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Abstract

Study Objectives: We compared resident physician work hours and sleep in a multicenter clustered-randomized crossover clinical trial that randomized
resident physicians to an Extended Duration Work Roster (EDWR) with extended-duration (>24 hr) shifts or a Rapidly Cycling Work Roster (RCWR), in
which scheduled shift lengths were limited to 16 or fewer consecutive hours.

Methods: Three hundred two resident physicians were enrolled and completed 370 1 month pediatric intensive care unit rotations in six US academic
medical centers. Sleep was objectively estimated with wrist-worn actigraphs. Work hours and subjective sleep data were collected via daily electronic diary.
Results: Resident physicians worked fewer total hours per week during the RCWR compared with the EDWR (61.9 + 4.8 versus 68.4 + 7.4, respectively;

p < 0.0001). During the RCWR, 73% of work hours occurred within shifts of <16 consecutive hours. In contrast, during the EDWR, 38% of work hours
occurred on shifts of <16 consecutive hours. Resident physicians obtained significantly more sleep per week on the RCWR (52.9 + 6.0 hr) compared with
the EDWR (49.1 + 5.8 hr, p < 0.0001). The percentage of 24 hr intervals with less than 4 hr of actigraphically measured sleep was 9% on the RCWR and 25%
on the EDWR (p < 0.0001).

Conclusions: RCWRs were effective in reducing weekly work hours and the occurrence of >16 consecutive hour shifts, and improving sleep duration of
resident physicians. Although inclusion of the six operational healthcare sites increases the generalizability of these findings, there was heterogeneity
in schedule implementation. Additional research is needed to optimize scheduling practices allowing for sufficient sleep prior to all work shifts.

Clinical Trial: Multicenter Clinical Trial of Limiting Resident Work Hours on ICU Patient Safety (ROSTERS), https://clinicaltrials.gov/ct2/show/NCT02134847

Statement of Significance

This operational trial, conducted in six pediatric intensive care units across the country, showed that rosters eliminating scheduled extended-duration
shifts reduced weekly work hours and improved sleep duration of resident physicians. These findings extended evidence from a previous single-site
study, as the results were consistent even though the rosters were implemented differently across sites. Knowledge gaps remain about optimal sched-
uling practices that ensure sufficient opportunity for resident physician sleep prior to all work shifts. Sufficient sleep is necessary for patient safety
and the health and safety of the resident physician.
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Introduction

The nature of healthcare delivery requires clinical coverage
24 hr per day, 7 days per week. Consequently, healthcare
workers’ schedules often include night and rotating shifts, early
morning start times, and other nonstandard work hours. Shift
workers report disturbed sleep and excessive sleepiness more
frequently than day workers [1], and 40% of healthcare practi-
tioners, nurses, and others in healthcare support report insuf-
ficient sleep [2]. There is a compelling need for the design of
schedules that enable sufficient sleep in settings that require
safety-sensitive 24 hr operations.

Extended-duration work shifts (224 hr) have been the corner-
stone of resident-physician training. Resident physicians in the
United States are sanctioned to work shifts lasting 24 or more
continuous hours, and up to 88 hr per week, averaged across
4 weeks, limiting their time for activities of daily living and
sleep. In a single-site randomized clinical trial to test whether
the elimination of extended-duration work shifts could de-
crease weekly work hours and increase sleep duration, the work
and sleep of first-year resident physicians (PGY1s) working an
Extended Duration Work Roster (EDWR) were compared with
the same PGY1s scheduled to a Rapid Cycling Work Roster
(RCWR), in which scheduled shift duration was limited to no
more than 16 consecutive hours in medical and cardiac inten-
sive care units. Work hours decreased from 85 to 65 per week
under the RCWR, sleep duration increased almost 1 hr per night,
and electro-oculographically documented nighttime attentional
failures decreased by 50% [3].

Based primarily on these results and others, the Accreditation
Council of Graduate Medical Education limited PGY1s to shifts
of 16 or fewer continuous hours of work from 2011 to 2017, but
citing a lack of data among more senior resident physicians,
permitted resident physicians to continue working extended-
duration work shifts up to 28 hr after their first postgraduate
year. We therefore conducted the first multicenter clinical trial
of senior resident physicians (PGY2 and higher) to compare the
work hours and sleep obtained under EDWR with those under
RCWRs, with scheduled shift lengths limited to no more than 16
consecutive hours in the latter condition.

Methods

Full details of the study design, including collection of patient
safety and performance data, are available elsewhere [4-6].
Briefly, the Randomized Order Safety Trial Evaluating Resident-
physician Schedules (ROSTERS) study was a multicenter
clustered-randomized, crossover clinical trial designed to
evaluate the effectiveness of eliminating resident physicians’
traditional shifts of 24 hr or longer.

Many academic medical centers nationwide were not eligible
to participate, as they had previously eliminated shifts sched-
uled for longer than 16 hr for resident-physicians working in
their Pediatric Intensive Care Units (PICUs). Six sites were ini-
tially selected for participation, and five of those (83%) com-
pleted the trial. The originally selected sixth site withdrew from
the study due to a change in leadership, and the first replace-
ment site selected was unable to meet study timelines. A second
replacement selected for the sixth site then completed the study.
Overall, the completion rate was six out of eight sites (75%) that
were selected for participation in the trial.

Six PICUs participated from July 2013 to March 2017: Boston
Children’s Hospital; Children’s Hospital Colorado; University
of Iowa Stead Family Children’s Hospital, Seattle Children’s
Hospital; Cincinnati Children’s Hospital Medical Center; and
University of Virginia Children’s Hospital. The units’ initial study
condition was randomly assigned to either an EDWR, with regu-
larly scheduled 24-28 hr extended-duration work shifts, or to a
RCWR that limited resident physicians’ scheduled work shifts
to no more than 16 consecutive hours, including regular over-
night shifts. Each condition had a 4-month wash-in interval fol-
lowing by an 8-month data collection interval. Ethical approval
was obtained at each academic medical center, as well as at
Sutter Health (Data Coordinating Center) and Partners Human
Research Committee (Clinical Coordinating Center). Study in-
vestigators obtained a Certificate of Confidentiality from the
National Institutes of Health to protect the privacy of research
participants.

Recruitment

All PGY2 and higher resident physicians working in the PICU
over the study interval were invited to participate in the study.
Volunteers provided written consent and were offered an incen-
tive (e.g. iPad or cash equivalent) for participation.

Data collection interval

Actigraphy and eDiary data were collected during each
participant’s rotation in the PICU. Individual rotations in the
PICU lasted approximately 1 month, and resident physicians
could complete multiple rotations in the PICU during the study.

Actigraphy

During the rotation, resident-physician volunteers con-
tinuously wore wrist Motionlogger actigraphs (Ambulatory
Monitoring, Inc., Ardsley, NY) to collect rest/activity patterns.
The Motionlogger is a battery-operated device and is the size of
a watch. Participants were instructed to wear it on the wrist of
their nondominant hand. Sleep was estimated for each day using
the Action-W version 2.0 software (Ambulatory Monitoring, Inc.,
Ardsley, NY; UCSD algorithm with rescoring) [7-9].

eDiary

Resident physicians completed daily sleep/wake electronic logs
(“eDiary”) as part of their morning routine. The logs provided a
daily assessment of work hours and sleep duration and were
also used to assist with interpretation of actigraphy data (e.g.
confirming sleep intervals).

Questionnaire

On the baseline survey, resident physicians self-reported demo-
graphic information (e.g. height and weight) and were screened
for sleep apnea using the Berlin questionnaire [10]. Resident
physicians completed end-of-rotation surveys to report hours
spent in patient care and rate their work experience on each
schedule. Responses to multiple-choice questions were com-
bined to create three scores that summarized work experience.



These included the extent to which their training offered an op-
portunity to obtain knowledge and skills (15 questions, range 0
to 60), expectations of the residency (13 questions, range 13 to
65), and day-to-day activities of work (5 questions, range 0-30;
see Supplementary Table 1).

Resident workload

As a measure of resident workload, ICU patients per resident-
physician (IPRP) were calculated as the average daily patient
census over the average resident-physicians present on the
unit [6].

Analysis

Both actigraphy and eDiary data were divided into consecu-
tive 6 am-6 am intervals for analyses of total sleep time and
work hours. To be eligible for analysis, participants had to have
a minimum of fourteen 6 am-6 am intervals of continuous
actigraphy or 14 intervals of eDiary data. For actigraphy, 6 am to
6 am data intervals were considered usable if they contained at
least 22 hr of data. For eDiary, 6 am to 6 am data intervals were
reviewed visually and compared with actigraphy data to deter-
mine whether the sleep and work data reported were complete.
Repeated interval-specific outcomes were averaged within rota-
tions then multiplied by 7 to generate weekly averages. Data are
reported as mean + standard deviation.

Not all resident physicians contributed equally in the data
set. Our statistical approach, which used random intercepts to
account for within-participant correlation of repeated outcomes
across rotations, accounted for unequal numbers of observa-
tions for each resident physician. We used generalized linear
models to estimate the effects of schedule. Fixed effects in-
cluded schedule, site, and randomization order, as well as base-
line characteristics found to be unbalanced by schedule. Linear

Table 1. Resident-physician characteristics by schedule type
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mixed models were used for the continuous outcomes, with
variances and covariances estimated by the restricted maximum
likelihood method. The distributions of the continuous out-
comes were examined graphically for normality. Mixed logistic
models were used for the dichotomous outcomes. Augmented
models including a site-schedule interaction were used to as-
sess evidence for modification of the effect of schedule by site.
All analyses were conducted using SAS version 9.4 (SAS Institute
Inc, Cary, NC), with Proc Mixed used for continuous outcomes
and Proc Glimmix for binary outcomes. All significance levels
reported were two-sided and alpha level was set at 0.05.

Results
Participants

A total of 302 individual resident physicians participated in
the study, with 51 who enrolled twice, four who enrolled three
times and three who enrolled four times for a total of 370 ro-
tations. Twenty-four resident physicians provided data in both
the EDWR and RCWR conditions. No resident physician repeated
more than twice within condition. 99.3% (300/302) of resident
physicians completed the demographics section of the baseline
questionnaire. The mean age was 29.4 + 2.3 (range 25-42) years
and 62.1% were female. The Berlin Questionnaire was completed
for 312 rotations and 5.5% (17/312) screened at high risk for sleep
apnea. Demographics, apnea risk, and year of residency did not
differ by schedule conditions (p > 0.38). Body mass index was
slightly higher in the RCWR group than the EDWR group, on
average. Although the difference is not clinically important, it
was significantly different (23.3 vs. 23.2 kg/m?, p < 0.01; Table 1).

There were sufficient actigraphy data in 296/370 rotations
data to include in the analysis, 134 in the EDWR and 162 in
the RCWR (Figure 1). Similarly, 353/370 rotations had sufficient
eDiary data, 169 in the EDWR and 184 in the RCWR. By schedule
condition, the difference in the rate of rotations with valid

Schedule
EDWR RCWR
Overall R -
Characteristic (n=362) (n=171) (n=191) P
Gender 0.97
Female 225 (62.1) 105 (61.4) 120 (62.8)
Male 137 (37.9) 66 (38.6) 71 (37.2)
Age, years 294 +23 29.3+2.19 295+24 0.38
Race 0.90
White 294 (81.4) 138 (81.2) 156 (81.7)
Nonwhite 67 (18.6) 32 (18.8) 35 (18.3)
Ethnicity 0.44
Hispanic/Latino 23 (6.6) 13 (7.9) 10 (5.4)
Not Hispanic/Latino 326 (93.4) 152 (92.1) 174 (94.6)
Year of residency program 0.95
PY2 235 (64.9) 112 (65.5) 123 (64.4)
PY3 127 (35.1) 59 (34.5) 68 (35.6)
High risk for apnea® 17 (5.5) 9 (6.3) 8 (4.7) 0.54
Body mass index, kg/m? 232+34 232+34 233 +35 <0.01

Data shown as n(%) or mean =+ SD, per rotation.

p Values from generalized mixed model adjusted for site and randomization order.

*Based on the Berlin questionnaire.
362 rotations with >14 days of actigraphy and/or eDiary data.
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Figure 1. Enrollment and status of participation in the study. Three hundred
seventy rotations contributed to the actigrpahy and diary data. 'A total of 302
unique residents participated in the study, with 51 enrolled twice, four enrolled
three times, and three enrolled four times.

actigraphy or diary data was not statistically significant (p = 0.09
and p = 0.34, respectively). Representative examples of raster
plots of work and sleep data are shown in Figure 2.

Work hours

Resident physicians worked significantly more hours per week
on average in the EDWR (68.4 + 7.4) than they did in the RCWR
condition (61.9 + 4.8; p < 0.0001). In the EDWR conditions, resi-
dent physicians reported 2566 work shifts, 38% of which were
extended-duration (>24 hr) and 61% of the total work hours oc-
curred during these shifts (Figure 3A). Overall, 15% of EDWR
work hours occurred during shifts longer than 28 hr, but the
number of these shifts varied greatly by site (p < 0.0001), ran-
ging from 0.5% to 25% of shifts. During the RCWR condition,
0.3% of work hours occurred during extended-duration shifts;
73% of work hours occurred within shifts of 16 or fewer con-
tinuous consecutive hours (Figure 3B). In contrast, during the
EDWR condition only 38% of work hours occurred on shifts of
16 hr or fewer in duration. The mean number of hours spent
participating in direct patient care was on average higher in
the EDWR than RCWR conditions (59.6 + 16.1 and 55.9 + 14.7,
respectively; p = 0.008). In a subset of rotations with 28 or
more continuous days of diary data (51 EDWR rotations and
70 RCWR rotations), the maximum weekly work hours, aver-
aged over 4 weeks, were higher on EDWR (69.3 + 6.0 hr) than
on RCWR (63.2 + 3.8 hr; p < 0.0001). None of the rotations had
maximum work hours, averaged over 4 weeks, of more than
80 hr per week.

We examined the number of hours resident physicians had
off between shifts in each scheduling condition by calculating
the percentage who had 10 or fewer hours between shifts. There
were significantly more short between-shift intervals (<10 hr)
during the RCWR (8.4%) when compared with the EDWR (0.3%;
p < 0.0001). Three sites did not have any short between-shift
intervals on the EDWR. During the RCWR, the percentage of

short between-shift intervals varied across sites, ranging from
1% to 14%. Table 2 shows the rate of short between-shift inter-
vals at each site.

Sleep

Resident physicians obtained significantly more sleep per week
during the RCWR than during the EDWR as measured object-
ively with actigraphy (52.9 + 6.0 versus 49.1 + 5.8 hr, p < 0.0001)
and subjectively via the eDiary (49.1 + 4.9 versus 47.5 + 4.5 hr,
p = 0.008; Figure 4). The percentage of 24-hr intervals with
less than 4 hr of actigraphically-measured sleep was 25% on
the EDWR and 9% on the RCWR (p < 0.0001). Subjectively, resi-
dent physicians reported less than 4 hr of sleep in 23% and
13% of 24 hr intervals on the EDWR and RCWR, respectively
(p < 0.0001). During the EDWR, 10% of work hours were pre-
ceded by 2 or fewer hours of sleep in the preceding 24 hr, when
compared with 4% during the RCWR (p < 0.0001; Figure 3C).
Although the percentage of 24 hr intervals with less than 7 hr
of actigraphically measured sleep was similar on the EDWR
and on the RCWR (43% and 46%, respectively, p = 0.11), resident
physicians subjectively reported less than 7 hr of sleep in 47%
and 52% of 24 hr intervals on the EDWR and RCWR, respectively
(p < 0.0001).

During the EDWR, resident physicians reported napping
on 31% of extended-duration shifts (307/978). On shifts of all
lengths, resident physicians reported napping on 13% (316/2525)
of shifts on the EDWR and on 5% (147/3032) of shifts during the
RCWR (p < 0.0001). Of those shifts with any nap time, the mean
duration of total nap time was similar during the EDWR and
RCWR, 1.6 + 1.2 and 1.6 + 1.32 hr, respectively (p = 0.99).

Ratings of work experience

Two hundred ninety resident physicians completed an end-
of-rotation survey for 355/370 (96%) rotations. Resident phys-
icians completed 169 questionnaires following EDWR rotations
and 186 questionnaires following RCWR. Twenty-four resident
physicians completed an end-of-rotation survey in both con-
ditions. There was no difference between the EDWR and RCWR
rotations in how resident physicians rated the opportunity to
obtain skills/knowledge (p = 0.50) or the negative effects on
day-to-day activities (p = 0.27). Resident physicians rated the
quality of their work experience more negatively in the RCWR.
Following the EDWR, 11% of resident physicians rated the work
experience as poor/fair compared with 30% of resident phys-
icians following the RCWR (p = 0.0001). The educational experi-
ence on the rotation was also significantly different; 17% of
EDWR resident physicians rated the educational experience as
poor/fair compared with 38% following the RCWR (p = 0.0001;
Table 3).

Association among work schedules, sleep, and
ratings of work experience

There was no association between rate of short between-shift
intervals and self-reported average weekly sleep duration
(p = 0.14). There was a modest association between the rate of
short between-shift intervals and the odds of reporting a fair
or poor work experience or educational experience [for each 1%
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Figure 2. Two examples from each site of work and sleep data plotted from resident physicians’ eDiaries. Gray bars depict work and black bars depict sleep. There was

variation in schedules, work, and sleep among resident physicians and sites.
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Figure 3. Proportion of total work hours plotted against the duration of the shift
during the EDWR (A) and the RCWR (B) and the percentage of total work hours
that occurred after various amounts of sleep in the preceding 24 hr (C).

increase in the rate of short between-shift intervals OR (95% CI):
1.05 (1.01, 1.10) and 1.04 (1.01, 1.08), respectively].

Mean ICU patients per resident physician (IPRP) was
25% higher on the RCWR (8.5 + 2.8) than on the EDWR (6.8 +2.2;
p < 0.001) [6]. For each additional intensive care unit patient per
resident physician, the odds or reporting a fair or poor work or
educational experience was significantly greater (2.05, 95% CI:
1.48,2.85 and 1.79, 95% CI: 1.36, 2.37, respectively).

Discussion

Compared with the traditional EDWR, work hours were reduced
10% per week and objectively measured hours of sleep per week
increased 8% when pediatric resident physicians worked a

Table 2. Rate of short between-shift intervals (<10 hr)

Site EDWR RCWR P

A 02+1.0 13x27 0.03

B 1.6+47 26+42 0.45

C 0x0 122+ 84 <0.0001
D 0+0 14.3+9.5 <0.0001
E 0x0 27 +46 0.01

F 0.6+1.7 14.2+59 <0.0001
Overall 04+20 8.2+86 <0.0001

60

sk ‘|’ *

o 56 ‘
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s |
S 52 I
]
K ‘ mEDWR
2 48 RCWR
>
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44 - —
40

Actigraphy eDiary

Figure 4. Weekly hours of sleep were significantly higher during the RCWR
schedule as compared to the EDWR schedule (*p = 0.0005; *p < 0.0001).

RCWR in the PICU. The RCWR called for shifts of 16 or fewer con-
secutive hours. In practice, 73% of work hours occurred within
shifts of 16 or fewer hours, compared with only 38% of work
hours occurring with the first 16 hr on duty during the EDWR.

Both the EDWR and RCWR were designed to be compliant
with the 2011 Accreditation Council for Graduate Medical
Education (ACGME) work-hour guidelines. Although the 2011
guidelines limited first-year resident physicians to shifts of 16 or
fewer consecutive hours, PGY2 and higher resident physicians
continued to be allowed to work up to 28 consecutive hours and
80 hr per week, averaged over 4 weeks [11]. In both the EDWR
and RCWR conditions, average work hours were, respectively,
15% and 23% lower than the maximum allowed. Although the
mean maximum hours, averaged over 4 weeks, were higher on
the EDWR than on the RCWR, none of the rotations, in either
condition, exceeded the ACGME 80-hr limit when averaged over
4 weeks. Resident physicians exceeded the 28 hr limit, in vio-
lation of ACGME guidelines, on 9% of shifts in the EDWR and
0.1% of shifts on the RCWR. Scheduled shift durations need to
be substantially lower than the maximum limits, such as the
16-hr limit imposed on the RCWR, to minimize the probability
that resident physicians will exceed ACGME limits by working
longer hours than scheduled due to off-nominal situations, or to
ensure the continued care of their patients.

During the EDWR, resident physicians were scheduled to 24-
to 28-hr extended-duration overnight shifts every 4 to 5 days,
with shorter shifts in between, and during the RCWR resident
physicians were scheduled for shifts of 16 or fewer consecutive
hours with periodic overnight shifts [4]. Extensive efforts were
made to standardize certain features of the RCWR schedule (e.g.
avoiding recurrent night shifts, ensuring sufficient days off each
month). However, differences in site characteristics, operational
necessity, and the manner in which site principal investigators
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Schedule
EDWR RCWR
Overallf
Characteristic (n =350) (n=167) (n=183) P
To what extent did the training this year offer you the opportunity to 45.0+8.3 45.2 £8.2 44.8 £8.3 0.50
obtain skills and knowledge? (range 0-60)*
Day to day activities that were negatively affected (range 0-25)" 8.6+3.9 84+4.1 8.8+3.8 0.27
Experience was what you were expecting from your residency (13-65)* 39.0+8.2 40.2 £8.3 37.8+8.1 0.004
Overall, work experience over the past month was: 0.0001
Fair/poor 73 (21.0) 19 (11.4) 54 (29.8)
Good/very good/excellent 275 (79.0) 148 (88.6) 127 (70.2)
Overall, educational experience over the past month was: 0.0001
Fair/poor 98 (28.0) 29 (17.4) 69 (37.7)
Good/very good/excellent 252 (72.0) 138 (82.6) 114 (62.3)

Data shown as n(%) or mean + SD, per rotation.

p Values from generalized mixed model adjusted for site and randomization order.

*Higher scores represent a more positive experience.
THigher scores represent a more negative experience.

and program directors chose to implement the schedule within
the study guidelines resulted in differences in the way the six
participating academic medical centers implemented the EDWR
and RCWR. Five of the six sites worked a 4-day RCWR rotation,
whereas one site worked a 5-day rotation [4]. The duration of the
extended-duration shifts also varied between sites. Almost one-
quarter of the EDWR shifts at one site were longer than 28 hr,
whereas less than one-half percent of the EDWR extended-
duration shifts were that length at another site. Although the
heterogeneity in the implementation and results highlight the
variations that can arise from attempting to employ “standard”
schedules in operational healthcare environments and the need
for greater enforcement of ACGME work hour limits, the inclu-
sion of six sites from around the country, including a mix of
larger and smaller academic centers, provides greater generaliz-
ability of our findings.

When schedule changes are implemented to reduce con-
secutive working hours, undesirable scheduling changes may
occur, such as reducing the number of hours off between shifts
and increasing workload [4]. When given 10 or fewer hours off
between shifts, it is difficult to obtain the necessary 7-9 hr of
sleep, given commute times and the other tasks of daily living.
These short between-shift intervals occurred 28 times more fre-
quently on the RCWR than on the EDWR, and varied from 1%
to 14% of RCWR shifts at the six sites. Resident physicians in
this study reported less satisfaction with their work and edu-
cational experience when rates of short between-shift inter-
vals and workload were substantially increased (by 28-fold and
25%, respectively). Similarly, in nurses, between-shift intervals
of <11 hr have been associated with significantly increased risk
of sick leave [12], the occurrence of shift work disorder, patho-
logical fatigue [13], higher stress [14], poor sleep quality, and re-
duced satisfaction with work hours [15].

Despite this shortcoming of the way some sites implemented
the RCWR, weekly sleep duration increased nearly 4 hr overall
in the RCWR when compared with the EDWR. The increase of
actigraphically estimated sleep duration by 3.8 hr per week in
this trial importantly equates to just over 30 min more sleep
per night and was comparable to the 3.5 hr increase observed
with reduction and redistribution of scheduled work hours of
UK physicians in compliance with the European Working Time

Directive [16]. The improvement in sleep duration was smaller,
however, than the 5.8 hr of increased weekly sleep duration as-
sociated with the elimination of extended-duration shifts in a
single-site clinical trial [17], in which between-shift intervals
were scheduled to be greater than 10 to 14 hr, depending on
the duration of the prior work shift, as recommended by the
National Academy of Medicine [18]. Together, these findings
indicate the efficacy of reduced consecutive working hours in
increasing physician sleep durations, but also highlight the po-
tential additional benefits that can be obtained by protecting
sufficient time for sleep between shifts.

Two consensus groups recently determined that adults re-
quire 7-9 hr of sleep each day [19, 20]. On average, resident phys-
icians in both the EDWR and RCWR met this requirement, when
averaged over the entire rotation; however, approximately one-
third of the 24 hr intervals in both rotation conditions had less
than 6 hr of sleep. Sleep deficiency of this magnitude is associ-
ated with significant cumulative performance deficits and ad-
verse health outcomes [21, 22].

In addition to the increase in weekly sleep duration during
the RCWR, the resident physicians were more rested while
caring for patients. The percentage of work hours preceded by
two or fewer hours of sleep in the last 24 hr was reduced by
60% during the RCWR. Reducing the frequency of acute sleep
deprivation, which has been associated with attentional failures
and increased surgical complications [3, 23], is a strength of the
RCWR. Resident physicians on the RCWR had significantly im-
proved performance on the psychomotor vigilance task (PVT),
compared with the EDWR, with fewer PVT attentional failures
and faster mean reaction time [5]. They also rated themselves as
significantly more alert on the RCWR [5]. In addition to the type
of scheduled worked, physician workload is also an important
component to consider [6]. Simultaneously increasing workload
while eliminating resident-physicians’ extended work shifts in-
creased serious medical errors [6]. Further research is needed to
identify physician workloads necessary for patient safety.

Despite the increase in sleep and reduction in hours of
weekly work, resident physicians rated quality of their edu-
cational experience and the quality of their work experience
lower on the RCWR. The resident physicians, however, rated
their opportunity to obtain skills/knowledge similarly between
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conditions. This finding suggests that the training opportun-
ities for resident physicians remained similar; the decrease in
work hours did not directly correspond to a decrease in time
spent in patient care. Although work hours decreased 10% in the
RCWR condition, the reported patient care hours decreased by
only 6%, while workload increased by 25% [6]. Although statis-
tical evaluation revealed only a weak association between short
between-shift intervals and ratings of fair or poor work or edu-
cation experience, more research is necessary to further under-
stand what specific aspects of a resident’s experience, including
actual learning, may be altered by schedules with shorter shift
durations. Additionally resident-physician workload should be
further explored as a factor influencing the resident work and
educational experience.

This multicenter clinical trial expanded on our previous
single-site trial of the elimination of extended-duration shifts
in resident physicians [17]. Due to the operational conditions
across six different hospitals, the EDWR and RCWR were not
implemented identically at all sites. Nevertheless, the RCWR
was shown to reduce work hours and increase sleep. Further re-
search needs to be accomplished to optimize the shift duration
and interval between shifts to allow for sufficient sleep prior to
all work shifts.

Supplementary Material

Supplementary material is available at SLEEP online.
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