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Radiology workflows have become more distributed and
complicated, and fewer tangible cues are available to the
radiologist to help optimize task prioritization and selec-
tion. Additionally, faster scanners, more detailed exams,
and increased demand for imaging services have precip-
itated a potential image overload for today’s radiologists
who are pressured to provide efficient, quality service in
less time. Radiologists are faced with the task of op-
erating within complex systems but are lacking tools to
efficiently and effectively monitor these systems in real
time. Dashboard technology can help address this defi-
ciency in radiology and facilitate informed, optimized
decisions about workflow. Possible areas of application
include workflow consolidation, workload distribution,
and urgency evaluation. Dashboards should be opti-
mized, context-sensitive, customizable, and workflow-
integrated. Further research is needed to identify the
most important dashboard metrics, determine their opti-
mal display, and validate their utility.

KEY WORDS: Dashboard, workflow, radiology informat-
ics, userYcomputer interface

BACKGROUND

Digital workflows are inevitable, and in the

last decade, the adoption of picture archiving

and communication systems (PACS) has clearly

moved from Bearly adopter^ to Bearly majority.^
As a result, digital workflow models and the

informatics infrastructures that support them are

becoming increasingly complex. This increased

complexity combined with exploding volumes

and narrowing time constraints is creating an

environment in which it is difficult for radiolo-

gists to know the real-time state of their systems

and to make informed workflow decisions. This

affects not only productivity, but also efficiency,

accuracy, and quality. In the aeronautics industry,

when the complexity of the flying systems exceeds

human control, it is called Bbeyond the limits.^1 To

safely operate under these conditions, new ways

of efficiently summarizing and simplifying the

vast amounts of data are required. Radiologists

today are sitting at the controls of increasingly

unmanageable digital workstations but lack the

tools to effectively manage and control them.

Radiologists end up Bflying blind^ while mount-

ing problems are obscured by the complexity of

the system. To the degree that this negatively

impacts workflow, the relevance of the radiologist

is threatened and patient care is compromised.

COMPLEX DIGITAL WORKFLOWS

Digital workflows present a number of chal-

lenges to the radiologist. For example, combining

multiple computerized systems adds a great deal

of complexity to the workflow. In addition to

PACS, there are radiology information systems

(RIS), dictation/speech recognition systems, pre-

liminary report systems, digital teaching file

systems, as well as hospital information systems
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and electronic health records. With the addition of

each new application, we approach a combinato-

rial explosion for the radiologist who is faced with

learning to operate multiple systems, each with

different user environments.

In addition, digital radiology systems are, by

nature, less tangible than their film and paper

counterparts and afford fewer cues to understand-

ing their state. In a film-based model, the physical

location of the reading room usually defined the

work responsibilities. Paper requisitions helped

distribute and prioritize the workload, and it was

easy to look around a reading room and find a tall

stack of films to be interpreted. Moreover, the

workflows of the technologist and radiologist

were tightly linked—helping to insure that studies

were properly prioritized and were not over-

looked. In a digital world, worklists are electronic,

workflows are decoupled, and locations are

distributed. While this allows for greater work-

flow efficiency and workforce utilization, it also

makes it more difficult for the radiologist to Bsee^
the state of the overall system. Looming problems

can remain obscured until a crisis precipitates.

PREDICTABLE HUMAN LIMITATIONS

The challenges of working in complex environ-

ments are well known, and predictable human

failures result from system deficiencies.2 A com-

mon failure is relying on personnel to remember

to initiate necessary actions, at appropriate times,

within a complex environment.3 Another failure

occurs when an important event fails to produce a

signal (imagine a phone without a ringer). Other

failures are apparent when the state of the overall

system is obscured by the noise from the

individual components (i.e., Bcan’t see the forest

for the trees^) or when the relative importance of

tasks is not evident.

As in other areas of medicine, a systems-based

approach is needed to compensate for these known

human limitations. Software tools are needed that

optimize the radiologists’ ability to initiate in-

formed, appropriate, timely actions. Although the

efficacy of monitors and reminders in clinical

settings is well documented,4Y8 there have been

few efforts in radiology to use them,9,10 and none

have had a systematic, PACS-integrated approach.

THE DIGITAL DASHBOARD

Many industries have used dashboards to

address the challenges of Bseeing^ the state of

complex systems (Fig 1). A dashboard is a

concise, context-specific display of key metrics

for quick evaluation of multiple subsystems. In

computing, digital dashboards can integrate infor-

mation from multiple components into a unified,

interactive display—presenting it as though it all

came from one source. This type of Bmeta^
system allows users to quickly view the overall

state of multiple subsystems and facilitates in-

formed, optimized decision making. Despite being

common in administrative settings,11Y15 digital

dashboards in clinical settings are rare.

POTENTIAL APPLICATIONS WITHIN

RADIOLOGY

The following sections provide examples of dash-

board components that may be helpful for mon-

itoring numerous radiology system metrics and

displaying them for quick evaluation by a radiol-

ogist. A prototype of this system is currently being

developed and implemented at our institution.

Workflow Consolidation

Quality radiology service includes timely report

finalization. In departments that use transcription

services, there is often a variable delay in final-

izing reports after transcription. Most workflow

models require the radiologist to remember to

periodically break from the usual workflow to

check his or her personal queue for unsigned

Fig 1. The familiar automobile dashboard where real-time,
context-specific driving indicators are located (image by Aaron
Logan, used with permission).
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reports. This process can add unnecessary delay to

report turnaround when radiologists either forget

to check their queues or allow them to accumulate

high numbers of studies before signing them. A

PACS-integrated dashboard component could ad-

dress this problem by monitoring the radiologist’s

personal unsigned report queue, producing alerts

at personalized, predefined, context-specific thres-

holds, and providing seamless, integrated entry to

the report editing system (Fig 2).

Workload Distribution

A central PACS shared by multiple institutions

across the enterprise allows radiologists to share

workload, but worklist filters are most frequently

restricted to a single institution. When circum-

stances create a temporary staffing shortage (i.e.,

unexpected interventional procedures, meetings,

vacations, etc.), workflow may become unbal-

anced, and unclaimed studies will begin to accu-

mulate at one institution. Although there may be a

capacity to share this developing workload among

radiologists at other institutions, current workflow

models require users to perform multiple distinct

queries on different servers to assess each institu-

tion’s status. Because most of the time there is no

problem, there is little incentive for a radiologist to

perform the necessary steps. A PACS-integrated

dashboard component could address this problem

by monitoring the number of unclaimed studies at

other facilities and alerting users when the numbers

surpass predefined, context-specific thresholds

(Fig 3).

Urgency Evaluation

Imaging requests have differing priorities. For

example, studies from the emergency department,

ICU, and hospital wards are generally more time-

sensitive than studies performed on outpatients.

Because most PACS worklists can be filtered and

sorted in idiosyncratic configurations, priority

may easily be overlooked in the complexity of a

multi-institutional PACS. When the urgency of a

study is not appropriately managed, patient care

Fig 2. The image viewing mode of the PACS where a radiologist spends the majority of time. The dashboard (located at the upper right
of the screen) has three categories, Individual, Division, and Enterprise, each showing a status indicator based on the traffic light
metaphor. A Bdropdown^ menu, which displays context-specific information and hyperlinks, appears when the mouse is moved over the
status Blight^. The status indicator for BIndividual^ is red, denoting a high priority event. A Bdropdown^ menu appears when the mouse is
moved over the category BIndividual^ and alerts the radiologist that new images were received on one of his or her reported studies.
Also, a count of the radiologist’s unsigned reports is displayed with hyperlinks to a separate report editing system.

FLYING BLIND: USING A DIGITAL DASHBOARD TO NAVIGATE A COMPLEX PACS ENVIRONMENT 71



decisions may be unnecessarily delayed, with

possible adverse outcomes. Furthermore, some

studies may be missed completely and go undic-

tated for prolonged amounts of time. A PACS-

integrated dashboard component could monitor

predefined, context-specific time limits for partic-

ular types of studies and produce alerts for users

when these limits are exceeded (Fig 3).

DESIGN CONSIDERATIONS

Success or failure of dashboard technology for

radiologists depends on several key design and

implementation factors: interface optimization,

context sensitivity, user customization, and work-

flow integration.

Interface Optimization

By definition, dashboards convey maximal

information with minimal distraction. A dash-

board with too many elements and inappropriate

alerts is at best ignored and, at worst, a distracting

annoyance. Optimized dashboard interface design

will focus on the number and presentation state of

display elements, the organizational schema for

drilling down to more information, and the timing

and style of alerts.

Context Specificity

Details such as radiologist subspecialty, institu-

tion, modality, imaged body part, patient location,

and referring physician are strong determinants of

workflow. For example, a head CT from the

Emergency Department may be considered de-

layed if it exceeds a few minutes, whereas the

same study completed as an outpatient may not

require interpretation for several hours. Similarly,

a chest radiologist may have hundreds of reports

to sign in a day, whereas an angiographer may

have less than 10. Because of these varied work-

flow determinants, dashboard monitors will need

to incorporate context-sensitive parameters to

effectively handle radiology’s diverse workflows.

User Customization

Although common processes should be stan-

dardized and streamlined for efficiency, allowan-

ces must be made for the idiosyncratic practice

patterns of individual radiologists. Just as most

software contains a Buser preferences^ or Boptions^
section, radiology dashboards should have custom-

ization tools to suit the particular preferences of the

radiologist user. For example, users could define

the thresholds at which they are notified of

unsigned reports.

Fig 3. A radiology departmental PACS worklist showing priority studies automatically sorted to the top and marked with red for quick
identification. This example shows a yellow status for BDivision^ because of two patients for whom a final report has been delayed over
12 h and provides links to them. It also shows the status (green) of workflow at other sites with links to their worklists.
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Fig 4. Traditional model of collecting data and running separate reports on multiple existing data sources. The reports are generally
post hoc, are Bstatic,^ and lack integration and interactivity.

Fig 5. Using a Bmiddleware^ layer (service-oriented architecture), the data from multiple systems can be encapsulated in a centralized
location for use by other systems. This enables integrated, real-time, interactive reporting, alerts, and reminders for applications such as
the radiology dashboard.
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Workflow Integration

Although a system may be well designed and

useful, it will likely be underutilized or ignored if it

is Bout of band,^ i.e., if it requires the radiologist to

deviate from usual workflow patterns. To be

maximally effective, radiology dashboards should

be integrated directly into the PACS workstation

user interface, providing a portal for integration

with other information systems. In this way, as

radiologists are going about their regular duties,

the dashboard can have maximal visibility and

utility.

TECHNICAL CONSIDERATIONS

It is important to note that both the information

and the methods for obtaining it already exist in

most systems. Most departments already accumu-

late data and run reports for administrative and

quality assurance purposes from their PACS, RIS,

and/or other systems using standard methods and

protocols such as Health Level Seven (HL7),

Digital Imaging and Communications in Medi-

cine, and/or database queries. The difference is

that this information is static, post hoc, and cannot

be Bconsumed^ by other systems—severely limit-

ing its utility (Fig 4).

Because a dashboard requires real-time, integrat-

ed, and interactive information, the data must be

made available in a more generalized, robust, on-

demand way. Service-oriented architecture (SOA) is

a method of encapsulating the data from any number

of systems into a Bmiddleware^ layer and making it

consumable by other systems—such as the dash-

board (Fig 5). This middleware is built using

standard programming methods and can be seam-

lessly integrated with any PACS that employs SOA.

For departments whose PACS vendors have not yet

embraced SOA, seamless integration of the dash-

board into the user interface may not be possible.

However, an interim solution may be to develop a

dashboard that runs on the same Windows Bdesk-

top^ as the PACS, and while it may not be com-

pletely integrated into the user interface, it can

employ the same principles of summarizing,

monitoring, and alerting. It is hoped that more

vendors will see the importance of this function-

ality and develop better ways to integrate with their

systems.

CONCLUSION

Digital image management tools represent an

important tactical component of a digital work-

flow strategy for meeting today’s radiology chal-

lenges. However, increased complexity of digital

systems and their supporting infrastructures have

created an environment wherein it is difficult to

Bsee^ the state of the system. This results in

predictable human failures and negatively impacts

quality of service. Radiologists are faced with the

task of operating within complex systems but lack

the tools to efficiently and effectively monitor

these systems in real time. A PACS-integrated

digital dashboard can help address this system

deficiency and facilitate informed, optimized

workflow decisions. Possible applications include

workflow consolidation, workload distribution,

and urgency evaluation. A dashboard should be

optimized, context-specific, customizable, and

workflow-integrated. Most departments already

gather the necessary data to create a dashboard

and, by using middleware (Web services and

SOA), can make it available to dashboard-type

applications. With these approaches, radiologists

can Bsee^ the state of their system and avoid the

risk of Bflying blind.^
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