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Abstract

Background Fatigue and sleepiness contribute to
medical errors, although the effect of circadian
disruption and fatigue on diagnostic reasoning skills is
largely unknown.

Objective To determine whether circadian disruption
and fatigue negatively affect the emergency medicine
(EM) resident’s ability to make important clinical
decisions based on electrocardiogram (ECQ)
interpretation.

Methods Senior EM residents at 2 programs completed
a questionnaire consisting of various measures of
fatigue followed by an ECG test packet of ST-segment
elevation myocardial infarction (STEMI) and STEMI
mimics. Participants were asked to examine each ECG
and determine whether cardiac catheterization
laboratory activation (CLA) was indicated, and to report
their confidence in their decision making on an 11-point,
numeric rating scale. The primary outcome measured

was a pairwise difference in accuracy of CLA between
daytime and overnight testing.

Results A total of 23 residents were enrolled in 2011 and
2012. Subjects demonstrated significant differences in
multiple measures of sleepiness and fatigue during
overnight periods. The median (interquartile range [IOR])
accuracy of CLA was not significantly different between
daytime and overnight (70% [IOR, 50-80] versus 70%
[IOR, 60—70], P = .82). There were no significant
differences in the median number of overcalls (CLA
when not a STEMI) and undercalls (no CLA when a STEMI
was present; P = .57 and .37, respectively). Diagnostic
confidence and confidence in CLA were not statistically
different between daytime and overnight.

Conclusions Despite a measurable degree of fatigue,
senior EM residents experienced no decrease in their
ability to accurately make CLA decisions based on ECG
interpretation.

Introduction

Fatigue generally refers to an overwhelming sense of
tiredness and feeling of exhaustion associated with
impaired physical and/or cognitive function.! Sleep
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circadian disruptions, physician duty hours, and work
overload are established contributors to fatigue.? Sleep loss,
either short term (recent 24-hour complete sleep loss) or
chronic, partial sleep deprivation (less than 6 hours of sleep
per night on average for at least 1 week) results in both
sleepiness and fatigue.

Most studies quantifying the effects of sleep loss and
fatigue in physicians measure psychomotor skills instead of
diagnostic reasoning.>'* Sleep loss and circadian disruption
associated with 24-hour call result in reduced alertness,
impaired memory and decision making, as well as
prolonged reaction time and poor communication
skills.'>='® Similar effects have been reported in
overnight shift workers.®

The effect of sleep deprivation, fatigue, and circadian
rhythm disturbances on diagnostic reasoning skills is less
established. Diagnostic reasoning involves the integration
of intuitive and analytic skills, a process commonly referred
to as dual process theory or systems 1 and systems 2
reasoning."” These skills depend heavily on the prefrontal
cerebral cortex, which is particularly vulnerable to sleep
loss.?® Electrocardiogram (ECG) interpretation and diag-
nosis is dual process theory at work because there is both
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initial intuitive pattern recognition and subsequent sys-
tematic analysis for diagnostic criteria.

Our objective was to assess emergency medicine (EM)
residents’ ability to make important clinical decisions based
on their ECG interpretation when sleepy and fatigued. We
hypothesized that sleepiness and fatigue from working
overnight shifts would decrease the accuracy of EM
resident interpretation of ECGs for ST-segment elevation
myocardial infarction (STEMI) and impair their ability to
make critical treatment decisions.

Methods

This prospective, multicenter, within-subject study on the
accuracy of clinical decision making during daytime and
overnight shifts was conducted at the emergency depart-
ments (EDs) of Baystate Medical Center (an urban,
community-based, academic, tertiary care center with
115000 ED visits per year) and Stony Brook University
Medical Center (a suburban, university-based, tertiary care
center with 90 000 ED visits per year). The EM residents in
their third year of training were eligible to participate in the
study on a voluntary basis. Written consent was obtained
from all participants.

We identified a list of STEMI and STEMI mimics based
on the literature.?' The ECGs representing these conditions
were identified at study sites and selected only if diagnostic
confirmation was available. The final testing tool consisted
of 10 ECGs from this sample, intentionally chosen for
being uncommon or subtle. When pretested on attending
physicians and graduating senior residents, their accuracy
of decision making was 67%.

We assessed the subjects at 2 time points: during a
weekly resident conference (daytime) and at the completion
of the first night of a series of overnight shifts (overnight).
Previous studies have shown that the first overnight shift is
associated with the most significant deterioration in
cognitive performance®* and manual dexterity.” At both
time points, subjects completed a questionnaire and an
ECG test packet. The questionnaire consisted of the
Stanford Sleepiness Scale (SSS); a 100-mm, unhatched,
horizontal visual analog scale (VAS) addressing sleepiness,
mental fatigue, and physical fatigue; and the Occupational
Fatigue Exhaustion Recovery (OFER-15) scale. The SSS
quantifies progressive sleepiness,> and the OFER-15
distinguishes well between acute and chronic fatigue
states.>* For each of the ECGs in the test packet, subjects
were provided with the same patient scenario: a 55-year-
old man, nonsmoker, with hypertension and a prior ECG
“abnormality” who has been experiencing 2 hours of
progressively worsening retrosternal chest discomfort with
radiation to the left shoulder, accompanied by nausea and
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What was known and gap

Sleep loss reduces cognitive performance, though the extent to which
this affects diagnostic reasoning in emergency medicine residents has
not been studied.

What is new

There was no negative impact on sleep-deprived residents’ decisions to
activate the catheterization laboratory activation (CLA) based on
electrocardiogram interpretation.

Limitations

Small sample increases risk for type Il error; limited choices for subjects
do not authentically represent real clinical situations.

Bottom line

Despite reporting fatigue, resident ability to make CLA decisions was not
affected.

diaphoresis. For each ECG, subjects were instructed to
record (yes or no) whether the patient required catheter-
ization laboratory activation (CLA), as well as their
confidence in the treatment decision using an 11-point
numeric rating scale (NRS), ranging from “no confidence”
to “complete confidence.”

Retesting overnight occurred a minimum of 1 month
after the daytime testing to allow for memory decay
(washout). The ECGs used for testing following the
overnight shift were the same as the ECGs used during the
rested state but were provided in a randomized order, and
no answers were provided or discussed with the study
participants to minimize learning from the daytime testing.

All data were recorded by the subjects on data collection
sheets and later transferred to SPSS software for data analysis.
The study investigator at each site graded the ECG tests by
recording “correct” or “incorrect” for each ECG. Incorrect
decisions to activate the cardiac catheterization laboratory
were further classified as overcalls (CLA when not a STEMI)
or undercalls (no CLA when a STEMI was present).

Our primary outcome measure was the percentage of
appropriate CLA decisions. Secondary measures included
confidence in treatment decisions measured on the NRS
and the number of overcalls and undercalls. We also
measured a subject’s sleepiness and fatigue at both testing
times: SSS, 100-mm VAS for sleepiness, mental and
physical fatigue, and OFER-15.

Ethical approval of this study was granted by the
Institutional Review Boards of Baystate Medical Center
and Stony Brook University.

The data obtained were analyzed with SPSS version 21
(IBM Corp). Pairwise differences in the accuracy of CLA
between daytime and overnight conditions were assessed
with Wilcoxon signed-rank test. Measures of fatigue were
compared with nonparametric tests. Sample size calcula-
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TABLE 1 MEASURES OF FATIGUE

Scale Daytime, Median (IQR) Overnight, Median (IQR) P
Stanford Sleepiness Scale 2 (2-3) 5 (3-6) > .001
Degree of sleepiness, VAS, mm 30 (14-43) 72 (62-81) > 001
Degree of physical fatigue, VAS, mm 36 (20-59) 68 (59-80) > .o01
Degree of mental fatigue, VAS, mm 33 (20-59) 74 (59-80) > .001
Occupational Fatigue Exhaustion Recovery 34 (29-42) 34 (29-43) 48
scale (OFER-15)

Abbreviations: IQR, interquartile range; VAS, visual analog scale.

tions predicted that 23 paired observations would demon-
strate, with 80% power and a 0.05 chance of error (2
tailed), a 10% difference in the primary outcome of
appropriate CLA decisions.

Results

We enrolled 23 third-year EM residents in the study during
2011 and 2012, all of whom completed data collection. On
both the SSS and VAS of subjective sleepiness, the subjects
were not at peak alertness when assessed during the day.
They were significantly sleepier at the end of their first
overnight shift. They also demonstrated significantly
increased physical and mental fatigue on the subjective
VAS. There was no difference between scores on the
OFER-15 (TABLE 1).

The residents showed no significant changes in the
primary measure of appropriate CLA based on their

interpretation of the ECG. Daytime appropriate CLA
(interquartile range) was 70% (50-80) and overnight was
also 70% (60-70; P = .82). Overall accuracy and confi-
dence for each of the 10 ECGs are shown in TABLE 2.

Confidence in their decision making did not change
significantly from daytime to overnight. There were no
significant differences in median overcalls and undercalls
(P = .57 and P = .37, respectively). TABLE 3 shows the
breakdown of overcalls and undercalls between daytime
and overnight testing.

Discussion

We examined differences in the accuracy of CLA based on
ECG interpretation for STEMI between daytime and
overnight shifts of third-year EM residents. We found that
measures of sleepiness and fatigue were significantly
different on the first in a series of overnight shifts compared

TABLE 2 INDIVIDUAL ELECTROCARDIOGRAM ACCURACY AND CONFIDENCE RESULTS

Accuracy, % Confidence NRS, Median (IQR)

Daytime Overnight P Daytime Overnight P
IWMI 75 40 22 8 (6-10) 9 (7-10) .08
Pericarditis 50 70 22 7 (6-8) 7 (5-9) 92
LBBB 65 80 51 8 (6-9) 8 (7-10) 7
LBBB with IWMI 80 85 13 8 (6-10) 7 (5-8) 53
RBBB with MI 50 60 55 7(6-8) 7 (5-8) 75
RBBB 80 60 69 7 (5-9) 7 (6-8) 97
LVH 60 55 > .99 7 (5-9) 7 (6-8) 94
Posterior wall Ml 55 50 > .99 7 (7-9) 7 (6-8) .06
Anteroseptal Ml 75 65 > .99 7 (5-8) 6 (5-8) 5
AIVR 70 35 .03 7 (5-9) 6 (5-8) 57

Abbreviations: NRS, numeric rating scale; IQR, interquartile range; IWMI, inferior wall myocardial infarction; LBBB, left bundle branch block; RBBB, right bundle
branch block; MI, myocardial infarction; LVH, left ventricular hypertrophy; AIVR, accelerated idioventricular rhythm.
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TABLE 3 UNDERCALLS AND OVERCALLS

Undercall, No. Confidence NRS, Median (IQR)

Daytime Overnight P Daytime Overnight P
IWMI 5 Ll .07 8 (5-10) 8 (7-9) 59
LBBB with IWMI 5 2 38 8 (6-10) 7 (5-8) 29
RBBB with M 2 9 58 6 (6-8) 6 (5-7) 94
Posterior wall MI 9 10 >.99 7(7-8) 6 (5-8) 33
Anteroseptal Ml 6 5 > .99 7 (5-8) 6 (5-8) 92
LBBB 8 4 34 8 (6-8) 8 (7-10) 57
Pericarditis m 5 a1 7 (6-8) 6 (5-8) 20
RBBB 4 6 69 7 (5-9) 7 (6-8) 97
LVH 8 8 > .99 7 (5-9) 7 (6-8) 94
AIVR 6 12 03 7(5-9) 6 (5-8) 57

Abbreviations: NRS, numeric rating scale; IQR, interquartile range; IWMI, inferior wall myocardial infarction; LBBB, left bundle branch block; RBBB, right bundle
branch block; MI, myocardial infarction; LVH, left ventricular hypertrophy; AIVR, accelerated idioventricular rhythm.

with daytime shifts. Despite subjective sensations of fatigue
and sleepiness, residents did not demonstrate a difference in
the accuracy of CLA.

The ED shift work demands vigilance at night, typically
without any opportunity for rest. Overnight workers fight a
natural instinct to sleep, which disrupts the body’s internal
clock, forcing it to alter the activity-rest cycle. This
disruption contributes to overall fatigue. Lapses in vigilance
are worse at the circadian nadir, between 2:00 am and 9:00
AM.* Cognitive and psychomotor performance parallel
circadian variation with the performance nadir occurring
between 3:00 aM and 5:00 am. In our study, residents
reported an increase in sleepiness and fatigue during
overnight shifts compared with daytime. However, it
should be noted that even in their “rested” state, subjects
did not have a mean SSS of 1 “feeling active, alert, vital,
and wide awake.”

Not all clinical processes, or clinicians, appear to be
subject to the same deleterious effects of fatigue as previous
studies have demonstrated mixed results. Sleep deprivation
in anesthesia specialists demonstrated impairment in
attention, working memory, and performance after 24-
hour shifts.>~ Reducing duty hours in an intensive care unit
setting demonstrated decreased sleepiness, attentional
failures, and medical errors.!>!*

Emergency physician performance at intubation and
frequency of errors increases when working night shifts,®
and the risk of motor vehicle accidents after night shift
increases as well.” Attending surgeons have increased rates
of procedural complications when operating after a sleep-
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deprived night on call,® and resident laparoscopic skills
suffer with sleep deprivation.”'* However, other studies of
sleep-deprived surgeons have seen no significant decline in
performance on a surgical simulator,'' and no negative
effect on surgical residents’ ability to learn laparoscopic
skills.'?

In our study, despite being tested during their circadian
nadir, when sleepy and fatigued, the residents experienced
no significant change in their ability to accurately interpret
an ECG for STEMI and make appropriate treatment
decisions. This suggests that EM residents are able to
preserve performance in diagnostic reasoning, at least in an
area of frequent experience.

Our study has several limitations. An ECG packet with
an answer sheet does not mimic real-life situations. The
lack of clinical fidelity leaves the potential for subjects to be
less thoughtful in their decision making. However, this
format did allow for each subject to assess multiple ECGs.
In addition, the decision choices placed before the subjects
were limited. They were given only the option of CLA or no
CLA, without the frequently used practice of consultation
with interventional cardiology or with a colleague. This
was necessary for study purposes to get commitment, but
may have led to more conservative decision making. The
small power of the study, dictated by the available number
of third-year EM residents, placed limitations on our study
design. Testing daytime followed by nighttime may have
resulted in a type II error. The deleterious effects of fatigue
may have been masked by clinical maturation or study
subsequent to the first test. With greater numbers, a
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crossover design where half of the subjects were first tested
in a fatigued state and retested while rested could have been
employed. Retesting with the same set of ECGs, although
more than a month later, in a different order, and with no
answers or feedback provided after the initial test, does
create the possibility of recall by subjects to improve their
performance on the retest.

Further study is needed to determine whether this
finding is generalizable to all senior EM residents. There
are significant variations among hospitals in the frequency
of STEMI, the role residents take in management, ECG
teaching, work hours, and scheduling. Despite including
residents from 2 separate training programs, these unique
aspects may be responsible for the lack of difference.

Conclusion

Third-year EM residents report sleepiness and fatigue at the
end of an overnight shift. Despite worsening fatigue, these
residents showed no significant decrease in their ability to
make CLA decisions based on their interpretation of the
ECG.
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