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Abstract

Purpose—Assess the effect of overnight shifts (ONS) on radiologist fatigue, visual search 

pattern, and diagnostic performance.

Materials and Methods—This experimental study was approved by the IRB. 12 radiologists (5 

faculty and 7 residents) each completed two sessions: one during a normal work-day (“not 

fatigued”) and another in the morning following an ONS (“fatigued”). Each radiologist completed 

the Swedish Occupational Fatigue Inventory (SOFI). During each session radiologists viewed 20 

bone radiographs consisting of normal and abnormal studies. Viewing time, diagnostic confidence, 

and eye-tracking data were recorded.

Results—SOFI results demonstrated worsening in all 5 variables (lack of energy, physical 

exertion, physical discomfort, lack of motivation, sleepiness) following ONS (p<0.01). Overall, 

participants demonstrated worse diagnostic performance in the fatigued vs not fatigued state 

(p<0.05). Total viewing time per case was longer when fatigued (35.9 ± 25.8 seconds) than not 

fatigued (24.8 ± 16.3) (p<0.0001). Total viewing time per case was longer for residents (p<0.05). 

Mean total fixations generated during the search increased 60% during fatigued sessions (p < 

0.0001). Mean time to first fixate on the fracture increased 34% during fatigued sessions 

(p<0.0001), and was longer for residents (p<0.01). Dwell times associated with true and false 

positive decisions increased, while those with false negatives decreased.

Conclusion—Following ONS, radiologists were more fatigued with worse diagnostic 

performance, a 45% increase in view time per-case, a 60% increase in total gaze fixations, and a 

34% increase in time to fixate on the fracture. The effects of fatigue were more pronounced in 

residents.
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Introduction

Increasing evening and overnight diagnostic radiology volumes coupled with the growing 

demand for contemporaneous radiology interpretations has fueled an increase in atypical 

diagnostic radiology schedules (1–3). In addition, a substantial portion of afterhours work is 

emergent requiring shorter radiology report turnaround times to decrease patient length of 

stay and improve overall emergency department (ED) flow (4). In the absence of attending-

level coverage at academic medical centers, residents provide afterhours interpretations with 

discrepancy rates approaching the interobserver error rates of attending radiologists (5). 

Whether staffed by attendings or residents, there is a paucity of research into the effects of 

overnight shift work on diagnostic radiologists (6).

Physiologic effects of overnight work result principally from disturbances of the normal 

human sleep-wake cycle and the accompanying disruption of the circadian rhythm (7). 

Metabolic syndrome, obesity, diabetes, adverse effects on cardiovascular health, and even 

increased rates of cancer are longer term impacts of overnight work (6, 8). In prior research 

of radiology residents, Bruni et al. documented that major discrepancies were more 

frequently made in the final four hours of a night float shift (9). While other investigations 

have been unable to reproduce these findings (2), a number of recent studies have 

demonstrated that diagnostic accuracy is impaired after just eight hours of clinical image 

interpretation (10–14). Importantly, diagnostic radiology lacks the alerting effects of 

ambulation, light, and human interaction which are prevalent in specialties like surgery or 

emergency medicine. These environmental differences may exaggerate fatigue-related errors 

in overnight radiology (8, 15, 16).

Although prior studies on fatigue in radiology interpretation (10–14) have examined 

diagnostic accuracy and the role of changes in vision as the day progresses (i.e., reduced 

ability to accommodate or focus after a long day of work) (10, 11), none to date have 

examined whether the way radiologists examine images changes as they become fatigued or 

whether these changes could in part explain how or why errors are made. Therefore, the 

purpose of our study was to employ eye-tracking technology to assess the effect of overnight 

shifts (ONS) on radiologist fatigue, visual search pattern, and diagnostic performance.

Materials and Methods

Institutional review board approval for this experimental study was obtained, and was 

compliant with the Health Insurance Portability and Accountability Act (HIPAA). Each 

subject provided written informed consent prior to the first eye-tracking session. The 

resident radiologists were compensated $100 for participation in the study. The faculty 

received no compensation.

Participants and Shifts

A total of 12 radiologists (5 faculty and 7 residents) each completed two eye-tracking 

sessions in a counter-balanced fashion. One session occurred near the end of a normal 9-

hour work-day (shift: 8 AM – 5 PM, session at 4 PM; “not fatigued”) and another in the 

morning following a 9-hour overnight shift (shift: 10 PM – 7 AM, session at 8 AM; 
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“fatigued”). Both the faculty and residents were participating in overnight shift work as part 

of their normal clinical duties.

Fatigue Measure: Swedish Occupational Fatigue Inventory Survey

Radiologists completed the Swedish Occupational Fatigue Inventory (SOFI) survey at the 

beginning of each session. SOFI is a robust survey tool which captures both objective 

(physical) and subjective (mental) fatigue, has substantial validation in prior literature (17, 

18) and has been used in radiology fatigue studies (11, 12). It was developed specifically for 

measuring work-related fatigue (17, 18). SOFI consists of 25 expressions which are divided 

into five latent subscales: lack of energy, physical exertion, physical discomfort, lack of 

motivation, and sleepiness (18). The physical exertion and physical discomfort subscales are 

considered physical fatigue factors, while the lack of motivation and sleepiness subscales are 

considered the mental fatigue factors. The lack of energy subscale correlates with both 

physical and mental fatigue, and with the four other subscales, suggesting that it may be a 

common factor in all human fatigue.

Study Design

During each of the two sessions radiologists viewed 20 bone radiographs consisting of 

normal and abnormal exams. There was no limit on the amount of time radiologists could 

spend viewing each case. These bone radiographs have been used in previous studies, and 

we therefore have data on how difficult the fractures are to detect (11, 19). Fifteen of the 

cases had a single moderate to subtle fracture, and five had no fracture. In some cases, the 

fractures were visible in multiple views. The study included wrist, hand, ankle, foot, long 

bones, shoulder and rib examinations. Viewing time, diagnostic confidence, and eye-tracking 

search data were recorded for each radiograph for each participant. Diagnostic confidence 

was recorded by asking the participant to rate their level of confidence (high, medium, low) 

after reporting an interpretation for each case. They were asked to identify the type and 

location of all fractures reported.

Eye-Tracking & Image Display Apparatus

A Tobii T60 XL Eye Tracker (Tobii Technology, Inc. Stockholm, Sweden) was used to 

conduct the study. The T60 has the eye-tracking sensors integrated into a high resolution 

(1920 × 1200 pixels: 16:10 aspect ratio) 24-inch TFT wide screen monitor with an NVIDIA 

Quadro 4000 video driver. It was calibrated to the DICOM Grayscale Standard Display 

Function (GSDF). It uses bright/dark pupil tracking with a sampling rate of 60 Hz and has a 

manufacturer reported accuracy of 0.4 deg. Participants were seated approximately 40 cm 

from the display with their eye level approximately at the center. No chin rest was used but 

the chair was placed in a set position and participants were instructed to maintain a constant 

but relaxed position throughout the study. Ambient room lights were set to 45 lux.

Prior to the start of data collection, participants were calibrated using the Tobii calibration 

software which successively presents five calibration dots on a plain, light gray background, 

and the participant focused his/her visual attention on the center of the dot. The eye tracker 

measures characteristics of the eyes and uses an internal, physiological 3D eye model to 

calculate gaze data. All participants calibrated successfully and were observed (by 
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periodically rechecking calibration) to maintain calibration prior to viewing each radiograph 

throughout the sessions.

Data Analysis

The results from the Swedish Occupational Fatigue Inventory (SOFI) were analyzed using 

an Analysis of Variance (ANOVA) with fatigued versus not fatigued and faculty versus 

residents as independent variables and the five latent SOFI variables as the dependent 

variables. Correlation coefficients were calculated between age and the five SOFI variables.

The eye tracking data were analyzed with respect to certain key parameters including total 

viewing time, time to first fixate the fractures, fixation durations, and dwell times associated 

with true and false, positive and negative decisions. For each, a repeated measures Analysis 

of Variance (ANOVA) was used with fatigue versus non-fatigued as the within subjects 

measure and resident versus faculty as the between subjects measure. The system samples 

eye positions every 1/60 of a second to generate raw x-, y- coordinate eye-position data. 

Fixations are formed by grouping x- and y- coordinates of the raw data using a running 

mean distance calculation having a 0.58 radius threshold. Dwell time can be calculated for 

each fixation, summed across fixations, then associated with a given region of interest or 

location in the stimulus image (k) and the type of decision (true or false, positive and 

negative) associated with a given location.

The eye tracking data were analyzed with respect to the key parameters noted above. For 

each one a repeated measures Analysis of Variance (ANOVA), with Protected Least Squares 

Difference post hoc tests as appropriate, was used with fatigue vs non-fatigued as the within 

subjects measure and resident vs faculty as the between subjects measure. Confidence data 

were analyzed using the OB-DBM MRMC ROC (Obuchowski-Rockette, Dorfman-

Berbaum-Metz Multi-Reader Multi-Case Receiver Operating Characteristic) technique (20–

22). Data are presented as mean ± standard deviation. Significance was set at p<0.05.

Results

There were 12 participants in the study, 5 faculty (41.7%) and 7 residents (58.3%); 1 female 

(8.3%) and 11 males (91.7%). Mean age of the faculty was 37.80 ± 2.86 years (range = 36–

43) and mean age of the residents was 30.29 ± 2.13 years (range = 28–33).

SOFI results demonstrated worsening on all 5 variables (lack of energy, physical exertion, 

physical discomfort, lack of motivation, sleepiness) following ONS (p<0.01) (Table 1).

There was a significant difference overall between fatigued and not fatigued diagnostic 

performance (p = 0.031). The individual area under the curve (AUC) values are presented in 

Table 2. Overall faculty performed higher in both fatigued and non-fatigued conditions than 

the residents, but the difference was not significant (p = 0.225). Across all participants (n = 

12) and images (n = 5 no fracture, 15 fracture), there were 108 true positive (TP), 72 false 

negative (FN), 7 false positive (FP) and 53 true negative (TN) decisions following ONS vs 

124 TP, 56 FN, 4 FP and 56 TN when not fatigued.

Hanna et al. Page 4

J Am Coll Radiol. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Analysis of the eye tracking data regarding total viewing time per case was performed. 

There was a significant difference as a function of fatigue (p < 0.0001) and as a function of 

faculty versus resident (p = 0.018). Overall total viewing time was longer when fatigued 

(35.9 ± 25.8 seconds) than when not fatigued (24.8 ± 16.3); and the effect was more 

pronounced with residents (mean fatigued = 39.5; not fatigued = 25.1) than faculty (mean 

fatigued = 30.9; not fatigued = 24.2) (Figure 1A).

The second parameter for analysis of the eye tracking data was total number of fixations 

generated during the search of each image (Figure 2, Figure 1B). There was a significant 

difference (p < 0.0001) when comparing fatigue versus non-fatigue states, and when 

comparing faculty versus resident (p =0.009). Overall more fixations were generated when 

readers were fatigued (104.6 ± 68.1) than not (65.4 ± 34.5); the effect was more pronounced 

for residents (mean fatigued = 118.2; not fatigued = 61.9) than faculty (mean fatigued = 

85.5; not fatigued = 70.2).

The average duration of the individual fixations (Figure 1C) differed as a function of fatigue 

(p = 0.0005) but not resident vs faculty (p = 0.2795). Overall, mean fixation duration when 

fatigued was greater (mean = 0.34 ± 0.06; faculty = 0.33, residents = 0.34) than when not 

fatigued (mean = 0.32 ± 0.08; faculty = 0.31, residents = 0.32).

Time to first fixate on the fracture target (Figure 1D) differed significantly (p < 0.0001) as a 

function of fatigue and resident versus faculty (p = 0.0069). It took longer to first fixate the 

fractures when fatigued (mean = 14.9 ± 7.02 seconds) than not fatigued (mean = 11.1 ± 5.7 

seconds) and the effect was more pronounced in residents (mean fatigued = 15.5; not 

fatigued = 11.8) than faculty (mean fatigued = 14.0; not fatigued = 10.2).

Dwell times associated with the fractures and decisions made (TP, FN, FP) were analyzed. 

Data were analyzed for each decision using an unpaired t-test. The average dwell time 

associated with the TP decisions was significantly longer (t = 2.26, p = 0.025) when fatigued 

(mean = 839.34 msec + 419.15) than when not (mean = 715.63 msec + 410.69). The average 

dwell time associated with the FP decisions did not differ significantly (t = 0.96, p = 0.362) 

when fatigued (mean = 1065.57 msec + 355.91) than when not (mean = 872.25 msec 

+ 235.67). The average dwell time associated with the FN decisions was significantly shorter 

(t = 2.06, p = 0.042) when fatigued (mean = 547.03 msec + 375.64) than when not (mean = 

689.30 msec + 403.33).

Discussion

Following overnight shifts, radiologists were more fatigued, demonstrated worse diagnostic 

performance with decreased confidence, demonstrated a 45% increase in view time per case 

with a 60% increase in gaze fixations, and a 34% increase in time to fixate on the fracture. It 

also took longer to render a positive (true or false) decision when fatigued, although due to 

the relatively low FP rate, it did not reach statistical significance for these decisions but did 

for TPs. Interestingly, the time associated with FNs were shorter when fatigued compared to 

not fatigued. Although further research is needed to explore these differences, our results 

suggest that a fatigued radiologist takes more time to either process the fracture information 
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or decide whether there is enough evidence to report the possible features detected as an 

actual fracture. It also takes more time to render the wrong decision about a fracture being 

present (false positive). On the other hand, fatigued radiologists spend less time on true 

fractures that attract less attention and thus end up being not reported (FNs).

Although small, our study demonstrates the significant alterations in fundamental 

performance that can occur following overnight shift work. Previous radiology and non-

radiology studies have shown that fatigue from overnight shift work can impact an 

individual’s performance (2, 7, 23, 24). We corroborate and quantify these alterations with 

eye-tracking technology and provide insight into the specific mechanistic changes that occur 

when a fatigued radiologist views individual studies. With the increase in afterhours 

radiology volumes and the commensurate increase overnight radiology staffing, this issue 

becomes more important for schedule optimization and error minimization (1–3). Perceptual 

errors (the failure to detect an abnormality) account for the majority of errors in radiology 

and can result from faulty visual search patterns (25, 26). The authors believe that once we 

objectively document fatigue-related changes in search and recognition, we can introduce 

environmental changes to reverse these effects, such as bright lights, required ambulation, or 

even periodic breaks. Further study in this area is necessary.

Since the first eye-tracking study in medical imaging was conducted in 1963 by Llewellyn-

Thomas and Lansdown (27), multiple studies have used eye-tracking technology to examine 

a variety of parameters in visual search including the effect of display parameters on 

diagnostic accuracy (28), the relation of search patterns to error occurrence (29, 30), and the 

variation between novice and expert viewers (31). A recent systematic review on visual 

search patterns relating to diagnostic expertise identified a total of 22 relevant articles 

published from 1994 to 2015 and describes a 2-part global-focal model of visual search (32). 

The global-focal search model distinguishes between a relatively fast impression that signals 

abnormalities in two-dimensional images and then a slower more refined visual search 

pattern requiring more attention and focused mental effort. Studies providing evidence for 

the global search pattern found that expert radiologists can correctly identify abnormal 

images in a fraction of a second (33). Eye tracking parameters are related to experience, with 

expertise resulting in decreased total view time, decreased time to first fixate on the 

abnormality, and decreased total fixations (32). In our study, following overnight shift work 

both more experienced readers (faculty) and less experienced readers (residents) 

demonstrated an increased number and duration of fixations, as well as an increased time to 

fixate on the fracture. In effect, in their fatigued states, faculty had eye tracking parameters 

more characteristic of non-fatigued residents.

Total view time per case increased 45% in our study following overnight shifts. Interestingly, 

Burling et al. found that radiologists spend less time interpreting CT colonography 

examinations as they near the end of a work day, with the last five cases interpreted on 

average 29% faster than the first five cases (34). This increase in interpretive speed at the 

end of a shift indicates reduced thoroughness at the end of a long reading period, possibly 

secondary to decreased image coverage/gaze volume. Prior work (35) suggests that the 

fatigued radiologist may neglect a portion of the image with resultant search errors. Unlike 

radiologists near the end of the work day in the Burling et al study, our study showed that 
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radiologists spent more time on each case; this difference may reflect inherent differences in 

night-shift fatigue (sleepiness) versus end-of-day fatigue (impatience), or could be the result 

of our laboratory setting (subjects spent longer on cases because they knew they were being 

monitored). Despite this 45% increase in time-per study, the diagnostic accuracy of our 

subjects decreased. However, in a real world reading room setting, radiologists may be 

forced to continue reading at a quicker pace despite fatigue. We theorize that this could 

further decrease diagnostic accuracy. This is an area for further investigation.

Resident physicians have less cumulative radiologic work experience compared to attending 

physicians and the effects of fatigue were more pronounced in residents. One study showed 

that toward the end of a day shift, a decrease in detection rate was greater among residents 

than attending radiologists (11). Studies have also shown that experienced radiologists spend 

less time inspecting images than do those with less clinical experience (10). The majority of 

evening and weekend radiology imaging interpretations at academic institutions are 

provided by residents or fellows (36). Almost every radiology residency program has 

overnight call for their residents, ranging from 24 hour call shifts to consecutive 10–14 hour 

night float shifts (37). Thus, compared to attending physicians, resident physicians spend 

more time viewing images and likely experience a greater strain on their oculomotor system, 

resulting in asthenopia or eyestrain (11). We theorize that the deteriorated performance by 

residents following ONS work is due to cumulative lack of experience, coupled with greater 

impact of fatigue and eye strain.

Our eye-tracking data clearly demonstrate that a number of key parameters such as total 

time, number of fixations, fixation duration and time to first fixate the fracture are all 

impacted when radiologists are fatigued. It also seems (Figure 2) that the search patterns at a 

more global level seem to be changed in a more qualitative way. Readers seem to be less 

organized in their search strategies and engage in more “idling” (simply staring at a location 

in the image) more when fatigued. It is more difficult, however, to quantify these types of 

differences as opposed to the more discrete search and fixation patterns that we did analyze. 

This type of characterization could be an interesting avenue for research in the future.

Limitations

Our study has limitations. First, we sampled a relatively small group of radiologists with 

relatively uniform demographic characteristics predominately young (≤43 years old) and 

male (11/12 individuals). There is known gender, age, and personality variability in coping 

with overnight shift work, and we may fail to capture such variation. Second, we examined 

our radiologists in an observed laboratory setting. This may have influenced their behavior 

in terms of image review – resulting in a longer examination of studies (although the longer 

time did not translate into better performance) than may have occurred if the subjects’ 

performance was not being monitored. We only looked at radiograph fracture cases, and the 

effect of fatigue on eye tracking patterns of cross sectional imaging or other radiographic 

pathology may differ.
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Sentence Summary

Following overnight shifts, radiologists were more fatigued, demonstrated worse 

diagnostic performance with decreased confidence, demonstrated a 45% increase in view 

time per case with a 60% increase in gaze fixations, and a 34% increase in time to fixate 

on the fracture.
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Take Home Points

• Following overnight shift work, both faculty and resident radiologists 

demonstrate a lack of energy, increased physical discomfort, lack of 

motivation, increased sleepiness, and limited tolerance for physical exertion 

(all p<0.01).

• Compared with interpretations near the end of a daytime shift, following 

overnight shift work, radiologists demonstrate significantly worse interpretive 

performance, with an increase in both false positives and false negatives, and 

mean area under the ROC curve decreasing by 13%.

• Following overnight shift work, mean total viewing time per case increased 

by 45% (p<0.0001). Total viewing time per case was longer for residents 

(p<0.05), and the effect of fatigue on lengthening per-case view time was 

more pronounced with residents.

• Fatigue from overnight shift work resulted in substantial alterations in 

qualitative and quantitative metrics of visual search patterns: total gaze 

fixations generated during the search of each image increased 60% and time 

to first fixate on the fracture increased 34%.
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Figure 1. 
Graphical depiction of the changes in the visual search patterns of radiologists near the end 

of a normal work-day (4 PM during a 9hr 8AM–5PM shift, “Not Fatigued” Session) vs 

following an overnight shift (8 AM following a 9hr 10PM–7AM shift, “Fatigued” Session). 

A) Mean (with SD bars) total viewing time for faculty (fac) and residents (res) when 

fatigued vs not fatigued. B) Mean (with SD bars) total number of fixations generated for 

faculty (fac) and residents (res) when fatigued vs not fatigued. C) Average duration (with SD 

bars) of the individual fixations for faculty (fac) and residents (res) when fatigued vs not 

fatigued. D) Average time (with SD bars) to first fixate the fracture targets for faculty (fac) 

and residents (res) when fatigued vs not fatigued.
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Figure 2. 
Visual search patterns of radiologists captured by eye-tracking technology near the end of a 

normal work-day (4 PM during a 9hr 8AM–5PM shift, “Not Fatigued” Session) vs following 

an overnight shift (8 AM following a 9hr 10PM–7AM shift, “Fatigued” Session). A) 
Example of one of the normal test images with the search pattern of a single reader in 

fatigued (purple) and non-fatigued (yellow) states superimposed. Each circle represents a 

gaze fixation (location where foveal vision is directed). The size of the circle represents 

fixation dwell time with larger circles reflecting increased dwell times. The lines between 

the fixations represent saccades, which are rapid eye movements between fixations. Notice 

the significant increase in gaze fixations in the fatigued state. B) Example of one of the 

abnormal test images (carpal fracture, which is obscured by the eye-tracking pattern). Notice 

the increase in gaze fixations and dwell time in the carpus during the fatigued state.
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Table 2

Results for faculty (top) and residents (bottom) when fatigued vs not fatigued.

Reader Faculty/Resident Fatigued Not Fatigued

1 Faculty 0.907 0.999

2 Faculty 0.870 0.999

3 Faculty 0.935 0.907

4 Faculty 0.678 0.942

5 Faculty 0.927 0.936

Mean Faculty 0.863 0.957

6 Resident 0.683 0.741

7 Resident 0.859 0.997

8 Resident 0.558 0.800

9 Resident 0.866 0.994

10 Resident 0.621 0.845

11 Resident 0.901 0.996

12 Resident 0.867 0.949

Mean Resident 0.765 0.903

Mean Overall 0.806 0.926
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