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METHODS

Study Sites

The ROSTERS study was
a multicenter cluster-randomized
crossover clinical trial designed to
evaluate the effectiveness of
eliminating resident-physicians’
traditional shifts of 24 hours or
longer in 6 PICUs. Data were collected
from July 2013 to March 2017.

PVT

Objective neurobehavioral
performance was assessed by using
a standard measure of sustained
visual attention: the 10-minute PVT.
A typical task administration
involved∼100 stimulus presentations
with a random interstimulus interval
of 1 to 9 seconds. Resident-physicians
completed the PVT typically on 3 to 5
occasions throughout each extended-
duration shift on the EDWR, and on 2
to 4 occasions during long day or long
night shifts on the RCWR schedule,
usually including the beginning and
end of the shift.

A total of 4816 PVT tests were
completed (traditional n = 2634,
intervention n = 2182). Eighty tests
(1.7%) were excluded according to
a priori data quality controls (at least
1 minute of nonresponsiveness [n =
59]; tests too close together [if 2 tests
were taken within an hour, the second
test was removed, n = 20]; or $10%
response made with the wrong
response button [n = 1]). An
additional 322 tests (6.7%) were
removed because of missing work
diary data (n = 176), because the PVT
was administered during a no-

extended-duration work shift on the
EDWR schedule (n = 145), or because
the test was taken outside the time-
of-day bin ranges as described below
(n = 1). All remaining data were
included in the main analyses.

Subjective Sleepiness

Resident-physicians completed the
KSS before each PVT. The KSS is a 9-
point scale in which users are asked
to rate their sleepiness in the
previous 5 minutes from 1 (full alert)
to 9 (very sleepy, fighting sleep). Data
were binned as described for the PVT.

Sleep and Work Hour Measurements

Briefly, resident-physicians completed
a daily electronic sleep/work log to
collect data on sleep timing and
duration, and work schedules. The
sleep data derived from a paper
version of the sleep log were
previously verified with continuous
polysomnography (PSG) and revealed
95.6% epoch-to-epoch agreement (r =
0.94, P ,.001).20

Medical Errors

An intensive 4-pronged approach was
used to gather data on suspected
events: (1) direct observation of
resident-physicians, (2) daily review
of unit charts by trained research
nurses, (3) collection of voluntary
reports from unit staff, and (4)
collection of formal hospital incident
reports. The retrospective review
included every chart of every patient
cared for by residents, and the study
units were reviewed 5 days per week
(Monday review included a review of
the weekend). Two people from

a team of independent, trained
physician-reviewers (4 pairs), blinded
to study condition, reviewed each
event (weighted k: 0.52–0.67 for the
4 physician-reviewer pairs) and
defined whether it was an adverse
event and caused harm, a potential
adverse event (also known as “near
miss”), an error with little or no
potential for harm, or excluded.
Harmful events were further
classified by the level of harm and
preventability. In the current analysis,
only resident-physician–associated
preventable adverse events, classified
as resident-physician–associated
SMEs were used. To be included, each
SME (near misses and medical errors)
was directly traced back to resident-
physicians who enrolled in the study
and completed PVT testing. Data on
the average number of resident-
physicians working each day and
patient census across the interval of
the study were collected. The ratio of
IPRP was calculated to be used as
a proxy measure of resident-
physician workload.18,21

Statistical Analysis

Data were compared between the
EDWR and RCWR schedules by using
a repeated-measures log-link Poisson
model with robust SEs to account for
potential overdispersion for
attentional failures (count data),
a repeated-measures log-link g model
for reaction time, and a log-link
negative binomial model for
subjective sleepiness (KSS scores). All
4 regression models were adjusted
for the log number of tests taken by
each individual. Longitudinal time
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course analyses with time bin and
rotation week were conducted by
using linear mixed-model regression
with schedule, time, and their
interaction as main effects, as well as
subject-level random effects, as used
previously.11 PVT tests were
dichotomized at $2 attentional
failures (lapses)22 and KSS data at
$819 and we compared between
conditions using repeated-measures
logistic regression. The average
number of attentional failures per
PVT and the average number of SMEs
per study day were correlated by
using generalized estimating
equations with a Poisson distribution
model with robust SEs to account for
potential overdispersion, resident-
physician rotation as the unit of
analysis, and log physician study days
as an offset. The model was adjusted
for site, schedule, and order of
randomization. Within those who
completed PVT testing, we also
analyzed the association between the
rates of resident-physician–related
SMEs and the average number of
IPRP using generalized estimating
equations with a Poisson distribution.
Average IPRP was calculated during
each of the 8-month observation
intervals (ie, during site year 1 or site
year 2) at each site. Furthermore, in
the same cohort of participants, we
tested the effect of work schedule on
the rates of resident-
physician–related SMEs, adjusted for
IPRP. The model was adjusted for
site, schedule, order of
randomization, and both linear and
quadratic terms for IPRP. Two-tailed
P values ,.05 were considered
statistically significant for all tests. All
data were analyzed by using SAS 9.4
(SAS Institute, Inc, Cary, NC).
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SUPPLEMENTAL FIGURE 7
Representative examples of timing of resident-physician work schedules, sleep, and KSS 1 PVT testing are shown double plotted (day 1 adjacent to day 2
on row 1, day 2 adjacent to day 3 on row 2, and so on). Subjective sleep and nap episodes are shown by the black horizontal bars, and subjective work
hour reports are shown by the gray horizontal bars. The time of each KSS and PVT test is shown by the dark gray bars within the work hours.
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SUPPLEMENTAL FIGURE 8
Subjective sleepiness during the traditional EDWR and intervention RCWR schedules during the day and night across the 4-week study. Least-square
means (6 SE) estimated from the mixed-effects model under the EDWR (white triangles) and RCWR (black triangles) schedules during the day (top row)
and night (bottom row) are plotted across the 4 weeks. Note that under the day shift interval of 5:00 AM to 2:59 PM, Cincinnati started at ∼5:00 AM, and all
others started at ∼6:00 AM. *P, .05, significant differences between conditions at each time point with Tukey-Kramer adjusted post hoc analysis. CT, clock
time; Shift*CT*Week, interaction between the fixed effects shift, clock time and week.

SUPPLEMENTAL FIGURE 9
Association between attentional failures (lapses) and resident-physician–related SMEs for the RCWR (black solid line) and the EDWR (gray solid line)
across the 6 sites. The best fit regression line is shown with the 95% CI as dotted lines.
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