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Introduction

While occupational stress and fatigue have been well
documented as a source of medical error, current medical
practice largely leaves individual healthcare providers to
their own device. With the exception of recently established
rules limiting the number of hours physicians in training
can work (to counteract errors related to sleep deprivation),
few regulations exist addressing occupational stress and
fatigue in medicine. In some clinical arenas, fatigue
countermeasure programs have been studied, but have
rarely been implemented on a larger scale [1]. Generally,
an individual provider is expected to consistently operate at
high levels of efficiency regardless of workload and task
complexity.

In addition to physiologic, emotional, and cognitive
fatigue encountered throughout medicine, radiologists are
also subject to visual fatigue due to prolonged periods of
time interpreting complex medical imaging datasets on
computers. Collectively, these different types of fatigue have
the potential to adversely affect radiologist performance and
lead to medical errors. Effective counter-measures require
some sort of objective analysis at the point of care, which can
record fatigue indicators in a standardized fashion, correlate

these measures with baseline data specific to the individual
end-user and task being performed, and present real-time
feedback for the purpose of performance improvement and
education.

Current Stress and Fatigue Measurement Tools
and Technologies

Sleep Quality

Although sleep quality is a readily accepted clinical construct,
it actually represents a complex phenomenon which is
difficult to define and objectively measure. The term “sleep
quality” includes quantitative measures including sleep
duration, latency, and number of arousals; along with
subjective measures such as sleep depth and restfulness [2].

A number of tests are currently available to quantify
sleepiness and sleep quality, including both subjective and
objective measuring instruments. Subjective measures of
sleep quality include the Stanford Sleepiness Scale [3], the
Pittsburgh Sleep Quality Index [2], and the Epworth
Sleepiness Scale [4].

Objective tests include the Psychomotor Vigilance Task
[5] and Continuous Performance Test [6]. The former is a
10-min sustained attention test which is sensitive to
sleepiness and alcohol, in which participants are asked to
manually respond to scrolling numbers on a computer
screen, with dependent variables including median reaction
time and frequency of lapse. The latter is a 14-min
computer vigilance task, requiring participants to manually
respond to alphabetic letters, with dependent variables
including errors of commission and omission.

The effects of sleep deprivation in medical practice have
been well described among medical trainees with sleep
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deprivation reported to negatively impact medical care
delivery by adversely affecting neurobehavioral and work-
related tasks, mood and affect, learning, commission of
medical errors, and the health and overall well-being of
providers [7, 8]. Another provider group of particular
relevance in medical imaging is teleradiology providers,
who frequently work during night time hours, and are
therefore prone to sleep deprivation through disruption of
normal circadian rhythms [9].

Physiologic and Emotional Fatigue

There are a number of surveys that have been developed to
assess physiologic and emotional fatigue and/or stress in
the workplace, but not all have been widely accepted or
validated in different occupations. One exception is the
Swedish Occupational Fatigue Inventory (SOFI) that was
developed and validated to specifically measure perceived
fatigue in work environments [10, 11]. The instrument
consists of 20 expressions, evenly distributed on five latent
factors: lack of energy, physical exertion, physical discom-
fort, lack of motivation, and sleepiness. Physical exertion
and physical discomfort are considered physical dimensions
of fatigue, while lack of motivation and sleepiness are
considered primarily mental factors. Lack of energy is a
general factor reflecting both physical and mental aspects of
fatigue. Lower scores indicate lower levels of perceived
fatigue than higher scores. The results from some recent
studies on fatigue that used the SOFI in radiologists are
summarized below. Although there are certainly other
surveys that could be used in developing tools to monitor
and counteract fatigue in radiologists, the SOFI is easy to
implement on a computer and has already been shown to be
useful in assessing fatigue states in radiologists. Thus, it
seems to be a likely candidate for monitoring fatigue. It
could perhaps been programmed to appear on a workstation
every 4–5 h to be filled in by the radiologist. If certain
thresholds in the scored variables are passed, then the
computer could advise the radiologist to take a break.

There are objective measures of physiologic fatigue such
as monitoring (absolute values and/or changes over time)
heart rate, pulse, blood pressure, galvanic skin response, or
response times on a reaction task (e.g., hold a ruler at the
bottom with two fingers then let go and grasp as soon as
possible—increased fatigue reduces reaction time and
people either miss grasping it altogether or catch it closer
to the top than if they were not fatigued). With modern
remote monitoring devices, it may be rather simple for
radiologists to wear them or to incorporate them into
workstations (if they are willing to be monitored). A less
invasive alternative may be to develop a reaction time
“video game” that would appear periodically throughout
the day. Radiologists would have to perform the designated

task (e.g., catch×number of aliens in a set amount of time)
in order to continue reading or take a break if they do not.

Visual Fatigue

Eyestrain is caused by additional work that oculomotor
systems must perform to maintain accommodation (focus),
convergence (single vision), and gaze (directing the fovea).
Accommodative asthenopia is caused by strain of the
ciliary muscles, whereas muscular asthenopia is caused by
strain of the external ocular muscles. Both lead to physical
symptoms: blurred or double vision, headaches, and pain in
and around the eyes. Therefore, there is not a single
potential cause of symptoms, and presence of a symptom
may indicate any of several different malfunctions of
oculomotor control. Different work environments stress
the eyes in different ways. For example, inertial forces
acting on the eyes of a pilot are not present in the radiology
reading room. Likewise, perceptual activities, such as cine
display of a computed tomography (CT) dataset under
viewer control, are not found in other work environments.
Several kinds of oculomotor fatigue have to be measured to
determine what breakdowns in physiological mechanisms
underlie the symptoms that radiologists experience.

One of the most obvious manifestations of fatigue with
prolonged use of computer displays is eyestrain or
asthenopia [12–16]. Some of the perceivable symptoms of
visual fatigue are blurred vision, ocular pain, ocular
swelling, headaches, and dry eyes [16]. Viewing distance
[12], ambient lighting [17, 18], display resolution [19],
mental workload [20], glare [21, 22], viewing angle [23,
24], and length of continuous viewing time [6] all have been
shown to increase visual fatigue with video display terminal
use. Sanchez-Roman et al. compared two groups of workers,
one using computers and the other not [25] and found that 4 h
at the computer was sufficient to produce asthenopia.

One of the main issues for establishing metrics for a fatigue
tool is how to measure visual fatigue. Many of the general
display-induced fatigue studies use subjective rating scales
that are certainly useful, but need to be complemented by
more objective measures. Spontaneous blink rate and duration
have been proposed as measures of visual fatigue [26, 27].
Eye-tracking methods are quite useful for measuring blink
rate, gaze, and other aspects of visual search that may be
affected by fatigue, but these are rather impractical to
implement in daily reading environments.

Other common objective measures of visual fatigue in
are accommodation and vergence. Both accommodation
and vergence are part of a neural control system designed to
keep objects in the visual field focused. There are both
negative and positive feedback loops involved in the
system to control the amount of accommodation under
different stimulus and environmental (e.g., ambient light)
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conditions, and for the most part they operate without
voluntary control. Every person differs in the amount of
accommodation triggered by changes in vergence and this
amount changes as a function of vergence requirements
imposed by external stimuli. In continual near-viewing
situations, as when a radiologist interprets radiographic
studies on a digital display, the vergence system may be
strained leading to increased asthenopia.

In a series of recent studies by Krupinski and Berbaum,
we measured visual accommodation and dark vergence as a
function of how long (before and after a long day of
reading clinical images) radiologists had been reading
clinically and correlated those measures with diagnostic
accuracy and subjective measures of fatigue. In the first
study [28], we hypothesized that the current practice of
radiology produces oculomotor fatigue that reduces diag-
nostic accuracy. We measured visual accommodation of
radiologists before and after diagnostic viewing work using
an autorefractor that is capable of make multiple measure-
ments of accommodation per second. Three radiologists
and three residents focused on a simple geometric (asterisk)
target placed at near to far distances while accommodation
was measured. The target distances varied from 20 to
183 cm from the eye. The data were collected prior to and
after a day of digital diagnostic viewing. Results indicated
that accommodation at near distances is significantly worse
overall compared to far distances and is significantly worse
after a day of digital reading at all distances. Because
diagnostic image interpretation is performed at near-
viewing distances, this inability to maintain focus on the
image could impact diagnostic accuracy. As expected,
younger residents had better accommodative accuracy than
older radiologists.

In the next study, we measured diagnostic accuracy of
fracture detection, visual accommodation, and subjective
ratings of fatigue and visual strain before and after a day of
clinical reading. Forty attending radiologists and radiology
residents viewed 60 bone exams, half with fractures before
and after a day of clinical reading. Visual accommodation
was measured before and after each reading session. SOFI
and oculomotor strain were collected. It was found that
diagnostic accuracy was reduced significantly after a day of
clinical reading, with an average receiver operating charac-
teristic (ROC) area under the curve (AUC) of 0.885 for
reading prior to a day of work and 0.852 for after (p<0.05).
After a day of image interpretation, error in visual
accommodation was greater (p<0.01) and subjective fatigue
ratings were higher. We concluded that after a day of clinical
reading, radiologists have reduced ability to focus, increased
symptoms of fatigue and oculomotor strain, and reduced
ability to detect fractures [29].

Skeletal radiographic examinations commonly have
images that are displayed statically, so the third study

investigated whether diagnostic accuracy for detecting
pulmonary nodules in CT of the chest displayed dynami-
cally would be similarly affected by fatigue. Twenty-two
radiologists and 22 residents were given two tests searching
CT chest sequences for a solitary pulmonary nodule before
and after a day of clinical reading. To measure search time,
ten lung CT sequences, each containing 20 consecutive
sections and a single nodule, were inspected using free
search and navigation. To measure diagnostic accuracy, 100
CT sequences, each with 20 sections and half with nodules,
were displayed at preset scrolling speed and duration.
Accuracy was measured using ROC analysis. Visual strain
was measured via dark vergence, an indicator of the ability
to keep the eyes focused on the display. Diagnostic
accuracy was reduced after a day of clinical reading (p=
0.0246), but search time was not affected (p>0.05). After a
day of reading, dark vergence was significantly larger and
more variable (p=0.0098), reflecting higher levels of visual
strain and SOFI were also higher. After their usual
workday, radiologists experience increased fatigue and
decreased diagnostic accuracy for detecting pulmonary
nodules on CT. Effects of fatigue may be mitigated by
active interaction with the display [30].

These three studies clearly demonstrate that there are
objective measures of visual fatigue that correlate with
subjective measures of fatigue and changes in diagnostic
accuracy. The key to creating a fatigue countermeasure tool
that would rely on these measures to warn radiologists of
potentially increasing and negative levels of fatigue is to
somehow incorporate versions of these devices either into
the reading workstation itself or conveniently in the reading
room environment in some other fashion.

Cognitive Fatigue

The literature on the cognitive deficits associated with
fatigue has a long history and is still studied intensely
today. Cognitive errors (i.e., poor decisions) are the most
obvious form of deficit associated with fatigue. For
example, Schellekens et al. [31] engaged subjects on two
workdays, one with highly demanding information-
processing tasks and the other with less-demanding tasks.
Errors increased significantly after the demanding workday
but not in the less demanding workday (both compared to
morning or control performance). In addition to the increase
in errors, the demanding workday led to shorter reaction
times and investment of less effort in the assigned task
(memory search for word pairs). Errors increased because
subjects took shortcuts in their cognitive strategies. If
radiologists take shortcuts as they become fatigued, the
potential for diagnostic errors increases. Lorist et al. [32]
examined the effects of mental fatigue on planning and
preparation performance using the “switching paradigm”.
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Subjects were either engaged in a set of tasks that did not
change from trial to trial, or in a set of tasks that switched
cognitive demands every second trial. With fatigue,
preparation time declined and decision errors increased
significantly in the cognitively demanding “switch” tasks.
In radiology, each case may represent a new task that
requires preparation and planning on how to approach its
interpretation. Why else would clinical history affect the
interpretation? [33–40]. If fatigue causes radiologists to take
less time processing relevant information and preparing
themselves cognitively to interpret a case, diagnostic errors
will increase.

Outside distractors such as noise can exacerbate fatigue
and error effects [41]. Radiology reading rooms are often
hectic places where people talk, move around and create
other distractions that are likely to compound fatigue effects
in radiologists. Age may also influence fatigue and
cognitive functioning to some degree in computer-based
work. Czaja and Sharit [42] engaged subjects ranging from
25 to 70 years in age in a computer-based task and found
that the older subjects tended to have more errors, longer
response times, and greater subjective reports of fatigue and
task difficulty. Horowitz et al. [43] studied visual search
performance across the circadian cycle and found that
reduced alertness (low points in the circadian cycle)
resulted in longer reaction times and more errors. Fatigued
subjects did not modify their search behaviors as a function
of their fatigue (i.e., they should have slowed search down
and been more careful with increased fatigue), resulting in
“reckless” search and more errors. Since a main component
of the radiological interpretation process is visual search,
there is a very strong possibility that decrements in
cognitive performance and increased error rates will occur
as radiologists become fatigued.

Researchers in radiology have studied variation in
diagnostic performance over the course of an ordinary
professional workday [44, 45]. Gale et al. [45] found a
significant morning to afternoon drop in sensitivity in the
detection of pulmonary nodules in chest radiographs.
Brogdon et al. [44] found no significant effect of fatigue
on observer sensitivity or specificity between early and late
reading of chest images with pseudonodules during an
ordinary workday. More recently, reader accuracy at
different times during the day has been examined with
mixed results. Taylor-Phillips et al. [46] looked data from
the UK Breast Screening Programme. There were nearly
200,000 cases and they attempted to relate accuracy to time
of day and reading time and they found that recall rates
varied with time of day but not in the same way for the
individual readers. Some readers had lower recall rates in
the afternoon, but others did not. Recall rates generally
declined with increased reading time (i.e., recall rates were
lower around lunch and the end of the day), but results

varied considerably. The sample was rather noisy and they
could not document anything significant beyond a possible
trend. This study did not however directly examine fatigue
or conduct a controlled study in which readers read a
dedicated set of cases before and after a day of clinical
reading. Al-s’adi et al. [47] found that breast lesion
detection varies with time of day, but there was no
particular time of day that had a significant effect.
Radiologists were recruited at a national meeting to read
mammograms during one of four reading times (7:00–
10:00, 10:00–13:00, 13:00–16:00, 16:00–20:00). There
were no significant differences in sensitivity, specificity or
ROC AUC as a function of time of day. Limitations
included the fact that readers only participated in a single
session and they could choose the time of their participa-
tion, possibly choosing a time of higher performance or
motivation.

One recent study found that working in teams may actually
counteract some effects of decision fatigue [48]. Baranski et
al. examined the effects of 30 h of sleep loss and long hours
of cognitive work on performance in a distributed team
decision-making environment. They had 16 teams each
comprised of four members. Three members made threat
assessments in a military surveillance task and then had to
forward their decisions to the leader. The leader made the
final decision on behalf of the team. They found that sleep
loss had an antagonistic effect on team decision-making
accuracy and decision time. However, it was mediated by
being part of a team compared to performing the same task
individually. They concluded that there was evidence of a
“motivational gain” effect in the sleepy teams. For radiology,
it suggests that reading alone in an isolated environment may
be more detrimental than working in an environment where
collaborations or discussions about cases can take place.

As noted previously, the choice of methods to determine
whether radiologists are too cognitively fatigued to continue
reading and should take a break can be determined via and
number of existing validated decision assessment tools. The
challenge is going to be implementing them into the routine
workflow in such a way that they do not create more of a
burden than intended and truly do measure fatigue in a valid
and reliable fashion.

Conclusion

A number of existing measurement tools and technologies
are currently available which can be applied to medical
imaging for the assessment of occupational stress and
fatigue with the goals of improving quality, safety, and
clinical outcomes. In addition to physiologic, emotional,
and cognitive fatigue which are encountered throughout all
medical disciplines, medical imaging professionals are
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particularly susceptible to visual fatigue due to the data-
intensive and image-centric nature of radiology.

Successful integration of these fatigue measurement
tools into existing medical imaging and information
systems technologies requires workflow optimization,
interoperability, and data standardization. The ability to
standardize occupational stress and fatigue data provides a
mechanism for meta-analysis and creation of best-practice
guidelines; related to technology usage, employee and
patient safety, and clinical outcomes. The ultimate goal is
to simultaneously improve quality and performance for all
end-users, in a manner which can take into account
individual end-users’ attributes, needs, and preferences.
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