ex-
change, to ensure that complete, up-to-date information
is available for each patient.

Banner Health often implements CDS in conjunction
with other health I'T functionalities. For example, CDS
and telehealth are used together to improve care in the
intensive care unit (ICU) for patients with sepsis and
delirium. An offsite hub of experienced ICU physicians
and nurses remotely monitors ICU patients in facilities
across Banner Health, using cameras with zoom capabil-
ity. The intensive care specialists in the tele-hub act as
part of the care team; in addition to receiving video feed,
they communicate verbally with patients and ICU staft
members. Predictive analytics are used to generate clini-
cal decision support alerts and reminders, with a special
focus on early intervention if a patient’s clinical indicators
are trending downward. The 4 lessons described in this
study were also used in the ICU sepsis and delirium ini-
tiative; staff were involved in the planning process, alerts
and reminders were thoroughly tested, the workflow was
adjusted to accommodate the physicians in the tele-ICU
hub, and up-to-date and complete clinical information
for each patient is maintained. In addition, the design
principles for alerts described in this study, such as cover-
ing most of the screen and providing recommendations
for changing the treatment plan within the alert itself,
were also used in the ICU sepsis and delirium initiative.

One limitation of this study is that it was conducted
at a single health system. Thus, the findings might not
be generalizable to other health systems, particularly if a
robust health IT infrastructure is not in place. The culture
of Banner Health values quality and involved providers
and staft at all levels in selecting and implementing health
care improvement initiatives. In addition, engineers as-
sisted with implementation. Finally, the study design does
not permit conclusions about the causality of the decline
in CT scans and the increase in ultrasounds for suspected
pediatric appendicitis cases; unobserved factors might have
contributed to the changes in CT and ultrasound use.
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Future research should focus on ways to improve
the implementation and organization learning process,
particularly through engagement of frontline staft by
leadership [36] and explore how to operationalize previ-
ous findings indicating that innovations in hospital set-
tings are more likely to be sustained when intrinsically
rewarding to staff, either by making clinician and staft
jobs easier to perform or more gratifying [37]. Future
research should focus on facilitating health information
exchange between providers in different health systems.
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