Sleep and Motor Performance in On-call Internal Medicine Residents
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Study Objectives: To compare vigilance and performance among inter-
nal medicine residents doing in-house call versus residents not doing in-
house call.

Design: Prospective study of resident cohorts with repeated testing.
Setting: University Teaching Hospital

Participants: Internal medicine residents doing in-house call and resi-
dents not doing in-house call (pathology, endocrinology) (controls).
Measurements And Results: Subjective sleepiness scores (daily Stan-
ford Sleepiness Scale and Epworth Sleepiness Scale at start and end of
the test period), actigraphy, and daily sleep logs as well as regular psycho-
motor vigilance testing using a Palm® version (Walter Reed Army Institute
of Research) of the Psychomotor Vigilance Test (PVT®). Subjects were
enrolled for a period of 28 to 32 days, which included 4 to 6 on-call nights
for the internal medicine residents. Controls took call from home. Partici-
pants were compensated for their time.

Results: Twenty residents were evaluated, 13 internal medicine and 7
controls. Overall median reaction time was slower in the internal medicine
residents (264.7 £ 102.9 vs 239.2 £ 26.1 milliseconds; P < .001). Internal
medicine residents showed no difference in reaction time postcall versus
other periods (269.9 + 131.2 vs 263.6 + 95.6; P = .65). Actigraphic sleep

time was shorter during on-call than noncall nights and in internal medi-
cine residents as compared with controls (287.48 + 143.8 vs 453.49 +
178.5 and 476.08 £ 71.9 minutes; P < .001). Internal medicine residents
had significantly greater major and minor reaction-time lapses compared
with controls (1.26 +3.4vs 0.53 +£1.1&2.4+7.4vs0.45+1.0; P <.001).
They reported increased sleepiness on postcall days compared with the
start of their call (Stanford Sleepiness Scale: 3.26 + 1.2vs 2.22 +0.8; P <
.001) but had scores similar to those of controls by their next call (2.22 £
0.8vs2.07+£0.8;P=.13).

Conclusions: Internal medicine residents have impaired reaction time
and reduced vigilance compared with controls. Despite subjective im-
provements in sleepiness postcall, there was no change in their objective
performance across the study period, suggesting no recovery. Internal
medicine residents did not get extra sleep on postcall nights in an attempt
to recover their lost sleep time. Implications for residents’ well-being and
patient care remain unclear.
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INTRODUCTION

COGNITIVE AND MOTOR FUNCTION ARE IMPAIRED
WITH ACUTE AND CHRONIC SLEEP DEPRIVATION.!®
MEDICAL RESIDENTS ARE SUBJECTED TO REGULAR
sleep restriction due to their on-call responsibilities.” Recent re-
ports indicate that interns doing frequent emergency room night
shifts of 12 hours show significant deterioration in visual mem-
ory and psychomotor vigilance from the beginning to the end of
their duty.® Subjective assessment by residents using the Epworth
Sleepiness Scale (ESS) suggests levels of fatigue equivalent to
that found in patients with serious sleep disorders such as sleep
apnea and narcolepsy.’ In driving-simulation experiments, post-
call pediatric residents have response times equivalent to those
produced in normal subjects with a blood alcohol level of 0.05.1°
Current regulations in Ontario, Canada, permit in-house on-call
duties averaging up to 1 in 4 nights (average 4-6 calls per month).
Residents may work continuously for up to 28 hours without rest
or sleep. There are limited objective data to indicate whether or
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not residents have recovered by their next night shift.!! Moreover,
the long-term health effects on them and the effects on patient
care are not well known.

This study was designed to test the following 3 hypotheses: (1)
internal medicine residents have overall impaired performance
in objective testing, as compared with residents who do not take
in-house call; (2) internal medicine residents show an acute dete-
rioration in their vigilance and motor performance across a single
on-call duty; and 3) internal medicine residents will demonstrate
objective improvement (recovery) between call duties.

METHODS

We recruited internal medicine residents performing in-house
call (postgraduate years 1-3) and control residents from services
that are traditionally quiet during nighttime hours and who do not
take in-house call (pathology, endocrinology, nuclear medicine).
A 45-minute PowerPoint presentation was given to all potential
subjects to outline the study. All participants were aware of this
study’s intention to obtain objective and subjective measures of
sleepiness. Subjects came from 2 tertiary care teaching hospitals
within the same city and healthcare network. Due to division of
services within our hospital network, internal medicine residents
were enrolled at 1 site, while the control residents came from the
other campus. The study ran from September 2003 through to
March 2004.

Inclusion criteria were as follows: all medical residents doing
in-house medicine call and residents not taking in-house call and
who are from services with a reasonable expectation of getting
at least 5 hours of continuous sleep even when on call (control
group). Exclusion criteria were failing to provide informed
consent, age under 18 or over 35 years as of their enrollment
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Table 1—Demographics for the Resident Groups

Variable Medicine n=13 Controls n=7 P Value
Age, y* 27.0+1.1 29.9+2.9 .001
Sext (Men:Women) 7:6 3:4 NS
Race (Caucasian:Other) 5:8 3:4 NS
Handedness (Right:Left) 11:2 6:1 NS

*Data are presented as mean £ SD.
tData are presented as number.

start date, residents on service other than internal medicine doing
in-house call, those with a history of a sleep disorder or serious
comorbid illness (ie, diabetes, epilepsy), current prescription
sedative or stimulant use, medicine residents not doing at least 3
in-house calls during a 30-day period, taking holidays (>3 days)
during the study period, pregnancy, those who moonlight, control
subjects who had recently (within the previous 10 days) done
in-house call, participants in another study, or those failing to
complete at least 80% of the required tasks.

Subjects were studied for between 28 and 32 days. Each
participant gave informed consent, completed a demographic
survey, and met both inclusion and exclusion criteria. As a
measure of overall sleepiness, they completed the ESS at study
entry and exit.!? Participants wore an activity monitor throughout
their study period, which was used to estimate sleep (Actiwatch®,
Minimitter, Bend, Ore). They also completed a weekly sleep log,
a daily 5-minute Palm® version of the psychomotor vigilance
test (PVT), and the Stanford Sleepiness Scale (SSS) at repeated
intervals.''* Both the PVT and SSS measures were completed
between 7 and 10 am Eastern Standard Time. To get a sense of
acute changes in sleepiness, medicine residents were required to
complete the SSS scale both on call and postcall, while the control
group completed this scale twice per week (either every Monday
and Thursday or Tuesday and Friday). Figure 1 outlines the
protocol. Monthly on-call schedules for medicine residents were
obtained from the department of medicine. The study results were
analyzed on a per-protocol basis. Eighty percent completion of
each task was required for analysis inclusion. For analysis of the
actigraphy data, if a subject failed to wear the activity monitor for
1 night, the entire time of no activity could either be considered
completely asleep or as missing data. Data were analyzed both
ways.

Several outcome measures were determined: median and 10%
slowest and fastest reaction times for controls and medicine resi-
dents from their on-call, postcall and noncall days. Also, we com-
pared (square root transformed) lapses' between the 2 groups
(medicine/controls). For this study, minor lapses were defined as
any reaction time > 500 milliseconds. Major lapses were an ad-
justable variable defined as the number of reaction times greater
than 2 times the median reaction time for that specific trial. We
reasoned that this measurement of lapses would be more sensitive
to changes in vigilance within an individual on a given day. Laps-
es exceeding 30 seconds were also measured, but the number of
instances in which this occurred among and between the groups
was extremely rare. Scores on the SSS throughout the study and
ESS at study start and end were also compared between the resi-
dent groups. Finally, sleep times recorded through self-reported
sleep logs and an objective activity monitor were compared for
agreement. Statistical analysis included unpaired student ¢ tests
(assuming equal variances, Bonferroni correction for multiple
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Figure 1—Outline of testing protocol. ESS refers to Epworth Sleepi-
ness Scale; SSS, Stanford Sleepiness Scale; PVT, Psychomotor Vigi-
lance Task; $$$, compensation at the end of the study. Actiwatch®,
sleep diary, and PVT performed daily. SSS recorded both before and
after on-call periods, and ESS performed at start and end of the study.

comparisons), 1-way analysis of variance, and simple regression
analysis.

This project met the approval of the Health Sciences Research
Ethics Board at the University of Western Ontario. Subjects were
free to withdraw at anytime, and all participants were compen-
sated. The amount of compensation was based on the degree of
compliance with the study procedures. Completion of all tasks re-
sulted in payment of $100 (Canadian). All participants were con-
tacted each week to encourage compliance and reminded about
the study requirements. Subjects were also discouraged from
communicating with each other about reaction times. A bonus of
$100 was awarded to the resident with the overall fastest mean
reaction time on the PVT, independent of their group (medicine
or control).

RESULTS

There were 56 potential internal medicine residents. However,
only 35 worked at the main site for enrollment during the study.
All were aware of the study via lectures and announcements, but
only 26 were individually approached. Four declined to be studied.
One subject was over the maximum age requirement. Three other
subjects planned to take holidays during their possible enrollment
period. Finally, 1 medicine resident did not meet the minimum
call per month requirement.

In all, 18 internal medicine residents were enrolled.
Unfortunately, only 13 met the final requirements for analysis.
Of the 5 excluded, 4 failed to meet the protocol requirements.
The reasons for exclusion were multifactorial. Subjects were
unable to complete the PVT during the specific time periods (7-
10 am), complete the task on at least 80% of their study day's
or consistently wear the activity monitor. One individual had a
technical failure with the activity monitor (water damage). The
demographics of those excluded did not differ from the other
medical residents. Ten control subjects from the departments of
endocrinology, pathology and nuclear medicine were asked to
participate. Two of these subjects were subsequently declined
enrollment due to exceeding the maximum age limit, and the third
was moonlighting (n = 7; 3 endocrinology, 3 pathology, | nuclear
medicine).
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Table 2—Psychomotor Vigilance Test Data for Control and Medi-
cine Residents

Group Median RT Slowest 10% RT Fastest 10% RT
(Overall)

Medicine 264 =103 582 +539 191 +12

Control 239 +£26%* 374 £ 111** 179 + 14%*

Medicine on call 573 £ 537 192 £13

Medicine post call 611 £611 191 +£12

Medicine regular 584 + 473 191 +£12

RT refers to reaction time in milliseconds. Results are mean (or me-
dian) = SD.

*P <.001 compared with medicine (overall).

**P <.001 compared with all medicine conditions.

A total of 13 internal medicine and 7 control residents met
criteria for analysis. Their demographics are presented in Table 1.
The only statistically significant difference between groups was
age, with control residents being slightly older (29.9 + 2.9 years
vs 27.0 £ 1.1 years, P < .001). However, the age difference was
small (3 years) and unlikely to be clinically significant in terms
of performance-outcome data. There was a significant difference
in overall median reaction time (264 £ 103 milliseconds vs 239 +
26 milliseconds, P < .001), with medical residents being slower.
Surprisingly, internal medicine subjects showed no difference in
reaction time after call compared with all other times (270 £+ 103
milliseconds vs 264 + 96 milliseconds; P = .65). The mean of the
fastest and slowest 10% of responses were significantly different
between groups but did not differ within the medicine residents
regardless of condition (Table 2). Also, medical residents had
significantly more major (2.5 £ 2.2 vs 1.53 + 0.92) and minor
reaction-time lapses compared with controls (2.9 £ 3.2 vs 1.5 £
0.91; both P < .001; Table 1). False starts, defined as initiating a
response when no stimulus was presented on the Palm® PVT, was
less likely to occur among medicine residents (2.2 + 1.1 vs 3.2
+ 1.5; P <.001). Figure 2 demonstrates the differences in lapses
between subjects from each group. Control residents had few, if
any, lapses, while medicine residents had several—often up to 4
seconds.

Figure 3 illustrates the difference in activity at night between a
medicine and control subject. The medicine resident, as expected,
showed a more erratic sleep schedule due to call duties. The
control subject had quite regular sleep hours.

There was a significant discrepancy between subjective total
sleep time (diary) and objective estimate of sleep time (actigraphy),
particularly for the medical residents. As seen in Figure 4, medical
residents consistently underestimated or overestimated their actual
sleep time, and this was different than that of controls (r = 0.46 vs
0.55; P < .05 Figure 4). Average time of on-call sleep (in minutes)
measured by Actiwatch monitors, as expected, differed from
those on noncall nights and of control subjects (287.5 = 143.8 vs
453.5 £ 178.5 or vs 476.1 £ 71.9; P < .001). However, medicine
residents did not show any difference in the total amount of sleep
on postcall nights compared with either other noncall nights or the
sleep of controls (Figure 5).

Based upon the SSS scores, medical residents did report more
sleepiness after call (2.22 = 0.8 vs 3.26 + 1.2; P <.001), but the
scores were equivalent to those of control subjects by their next
on-call duty (2.22 £ 0.8 vs 2.07 £ 0.8, P=.13). ESS scores for the
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Figure 2—Reaction time and lapses on the Psychomotor Vigilance
Test (PVT). For illustration, a single PVT trial for a medicine resident
is contrasted with the PVT for a control resident. Only the medicine
resident has prolonged lapses.

medicine residents trended higher during their study period (6.9
+ 3.2 vs 8.0 £ 3.4; P = .07), while there was no change for the
controls (8.0 £ 3.4 vs 7.7 + 3.5; P = .44; Figure 6).

DISCUSSION

This study differs in design from previously reported literature
in 3 ways. First and most important, to our knowledge, this is the
only published study to have a prospective control cohort. Second,
while previous studies have used in-laboratory or complex tasks to
measure vigilance, we used a simple-to-use Palm® version of the
PVT, allowing measurements in the field. Finally, we measured
sleep time through both objective estimates (actigraphy) and sub-
jective (sleep-log diary) methods. Previous reports have used only
sleep-log data or an activity monitor. While not the gold standard
for measuring sleep (c.f. polysomnography), actigraphy provides
reliable objective estimates of sleep, especially in subjects without
sleep apnea or insomnia.'®!® Given the longitudinal design with
28 to 32 days of data collection for each subject, we felt this was
the most practical means of data collection.

As expected, medical residents demonstrated impaired
vigilance. But, more concerning, is their lack of improvement
or “recovery” between call duties and misperception about their
chronic level of impairment. We suggest that this lack of change in
post-call reaction times compared with other periods for internal
medicine residents is due to chronic fatigue (sleep deprivation).
Our study suggests that current guidelines allowing 4 to 6 on-
call duties per month may not allow sufficient time for motor
performance recovery. Recently, in the United States, similar on-
call guidelines have been enacted as those in Ontario. However,
our study suggests that, even with the current schedule, residents
experience significant chronic fatigue.

Also of importance is the wider variances seen among medical
residents in most of their measurements, both objective and
subjective. Two possible explanations exist for why medical
residents had a trend toward higher ESS scores. First, as
sleepiness was one of the stated outcome measures, it might be
argued that, through the course of the study, medicine residents
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Figure 3—Monthly actigraphy for medicine resident (left) and control resident (right). The control resident has a very regular activity (sleep-wake
pattern over the month, whereas that of the medical resident is more erratic.
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Figure 5—Total sleep time, as measured by actigraphy, for medicine
residents (grey bars) and control residents (Black bar). Values are
mean = SD. Only on-call sleep time is shorter.

might be biased to be more aware of these variables. However,
control subjects had the same study cues and did not report any
change. The second, and we believe more likely explanation,
is that general internal medicine residents develop a chronic
sleep debt that does not recover during the interval between on-
call duties despite a frequency of only 4 to 6 nights per month.
Although we did not measure or survey off-duty activities, we
believe that residents either cannot or do not avail themselves of
the opportunity to recover sleep during their off-duty and noncall
days. This is supported by the lack of increase in sleep time
inferred from actigraphy.

We acknowledge that there may be the potential for selection
bias, and, while our control group may not be ideal, we believe
it was the best available for comparison. Compared with internal
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medical residents, residents with regular working hours may differ
in some factors, including personality. Certainly career selection
is a personal choice. These differences could explain some of our
differences. However, practically speaking, we did not control
for personality. Still, some control residents, such as those in
endocrinology, will have had to complete 3 years of internal
medicine training prior to subspecialty training. And, conversely,
some of the internal medicine residents could well be destined to
be become endocrinology residents. Thus, we suggest that, while
not measured, it may be just as likely to find these “control” traits
in either group, thus limiting the differences between groups.
Table 1 indicates a significant but small age difference between
the 2 groups (controls being older by 3 years). This is likely a
clinically insignificant difference, and, while reaction times on
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vigilance tasks slow with age, it is unlikely that this small age
difference in this age group would account for the differences in
PVT. In fact, if age is an important confounder, then we would
expect the older control residents would have worse results, which
would bias against the observed differences in reaction time.

Medical residents show on average of a 40-milliseconds
prolongation in their mean reaction time. This difference is
primarily related to brief prolonged lapses as opposed to a diffuse
slowing. The clinical significance of this finding is not clear. False
starts were also reduced among medical residents. Typically, false
starts increase with increasing sleepiness, so we should expect to
see these increased in the medical residents. We cannot readily
explain this finding.

Current Ontario regulations, in place for more than 5 years,
permit 1-in-4 in-house call but require that residents be relieved
of duty not later than noon the day after a night on call (< 28-hour
shift). Despite these regulations, medicine residents do not seem
to avail themselves of the opportunity to sleep (as evidenced by
the lack of increased actigraphic sleep times) and, by extension, to
improve their (reaction-time) performance. The United States has
recently adopted similar call restrictions, but it is as yet unknown
how these will influence resident behavior and performance in the
long term. There are recent data showing that short-term changes
in call schedule can reduce medical errors in the intensive care
unit,'” but whether that change can be maintained in other settings
and in the long term remains unanswered.

Implications for patient care are unclear. Likely, in an emergency
situation, judgment would not be impaired, but “routine” tasks
(ie, medication reorders) might be missed, which could later lead
to more serious consequences. This study did not address medical
error due to sleep deprivation, but the persistent impairment in
vigilance between call duties and misperception about their state
among internal medicine residents is concerning.

Practical clinical recommendations from this study include (1)
educating medicine residents about their persistent impairment
compared against some other specialties requiring one to actively
focus especially on “routine” tasks and (2) encouraging residents
to increase their sleep time on postcall nights. The major limitation
to this study was the sample size (N = 20). However, we feel that
the rigorous nature of our design and previous reports on this topic
raise significant concerns about resident well-being and patient
care with an on-call frequency of up to 6 times per month.

In conclusion, we have shown that internal medicine residents
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have overall both impaired reaction time and vigilance compared
against residents who do not take in-house call. There was no
change in their objective performance across the study period,
suggesting persistent impairment. Medicine residents did report a
relative increase in their level of sleepiness after call. However, of
great concern is that they rated their level of alertness comparable
to controls by the start of their next on-call duty despite objective
data to the contrary. Medicine residents misperceive their level
of vigilance. Finally, medical residents did not get extra sleep on
postcall nights in an attempt to recover. Reasons for lack of re-
covery sleep were not addressed in this study but likely relate to
personal and family commitments. Implications for resident well-
being and patient care remain unclear. Studies directly addressing
sleep impairment and medical mistakes are needed.
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