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Background Physician fatigue increases the likelihood of medical errors. Eye-tracking
technology offers an unobtrusive and objective way to measure fatigue but has only
been implemented in controlled settings.

Objective Our objective was to determine the feasibility of capturing physiological
indicators of fatigue using eye-tracking technology in a real-world clinical setting.
Methods A mixed-methods feasibility study was performed in a convenience sample of
clinicians practicing in an urban, academic emergency department from November 11 to
December 15, 2021. Outcomes included fatigue assessed at the beginning and end of each
shift via eye-tracking (with low scores indicating greater fatigue) and self-report.

Results Among 15 participants, self-reported fatigue and task load increased from
the beginning to the end of their shift (fatigue visual analog scale [FVAS] 3.7-4.6,
p =0.04; physician task load [PTL] 97.7-154.3, p=0.01). It was feasible to collect eye-
tracking data at a fixed computer workstation with twice daily calibration and 61%
capture of reliable data when the clinician was working at the study computer. Eye-
tracking metrics did not change significantly from the beginning to the end of the shift.

eye tracking Eye metric fatigue score was associated with the change in PTL score (r 0.59, p=0.02)

fatigue but not FVAS. This association persisted after adjusting for age, gender, and role, with
cognitive load every 10-point increase in PTL, there was a 0.02-point increase in fatigue score
usability (p=0.04).
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Eye-Tracking Technology to Monitor Clinician Fatigue

Conclusion

Kadhim et al.

It is unclear whether the inability to detect fatigue via eye-tracking in

routine clinical care was due to confounding factors, the technology, study design,
sample size, or an absence of physiological fatigue. Further research and advances in
functionality are needed to determine the eye-tracking technology’s role in measuring
clinician fatigue in routine care.

Introduction

Physician fatigue increases the likelihood of medical errors."

Fatigue is a complex phenomenon affected by sleep, health,
time-of-day, workload, and multiple lifestyle factors.? The
electronic health record (EHR) also contributes to physician
fatigue and burnout.>= Extraneous load refers to cognitive
load or working memory that is necessary to accomplish a
task due to disorganized, redundant, or incomplete presen-
tation of information.® Currently, pertinent patient informa-
tion is scattered and hidden throughout clunky EHR
interfaces and workflows creating high extraneous load for
clinicians.’

Current approaches to measure clinician fatigue have all
been performed in simulated environments, both by imple-
menting fatigue-related surveys® and using biosensors,® are
cumbersome, interruptive,m and subject to response bias.
Unobtrusive and objective methods to detect fatigue among
clinicians could help to identify opportunities for appropriate
interventions to mitigate physician fatigue. Eye tracking uses
high-resolution cameras and near-infrared light sources to
determine user gaze and pupil diameter which can provide
insight into a subject’s attention.'" Pupillary constriction is a
validated biomarker for fatigue'>~'* and an indicator of cogni-
tive load.

Eye-tracking technology has never been implemented in
routine clinical care to measure clinician fatigue. Unlike
wearable biosensors, new screen-based eye trackers are
mounted directly on the computer display, do not require
physical contact, and can capture eye metrics with fewer
privacy concerns. Since previous studies have validated the
ability of eye-tracking technology to capture fatigue in a
controlled environment, the goal of this study was to
determine the feasibility of capturing physiological indica-
tors of fatigue using eye-tracking technology in a real-world
clinical setting. Screen-based eye-tracking technology was
implemented in an emergency department (ED). The objec-
tives of this study were to (1) implement eye-tracking
technology in a clinical setting and (2) examine the associ-
ation between eye-tracking metrics and self-reported clini-
cian fatigue over the course of a clinical shift. This study
investigates the practicality of using an eye-tracker device
in a live clinical setting rather than simulation-based test-
ing, which has been previously explored.”> Therefore, our
analysis focused on fatigue over the course of the shift
rather than specific times of interest (TOI). Given the known
physiological associations between eye metrics and fatigue
as well as empirical eye-tracking fatigue research, we
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hypothesized that a decrease in pupil size as well as reduction
in peak saccade speed''® and increases in both average
duration of whole fixation duration'” and average saccade
amplitude'®'® would be captured at the end of the shift
compared with the beginning of the shift and be associated
with self-reported fatigue metrics.

Methods

Study Design, Setting, and Participants

This feasibility study was conducted in an urban, academic
level I trauma center. All clinicians (attendings, residents,
physician associates, and advanced nurse practitioners
[APRNs]) practicing in the ED were eligible to participate
unless they had a documented history of using bifocal eye-
glasses, droopy eyelids, loss of one eye/amblyopia, and using
certain medications (anticholinergics, antidepressants, ben-
zodiazepines, decongestants, mydriatics, stimulants, and
selective serotonin reuptake inhibitors). Participants were
recruited by convenience sampling. All participants provided
informed consent. The protocol was approved by our insti-
tution’s IRB (protocol #2000030671).

Survey Measures

Participants completed an initial questionnaire regarding
their demographics (age and gender), recent sleep (hours of
sleep night before and hours since waking), caffeine, and
nicotine use before eye-tracker data collection. To under-
stand their subjective feelings of fatigue, participants also
completed a survey at the end of the first 2 hours and the
last 2 hours of their shift. Fatigue surveys items included
perceived patient load (low, average, and high), perceived
shift complexity (low, average, and high), a fatigue visual
analog scale (FVAS)?° physician task load (PTL, a 4-item,
modified NASA—TLX),6 and the Stanford Sleepiness Scale
(58S).%!

Eye-Tracking Measures
The main outcome measure was the eye metric fatigue score
adapted from Khairat et al’s definition® and derived for each
participant as the difference between the PM and AM aver-
age whole fixation pupil with negative scores. Eye metrics
included (1) average duration of whole fixations, (2) average
peak velocity of saccades, (3) average amplitude of saccades,
and (4) average whole fixation pupil diameter.
Implementation barriers were logged throughout the
study to understand limitations in the use of eye tracking
in routine clinical care.
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Eye metric fatigue scores: total and stratified by gender and role. The top and bottom bars indicate the first and third quartile, respectively; the
diamond indicates the mean; the horizontal line in the bars indicate the median; and vertical lines indicate minimum and maximum values.

Data Sources

Eye metric data were collected using the Tobii pro fusion
250Hz (Tobii Technology, Inc, Reston, VA, version 1.171,
screen-based eye-tracking device set to a 250-Hz sampling
rate | ]). To standardize measurement and control for
potential temporal and environmental confounders, all
observations were performed during a 7:00 am to 3:00 pm
shift at a single designated computer workstation during the
first and last 2 hours of each shift. The workstation was
calibrated before each recording session. The ED environ-
ment near the study computer had constant illumination
with mean maximum light intensity 447.21 lux (standard
deviation [SD]: 33.56) and minimum light intensity 424.25
lux (SD: 18.01). During recording time, clinicians were
instructed to go about their shift as usual but, when they
needed to use a computer (for EHR or other use), to only use
the designated study workstation.

Statistical Methods
The eye tracker captures data as long as the participant is in
front of the system, regardless of whether or not their gaze is
fixed on the EHR (e.g., communicating with other staff stand-
ing behind the screen). To avoid this as a potential confounder,
data were manually reviewed to create multiple TOI repre-
senting reliably captured eye metrics; TOI's of less than
30seconds were discarded. To further guarantee data integri-
ty, the first and the last 5 seconds from each TOI was discarded.
Survey metric and data capture results were summarized
using descriptive statistics. Survey and eye metrics were
compared from the beginning to end of each shift using
paired t-tests. Pearson correlation coefficient was calculated
to explore bivariate associations between eye metric fatigue
score and clinician-perceived fatigue. Based on those find-
ings, a multivariable linear regression model was built to
determine if associations persisted after controlling for
clinician age, gender, and role. Statistical significance was
set at p < 0.05, two-sided.

Results

The sample included 15 participants with median age of
32 years (interquartile range 29-36); 5 (33%) were women, 9
(60%) were residents, 4 (27%) were attendings, and 2 (13%)
were APRNSs. Of the possible 60 hours of eye-tracking record-
ing time, 46.46 hours of data were captured with an average
of 3.10 (SD: 0.47) hours for each participant of which 1.88
(SD: 0.16) hours was determined to be valid for analysis.

The majority of participants indicated the following about
their sleep, stimulant use, and patient load: 6 to 8 hours of
sleep the night before their shift (73%), being awake for
2 hours before their shift started (67%), having a caffeinated
beverage before the start of the shift 67%, no additional
caffeinated beverages within 4 hours of the end of their shift
(54%), no nicotine exposure within 24 hours of their shift
(100%), low patient load (66%), and average patient complex-
ity (80%).

Survey Results from the Beginning to the End of the
Shift

Both FVAS and PTL mean scores (SD) increased from the
beginning to the end of the shift (FVAS 3.7 [1.7] to 4.6 [2.1],
p=0.04and PTL97.6(68.1]t0 154.3[76.8],p =0.01, ).
Stratified by role, attendings experienced the largest changes
in FVAS and PTL 1.25 (1.89), 78.75 (50.23) comparing to
residents 0.78 (1.48), 53.33 (85.95), and APRNs 0.50 (0.71),
27.50(31.82). The SSS score remained low from the beginning
to the end of the shift (2.27 [1.22] to 2.4 [1.45], p=0.61).

Changes in Eye-Tracking Metrics from the Beginning to
the End of the Shift

There were no significant differences in eye metrics from the
beginning to the end of the shift. Eye metric fatigue score
(displayed stratified by gender and role in ) was
associated with the change in the PTL score (r=0.59, 95%
confidence interval [CI] [0.85,0.11], p=0.02) ( ) but
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Survey and eye metrics compared from the start and end of the shift

Survey metrics Start of shift End of shift p-Value
Mean (SD) Mean (SD)

FVAS 3.73 (1.67) 4.6 (2.1) 0.04
PTL 97.6 (68.1) 154.3 (76.8) 0.01
SSS 2.27 (1.22) 2.4 (1.45) 0.61
Eye metrics

Average pupil diameter (fixation filter, mm) 2.65 (0.35) 2.64 (0.37) 0.84
Average duration of whole fixations, ms 260.45 (38.67) 263.67 (42.26) 0.65
Average peak velocity of saccades °/s 163.17 (13.75) 160.36 (17.14) 0.39
Average amplitude of saccades, mm 4.47 (0.42) 4.49 (0.53) 0.86

Abbreviations: FVAS, fatigue visual analog scale; PTL, physician task load; SD, standard deviation; SSS, Stanford Sleepiness Scale.

Eye tracker setup.

not FVAS or SSS. This association persisted after adjusting for
age, gender, and role in multivariable analysis, with every
10-point increase in PTL there was a 0.02-point increase in
pupillometry-based fatigue score (95% CI [0.003, 0.000],
p=0.04).

Discussion
this feasibility study of eye metric technology in routine

emergency care, it was feasible to collect eye metric

ACl Open  Vol. 7 No. 1/2023 © 2023. The Author(s).

data for 15 emergency clinicians in their real-world clinical
setting at fixed times and a fixed workstation with even light
intensity. Physiological fatigue was not detected with eye-
tracking technology. However, all eye metrics did trend in
the hypothesized direction: smaller pupil size,>72* lower
peak saccade speed,'® and higher whole fixation duration'’
and saccade amplitude'® at the end of the shift.

It is possible that the participants did not experience
physiologic fatigue given that the majority of participants
reported being well-rested, having ingested caffeinated
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Pearson correlation coefficient (r) between eye metric fatigue score and clinician-perceived fatigue survey metrics

Fatigue score compared with r 95% Cl p-Value
Change in FVAS -0.04 [-0.54, 0.48] 0.89
Change in PTL 0.59 [0.11, 0.85] 0.02
Change in SSS 0.21 [~0.34, 0.65] 0.45
FVAS at the end of the shift 0.22 [-0.33, 0.66] 0.44
PTL at the end of the shift 0.23 [-0.32, 0.67] 0.41
SSS at the end of the shift 0.07 [-0.46, 0.56] 0.81

Abbreviations: Cl, confidence interval; FVAS, fatigue visual analog scale; PTL, physician task load; SSS, Stanford Sleepiness Scale.

Implementation barriers

Challenges

Recommendations

Temporary hardware malfunctions and delays in data transfer
within the hardware system

Optimize hardware performance/speed, use gap fill-in
algorithm

Noise from minor eye movement (microsaccades and eye
tremors are substantial in high-frequency eye tracker [250 Hz])

Use lower frequency eye tracker (60 and 120 Hz) based on the
eye metric of interest

Improper fixation filter calibration

Adjust software settings to construct an eye model only when
both eyes are detected

Eye metrics captured but subject not engaged in EHR work

Consider different clinical setting

Inconsistent eyeglass wearing gives false reading of eye
location

Ensure consistent eyeglasses use or exclude participants who
wear glasses

- Obstacle between participant and eye tracker such as paper,
EKG, surgical mask, blinks, eye glass fogging.

- Suboptimal positioning, such as too close, head tilt, or out of
field

Use shorter recording period, gap fill-in algorithm, or discard
recording <30 s in duration

Potential bias from manual interval assignment

Need eye tracker software update to include a feature that
automates creating TOI intervals if no eye detection for a set
period of time

Abbreviations: EHR, electronic health record; EKG, electrocardiogram; TOI, times of interest.

beverages, low patient load, and average patient complexity,
or that physiological fatigue would have been captured with
eye-tracking technology in larger sample size, with a more
focused recording of fixed tasks, or recording throughout the
entire shift.

Lessons Learned and Recommendations to Overcome
Implementation Barriers

Implementation facilitators we encountered that others
might leverage in future work include the choice of a
screen-based device that is simple to install, does not require
batteries, and is less obtrusive than a head-mounted device.
Also, the ED setting allowed a single, fixed workstation with
stable lighting. Implementation barriers ( ) that
posed challenges to data validity and the feasibility of using
eye-tracking technology to detect clinician fatigue during
routine clinical care were related to inconsistent lighting,
temporary hardware malfunctions, measurement noise
from minor eye movements (such as microsaccades and
eye tremors are factors that contribute to measurement
noise in eye tracking®®), and data loss from participant
positioning, mask-wearing, eyeglass-wearing, and gaze.

Data loss can also occur due to other factors, including
delays in data transfer, temporary malfunctions of the hard-
ware, time out issues, and reflections from eyeglasses that
make it impossible for the device to identify the eyes’ geomet-
rical location.?® In these cases, lost data can affect the reliabili-
ty of the fixation algorithm, resulting in the misclassification of
one fixation as two separate fixations. The application of a gap-
fill algorithm can mitigate this issue.?’

The fixation filter also has a limited ability to detect right
and left eye positions. For example, if both eyes are detected
during calibration, but only one is detected during recording,
the data detected in calibration will be used to calculate the
gaze for both eyes. Since the left and right eyes are not identical,
this will result in an offset of the constructed eye model.

Limitations

This study was subject to several limitations. As a pilot study,
the sample size may have had too few subjects experiencing
physiologic fatigue or to control for other confounding factors.
The sample included a younger population. Given physiologi-
cal differences in eye metrics by age,?® our findings should be
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interpreted with caution in older clinicians. Also, due to the
small sample size of this pilot study, differences between
survey metrics should be interpreted with caution and war-
rant further investigation. Unlike a simulated environment,
periods of missing data capture were expected as participants
were involved in patient care or completing noncomputer
work making it difficult to interpret the rate of reliable eye-
tracking data capture. Eye-tracking metrics could have been
less reliable due to masking and eye protection as part of
ongoing COVID-19 pandemic precautions. Inconsistent eye-
glasses wearing may have given false readings of eye location.
Furthermore, the functionality of the eye-tracking technology
itself limited the environment in which the study could be
conducted: only permitting minimal variability in lighting,
location, and participant positioning. Stimulant use was self-
reported without confirmatory drug screening. The presence
of the researcher during data collection also may have sub-
jected study data to the Hawthorne effect.?®

Conclusion

Eye-tracking metrics did not change significantly from the
beginning to the end of an 8-hour ED shift. It is unclear
whether this was due to confounding factors, a limitation of
the technology, study design, sample size, or an absence of
consistent physiological fatigue over the course of an 8-hour
ED shift. Further research is needed to determine the role for
eye-tracking technology to measure clinician fatigue in
routine clinical care.
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