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Study objective: We sought to determine whether working 5
serial night shifts in the emergency department results in a
decline in physician performance as measured with an intelli-
gence test.

Methods: This study compared the cognitive functioning of
emergency physicians who worked the day shift (7 Am to 5 pm)
with those who worked 5 consecutive night shifts (11 pm to 7
AM). The Fluid Scale of the Kaufman Adolescent and Adult
Intelligence Test (KAIT) was administered to 16 emergency
medicine residents. Half of the residents (group A) were tested
while working day shifts, and the other half (group B) were
tested after working 5 consecutive night shifts. After a minimum
interval of 2 months, the residents were retested in reverse
order, with group A tested after working night shifts and group
B tested while working day shifts.

Results: A total of 16 emergency medicine residents were
tested. A paired t test was used to determine whether day-shift
KAIT scores are different from night-shift KAIT scores. The
mean day-shift KAIT score was 119.1 (SD=7.7), and the mean
night-shift KAIT score was 107.2 (SD=10.2). This difference was
significant (mean difference=11.9; 95% confidence interval 7.0
to 16.8; P<.001), with the day-shift scores being statistically
higher than the night-shift scores.

Conclusion: Working a series of b night shifts results in a
substantial decline in cognitive performance in physicians
working in the ED.

[Dula DJ, Dula NL, Hamrick C, Wood GC. The effect of working
serial night shifts on the cognitive functioning of emergency
physicians. Ann Emerg Med. August 2001;38:152-155.]
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INTRODUCTION

Society has come to depend on continuous operations in
many fields, such as public safety, manufacturing, trans-
portation, and health care. To provide these services,
approximately 25% of America’s workforce hasarotating
workshift schedule, with 10% engaged in night-shift
work.! Emergency physicians are among this workforce
that works night shifts and experiences the consequences
of disrupted circadian rhythms.? The emergency medicine
literature has highlighted the significance of shift work
and itsill effects on the well-being and career longevity of
physicians practicing emergency medicine.> ° The dis-
ruption of social schedules and the disturbance of sleep
patterns are the major consequences of shift work. Sleepi-
ness and decreased performances can increase vulnera-
bility for the occurrence of unintentional incidents, such
as motor vehicle crashes, fatalities, and recent disasters,
such as the Three Mile Island incident and the space shut-
tle Challenger explosion in 1986.7 It has been well docu-
mented that cumulative sleep loss leads to decreased
alertness, poor performance, and negative mood and that
repeatedly changing hours of work disrupts an individuals
sleep and circadian rhythm %10 According to research,
night-shift workers average approximately 25% to 33%
less sleep than do day workers or swing-shift workers. !
Vidacek et al'? found that workers tend to lose 1 to 4 hours
of sleep each night for approximately 3 days after shift
rotation.!? Another study found that approximately 75%
of night workers experience sleepiness on their shifts, and
approximately 20% report falling asleep while at work. !>
Emergency physicians at Stanford University Hospital
were found to have a decline in performance on a battery
of tests after working 3 consecutive night shifts.> An arti-
clein Academic Medicine looked at the effects of sleep
deprivation and fatigue on residents’ performance and
found that sleep-deprived house officers can compensate
forsleep lossin crisis situations.!* Sleep-deprived resi-
dents, however, were more prone to errors on routine
repetitive tasks and tasks that require sustained vigilance.
Previous studies to assess the functioning of emergency
personnel have not adequately addressed the higher lev-
els of functioning, such as decisionmaking and hypothe-
sis testing.!°-23 Physicians with little sleep may be able to
react quickly and to perform tasks previously mastered
but may have more difficulty making key decisions and
solving complex problems often present in the emergency
situation.?* The purpose of this study is to determine
whether physician performance on tasks requiring higher
level thinking skills declines after working 5 consecutive
night shifts.
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MATERIALS AND METHODS

This study compared the cognitive functioning of emer-
gency personnel who have worked no consecutive night
shifts with those who have worked 5 consecutive night
shifts. This study was conducted at the Geisinger Medical
Center, a tertiary-care center with a residency program in
emergency medicine and an ED volume of 38,000 patient
visits per year. The study was reviewed and approved by
the institutional review board, and informed consent was
obtained from all study participants. A school psycholo-
gistadministered the Fluid Scale of the Kaufman Adolescent
and Adult Intelligence Test (KAIT) to 16 third-year emer-
gency medicine residents. Test participantsincluded 14
men and 2 women, and their ages ranged from 28 to 37
years. The Fluid Scale of the KAIT consists of 3 subtests:
Rebus Learning, Mystery Codes, and Logical Steps.
According to the test developers, the Fluid Scale “mea-
sures a person’s adaptability and flexibility when faced
with new problems, using both verbal and nonverbal
stimuli.” The Fluid Scale measures hypothesis testing and
decisionmaking, 2 areas of extreme importance to indi-
viduals functioning in the ED. Half of the residents (group
A) were tested while working the day shift (a minimum of
3 days), and the other half (group B) were tested after
working 5 consecutive night shifts. Testing after the night
shift was conducted immediately at the conclusion of the
shiftat 7 aM. After aminimum interval of 2 months, the
residents were retested with the same testin reverse
order: group A was tested after working nights, and group
B was tested while working days.

A paired t test was used to determine whether day-shift
KAIT scores were different from night-shift KAIT scores.
A2-sample t test was used to determine whether order of
testing was associated with KAIT scores. SAS software
(version 8.01; Statistical Analysis Systems, Cary, NC) was
used for all datamanipulations and analysis.

RESULTS

Atotal of 16 emergency medicine residents were tested.
Residents in group A had a mean day shift score of 117.1
(SD=7.2) versus 110.5 (SD=11.4) for the night shift.
Residents in group B had a mean day shift score of 121.0
(SD=8.2) and anight shift score 0of 103.9 (SD=8.3). The
mean KAIT score for the combined groupswas 119.1
(SD=7.7) on the day shiftand 107.2 (SD=10.2) on the
night shift (Table). This difference was statistically
significant (mean difference=11.9;95% CI, 7.0t0 16.8;
P<.001), with the day-shift scores being statistically
higher than the night-shift scores. Residentsin group B,
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who were tested first after working night shifts, had a
larger difference between their 2 scores than residents in
group A, who were tested first on the day shift (night first:
mean difference=17.1 [SD=8.6]; day first: mean differ-
ence=6.6 [SD=6.7]; P=.017). On the basis of these scores,
the order of testing with the KAIT (night first or day first)
did make a difference. Every physician except 1 had a
decline in performance after working 5 consecutive night
shifts (Figures 1 and 2). The decline in KAIT scores after
working the night shift ranged from 4 to 29 points.

DISCUSSION

Amajor consideration in choosing emergency medicine
asacareeris the need to work night shifts. The impor-
tance of night-shift coverage is evidenced by hiring prac-
tices that stress the willingness of emergency physicians
to work nights.2> Working serial night shifts has a signifi-
cant effect on sleep patterns. Studies show that persons
working nights accumulate a sleep deficit that can lead to
disruptions in both physical and mental functioning.3-¢
Emergency medicine groups usually work a series of
nights to help the physician adjust their circadian rhythms.
Unfortunately, no permanent shift in circadian rhythms
occurs in shift rotations that last less than 7 days, suggest-
ing that working a series of nights may not resolve the
problems associated with working nights.® Working a
string of nights for 1 month at a time may be associated
with better adaptation to a night schedule and may lead to
improved performance, but this hasnot been proven.2°
Recent literature on the effects of sleep deprivation
describes some of the adverse consequences of working
nights. One study of emergency physicians who worked
night shifts showed a decline in manual and cognitive
performance when working nights. This study involved 6

subjects, and the measure of cognitive functioning was
only a hypothetical triage scenario.? The review by Samkoff
and Jacques!'? of the literature on resident performance
after working nights showed a decrease in performance
on 11 of 19 short psychomotor tasks. Nursing literature
confirms a decline in performance between 4 and 6 am.®
Smith-Coggins et al® found that emergency physicians

Figure 1.
KAIT scores by resident for group A (days followed by nights).
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Figure 2.
KAIT scores by resident for group B (nights followed by days).

Table.
Mean KAIT scores of emergency physicians working the day shift
versus those working the night shift.

Day Shift Night Shift  Difference

No. Order (SD) (SD) (SD)
Group A 8 Day, night 117.1(7.2) 110.5(11.4) 6.6 (6.7)"
Group B 8 Night, day 121.0(8.2) 103.9(8.3) 17.1(8.6)
Total 16 119.1(7.7) 107.2(10.2)  11.9(9.2)°

"P=.017, group A (mean=6.6 and SD=6.7) versus group B (mean=17.1 and SD=8.6).
"Mean difference=11.9; 95% Cl, 7.0 to 16.8; <.001.
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working nights were slower at intubating a mannequin.
The decline in night-shift performance may worsen with
age because individuals over the age of 40 years have less
ability to adjust to the physiologic effects of sleep loss.®

This study is unique because it used a standardized
psychologic test to evaluate the cognitive performance of
physicians. The decline in performance among physi-
cians working a series of night shifts was seen in both
group A and group B, with an overall average decline of
11.9 on the KAIT. A change of 15 ona KAIT score repre-
sents 1 SDin testing performance. Study participants
who took the test for asecond time would be predicted to
improve their scores because of a practice effect. According
to the KAIT manual, individuals who are retested 1 to 3
months after the initial administration tend to score 7.9
points higher.?” Despite this expected improvement,
participants in group A (days followed by nights) still
had lower test scores after working night shifts, indicat-
ingasubstantial decline in cognitive performance after
working serial night shifts. Several of the participantsin
group B (nights followed by days) reported a perception
that they performed better after taking the test asecond
time, when in fact they had done worse. This may be an
important factor in emergency medicine scheduling
because physicians may overestimate their ability to be
effective in working serial night shifts. The cognitive rea-
soning skills presented to the participants in the KAIT
are comparable with those needed in an ED setting. An
emergency physician must be able to perform complex
problem solving, which includes generating a differential
diagnosis and formulating a treatment plan. Emergency
physicians working night shifts may still be effective in
performing the procedures associated with emergency
medicine but may have more difficulty with the more
complex cognitive aspects of emergency medicine. More
studies are needed to determine when and how sleep
deprivation leads to mental fatigue. Measures to mitigate
this decline in cognitive performance in physicians who
work night shifts need to be studied. Some possible solu-
tions to maintaining physician performance include
working shorter stretches of night shifts or working
fewer hours on the night shift.

In summary, working a series of 5 continuous night
shifts results in a substantial decline in cognitive perfor-
mance in physicians working in the ED.

Author contributions: DJD designed the study with the assistance of NLD and CH. DJD
and CH wrote the proposal. DJD wrote the manuscript, with NLD and CH assisting in its
preparation. NLD performed the psychological testing of all study participants. GCW pro-
vided the statistical supportand prepared the table and figures. DJD takes responsibility
forthe paperasawhole.
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