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(57) ABSTRACT

The present invention relates to a method and apparatus to
objectively measure stress and fatigue using measurement
tools, record stress and fatigue related data in a standardized
database, create automated prompts and alerts based upon
pre-defined stress and fatigue thresholds (which are derived
based upon individual end-user and task performance), pro-
vide a number of interventions (which can be preferentially
selected by the individual end-user), create data-driven best
practice guidelines though meta-analysis of the database, and
provide an objective tool for comparative technology assess-
ment.
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METHOD AND APPARATUS FOR
REAL-TIME MEASUREMENT AND
ANALYSIS OF OCCUPATIONAL STRESS AND
FATIGUE AND PERFORMANCE OUTCOME
PREDICTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention is a continuation of U.S.
patent application Ser. No. 13/537,976, filed Jun. 29, 2012,
which claims the benefit of U.S. Provisional Patent Applica-
tion No. 61/457,891, filed Jun. 29, 2011, and 61/649,723,
filed May 21, 2012, the contents of all of which are herein
incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method and appa-
ratus to objectively measure stress and fatigue, record stress
and fatigue related data in a standardized database, create
automated prompts and alerts based upon pre-defined stress
and fatigue thresholds (which are derived based upon indi-
vidual end-user and task performance), provide a number of
interventions (which can be preferentially selected by the
individual end-user), create data-driven best practice guide-
lines though meta-analysis of the database, and provide an
objective tool for comparative technology assessment.
[0004] 2. Description of the Related Art

[0005] Stress and fatigue are commonly encountered chal-
lenges within contemporary medical practice and affect all
healthcare professionals to varying degrees. Over the past few
years, a number of factors have served to increase stress and
fatigue among healthcare professionals including (but not
limited to) reduced reimbursements (with a resulting empha-
sis on increased productivity and workflow), increased scru-
tiny on quality and safety, changing regulations, and the digi-
tization of medical practice.

[0006] In current medical practice, healthcare profession-
als are to a large degree left to their own devices. If and when
a physician is tired, stressed, or fatigued, they must not only
identify the concern but also unilaterally take action to avoid
error. This is often impractical given workload demands, time
constraints, and lack of availability of a readily available
replacement. As a result, the physician often continues work,
with the potential to alter workflow, operational efficiency,
quality of performance, or patient safety. Inaddition, a culture
of perseverance often exists, which encourages healthcare
professionals to “work through” the stress/fatigue. The only
way to correctly ascertain how this impacts clinical outcomes
is through prospective data collection and analysis, which is
currently unavailable given the lack of supporting technol-
ogy. Current workflow analysis is largely performed on a
“macro” and retrospective level, where individual healthcare
workers and departments are evaluated on the basis of cumu-
lative productivity (e.g., annual exams or procedures) or
operational efficiencies (e.g., patient waiting times or back-
logs). Since increased emphasis is placed on productivity and
operational efficiency, minimal effort is made to identify
causative factors of stress and fatigue and potential remedies.
[0007] A number of landmark publications have been
issued from the Institute of Medicine which has highlighted
the unexpectedly high frequency of medical errors and occu-
pational stress/fatigue among healthcare professionals. These
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publications have cited the relatively high frequency of medi-
cal errors resulting in avoidable deaths, magnifving the
importance of operator vigilance, concentration, and comput-
erized decision support. Thus, technology has been a double-
edged sword for healthcare providers. On one hand it has
dramatically improved the quality and accessibility of data,
while on the other hand it has created heightened expectations
on the part of consumers and increased stress on the part of
service providers, which is highly variable in accordance with
the individual end-user’s technology proclivity, education/
training, and occupational demands.

[0008] In addition, the analysis of data in medical practice
is complex and comes in multiple forms; including textual,
numerical, graphical, and imaging data. Healthcare profes-
sionals must be able to review this multi-disciplinary data and
make rapid and well-informed decisions. Any form of visual
fatigue can potentially impair data recognition and analysis,
while cognitive fatigue can lead to faulty and/or delayed
decision-making.

[0009] The digitization of medical practice has profoundly
changed the manner in which medical data is recorded, trans-
mitted, accessed, and analyzed. While this digitization has
improved data accessibility. it has also presented healthcare
professionals with less “down time” in which they can take a
break, decompress, and relax from high pressure occupa-
tional demands. The ubiquitous nature of data within the
electronic medical record and other healthcare information
system technologies creates continuous demand for continu-
ous workflow, which in turn can serve as a stress and fatigue
multiplier. The end result is that data intensive occupations
which rely on instantaneous decision-making with the poten-
tial for catastrophic results are particularly vulnerable to
stress and fatigue induced error.

[0010] An additional factor contributing to occupational
stress and fatigue 1s sleep deprivation, which can be of par-
ticular concern in occupations and workers during evening
and night time shifts, in which natural circadian rhythms are
disrupted. A large number of reports have cited concerns over
stress and fatigue within medical practice and the exacerba-
tion caused by sleep deprivation. The criticality of the prob-
lem is best illustrated in critically ill and emergent patient
populations, where a small time delay or oversight can lead to
the difference between life and death.

[0011] An additional deficiency of current technology is
the “one size fits all” approach, which essentially treats all
end-users as a homogeneous population. Differences in occu-
pation, education, personality, computer proclivity, and sen-
sory/motor skills are largely ignored. Instead, end-users are
forced to adapt to the technology, rather than the technology
being adaptive to their unique needs.

[0012] Occupational stress and fatigue is not solely the
domain of healthcare professionals and is also commonly
found within other occupations exposed to high pressure
productivity/workflow demands, increased quality and safety
concerns, and prolonged periods of time interacting with a
computer. These include (but are not limited to) the transpor-
tation, defense, engineering, and software industries. A great
deal of work has been dedicated to airline pilots and traffic
controllers, who are prone to occupational stress and fatigue,
with the potential for instantaneous catastrophe, in the event
of an oversight or error.

[0013] Thus, a proactive technology which can account for
inter-user variability and introduce accommodative measures
has the potential to improve performance, while also reducing
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or minimizing occupational stress and fatigue, would be
advantageous. Further, a technology which can potentially
diagnose stress and fatigue, and intervene in the end-user’s
performance in real-time, could provide tremendous benefit
on a number of levels including improved workflow, safety,
quality, and morale.

SUMMARY OF THE INVENTION

[0014] The present invention relates to a method and appa-
ratus to objectively measure stress and fatigue, record stress
and fatigue related data in a standardized database, create
automated prompts and alerts based upon pre-defined stress
and fatigue thresholds (which are derived based upon indi-
vidual end-user and task performance), provide a number of
interventions (which can be preferentially selected by the
individual end-user), create data-driven best practice guide-
lines though meta-analysis of the database, and provide an
objective tool for comparative technology assessment.
[0015] The present invention seeks to expand the function-
ality of a technology currently used in widespread use, with
the combined goals of reducing occupational stress/fatigue,
while simultaneously improving the economics and quality
of healthcare deliverables. The stress/fatigue measurement
tools for integration in the method and apparatus of the
present invention include devices for measuring visual,
physiologic, and cognitive forms of stress/fatigue (i.e., blood
pressure monitors, speech analysis, etc.).

[0016] The present invention provides real-time standard-
ized measurement of occupational stress and fatigue; creates
a standardized database for stress/fatigue, workflow, quality
performance, and clinical outcomes data; creates an end-user
profiling system (and peer reference groups), which would
take into account a number of specific attributes and charac-
teristics of the individual end-user; creates a standardized
measure for task complexity; creates customizable stress/
fatigue interventions commensurate with individual end-user
style preferences and observed stress/fatigue analytics; and
provides a technology assessment tool, which provides a
standardized mechanism for correlating stress/fatigue mea-
sures with task performance, workflow, and specific technol-
ogy in use.

[0017] Thus, the present invention provides a methodology
and apparatus for creating a technology which can be cus-
tomized to the unique needs and preferences of individual
end-users, while also providing objective data-driven “best
practice” guidelines, based upon historical end-user and con-
text-specific performance.

[0018] Whilethe present invention is applicable to a diverse
number of industry applications, like engineering, software,
pilots, etc., the medical profession is used for illustrative
purposes.

[0019] Thus, has been outlined, some features consistent
with the present invention in order that the detailed descrip-
tion thereof that follows may be better understood, and in
order that the present contribution to the art may be better
appreciated. There are, of course, additional features consis-
tent with the present invention that will be described below
and which will form the subject matter of the claims appended
hereto.

[0020] In this respect, before explaining at least one
embodiment consistent with the present invention in detail, it
is to be understood that the invention is not limited in its
application to the details of construction and to the arrange-
ments of the components set forth in the following description
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or illustrated in the drawings. Methods and apparatuses con-
sistent with the present invention are capable of other
embodiments and of being practiced and carried out in vari-
ous ways. Also, it is to be understood that the phraseology and
terminology employed herein, as well as the abstract included
below, are for the purpose of description and should not be
regarded as limiting.

[0021] As such, those skilled in the art will appreciate that
the conception upon which this disclosure is based may
readily be utilized as a basis for the designing of other struc-
tures, methods and systems for carrying out the several pur-
poses of the present invention. It is important, therefore, that
the claims be regarded as including such equivalent construc-
tions insofar as they do not depart from the spirit and scope of
the methods and apparatuses consistent with the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic diagram which shows the
overall components of the apparatus of the present invention.
[0023] FIGS. 2A-2C are flowcharts showing steps in the
method of the present invention.

[0024] FIG. 3 is a flowchart showing steps in the interven-
tion method of the present invention.

[0025] FIG. 4is a flowchart showing steps in the interven-
tion method of the present invention.

DESCRIPTION OF THE INVENTION

[0026] The present invention relates to a method and appa-
ratus to objectively measure stress and fatigue, record stress
and fatigue related data in a standardized database, create
automated prompts and alerts based upon pre-defined stress
and fatigue thresholds (which are derived based upon indi-
vidual end-user and task performance), provide a number of
interventions (which can be preferentially selected by the
individual end-user), create data-driven best practice guide-
lines though meta-analysis of the database, and provide an
objective tool for comparative technology assessment.

[0027] The present invention seeks to expand the function-
ality of a technology currently used in widespread use, with
the combined goals of reducing occupational stress/fatigue,
while simultaneously improving the economics and quality
of healthcare deliverables. The stress/fatigue measurement
tools for integration in the method and apparatus of the
present invention include devices for measuring visual,
physiologic, and cognitive forms of stress/fatigue (i.e., blood
pressure monitors, speech analysis, etc.).

[0028] According to one embodiment of the invention illus-
trated in FIG. 1, an apparatus for measuring data on a user’s
stress/fatigue, and which can analyze the data, may be imple-
mented using the system 100. In a medical application, the
system 100 is designed to interface with existing information
systems such as a Hospital Information System (HIS) 10, a
Radiology Information System (RIS) 20, a radiographic
device 21, and/or other information systems that may access
a computed radiography (CR) cassette or direct radiography
(DR) system, a Picture Archiving and Communication Sys-
tem (PACS) 30, and/or other systems. In the medical appli-
cation, the system 100 may be designed to conform with the
relevant standards, such as the Digital Imaging and Commu-
nications in Medicine (DICOM) standard, DICOM Struc-
tured Reporting (SR) standard, and/or the Radiological Soci-
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ety of North America’s Integrating the Healthcare Enterprise
(IHE) initiative, among other standards.

[0029] In other applications, the system 100 would be
designed to interface with other systems, such as an air traffic
control system (in cases where the user is a pilot or air traffic
controller), etc.

[0030] Inall applications, the system 100 is connected to a
measurement tool 22, which includes any or all devices that
measures the visual, physiologic, and cognitive forms of
stress/fatigue, such as eye tracking systems, blood pressure
monitors, heart monitors, breathing monitors, speech recog-
nition/analysis systems, etc.

[0031] According to one embodiment, bi-directional com-
munication between the system 100 of the present invention
and the information systems, such as the HIS 10, RIS 20, and
PACS 30, etc., as well as the measurement tool 22, may be
enabled to allow the system 100 to retrieve and/or provide
information from/to these systems. According to one embodi-
ment of the invention, bi-directional communication between
the system 100 of the present invention and the other systems
30, 22 etc., allows the system 100 to update information that
is stored on the information systems. According to one
embodiment of the invention, bi-directional communication
between the system 100 of the present invention and the other
systems allows the system 100 to generate desired reports
and/or other information.

[0032] The system 100 of the present invention includes a
clientcomputer 101, such as a personal computer (PC), which
may or may not be interfaced or integrated with an informa-
tion system (i.e., PACS 30) and the measurement tool 22. The
client computer 101 may include an imaging display device
102 that is capable of providing high resolution digital images
in 2-D or 3-D, for example. According to one embodiment of
the invention, the client computer 101 may be a mobile ter-
minal if the image resolution is sufficiently high. Mobile
terminals may include mobile computing devices, a mobile
data organizer (PDA), or other mobile terminals that are oper-
ated by the user accessing the program 110 remotely.

[0033] According to one embodiment of the invention, an
input device 104 or other selection device, may be provided to
select hot clickable icons, selection buttons, and/or other
selectors that may be displayed in a user interface using a
menu, a dialog box, a roll-down window, or other user inter-
face. The user interface may be displayed on the client com-
puter 101. According to one embodiment of the invention,
users may input commands to a user interface through a
programmable stylus, keyboard, mouse, speech processing
device, laser pointer, touch screen, or other input device 104.
[0034] According to one embodiment of the invention, the
input or other selection device 104 may be implemented by a
dedicated piece of hardware or its functions may be executed
by code instructions that are executed on the client processor
106. For example, the input or other selection device 104 may
be implemented using the imaging display device 102 to
display the selection window with a stylus or keyboard for
entering a selection.

[0035] According to another embodiment of the invention,
symbols and/or icons may be entered and/or selected using an
input device 104, such as a multi-functional programmable
stylus. The multi-functional programmable stylus may be
used to draw symbols onto the image and may be used to
accomplish other tasks that are intrinsic to the image display,
navigation, interpretation, and reporting processes, as
described in U.S. patent application Ser. No. 11/512,199 filed
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on Aug. 30, 2006, the entire contents of which are hereby
incorporated by reference. The multi-functional program-
mable stylus may provide superior functionality compared to
traditional computer keyboard or mouse input devices.
According to one embodiment of the invention, the multi-
functional programmable stylus also may provide superior
functionality within the information system (i.e., PACS 30
and Electronic Medical Report (EMR)).

[0036] According to one embodiment of the invention, the
client computer 101 may include a processor 106 that pro-
vides client data processing. According to one embodiment of
the invention, the processor 106 may include a central pro-
cessing unit (CPU) 107, a parallel processor, an input/output
(I/O) interface 108, amemory 109 with a program 110 having
a data structure 111, and/or other components. According to
one embodiment of the invention, the components all may be
connected by a bus 112. Further, the client computer 101 may
include the input device 104, the image display device 102,
and one or more secondary storage devices 113. According to
one embodiment of the invention, the bus 112 may be internal
to the client computer 101 and may include an adapter that
enables interfacing with a keyboard or other input device 104.
Alternatively, the bus 112 may be located external to the client
computer 101. According to one embodiment of the inven-
tion, the image display device 102 may be a high resolution
touch screen computer monitor. According to one embodi-
ment of the invention, the image display device 102 may
clearly, easily and accurately display images, such as x-rays,
and/or other images. Alternatively, the image display device
102 may be implemented using other touch sensitive devices
including tablet personal computers, pocket personal com-
puters, plasma screens, among other touch sensitive devices.
The touch sensitive devices may include a pressure sensitive
screen that is responsive to input from the input device 104,
such as a stylus, that may be used to write/draw directly onto
the image display device 102.

[0037] According to another embodiment of the invention,
high resolution goggles may be used as a graphical display to
provide end users with the ability to review images. Accord-
ing to another embodiment of the invention, the high resolu-
tion goggles may provide graphical display without imposing
physical constraints of an external computer.

[0038] According to another embodiment, the invention
may be implemented by an application that resides on the
client computer 101, wherein the client application may be
written to run on existing computer operating systems. Users
may interact with the application through a graphical user
interface. The client application may be ported to other per-
sonal computer (PC) software, personal digital assistants
(PDAs), cell phones, and/or any other digital device that
includes a graphical user interface and appropriate storage
capability.

[0039] According to one embodiment of the invention, the
processor 106 may be internal or external to the client com-
puter 101. According to one embodiment of the invention, the
processor 106 may execute a program 110 that is configured
to perform predetermined operations. According to one
embodiment of the invention, the processor 106 may access
the memory 109 in which may be stored at least one sequence
of code instructions that may include the program 110 and the
data structure 111 for performing predetermined operations.
The memory 109 and the program 110 may be located within
the client computer 101 or external thereto.
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[0040] While the system of the present invention may be
described as performing certain functions, one of ordinary
skill in the art will readily understand that the program 110
may perform the function rather than the entity of the system
itself.

[0041] According to one embodiment of the invention, the
program 110 that runs the system 100 may include separate
programs 110 having code that performs desired operations.
According to one embodiment of the invention, the program
110 that runs the system 100 may include a plurality of
modules that perform sub-operations of an operation, or may
be part of a single module of a larger program 110 that
provides the operation.

[0042] According to one embodiment of the invention, the
processor 106 may be adapted to access and/or execute a
plurality of programs 110 that correspond to a plurality of
operations. Operations rendered by the program 110 may
include, for example, supporting the user interface, providing
communication capabilities, performing data mining func-
tions, performing e-mail operations, and/or performing other
operations.

[0043] According to one embodiment of the invention, the
data structure 111 may include a plurality of entries. Accord-
ing to one embodiment of the invention, each entry may
include at least a first storage area, or header, that stores the
databases or libraries of the image files, for example.

[0044] According to one embodiment of the invention, the
storage device 113 may store at least one data file, such as
image files, text files, data files, audio files, video files, among
other file types. According to one embodiment of the inven-
tion, the data storage device 113 may include a database, such
as acentralized database and/or a distributed database that are
connected via a network. According to one embodiment of
the invention, the databases may be computer searchable
databases. According to one embodiment of the invention, the
databases may be relational databases. The data storage
device 113 may be coupled to the server 120 and/or the client
computer 101, either directly or indirectly through a commu-
nication network, such as a LAN, WAN, and/or other net-
works. The datastorage device 113 may be an internal storage
device. According to one embodiment of the invention, sys-
tem 100 may include an external storage device 114. Accord-
ing to one embodiment of the invention, data may be received
via a network and directly processed.

[0045] According to one embodiment of the invention, the
client computer 101 may be coupled to other client computers
101 or servers 120. According to one embodiment of the
invention, the client computer 101 may access administration
systems, billing systems and/or other systems, via a commu-
nication link 116. According to one embodiment of the inven-
tion, the communication link 116 may include a wired and/or
wireless communication link, a switched circuit communica-
tion link, or may include a network of data processing devices
such as a LAN, WAN, the Internet, or combinations thereof.
According to one embodiment of the invention, the commu-
nication link 116 may couple e-mail systems, fax systems,
telephone systems, wireless communications systems such as
pagers and cell phones, wireless PDA’s and other communi-
cation systems.

[0046] According to one embodiment of the invention, the
communication link 116 may be an adapter unit that is
capable of executing various communication protocols in
order to establish and maintain communication with the
server 120, for example. According to one embodiment of the

Sep. 15, 2016

invention, the communication link 116 may be implemented
using a specialized piece of hardware or may be implemented
using a general CPU that executes instructions from program
110. According to one embodiment of the invention, the com-
munication link 116 may be at least partially included in the
processor 106 that executes instructions from program 110.
[0047] According to one embodiment of the invention, if
the server 120 is provided in a centralized environment, the
server 120 may include a processor 121 having a CPU 122 or
parallel processor, which may be a server data processing
device and an I/O interface 123. Alternatively, a distributed
CPU 122 may be provided that includes a plurality of indi-
vidual processors 121, which may be located on one or more
machines. According to one embodiment of the invention, the
processor 121 may be a general data processing unit and may
include a data processing unit with large resources (i.e., high
processing capabilities and a large memory for storing large
amounts of data).

[0048] According to one embodiment of the invention, the
server 120 also may include a memory 124 having a program
125 that includes a data structure 126, wherein the memory
124 and the associated components all may be connected
through bus 127. If the server 120 is implemented by a dis-
tributed system, the bus 127 or similar connection line may be
implemented using external connections. The server proces-
sor 121 may have access to a storage device 128 for storing
preferably large numbers of programs 110 for providing vari-
ous operations to the users.

[0049] According to one embodiment of the invention, the
data structure 126 may include a plurality of entries, wherein
the entries include at least a first storage area that stores image
files. Alternatively, the data structure 126 may include entries
that are associated with other stored information as one of
ordinary skill in the art would appreciate.

[0050] According to one embodiment of the invention, the
server 120 may include a single unit or may include a distrib-
uted system having a plurality of servers 120 or data process-
ing units. The server(s) 120 may be shared by multiple users
in direct or indirect connection to each other. The server(s)
120 may be coupled to a communication link 129 that is
preferably adapted to communicate with a plurality of client
computers 101.

[0051] According to one embodiment, the present inven-
tion may be implemented using software applications that
reside in a client and/or server environment. According to
another embodiment, the present invention may be imple-
mented using software applications that reside in a distributed
system over a computerized network and across a number of
client computer systems. Thus, in the present invention, a
particular operation may be performed either at the client
computer 101, the server 120, or both.

[0052] According to one embodiment of the invention, in a
client-server environment, at least one client and at least one
server are each coupled to a network 220, such as a Local Area
Network (LAN), Wide Area Network (WAN), and/or the
Internet, over a communication link 116, 129. Further, even
though the systems corresponding to the information systems
(i.e., HIS 10, RIS 20, PACS 30 etc.), or other external devices
(i.e., measurement device 22, or medical equipment such as a
radiographic device) are shown as directly coupled to the
client computer 101, it is known that these systems may be
indirectly coupled to the client over a LAN, WAN, the Inter-
net, and/or other network via communication links. Accord-
ing to one embodiment of the invention, users may access the
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various information sources through secure and/or non-se-
cure internet connectivity. Thus, operations consistent with
the present invention may be carried out at the client computer
101, at the server 120, or both. The server 120, if used, may be
accessible by the client computer 101 over the Internet, for
example, using a browser application or other interface.

[0053] According to one embodiment of the invention, the
client computer 101 may enable communications via a wire-
less service connection. The server 120 may include commu-
nications with network/security features, via a wireless
server, which connects to, for example, voice recognition.
According to one embodiment, user interfaces may be pro-
vided that support several interfaces including display
screens, voice recognition systems, speakers, microphones,
input buttons, and/or other interfaces. According to one
embodiment of the invention, select functions may be imple-
mented through the client computer 101 by positioning the
input device 104 over selected icons. According to another
embodiment of the invention, select functions may be imple-
mented through the client computer 101 using a voice recog-
nition system to enable hands-free operation. One of ordinary
skill in the art will recognize that other user interfaces may be
provided.

[0054] According to another embodiment of the invention,
the client computer 101 may be a basic system and the server
120 may include all of the components that are necessary to
support the software platform. Further, the present client-
server system may be arranged such that the client computer
101 may operate independently of the server 120, but the
server 120 may be optionally connected. In the former situa-
tion, additional modules may be connected to the client com-
puter 101. In another embodiment consistent with the present
invention, the client computer 101 and server 120 may be
disposed in one system, rather being separated into two sys-
tems.

[0055] Although the above physical architecture has been
described as client-side or server-side components, one of
ordinary skill in the art will appreciate that the components of
the physical architecture may be located in either client or
server, or in a distributed environment. Further, although the
above-described features and processing operations may be
realized by dedicated hardware, or may be realized as pro-
grams having code instructions that are executed on data
processing units, it is further possible that parts of the above
sequence of operations may be carried out in hardware,
whereas other of the above processing operations may be
carried out using software.

[0056] Theunderlying technology allows for replication to
various other sites. Fach new site may maintain communica-
tion with its neighbors so that in the event of a catastrophic
failure, one or more servers 120 may continue to keep the
applications running, and allow the system to load-balance
the application geographically as required.

[0057] Further, although aspects of one implementation of
the invention are described as being stored in memory, one of
ordinary skill in the art will appreciate that all or part of the
invention may be stored on or read from other non-transitory
computer-readable media, such as secondary storage devices,
like hard disks, floppy disks, CD-ROM, or other forms of
ROM or RAM either currently known or later developed.
Further, although specific components of the system have
been described, one skilled in the art will appreciate that the
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system suitable for use with the methods and systems of the
present invention may contain additional or different compo-
nents.

[0058] The present invention includes a combination of
external measurement tools 22 (i.e., sensors and compo-
nents), and potentially other information or other systems,
connected to a computer system 101, the combination which
1s designed to objectively measure stress and fatigue in an
end-user, record the end-user’s stress and fatigue-related data
in a standardized database 113, 114, 128 etc., of the computer
system(s) 101, 121, create automated prompts and alerts to
the end-user based upon pre-defined stress and fatigue thresh-
olds (which are derived based upon individual end-user and
task performance), provide a number of interventions (which
can be preferentially selected by the individual end-user),
create data-driven best practice guidelines though meta-
analysis of the database 113, 114, 128, and provide an objec-
tive tool for comparative technology assessment.

[0059] Generally, the present invention includes the follow-
ing components: 1) a stress and fatigue measurement tool 22;
2) a standardized database 113, 114, 128 which records,
tracks, and analyzes stress and fatigue data from the measure-
ment tool(s) 22 in real time, along with individual end-user
workflow, quality performance measures, and clinical out-
comes; 3) an end-user profiling system provided by the pro-
gram 110, which provides a mechanism to stratify individual
end-users in accordance with a number of individual vari-
ables, which can influence stress and fatigue data; 4) a task
performance analysis performed by the program 110, which
provides an historical and objective, data-driven measure of
task complexity; 5) a stress and fatigue interventional device
and/or program 110, which provides end-user and task-spe-
cific options for stress/fatigue reduction; and 6) a technology
assessment tool provided by the program 110, which provides
technology-specific stress and fatigue measures, along with
corresponding workflow and task performance data. Note
that the above components may be used individually or in any
number or combination.

[0060] In an exemplary embodiment, a radiologist in the
current working environment and using available technology,
interprets a number of medical imaging examinations during
the course of a given workday, but without any measures of
interventions related to stress and fatigue, and thus, without
recording or analyzing any related data. However, using the
present invention, a number of new technologies are intro-
duced into the workflow, which includes (but are not limited
to: imaging modalities (e.g., CT), information systems tech-
nologies (e.g., PACS, EMR), image processing software
(e.g., MPR), and clinical decision support software (e.g.,
CAD). Technology components incorporated into the inven-
tion include the following: 1) sleep quality assessment; 2)
stress assessment; 3) fatigue measurement, 4) end-user pro-
file; and 5) task complexity scoring.

[0061] Taking the first technology component, sleep
assessment can be measured by measurement tools 22, in a
number of ways, including by external sensors (e.g., Sleep
Scan, Sleep Image System), physiologic metrics (e.g., saliva
evening cortisol, blood IGF-1 levels), and self-reported ques-
tionnaires (e.g., Pittsburgh Sleep Quality Index (PSQI), sleep
efficiency). While any one of these assessment tools can be
integrated into the system 100 to longitudinally track and
analyze sleep quality, in this example, the PSQI is well
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accepted in the scientific community, is freely available, and
brief, which makes it an ideal candidate for inclusion in the
invention.

[0062] Regardless of the technology employed to measure
sleep quality, standardized data is recorded by the measure-
ment tool 22, and recorded into the master Stress/Fatigue
Database (SFD) 113, 114, 128 of the system 100, which
provides for program 110 real-time analysis of data, which
can be correlated with baseline and historical end-user spe-
cific data stored in the database 113, 114, 128.

[0063] Withrespect to the second component, occupational
stress assessment can be measured by measurement tool 22,
on the end-user using a variety of available self-assessment
survey instruments including the Job Stress Survey, Per-
ceived Stress Scale, and Visual Analogue Scale. In addition to
these stress assessment tools, subjective stress levels can be
performed by the end-user, inputted into the database 113,
114, 128 of the system 100, and periodically monitored for
changes by the program 110 during the course of the work
shift, to assess interval changes over time, relative to the
patient baseline. This provides a methodology to combine
baseline and dynamic changes in stress, which can be corre-
lated by the program 110 with objective measures of fatigue.
[0064] With respect to the third component, fatigue can be
measured by measurement tool 22, using visual, physiologic,
and cognitive assessment tools, which can be integrated into
the system 100 of the present invention in isolation or com-
bination, depending upon the occupation of the end-user, task
being performed by the end-user, and available technology.
Common measures of visual fatigue in the end-user include
accommodation, dark vergence, and measures of blink rate
and eyelid levels. Physiologic measures of fatigue of the
end-user can be performed using readily available affective
measuring tools 22 including heart rate, blood pressure, and
galvanic skin response monitoring, which are continuously
recorded by the program 110 in the database 113, 113, 128,
allowing for the program’s 110 rapid and immediate detec-
tion of interval change. Cognitive measures of fatigue include
mathematical task, vigilance tasks, and repetitive reaction
time tasks, which can be periodically introduced into the
user’s workflow by the program 110.

[0065] Commercially available measurement tools 22 (i.e.,
heart and blood pressure monitors, skin sensors, etc.) can be
used for recording these measurements. and combined with
the analytical program 110 of the present invention, can deter-
mine interval change relative to end-user and context-specific
baselines (i.e., measuring stress, fatigue, etc.). Depending
upon task complexity and quality performance of the indi-
vidual end-user, the pre-defined threshold for ‘acceptable”
levels can be adjusted and stored in the database 113,114, 128
for comparison with measured values.

[0066] Thus, in the present example of a radiologist, a
radiologist interpreting a chest radiograph for evaluation of
pneumonia (low complexity task) may be allowed to continue
working given a fatigue measure by measurement tool 22
which exceeds baseline by 20% as determined by the program
110, whereas the same radiologist tasked with interpretation
of a brain MRI for seizures (high complexity task) may be
required by the program 110 to discontinue or modify work-
flow for the same given fatigue measurement. At the same
time, in comparing two radiologists for the same task (e.g,,
CT angiography of the chest for aneurysm detection), one
radiologist may have historically poorer quality assessment
(QA) scores relative to the other radiologist. As a result, the
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“acceptable” fatigue threshold for the radiologist with lower
QA scores would differ from that of the radiologist with
higher QA scores. This illustrates the dynamic and customi-
zable manner in which the technology of the present inven-
tion can be utilized.

[0067] The fourth component—end-user profiling—is an
important and integral component of the program 110 of the
present invention, for the program 110 provides an objective
methodology for classifying end-user differences in accor-
dance with a number of variables which affect a given indi-
vidual’s baseline, and dynamic stress and fatigue levels.
Those variables include 1) demographics, 2) education and
training, 3) work experience, 4) personality, 5) emotional
state, 6) sensory and motor skills, and 7) intelligence.
Through longitudinal analysis of the stress/fatigue database
(SFD) 113, 114, 128 by the program 110, a classification
schema can be derived which categorizes each individual
end-user’s propensity for stress/fatigue in accordance with
the occupation, task complexity, technology being used, envi-
ronmental factors, and external (i.e., not work-related) fac-
tors.

[0068] In one example, a technologist has a profile which
categorizes him as “low stress”, which in turn correlates with
his historical stress/fatigue measures, which can be (graphi-
cally) tracked by the program 110 over time. Based upon the
technologist’s specific profile and historical data, a stress/
fatigue variability measure can be derived by the program
110, which predicts the degree of stress/fatigue variation
which is observed during the course of a given work shift.
Whenever excessive variability is determined by the program
110 based upon inputs into the database 113,114, 128, a more
detailed analysis is instituted by the program 110 to identify
the causative factors and attempt to intervene.

[0069] In this particular example, the historical stress/fa-
tigue variability (SFV) for the user is +/-5-10% in accordance
with the time of day and task complexity. As a result of this
specific technologist’s profile and corresponding data in the
SFD, an automated prompt (i.e., alarm, email, text, etc.) is
provided by the program 110 whenever measured fatigue
levels reach 8% above baseline. When the prompt is gener-
ated at the local level (whichin this example, takes place at the
imaging modality workstation (i.e., radiographic device 21)
at which the technologist is working), receipt acknowledge-
ment must be obtained by the program 110 (i.e., using Bio-
metrics in accordance with U.S. Pat. No. 7,593,549, to
Reiner, which is herein incorporated by reference in its
entirety), that documents that the recipient has viewed the
data and is aware of the abnormal fatigue levels. If the pre-
determined threshold of 10% is subsequently reached, a man-
dated alert is sent by the program 110 by electronic means
(i.e., alarm, email, text, fax, etc.) which forces the technolo-
gist to act based upon the following options:

[0070] a) Stop working and take a break, with selection of
one of the many stress-reduction options which have been
customized by the program 110 to the specific needs and
preferences of the end-user.

[0071] b) Continue working, but switch to tasks of lesser
complexity, as determined by analysis of the data in the data-
base 113, 114, 128, technology in use, and the specific end-
user’s profile, by the program 110.

[0072] c)Continue work (as-is) in an uninterrupted fashion,
with an explanation inputted by the user into the database
113, 114, 128, as to why an alternative (and preferred) option
has been overridden.
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[0073] d) Select an alternative workflow pathway (while
continuing with the same task), by utilizing computer-genet-
ated workflow options offered by the program 110, associated
with decreased stress/fatigue (e.g., automated workflow tem-
plates).

[0074] If, for example, the technologist was to select option
b) (continue working, switching to tasks of lesser complex-
ity), the program 110 would provide a list of tasks to choose
from, while automatically transferring the ongoing tasks to
another technologist. While the technologist continues work-
ing at these tasks of lesser complexity, continuous stress/
fatigue monitoring is provided by the program 110 with peri-
odic real-time feedback provided to the technologist. Once
the measured fatigue levels reach lesser levels which are
determined to be within pre-determined “safe” levels by the
program 110, the program 110 alerts the technologist that
he/she is cleared for continuation of all tasks, with the corre-
sponding fatigue measures provided.

[0075] Inthe example, in the event that the end-user selects
the option to continue work as-is, and override the recom-
mendations of the program 110, an automated prompt (i.e.,
email, text, alarm, alert etc.) is sent to a supervisor and quality
control personnel by the program 110, in accordance with the
a predetermined escalation pathway. This provides a docu-
mented trail of all abnormal stress/fatigue measures and ensu-
ing actions taken by the user, as recorded by the program 110
to the database 113, 114, 128. Based upon institutional policy,
established guidelines, and clinical outcomes stored in the
database 113, 114, 128, the end-user who chooses to override
the recommendations may be subject to disciplinary actions
or remedial education, as instigated by the program 110. The
end goal is to maximize quality, safety, and productivity in a
manner which minimizes stress/fatigue, while utilizing tech-
nology and data to its fullest extent.

[0076] In another example, another technologist within the
same institution and performing the same type of tasks, may
have the program 110 call for different data-generated actions
based upon that technologist’s profile. Thus, the technologist
in question would be subject to greater variability in fatigue
measures by the program 110, with routine variability of
+/-15-20%. As aresult of these differences in end-user profile
analysis by the program 110, the program 110 generates a
warning prompt (i.e., alarm, email, text, etc.) would not be
activated until a measure of 18% above baseline is taken by
the sensor tools, and recorded into the database. In this
example, the technologist of interest has a history of quality
and/or safety deficiencies once high fatigue measures have
been measured. As a result, the program 110 may adjust the
options to ensure that continuous work by the technologist is
not an option (i.e., partial or complete shutdown of the com-
puter system 100, radiographic device 21, etc.), along with
incorporation of additional checks and balances (e.g., requi-
site oversight by a senior technologist).

[0077] With respect to the fifth and final component, task
complexity, due to the fact that tasks being performed are
associated with different levels of complexity, and in turn can
generate disproportionate degrees of stress and fatigue for the
operator or uset, it is important for the program 110 to incor-
porate task complexity into the overall analysis. For a radi-
ologist tasked with interpretation of different imaging exami-
nations, lower complexity examinations can be re-routed to
his/her queue during periods of measured or anticipated
higher stress/fatigue. In this way, workflow becomes dynami-
cally integrated with the program 110, based upon the indi-
vidual end-user profile, measured stress/fatigue levels, and
task complexity. If a particular radiologist has a pre-defined
tendency to measure higher fatigue levels at certain times of
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the workday, the program 110 may automatically adjust
workflow accordingly, by directing lower complex tasks dur-
ing the time periods of concern. On the other hand, if the
radiologist of interest reports poor quality sleep or increased
anxiety (e.g., health or family concerns, emotional issues),
the program 110 can automatically make workflow adjust-
ments to compensate. A tool such as the Productivity Work-
flow Index (see U.S. patent application Ser. No. 12/137,926 to
Reiner, filed Jun. 12, 2008, the contents of which are herein
incorporated by reference in their entirety), can be directly
integrated into the program 110 to provide objective user and
context-specific measures of task complexity to assist with
the process.

[0078] Intervention options are an important component of
the program 110 of the present invention and provide an
effective mechanism to compensate for abnormal fatigue and
stress measures. The various types of intervention options
are, for example, 1) environmental (changing temperature,
light, ventilation), 2) exercise (aerobic and anaerobic. ocular),
3) relaxation techniques (breathing, yoga, nap, meditation
etc.), 4) dietary (herbal supplements, pharmacologic agents),
5) massage, 6) aromatherapy, 7) (on-line) games and puzzles,
8) music, and 9) programs etc. that instigate laughter. How-
ever, many more under direct control of the system 100, or the
end-user, or both, can be utilized.

[0079] The intervention options can be customized by the
program 110 in accordance with individual end-user prefer-
ences, the severity and type of measurement abnormalities,
and the specific task being performed. These interventional
techniques can be incorporated into each individual end-
user’s profile by the program 110, so that the user’s specific
preferences are automatically presented by the program 110
at the time of an abnormal fatigue measurement being taken
by the measurement tool(s) 22, and recorded by the program
110. In addition to each individual end-user’s preferences, the
program 110 can store interventional preferences of similar
profile users along with the ensuing results. This provides an
effective data-driven record of cause and effect, which assists
selection of interventional techniques based upon prior suc-
cess under similar circumstances.

[0080] As an example, a surgeon who has been sleep
deprived may experience abnormally high fatigue measures
and be forced to opt for intervention in order to reduce fatigue
levels to acceptable levels before proceeding with his/her
work. The surgeon may select an option provided by the
program 110, for music intervention, and select from a list of
available music options. Upon selection of a specific musical
piece, the program 110 can search the database 113, 114, 128,
and perform an analysis of the intervention success of that
specific type of music, in accordance with the stress/fatigue
measures recorded, end-user profile, and tasks being per-
formed. Based upon this analysis, the program 110 can pro-
vide the end-user with an estimate of time required before the
intervention has achieved the desired effect of reducing
stress/fatigue levels to the baseline level, allowing the end-
user to proceed with the requisite task. In performing this
analysis, the program 110 may identify several alternative
music options which have higher success rates, in terms of the
degree of fatigue reduction and time required to achieve the
pre-determined reduction required. These options, along with
corresponding data analyses can be presented to the surgeon
by the program 110, for review. The surgeon can in turn elect
to stick with his/her original choice, or opt for one of the
alternative options with a higher success rate. This essentially
provides end-users with the ability to manually select inter-
vention options of their choosing or allow the program 110 to
search the database to provide a list of options with high
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degree of user and context-specific success. This can be per-
formed on individual or grouped options, so that the program
110 may provide an end-user with a combination of interven-
tions (e.g., music+relaxation technique) which has proven to
be of high success in tandem with one another.

[0081] The historical record of each individual end-user’s
fatigue and intervention measures can be reviewed and ana-
lyzed by the program 110 to identify trends and opportunities
for improvement. As changes are made in workflow, technol-
ogy in use, or tasks being performed, each individual end-
user’s data can be reviewed by the program 110 and corre-
lated with similar end-users. This provides comparative
analysis to identify “best practice” trends among end-users
with similar profiles and tasks, with the ability for the pro-
gram 110 to analyze those end-users with the highest perfor-
mance analytics (as determined by quality, productivity,
safety, and stress/fatigue measures).

[0082] In operation, the following provides an exemplary
method, using the example of a radiologist tasked with the
interpretation of medical imaging exams. With minor modi-
fication, this workflow and invention functionality can be
applied to any healthcare practitioner (e.g., surgeon, nurse,
technologist) or workers in non-medical fields which utilize
computers for prolonged periods of time (e.g., pilots, air
traffic controllers, architect, engineer, software developer).
Even a routine task such as everyday driving, may utilize the
proposed technology, with the realization that sleep deprived,
impaired, and/or long distance drivers are prone to lapses in
concentration and/or diminished reaction times, which can
lead to increased risk for accidents and injury. While the
present invention does not intend to directly measure chemi-
cal impairment due to alcohol and/or drug use since the
present invention operates in real-time, the resulting physi-
ologic, visual, and cognitive impairment can be recognized
by the program 110 and proactively acted upon using the
invention and associated data. The program 110 can analyze
the longitudinal database to identify trending analysis and
specific times and dates in which abnormal fatigue measures
were recorded, which in turn could correlate, for example,
with abnormal substance use (e.g., alcohol, prescription/il-
licit drugs). As noted below, the analysis of the database 113,
114, 128 by the program 110 provides an important role in
administrative review and quality assurance (QA), irrespec-
tive of the end-user, occupation, and tasks being performed.

[0083] In step 200, of FIG. 2A, the program 110 receives
the end-user’s log-on to the system 100, including any exter-
nal devices (i.e., measurement tool 22, external equipment
21, etc.).

[0084] In step 201, the program 110 displays an authenti-
cation/identification log-in using biometrics, for example.

[0085] In step 202, the program 110 receives and validates
the user’s identification against the stored information.

[0086] In step 203, the program 110 retrieves the user’s
specific profile on stress/fatigue from the database, and the
end-user’s analytics, and presents the user with his/her cus-
tomized profile and statistical analysis for review.

[0087] Instep 204, the program 110 provides an option for
the end-user to query any of the details provides, or edit any
of the data stored in the database 113, 114, 128, which
includes the following: a) end-user classification schema
(e.g., occupation, emotional stress, baseline sleep quality); b)
tasks performed; ¢) customizable preferences (e.g., fatigue/
workflow intervention options); d) threshold criteria and noti-
fication options; and e) analytics (e.g., types of analytics
routinely performed, feedback options, recommendations for
improvement).
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[0088] 1In step 205, once any details are provided or edits
received and stored in the database 113, 114, 128, the pro-
gram 110 prompts the end-user for baseline assessments on a)
sleep quality, and b) stress (emotional state), prior to the user
beginning any specific tasks.

[0089] Instep 206, the program 110 receives and stores the
user’s inputs on baseline assessments. The baseline stress/
fatigue measurements obtained include, but are not limited to,
visual, physiologic, and cognitive measurements using tools
22.

[0090] Instep 207, the program 110 correlates the baseline
fatigue and stress measures with the data stored on the end-
user in the database 113, 114, 128.

[0091] In step 208, the program 110 presents the end-user
with default workflow options, based upon the user’s histori-
cal use, profile, and sleep/stress/fatigue inputs. In particular,
the program 110 generates a (graphical) display of baseline/
historical data with statistical predictions and recommenda-
tions for workflow, rest periods, task assignments, and sup-
porting technologies.

[0092] Instep209,the end-useris presented with the option
on the display 102 to modify the program 110 generated
recommendations or accept “as is”.

[0093] Instep 210, if desired, the end-user can edit/modify
the workflow options including (but not limited to) type of
tasks to be performed, task complexity, frequency of fatigue
measurements. The program 110 then returns the user to step
208, where the edited workflow, predictions and recommen-
dations are again displayed.

[0094] In step 211, the program 110 begins the workflow
based upon the inputted baseline measurements, historical
analysis of stress/fatigue inputs, and end-user inputs.

[0095] As the user works according to a particular work-
flow, stress/fatigue measures are taken by measurement tools
22 and recorded in the database 113, 114, 128 instep 212 (see
FIG. 2B), at predetermined time intervals, by the end-user.
[0096] In step 213, the program 110 continuously updates
the computer (graphical) display 102 to provide visual dis-
play of serial stress/fatigue measures, task complexity, work-
flow (e.g., tasks per unit time), current versus mean historical
analysis, pre-defined fatigue thresholds, and anticipated rest
periods, etc.

[0097] During the workflow process, the end-user can at
any time highlight an area of interest on the graphical display
102 for the program 110 to provide detailed analysis.

[0098] Instep214,the program 110 compares the real-time
stress/fatigue measurements being inputted into the database
113, 114, 128, with a predetermined stored threshold.
[0099] In step 215, when the inputted fatigue measure-
ments approach the predetermined threshold, the program
110 issues an automated prompt (which is customized to
end-user preferences, such as alarm, fax, email, etc.), alerting
the end-user of the increasing stress and/or fatigue threshold
value.

[0100] In step 216, the program 110 issues options to the
end-user, in intervention, and requires instructions of:

[0101] a) stop—and the user takes a break;

[0102] D) adjust workflow (e.g., modify user interface,
implement decision support tools, modify data extrac-
tion techniques, utilize automated workflow templates
etc.);

[0103]
or

[0104]

¢) modify task complexity (reduce complexity);

d) continue as-is.

[0105] The user’s choice dictates the next steps.

[0106] In step 217, the program 110 receives the input to
stop, and the program 110 automatically logs out the user
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from performing any additional work (or for a predetermined
period of time), with the exception of stress and fatigue mea-
surements being available for continued input from the mea-
surement tool(s) 22 into the database 113, 114, 128.

[0107] In step 218, during the break period, the program
110 receives inputs from the measurement tool(s) 22 into the
database 113, 114, 128, of continuously assessed fatigue
measurements of the user, and compares them with the stored
threshold data.

[0108] Instep 219, when the program’s 110 comparison of
the inputted fatigue data and stored fatigue threshold data,
shows that the user’s fatigue measurements have returned to
“acceptable” levels (predetermined), then the program 110
allows the user to log in and return to work, if the user wishes
that option. (Note: acceptable levels are defined by fatigue
measures which fall below the predetermined fatigue thresh-
old). If the comparison shows that acceptable levels have not
been reached, then the program 110 goes back to step 218.
[0109] When the end-user returns to work, the program 110
provides the user with the options b) and ¢) above from step
216 (e.g., modifying workflow and task complexity), or con-
tinuing as before (option d)).

[0110] The end-user can choose options b) or ¢), and the
program 110 will provide the end-user with a modified work-
flow in step 220, or reduced complexity in step 221.

[0111] Thereafter, the program 110 continues in step 222
with steps 212-215, until the task is completed in step 223, or
step 216 is initiated once again.

[0112] As an alternative to option a), after step 217 is ini-
tiated, during the break, the program 110 may present fatigue
intervention options to the user for selection in step 300 (see
FIG. 3). The options may include an “automated” interven-
tion option, or a “manual” intervention option.

[0113] Theuser may select the “automated” option, and the
program 110 will search the database 113, 114, 128 and
present to the user in step 301, intervention options based
upon the end-user profile, user preferences, task complexity,
stress/fatigue measures recorded etc., and historical analysis
of the database 113, 114, 128.

[0114] Ifthe user selects the “manual” option, the program
110 provides the user with a list of intervention options for
implementation (i.e., online games, puzzles, exercise options,
etc.) in step 302.

[0115] Thereafter, as stated above, the program 110 returns
to step 218.
[0116] If the user chooses option d)—to continue work-

ing—and over time, the program 110 determines in step 224,
that the predetermined fatigue threshold is exceeded, then the
program 110 will issue a “high priority” alert to the end-user
in step 400 (see FIG. 4). A “high-priority” alert may be an
alarm at the computer 101 or the external device being used
(i.e., radiographic device 21), for example.

[0117] 1In step 401, the user is required to proceed to step
217 inapredetermined period of time. Ifa stop is received, the
program 110 sends the user to step 217. If not, then the
program 110 will initiate a fatigue escalation pathway in step
402.

[0118] In step 403, the program 110 will require that the
end-user input the reason for continuing work without work-
flow modification or rest. If a reason is inputted in step 405, it
will initiate an override option of the program 110 taking any
further steps to shut down equipment or log off the user as in
steps 401/217. If no reason is inputted, the program 110
proceeds to step 217.
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[0119] Instep 406, the program 110 will then issue simul-
taneous alerts to designated parties (e.g., QA or compliance
officer, hospital administrator, department chief, chief infor-
mation officer (CIO)), for action.

[0120] Instep 407, the program 110 will increase the moni-
toring frequency of the stress/fatigue measurements, with
continuing, periodic prompts sent to the end-user.

[0121] Instep 408, the program 110 determines whether the
user’s stress/fatigue measures rise above a stored predeter-
mined “critical” threshold. If so, in step 410, the program 110
will automatically log off the user, and prevent the user’s
further log in or activation of any device, without authoriza-
tion of the CIO, or department chief.

[0122] If the user’s stress/fatigue measures do not rise
above the “critical” threshold, the program 110 will proceed
to step 216, and provide options for adjustment of workflow,
modification of task, or simply continue as-is. The program
110 will continue monitoring in step 222, until the fatigue
measures return to acceptable (i.e., below threshold) levels,
the escalation pathway (400-408) is eliminated, or the task is
complete in step 223.

[0123] The program 110 will initiate a verification request,
where all tasks performed during the over-ride period
requires secondary verification before completion. (In the
case of image interpretation, for example, the examination
would require over-reading by a second radiologist.)

[0124] The program 110 will refer any QA discrepancies or
safety violations during the over-ride period to the institu-
tional QA committee for review and potential disciplinary
action of the user.

[0125] The radiologist workflow above illustrates one
method of operation of the program 110 of the present inven-
tion, which incorporates fatigue/stress measures, database
113, 114,128 analysis, automated feedback and prompts, and
initiation of an escalation pathway in the event that important
fatigue measures are recorded to the database 113, 114, 128,
and no change in workflow takes place. The escalation path-
way of the program 110 is designed to provide an option for
the end-user to continue operation during an emergency,
while providing checks and balances to ensure compliance
with established standards/regulations, while maintaining
appropriate QA and safety requirements.

[0126] The relationship between workflow, productivity,
quality, safety, and stress/fatigue is complex and often context
and user-specific. In order to accurately define the interaction
effects of these variables is through prospective analysis of
the database 113, 114, 128 by the program 110, which pro-
vides user and context specific data which can be correlated
with quality, safety, and clinical outcomes measures. One
straightforward analysis which can be performed for QA
purposes, is for the program 110 to correlate documented QA
and/or safety deficiencies with stress/fatigue measures at the
specific date and time the task was performed.

[0127] As an example, if a QA deficiency (e.g., excessive
motion artifact) occurred during the performance of a chest
CT exam, the supervisory CT technologist, QA officer, or
departmental administrator could easily query the database
113, 114, 128 to retrieve all data specific to the CT exam in
question. In doing so, the identification of all the healthcare
professionals (e.g., technologist, radiologist, ordering physi-
cian), the patient on whom the examination was performed,
and the technologies used (e.g., CT scanner, image process-
ing software, and contrast injector), are provided by the pro-
gram 110. Since the QA deficiency was directly attributable
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to the CT technologist performing the exam, the investigating
QA party could retrieve the data specific to the technologist,
from the database 113, 114, 128. In the course of the program
110 performing this analysis, the technologists’ time-activity
curve for the date in question, would demonstrate serial
fatigue measures over the course of the day, and highlight the
specific time in which the CT exam in question was per-
formed. In this example, if the program 110 identifies that
fatigue measures at the time the QA deficient CT exam was
performed, exceeded the pre-defined threshold, then disci-
plinary action and/or remedial education for the technologist
in question would be required by the program 110. If on the
other hand, the technologist fatigue measures at the time of
CT acquisition were within normal limits, then no further
action would be required by the program 110 (from the stand-
point of actions related to technologist fatigue). The same
type of analysis could be performed by the program 110 in the
event of an adverse clinical outcome (e.g., contrast extrava-
sation orallergic reaction to contrast), during the course of the
CT exam.

[0128] Analternative QA analysis could be performedona
daily (or weekly) level by the department administrator, by
automatically querying the database 113, 114, 128 for all
documented QA deficiencies. The program 110 would auto-
matically create a time-stamped printout of all fatigue mea-
surements of the responsible parties at the specific date and
time the QA deficiencies occurred. The QA derived analyses
by the program 110, could easily be tailored to the individual
needs of the institution or end-user, and provide valuable data
for education, research, creation of best practice guidelines,
and technology assessment.

[0129] The use of the program 110 as a technology assess-
ment tool provides data-driven analysis and insight as to how
different technologies contribute (or minimize) fatigue in a
variety of different patterns of use and by multiple different
end-users. As an example, analysis of the database 113, 114,
128by the program 110 may show that unusually high fatigue
measures are recorded for a specific technologist performing
a specific exam type (e.g., CT angiography of the chest) ona
specific piece of equipment (e.g., 64-detector CT scanner).
Comparative analysis of other technologists at the same insti-
tution, for the same technology and exam type, by the pro-
gram 110, do not corroborate increased fatigue levels. Further
investigation of workflow, reveals that the technologist in
question is not using the technology in the same manner of
other technologists due to insufficient training. When the
technologist is mentored, workflow is improved and the
resulting fatigue levels (for this exam type and technology)
return to baseline. This illustrates how the program’s 110
analytics can be used as a combined QA and technology
assessment tool. An alternative use would be comparative
technology assessment (for the same task and context), which
can be derived through meta-analysis of the database 113,
114, 128 by the program 110.

[0130] By standardizing the data recorded and analyzed by
the program 110, multi-institutional meta-analysis can be
performed, which has unlimited research potential. In addi-
tion, those institutions and individual end-users who demon-
strate superior performance measures (e.g., quality, safety,
workflow, productivity, and fatigue) can be identified relative
to their peers, and used for creating best practice (i.e., evi-
dence-based medicine) guidelines.

[0131] As an example, it may be determined that a specific
intervention technique (or combination of variables) may
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provide the best results (i.e., rapid fatigue reduction) for a
given context or end-user profile. Once this data has been
statistically validated by the program 110, the program 110
may incorporate this intervention technique as a “stress/fa-
tigue program recommendation”, which alerts the end-user
that data analysis has shown this recommendation to yield
superior results for end-users of similar profiles.

[0132] Whilestress and fatigue have been well described as
a deterrent to quality, safety, and productivity in the work-
place, no single technology to date has addressed a strategy
for combined diagnosis, prospective analysis, and interven-
tion at the point of care. Medical professionals in particular
are especially susceptible to occupational stress and fatigue
due to increasing workflow demands, the complexity of tasks
being performed, the emergent nature of practice requiring
immediate and split second decisions, digitization of medical
data, and prolonged shifts often resulting in insufficient sleep.
The creation of standardized and objective stress and fatigue
data provides an opportunity to track and analyze fatigue in
real time and provide customizable interventions for
improvement. The resulting stress/fatigue database 113, 114,
128, in turn, creates unique educational, research, and quality
improvement applications, along with the creation of data-
driven best practice guidelines.

[0133] Whilethe present invention is applicable to a diverse
number of industry applications, the medical profession is
used for illustrative purposes.

[0134] It should be emphasized that the above-described
embodiments of the invention are merely possible examples
of implementations set forth for a clear understanding of the
principles of the invention. Variations and modifications may
be made to the above-described embodiments of the invention
without departing from the spirit and principles of the inven-
tion. All such modifications and variations are intended to be
included herein within the scope of the invention and pro-
tected by the following claims.

What is claimed is:
1. A computer-implemented method of managing stress or
fatigue in users, comprising:

acquiring and recording real-time stress or fatigue mea-
surements from a user performing a workflow using at
least one sensor, said workflow including a task having a
level of complexity;

adjusting a threshold value of stress or fatigue dynamically
based on a historical baseline stress or fatigue variability
percentage of the user performing a task of said level of
complexity;

comparing said measurements with said threshold value of
stress or fatigue stored in a database of a computer
system;

notifying the user of said measurements increasing an
approaching said threshold value of stress or fatigue, by
electronic means; and

determining whether said threshold value of stress or
fatigue has been exceeded by said measurements;

wherein on condition that said threshold value of stress or
fatigue has been exceeded, automatically logging out the
user from said computer system to prevent the user from
continuing any additional workflow;

continuing to acquire and record real-time stress or fatigue
measurements on the user from said at least one sensor,
and comparing said measurements ona continuous basis
with said threshold value of stress or fatigue; and
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allowing the user to re-log in and return to said workflow on
condition that said stress or fatigue measurements of the
user are below said threshold value of stress or fatigue.

2. The method of claim 1, wherein, on condition that the
user returns to said workflow, displaying on a display of said
computer system, an option to adjust said workflow, an option
to modify said workflow to a task in said workflow of lower
complexity, and an option to continue said workflow.

3. The method of claim 1, further comprising:

presenting on said display, fatigue intervention options to

the user for selection, while the user is logged out of said
workflow.

4. The method of claim 3, wherein said fatigue intervention
options include at least one of environmental changes, exet-
cise, relaxation techniques, dietary changes, massage, aroma-
therapy, games, music, or videos.

5. The method of claim 1, further comprising:

displaying on said display, a prompt to the user prior to the

user beginning a task in said workflow, for input of
baseline assessments of the user, including at least one of
sleep quality or stress.
6. The method of claim 5, further comprising:
displaying on said display, default workflow options based
upon at least one of a historical use by the user, a user
profile, or said baseline assessments of the user; and

displaying on said display, an option to accept said default
workflow options or an option to edit said default work-
flow options.

7. A non-transitory computer-readable medium which
includes instructions for managing stress or fatigue in users,
comprising:

acquiring and recording real-time stress or fatigue mea-

surements from a user performing a workflow using at
least one sensor, said workflow including a task having a
level of complexity;

adjusting a threshold value of stress or fatigue dynamically

based on a historical baseline stress or fatigue variability
percentage of the user performing a task of said level of
complexity;

comparing said measurements with said threshold value of

stress or fatigue stored in a database of a computer
system,;

notifying the user of said measurements increasing an

approaching said threshold value of stress or fatigue, by
electronic means; and
determining whether said threshold value of stress or
fatigue has been exceeded by said measurements;

wherein on condition that said threshold value of stress or
fatigue has been exceeded, automatically logging out the
user from said computer system to prevent the user from
continuing any additional workflow;

continuing to acquire and record real-time stress or fatigue

measurements on the user from said at least one sensor,
and comparing said measurements on a continuous basis
with said threshold value of stress or fatigue; and
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allowing the user to re-log inand return to said workflow on
condition that said stress or fatigue measurements of the
user are below said threshold value of stress or fatigue.

8. A system which manages stress or fatigue in users,
comptrising:

at least one stress or fatigue measurement tool which mea-
sures stress or fatigue in users;

adatabase of a computer system which records, tracks, and
analyzes stress or fatigue data from said measurement
tool in real-time, along with user workflow data, quality
performance measures, and clinical outcomes;

a processor of said computer system which performs an
analysis in accordance with a predetermined number of
individual variables which influence said stress or
fatigue data received from said measurement tool, to
provide user profiles in order to stratify the users;

at least one of a stress or fatigue interventional device or
program executed by said processor, which provides
user and task-specific options for a reduction of stress or
fatigue by the users; and

a technology assessment tool which provides technology-
specific stress or fatigue measures, with corresponding
workflow and task performance data, to at least the
users.

9. The system of claim 8, wherein said technology assess-
ment tool includes at least one of imaging modalities, infor-
mation systems technologies, image processing software, and
clinical decision support software.

10. The system of claim 9, wherein technology assess-
ments of said technology assessment tool include at least one
of sleep quality assessments, stress assessments, fatigue mea-
surements, said end-user profiles, and scoring of said task
complexity.

11. The system of claim 10, wherein said sleep quality
assessments are measured by said measurement tool includ-
ing at least one of an external sensor, physiologic metrics, or
a self-reported questionnaire.

12. The system of claim 11, further comprising:

an affective measurement tool which performs physiologic
measures of fatigue, said affective measuring tool which
includes at least one of a heart rate monitor, a blood
pressure monitor, or a galvanic skin response monitor;
and

wherein cognitive assessment measures of fatigue include
at least one of mathematical task, vigilance tasks, or
repetitive reaction time tasks which are periodically
introduced into the workflow of the users; and

wherein said physiologic and cognitive assessment mea-
sures are continuously recorded in said database for
rapid and immediate detection of an interval change.

13. The system of claim 12, wherein said affective mea-
surement tools are combined with said analysis in order to
determine said interval change relative to stress or fatigue
baselines of said users and context-specific baselines.
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