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Introduction

Fatigue represents a temporary inability to respond to a
situation due to inadequate recuperation from overactivity;
which can manifest in mental, emotional, or physical forms
[1]. Occupational fatigue has been identified as a contrib-
uting factor in numerous catastrophic events including the
Three Mile Island and Chernobyl nuclear reactor melt-
downs, the Challenger Space Shuttle disaster, The Bhopal
Union Carbide plant explosion, and the grounding and
resulting oil spill of the Exxon Valdez oil tanker [2, 3]. In
medicine, fatigue has been well documented as a source of
medical errors, exacerbated by the continuous (i.e., around
the clock) requirements for service delivery as well as
associated disruption of circadian rhythms [4, 5]. Other
sources of medical error that could be exacerbated by
fatigue include excessive workload, cognitive overload,
imperfect information processing, poor communication, and
flawed decision making [6].

One can argue that all of these sources of medical error are
ubiquitous in the current healthcare practice, and steadily
rising as service demands and quality expectations continue to
escalate. As reimbursements trend downwards, healthcare

providers attempt to compensate by increasing their individual
and collective practice productivity. While computerized
medical technologies offer the potential to improve workflow
and productivity, there is a theoretical point in which
increasing productivity becomes offset by potential quality
deficiencies. At the same time, healthcare consumers are
placing increasing demands on providers for access to
healthcare data, collaborative decision making, and quality
accountability measures [7–9]. The collective stressors of
worsening healthcare economics, increased workload, and
heightened quality concerns serve as inevitable source of
fatigue and stress on healthcare providers. These in turn can
further compromise productivity and quality deliverables. If
this cycle of perpetual occupational fatigue is to be
successfully addressed and circumvented, it is first essential
that the healthcare community identify the sources, create
proactive mechanisms for objective data collection and
analysis, and develop effective countermeasures.

Unique Attributes of Fatigue in Radiology

All healthcare professionals are subject to fatigue, and it
tends to be progressive in nature, as service providers (both
individual and institutional) are expected to “do more with
less.” As human resources are continuously constrained by
economic pressures, technology is expected to compensate,
but in itself can contribute to occupational fatigue and
stress. Technology-induced fatigue is of particular impor-
tance to the radiology community due to the profession’s
dependence upon technology, continuous evolutionary
changes in technology refinement and development, and
lack of technology adaptability to end-user attributes and
preferences [10, 11].
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The current medical imaging and information system
technology development model of “one size fits all” causes
radiology service providers to operate in a working
environment of relative inflexibility, which can constrain
workflow, productivity, and end-user acceptance [10]. The
irony is that while technology can often serve as a fatigue
precipitant, it is also looked upon as a potential solution to
fatigue reduction, quality improvement, and increased
productivity. In order to accomplish this task, we must
better understand both the common and unique attrib-
utes of radiology workflow relative to other medical
specialties and strive to create innovative solutions that
are both customizable to the individual user but still
broad-based in nature.

Unlike most other clinicians whose workflow is largely
patient-centric, radiologist workflow is almost exclusively
tied to the computer, with the exception of interventional,
mammographic, and fluoroscopic procedures. While a great
deal of other clinicians’ time is spent “hands on,” the
radiologist’s time is instead “eyes on,” with the workflow
of a diagnostic radiologist essentially confined to the
human-computer interface. As the volume and complexity
of medical imaging data continue to increase, radiologists
are faced with progressive occupational fatigue, which
takes on an additional component in the forms of eye strain
and visual fatigue [12]. Radiologist eye strain and visual
fatigue has been shown to adversely affect radiologist
productivity and diagnostic accuracy by contributing to
perceptual errors, performance errors, decreased reaction
time, and even burn out [13].

In addition to traditional and visual sources of occupa-
tional fatigue, “decision fatigue” is increasingly docu-
mented; which is the result of continuous and prolonged
decision making [14, 15]. It exacts a subconscious toll on
your brain, which then responds by taking short cuts to ease
mental strain. These short cuts often lead to poor and/or
inaccurate decisions being made. As described by the social
psychologist Roy Baumeister, decision fatigue is the result
of ego depletion, and can result in either careless decisions
or decision paralysis. This theory leads one to hypothesize
that medical error rates increase later in the day (or duration
of the defined work shift), and are especially common in
workers who are tasked with repetitive and prolonged
decision making.

While all medical imaging professionals are prone to
decision fatigue; those of greatest susceptibility are those
working prolonged shifts, off hours (with an associated
tendency to sleep deprivation), and performing high-
volume and high-complexity tasks [16–18]. Given these
risk factors, perhaps the segment of the radiologist
community at greatest risk for fatigue would be those
practicing teleradiology. By its very nature, teleradiology
providers practice in a high-volume environment where

individual reimbursement is directly tied to output. At the
same time, many teleradiology providers operate in a
“continuous queue” where exam volumes are continuously
replenished and the availability of studies to be read is
essentially never ending. In many ways, a busy radiology
practice can be likened to an assembly line, where
individual workers are paid on a “per piece” basis,
similar to the garment industry workers a century ago.
The primary difference in this situation is that the tasks
being performed are far from mundane and simplistic in
nature, but instead involve human lives. As a result, it
is imperative that reduction of medical errors always
remain the highest priority for service providers (and
payers) and innovation focus on methods to identify and
intervene when occupational fatigue adversely affects
clinical outcomes.

The Relationship Between Cognitive Overload, Stress,
and Human Errors

Human error can be viewed in two different ways: the
person approach and the system approach. The person
approach focuses on individuals’ errors, blaming them for
forgetfulness and/or inattention. The system approach
concentrates on the conditions and technologies with which
collective individuals work and attempts to create strategies
to avert and mitigate errors and their resulting effects [19].

While both approaches are valid and applicable to
medicine, the system approach theoretically represents a
greater opportunity for process improvement due to the
organizational reach of systematic intervention and technology
innovation to combat human errors and their resulting adverse
clinical outcomes. The system approach recognizes that error
is the not the monopoly of an unfortunate few, but instead is
often recurrent in nature. Relevant examples where recurrent
medical errors and patient safety have been addressed through
systematic analysis and intervention include mandatory time-
outs for surgical/interventional procedures, integration of
computerized decision support technologies for diagnosis
and interpretation, and incorporation of Six Sigma
performance-improvement strategies in the intensive care unit
[20–22].

While the system approach to human error offers
theoretical benefits in achieving organizational improve-
ment, the person approach is beneficial in understanding
the role of inter and intra-radiologist variability on
performance. Each individual has been shown to possess
a critical point of information processing, and if it is
exceeded leads to diminished performance (i.e., individual
information processing effectiveness). This critical point in
individual information processing effectiveness is in part
determined by an individual’s personality [23]. The net
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effect of these observations is that both the person and
system approaches are critical in understanding the role
fatigue plays in human error, and resulting solutions must
take both approaches into account.

A wide variety of causes have been reported to be
associated with human errors in medicine including fatigue,
workload, cognitive overload, imperfect information process-
ing, poor communication, and flawed decision making [6]. Of
these various causes, the two which are of particular
relevance to this discussion are fatigue and cognitive
overload, which are inextricably tied to one another [24, 25].

Cognitive overload can be thought of as exceeding
human information processing capacity, which was first
described by Miller in 1956 [26]. The number of variables
that can be integrated into a single cognitive representation
is a major constraint on cognitive and neuropsychological
processes [27]. Unfortunately, in contemporary radiology
practice, the number and complexity of variables requiring
analysis for accurate interpretation of a medical imaging
study continues to increase, as imaging datasets increase in
size, number, and complexity.

Evolutionary Pressures in Radiology Practice Affecting
Fatigue

The trend for radiology practice over the past decade has been
one of increasing exam volume, exam size and complexity,
and expectations for quality deliverables [28]. These increas-
ing work demands on the radiologist community have likely
contributed to increased visual fatigue [29]. A number of
technical factors have also been reported to contribute to
visual fatigue including workstation design, monitor resolu-
tion, brightness and contrast, image refresh rates, screen
flicker and glare, and working distances and angles [12].

While workstation design and monitor optics can be
improved upon through product improvement, the trend
towards information (data) overload will continue to be
exacerbated as the size, complexity, and visualization
options for medical imaging datasets continues to expand.
Data overload is not restricted to medical imaging data
alone, but also includes clinical data which is fundamental
to rendering an accurate and definitive diagnosis. As the
breadth and depth of medical data expands (e.g., molecular
imaging, genomic data), healthcare providers are expected
to routinely access and analyze these data in order to
improve medical diagnosis and treatment. Unfortunately,
technology has not kept up with these increased workflow
demands. The lack of information system interoperability,
automated data extraction, and end-user customization
features leave radiologists and other clinicians in a
quandary as to the how these data can be utilized without
adversely affecting productivity.

At the same time, medical imaging is experiencing
commoditization pressures, which place greater emphasis on
cost in service provider selection [30]. In the absence of
standardized quality metrics to differentiate service deliver-
ables, many radiologists attempt to compensate to deterio-
rating economic conditions by increasing exam volumes in
order to maintain revenue. The net effect of these economic,
technological, and workload pressures are a continued
escalation in stress and fatigue on the radiologist community,
which has the potential to negatively impact performance
and emotional well-being. It is therefore incumbent upon the
research, clinical, and technology provider communities to
devote greater resources to the scientific study of fatigue and
creation of new technologies to combat it.

Conclusion

By directly integrating fatigue measurement tools into
workstation design and routine workflow, one could create a
mechanism for objectively quantifying fatigue and determin-
ing risk factors specific to both individual and collective
radiologist end-users. This objective fatigue data can in turn
be correlated with performance metrics tied to productivity,
workflow, and quality in order to create customizable fatigue
profiles that can take into account both fixed and dynamic
attributes of each radiologist or technologist, as well as the
technology being used. The analysis of these data can in turn
be used to derive “best-practice” clinical guidelines, compar-
ative technology assessment, and creation of new tools and
practices for customizable fatigue reduction and performance
enhancement. The creation of this proposed technology is less
dependent upon technology development than the willingness
of the medical imaging community to embrace innovation and
change through objective data analysis. In the end, technology
and derived data can be beneficial to performance enhance-
ment, as long as they can be customized to the unique needs
and preference of each end-user, while also contributing to
best practice standards.
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