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Abstract
Background: Shorter resident duty periods are
increasingly mandated to improve patient
safety and physician well-being. However,
increases in continuity-related errors may counteract the purported benefits of reducing
fatigue. We evaluated the effects of 3 resident
schedules in the intensive care unit (ICU) on
patient safety, resident well-being and continuity of care.
Methods: Residents in 2 university-affiliated
ICUs were randomly assigned (in 2-month
rotation-blocks from January to June 2009)
to in-house overnight schedules of 24, 16 or
12 hours. The primary patient outcome was
adverse events. The primary resident outcome
was sleepiness, measured by the 7-point Stanford Sleepiness Scale. Secondary outcomes
were patient deaths, preventable adverse
events, and residents’ physical symptoms and
burnout. Continuity of care and perceptions
of ICU staff were also assessed.
Results: We evaluated 47 (96%) of 49 residents, all 971 admissions, 5894 patient-days

P

hysician fatigue is common, is associated
with worse physician well-being and more
medical errors than for well-rested clinicians, and may compromise patient safety.1–3
Shorter duty hours are purported to address these
concerns,4,5 but they necessitate more care transitions, which increases the risk of information
loss.6,7 The net effect on patient safety therefore
depends on the relative balance between fatigue
and continuity.8–13 Currently, high-quality data to
guide scheduling decisions are limited.
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and 452 staff surveys. We found no effect of
schedule (24-, 16- or 12-h shifts) on adverse
events (81.3, 76.3 and 78.2 events per 1000
patient-days, respectively; p = 0.7) or on residents’ sleepiness in the daytime (mean rating
2.33, 2.61 and 2.30, respectively; p = 0.3) or at
night (mean rating 3.06, 2.73 and 2.42,
respectively; p = 0.2). Seven of 8 preventable
adverse events occurred with the 12-hour
schedule (p = 0.1). Mortality rates were similar
for the 3 schedules. Residents’ somatic symptoms were more severe and more frequent
with the 24-hour schedule (p = 0.04); however, burnout was similar across the groups.
ICU staff rated residents’ knowledge and decision-making worst with the 16-hour schedule.
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Interpretation: Our findings do not support the
purported advantages of shorter duty schedules. They also highlight the trade-offs
between residents’ symptoms and multiple secondary measures of patient safety. Further
delineation of this emerging signal is required
before widespread system change. Trial registration: ClinicalTrials.gov, no. NCT00679809.

The complexity, acuity and therapeutic intensity of patients’ conditions and their care make
the intensive care unit (ICU) an ideal environment to evaluate the trade-offs between phys
ician fatigue and continuity. Prior randomized
studies have evaluated data for interns14 or
intensivists,15 rather than the residents who provide most in-house overnight care in Canadian
ICUs.16 We evaluated the impact of 3 commonly used schedules5 on patient safety and
resident well-being.
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Methods
We performed a randomized trial of resident
schedules in 2 academic medical–surgical ICUs
(at Mount Sinai Hospital and St. Michael’s Hospital) in Toronto, Ontario. These ICUs admitted
adult patients, accepted residents from accredited training programs and had 2-month ICU
rotations with 5 or more residents per rotation.
The residents were from internal medicine,
anesthesia, surgery and emergency medicine
training programs, and they performed in-house
overnight duty with supervision from fellows
and intensivists who were not required to be inhouse. All patients admitted to participating
ICUs during the study period were eligible for
inclusion. The main outcomes were adverse
events and resident fatigue. The study was conducted during six 2-month ICU rotations from
January and June 2009.
Blocks of residents were randomly assigned
to 1 of 3 schedules (see Appendix 1, available
at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.140752/-/DC1). Within each ICU, the unit of
allocation was the 2-month rotation. Each
schedule was applied for 1 rotation at each site,
and each allowed for a maximum of 7 overnight
shifts and provided 2 free weekends in 28 days.
In one of the ICUs, the 24-hour schedule was
intentionally allocated as the schedule for the
first rotation. All other schedule allocations
were random.
In the 24-hour schedule, the resident’s duty
period began at 8 am and finished at 8:30 am
the next morning. This schedule is typical of
Canadian ICUs16 and is associated with disruption of circadian rhythm, acute sleep deprivation and physical stress. 1 With the 16-hour
schedule, the shift began at 4:30 pm and finished at 8:30 am the next day. In both the
24-hour and 16-hour schedules, overnight duty
was followed by 24 hours free of duty. Residents not working overnight worked from 8 am
to 5 pm on weekdays; in the 16-hour schedule,
one resident provided daytime coverage during
weekends.
In the third schedule, 12-hour overnight duty,
residents began at 8:30 pm and finished at
8:30 am the next day. Overnight duty was
worked for 3 or 4 consecutive nights, followed
by a 72-hour period free of clinical duties. Daytime duty involved short (8 am to 4:30 pm) or
long (8 am to 8:30 pm) duty periods. The
12-hour schedule required one additional hand
over (8:30 to 9 pm) and, like the 16-hour schedule, required at least 5 residents. The schedules
of other health care professionals working in
each ICU were not modified.
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In a representative week (from 8 am Monday
to 8 am the following Monday), the mean number of hours worked per week was 59.4 hours in
the 24-hour schedule, 53.2 hours in the 16-hour
schedule and 52.4 hours in the 12-hour schedule.
Patient outcomes
The main patient outcome was adverse events,
defined as any unplanned injury arising as a
consequence of medical care during the ICU
stay that was associated with morbidity, that
required treatment, that prolonged the hospital
stay or that resulted in disability at discharge.17,18 Secondary patient outcomes were
preventable adverse events, death in the ICU
and severity of adverse events. Preventable
adverse events were defined as adverse events
that could have been avoided given current
knowledge and standards of care.17
Adverse events were identified by daily prospective screening with a multimodal approach.19
Trained nurses with 5–20 years of experience
observed handover and multidisciplinary ward
rounds, facilitated voluntary reporting and
reviewed medical charts. Patients were followed
until the earlier of 2 weeks after transfer from the
ICU or hospital discharge, to capture adverse
events first presenting after ICU discharge. The
medical records of screen-positive patients were
subjected to secondary physician review to determine whether an adverse event had occurred, to
classify the event and to rate preventability. Phys
ician reviewers (A.C.K.B.A. and J.O.F.) were
intensivists with at least 5 years of ICU experience who were trained in review methodology
and were unaware of schedule allocation at the
time of their reviews.
Resident outcomes
The primary resident outcome — sleepiness —
was assessed every 4 hours from 8 am until the
end of scheduled duty on 4 randomly selected
days per week using the Stanford Sleepiness
Scale.20,21 This scale is a widely used and highly
validated measure of fatigue. Fatigue is an
important aspect of well-being, with high face
validity and empiric data linking it to other measures of well-being.22
Secondary resident outcomes were somatic
symptoms and burnout. On 2 randomly selected
days each week, residents rated the presence
and severity of somatic symptoms experienced
in the previous 24 hours. Symptoms of moderate or greater severity were identified. In the
first and last weeks of each resident’s 2-month
rotation, psychologic well-being was assessed
with the 3 domains of the Maslach Burnout
Inventory.23

Research
Continuity of care and ICU staff
perceptions
The main measure of continuity of care was the
number of prior days that residents and nurses
had cared for an index patient. This variable was
measured as part of the continuity survey24
administered to the nurse and resident caring for
2 randomly selected patients each week. At the
end of each 2-month ICU rotation, a survey was
administered to ICU staff (i.e., health care professionals other than residents) to gauge residents’ knowledge, clinical consequences of residents’ activities, relationships of residents with
other staff and impressions of resident fatigue.
Data collection
The Mount Sinai Hospital Research Ethics Board
and the St. Michael’s Hospital Research Ethics
Board approved the protocol and waived the need
for consent. We obtained consent from residents
for individual-level data, but their consent was not
required for participation in the allocated schedule. Completion of the continuity survey by health
care professionals in the ICU implied consent.
The original study plan was a before-andafter study, with resident fatigue and continuity
of care as primary outcomes. After starting the
study but before analyzing the data, we made
2 changes. First, after allocating the first ICU to
the 24-hour overnight schedule, we randomized
the schedule allocations. Second, recognition
that continuity of care would be challenging to
operationalize prompted us to substitute adverse
events as a co–primary outcome. The analytic
plan was not changed.
We selected a 1-unit change on the Stanford
Sleepiness Scale as a reasonable minimal difference
for sample size calculations, based on data showing
a 1.7- to 2.2-unit increase from before to after overnight duty.25 With conservative assumptions, the
study sample required six 2-month rotations with
6 residents per rotation. For adverse events, the
1800 admissions per schedule that we anticipated
provided 80% power to achieve statistical significance with a relative rate difference of at least 0.26.
For each patient, we recorded age, urgency of
admission and Acute Physiologic Assessment
and Chronic Health Evaluation (APACHE) II
score26 in the first 24 hours in the ICU. On each
day of admission, we recorded the utilization of
5 specific ICU therapies and the Multiple Organ
Dysfunction Score27 (Table 1).
Data analysis
We summarized demographic data using means
and percentages. We used linear regression models to compare age at ICU admission, APACHE
II score, maximum Multiple Organ Dysfunction

Score and the arcsine-transformed proportion of
ICU-days that each ICU therapy was used.28 We
reported adverse events and preventable adverse
events per 1000 patient-days, with comparisons
between schedules using unadjusted and
APACHE-adjusted Poisson regression that
accounted for clustering. The six 2-month clusters (ICU rotations) were used as random effects
in the model. We presented the Stanford Sleepiness Scale measurements descriptively and used
repeated-measures analysis of variance to evaluate data for day (8 am to 4 pm) and night (8 pm
to 4 am). For each of the 3 domains of the
Maslach Burnout Inventory, we identified the
proportion of residents with high degrees of burnout and analyzed the absolute values29 using linear regression with and without baseline adjustment. We analyzed data from continuity and ICU
staff surveys using analysis of variance. We
reported p values for 3-way comparisons across
schedules and calculated 95% confidence intervals (CIs) for pairwise comparisons. We calculated response rates with conservative assumptions (Appendix 2, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.140752/-/DC1).
We conducted the analyses using SAS software,
version 9.3 (SAS Institute Inc., Cary, NC).

Results
We included 807 patients with 971 ICU admissions, for a total of 5894 ICU-days (Figure 1;
see also Appendix 3, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.140752/-/DC1).
The median age at ICU admission was 61 (interquartile range [IQR] 46–74) years, and the
median APACHE II score was 19 (IQR 13–26).
Patients spent a median of 3 (IQR 2–7) days in
the ICU (Table 1). Forty-seven (96%) of 49
eligible residents consented to provide study
measurements (Figure 1, Table 1). Most participating residents had 3 or fewer years of postgraduate experience (38/47 [81%]), were from
internal medicine (23/47 [49%]) and were 30
years of age or younger (31/47 [66%]). Residents and nurses completed 217 continuity surveys (response rate 75.3% of 288 potential
responses) and ICU staff completed 452 surveys
(response rate 47.1% of 960 potential responses).
Patient outcomes
Screening identified 1602 potential adverse
events. Physician reviewers verified 464 adverse
events in 207 (25.6%) of the patients, equivalent to 78.7 adverse events per 1000 patientdays. The likelihood of health care causing
harm was judged as “virtually certain” in 311
(67.0%) of the events; 93 events (20.0%)
CMAJ, March 17, 2015, 187(5)
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Table 1: Patient and resident characteristics
Characteristic
Patients
No. admitted†

All

24-h night

16-h night

12-h night

p value*

807

278

270

337

Age, yr, median (IQR)

61 (46–74)

63 (50–76)

60 (45–73)

62 (45–73)

0.3

APACHE II score, median (IQR)

19 (13–26)

21 (14–27)

19 (13–25)

18 (12–25)

0.02

> 2 admissions in period, no. (%)

74 (9)

27 (10)

22 (8)

25 (7)

0.6

ICU days/patient, median (IQR)

3 (2–7)

3 (2–8)

4 (2–7)

3 (2–7)

0.2

971

311

293

367

846 (87)

278 (89)

255 (87)

313 (85)

5894

2043

1651

2200

3607 (612.0)

1389 (679.9)

900 (545.1)

1318 (599.1)

122 (20.7)

43 (21.0)

47 (28.5)

32 (14.5)

No. of admissions
Unplanned admissions, no. (%)
No. of patient-days in ICU
Mechanical ventilation days, no. (per 1000 patient-days)
HF oscillatory ventilation days, no. (per 1000 patient-days)
Noninvasive ventilation days, no. (per 1000 patient-days)

0.2
0.02

406 (68.9)

171 (83.7)

151 (91.5)

84 (38.2)

1322 (224.3)

471 (230.5)

408 (247.1)

443 (201.4)

0.7

122 (20.7)

334 (163.5)

274 (166.0)

227 (103.2)

0.047

6 (3–9)

6 (4–9)

5 (3–9)

5 (2–9)

47

15

15

17

Internal medicine

23 (49)

6 (40)

7 (47)

10 (59)

Anesthesia

9 (19)

3 (20)

3 (20)

3 (18)

Surgery

8 (17)

3 (20)

3 (20)

2 (12)

25 to 30

31 (66)

10 (67)

9 (60)

12 (71)

> 30 to 35

10 (21)

5 (33)

3 (20)

2 (12)

4 (9)

0 (0)

2 (13)

2 (12)

≤2

27 (57)

9 (60)

11 (73)

7 (41)

3

6 (35)

Inotrope days, no. (per 1000 patient-days)
Dialysis days, no. (per 1000 patient-days)
Maximum MODS, median (IQR)

0.001

0.4

Residents
No. participating‡
Training program,§ no. (%)

0.9

Age category, yr, no. (%)

> 35

0.1

Postgraduate experience, yr, no. (%)

0.3
11 (23)

4 (27)

1 (7)

4 to 5

2 (4)

1 (7)

1 (7)

0 (0)

>5

5 (11)

1 (7)

1 (7)

3 (18)

None

25 (53)

8 (53)

10 (67)

7 (41)

<1

ICU experience, yr, no. (%) of residents

0.3
18 (38)

6 (40)

3 (20)

9 (53)

1 to < 2

2 (4)

1 (7)

1 (7)

0 (0)

≥2

0 (0)

0 (0)

0 (0)

0 (0)

1770

630

489

651

47 (100)

15 (100)

15 (100)

17 (100)

34 (22–46)

39 (27–49)

36 (16–45)

30 (23–41)

45 (96)

15 (100)

14 (93)

16 (94)

No. of sleepiness measurements
Residents with sleepiness measurements, no. (%)
Measurements per resident,¶ median (IQR)
Start-rotation Maslach Burnout Inventory,** no. (%)
Depersonalization domain, mean score ± SD

11.4 ± 5.8

9.8 ± 4.9

11.4 ± 7.4

13.0 ± 4.8

No. (%) with high burnout by depersonalization

23 (51)

7 (47)

6 (40)

10 (59)

Emotional exhaustion domain, mean score ± SD

25.4 ± 10.1

23.7 ± 10.2

26.4 ± 9.6

26.2 ± 11.0

No. (%) with high burnout by emotional exhaustion

18 (40)

5 (33)

7 (47)

6 (35)

Personal accomplishment domain, mean score ± SD

36.5 ± 5.9

36.9 ± 7.4

35.3 ± 5.4

37.3 ± 4.9

13 (29)

5 (33)

4 (27)

4 (24)

All responses

217 (100)

74 (34)

61 (28)

82 (38)

Primary nurse

123 (57)

41 (33)

34 (28)

48 (39)

Primary resident

94 (43)

33 (35)

27 (29)

34 (36)

No. (%) with high burnout by personal accomplishment

0.4
0.3
0.7
0.6

Continuity survey, no. (% by row)

Note: APACHE = Acute Physiology Assessment and Chronic Health Evaluation, HF = high-frequency, ICU = intensive care unit, IQR = interquartile range, MODS = Multiple Organ
Dysfunction Score, SD = standard deviation.
*The reported p values are for each 3-way comparison, without adjustment.
†The total number of patients is less than the sum of patients in the 3 schedules, as some patients were admitted multiple times (possibly during more than one schedule type).
‡Two residents did not provide demographic information (one each from the 16- and 12-hour night schedules). The total number of residents in the group represented by each
column was used as the denominator for column percentage calculations.
§Five residents were from other disciplines (3 in the 24-hour schedule, 1 in the 16-hour schedule and 1 in the 12-hour schedule).
¶Residents provided a minimum of 12 and a maximum of 83 sleepiness measurements.
**Higher scores on the emotional exhaustion and depersonalization domains and lower scores on the personal achievement domain indicate greater burnout. Two residents
did not provide baseline measurements for the Maslach Burnout Inventory.
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resulted in prolonged hospital stay, and 20 events
(4.3%) resulted in disability lasting more than
1 month (Table 2). There were 166 adverse
events (81.3 per 1000 patient-days) with the
24-hour schedule, 126 (76.3 per 1000 patientdays) with the 16-hour schedule and 172 (78.2
per 1000 patient-days) with the 12-hour schedule (Table 2). Pairwise comparisons for patient
and resident outcomes with 95% CIs are presented in Appendix 4 (available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.140752/-/DC1).
There were no significant differences between
schedules for rates of adverse events in unadjusted
(p = 0.7) and adjusted (p = 0.6) analyses.
Preventable adverse events occurred 8 times
in 7 (0.9%) of the patients, corresponding to 1.4
preventable adverse events per 1000 patientdays. Seven of the 8 preventable adverse events
occurred with the 12-hour schedule. The regression model with the 16-hour schedule did not
converge. Comparison of the 12- and 24-hour
schedules was not significant before (p = 0.1)
or after (p = 0.4) adjustment for APACHE II
score. Four of the 8 preventable adverse events
were associated with prolonged hospital stay,
and all of these occurred with the 12-hour
schedule. The overall ICU mortality rate was

16.5% (160/971), with rates of 18.3% ( 57/311)
with the 24-hour schedule, 17.1% (50/293) with
the 16-hour schedule and 14.4% (53/367) with
the 12-hour schedule (unadjusted, p = 0.2;
adjusted, p = 0.6).
Resident outcomes
The 47 residents provided a total of 1770 sleepiness measurements (including times when they
were asleep), with a median of 34 (IQR 22–46)
measurements per resident and a response rate of
56.7% (1770/3124 potential measurements)
(Appendix 5, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.140752/-/DC1). During
the day, the mean rating on the Stanford Sleepiness
Scale was 2.39 (standard deviation [SD] 1.13). This
rating did not differ significantly between schedules
(p = 0.3). At night, the mean rating was 2.72
(SD 1.37). Sleepiness increased from 8 pm to 4 am
(p < 0.001) and was not statistically different
between schedules (p = 0.2).
Residents reported their symptoms over the
preceding 24 hours in 387 periods (response rate
74.6% of 519 potential reports). Symptoms were
moderate or more severe in 113 (29.2%) of these
reports (Appendix 6, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.140752/-/DC1).

ICU admissions n = 971
Residents n = 49
ICU staff n = 320
R

Excluded
• ICU admissions n = 0
• Residents n = 2

ICU admissions n = 971
Residents n = 47

24-h night
ICU admissions n = 311
Residents n = 15

Analyzed
ICU admissions n = 311
• ICU-days n = 2043

Residents n = 15

• Stanford Sleepiness n = 614
• Maslach Burnout n = 28
• Symptoms n = 138

ICU staff surveys n = 160

16-h night
ICU admissions n = 293
Residents n = 15

12-h night
ICU admissions n = 367
Residents n = 17

Analyzed
ICU admissions n = 293

Analyzed
ICU admissions n = 367

• ICU-days n = 1651

• ICU-days n = 2200

Residents n = 15

Residents n = 17

• Stanford Sleepiness n = 478
• Maslach Burnout n = 28
• Symptoms n = 114

• Stanford Sleepiness n = 634
• Maslach Burnout n = 30
• Symptoms n = 135

ICU staff surveys n = 128

ICU staff surveys n = 164

Figure 1: CONSORT diagram for a study of the effects of resident duty schedules in the intensive care unit
(ICU). On the basis of the study design, we anticipated evaluating outcomes from 980 admissions for 5505
patient-days, 74 sleepiness and 13 symptom measurements per resident, 288 continuity results and 960 ICU
staff survey responses. Two residents participated in the schedule but did not consent to providing data
for analysis. The n values for the Maslach Burnout Inventory represent number of measurements.
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Table 2: Patient and resident outcomes: overall and by overnight duty schedule
Duty schedule; no. (per 1000 patient-days)*
Outcome

All

24-h night

16-h night

12-h night

p value

Adverse events†

464 (78.7)

166 (81.3)

126 (76.3)

172 (78.2)

0.7

Increased hospital stay

93 (15.8)

37 (18.1)

15 (9.1)

41 (18.6)

0.5

Patients

Disability
None at discharge

151 (25.6)

59 (28.9)

39 (23.6)

53 (24.1)

0.9

Present < 1 mo after discharge

283 (48.0)

102 (49.9)

78 (47.2)

103 (46.8)

0.5

Present ≥ 1 mo after discharge

20 (3.4)

3 (1.5)

4 (2.4)

13 (5.9)

0.3

Errors‡
Of commission
Of omission
Preventable adverse events†

41 (7.0)

11 (5.4)

14 (8.5)

16 (7.3)

0.6

246 (41.7)

85 (41.6)

67 (40.6)

94 (42.7)

> 0.9

8 (1.4)

1 (0.5)

0 (0)

7 (3.2)

0.1

160 (16.5)

57 (18.3)

50 (17.1)

53 (14.4)

0.2

Total no. of measurements (while awake)

1726

614

478

634

Day (8 am, noon, 4 pm), no. of measurements

1286

468

350

468

2 (2–3)
2.39 ± 1.13

2 (1–3)
2.33 ± 1.20

2 (2–3)
2.61 ± 1.17

2 (2–3)
2.30 ± 0.99

440

146

128

166

ICU mortality, no. (%)
Residents
Stanford Sleepiness Scale§

Median score (IQR)
Mean score ± SD
Night (8 pm, midnight, 4 am), no. of measurements
Median score (IQR)

0.3

2 (2–3)

3 (2–4)

2 (2–3)

2 (2–3)

2.72 ± 1.37

3.06 ± 1.57

2.73 ± 1.24

2.42 ± 1.21

0.2

No. (%) of residents asleep¶
No. of measurements on Stanford Sleepiness Scale
Stanford Sleepiness Scale, mean score ± SD
End-rotation Maslach Burnout Inventory**
No. of residents providing data

42 (28)
108
3.74 ± 1.51

15 (32)
36
4.08 ± 1.66

10 (21.3)
37
3.81 ± 1.24

17 (29)
35
3.31 ± 1.55

0.2

41

13

14

14

Depersonalization domain, mean score ± SD

11.9 ± 6.2

12 ± 6.9

12.2 ± 7.1

11.6 ± 5.0

No. (%) with high burnout by depersonalization

24 (59)

6 (46)

9 (64)

9 (64)

Emotional exhaustion domain, mean score ± SD

26.8 ± 10.3

28 ± 11.1

27.1 ± 9.5

25.4 ± 11.0

No. (%) with high burnout by emotional exhaustion

23 (56)

7 (54)

8 (57)

8 (57)

Personal accomplishment domain, mean score ± SD

34.6 ± 6.8

34.7 ± 6.6

33.1 ± 8.5

36.0 ± 5.4

0.6

16 (39)
387

7 (54)
138

6 (43)
114

3 (21)
135

0.2

Most severe symptoms, mean ± SD

2.08 ± 0.87

2.38 ± 0.91

1.86 ± 0.87

1.96 ± 0.77

0.05

Symptoms ≥ moderate severity, mean ± SD per report

0.62 ± 1.24

1.15 ± 1.71

0.38 ± 0.75

0.28 ± 0.73

0.04

Symptoms < moderate severity, no. (%) of assessments

274 (71)

80 (58)

84 (74)

110 (81)

90
2.34 ± 1.19

32
2.16 ± 1.19

26
2.73 ± 1.25

32
2.21 ± 1.10

123

41

34

48

1.58 ± 0.87

1.78 ± 0.91

1.47 ± 0.86

1.48 ± 0.82

Mean score ± SD
At 4 am

No. (%) with high burnout by personal accomplishment
Somatic symptoms,†† no. of assessments

> 0.9
0.7
0.8
> 0.9

Continuity survey‡‡
No. of responses from residents
No. of days’ care by residents, mean ± SD
No. of responses from nurses
No. of days’ care by nurses, mean ± SD

0.1
0.2

Note: ICU = intensive care unit, IQR = interquartile range, SD = standard deviation.
*Except where indicated otherwise.
†Adjustment for Acute Physiology Assessment and Chronic Health Evaluation (APACHE) score was performed for adverse events (p = 0.6), preventable adverse events (p = 0.4)
and mortality (p = 0.6). We report results for the comparison of 12- and 24-hour schedules for evaluation of preventable adverse events, as models with the 16-hour schedule
(zero events) did not converge. Adjustment for APACHE score did not change the p values for the occurrence and persistence of disability (all p > 0.3).
‡Adverse events were classified as errors of omission or errors of commission when the preventability rating was 2 or more on the 6-point scale.
§The Stanford Sleepiness Scale associates the following numeric values with descriptions of sleepiness: 1 = feeling active, vital, alert or wide awake; 2 = functioning at high
levels, but not at peak, able to concentrate; 3 = awake but relaxed, responsive but not fully alert; 4 = somewhat foggy, let down; 5 = foggy, losing interest in remaining awake,
slowed down; 6 = sleepy, woozy, fighting sleep, preferring to lie down; 7 = no longer fighting sleep, anticipating sleep onset soon, having dream-like thoughts. An additional
category, “I was asleep at the time of assessment,” was used for study coding purposes, but these ratings were excluded from analyses of the Stanford Sleepiness Scale.
¶Residents reported being asleep on 2 occasions other than at 4 am: once at midnight and once at noon.
**Overall (i.e., separate from rotations) post hoc comparison of start and end-rotation Maslach Burnout Inventory domain scores showed a significant decrease for the
personal accomplishment domain (1.8, 95% confidence interval [CI] 3.5 to 0.03) and statistically insignificant increases for the emotional exhaustion domain (0.88,
95% CI –1.5 to 3.3) and the depersonalization domain (0.24, 95% CI –1.3 to 1.8).
††Residents who were on duty in the ICU indicated which of the following 14 symptoms they had experienced in the past 24 hours: headache, eye pain, blurred vision,
light-headedness, anxiety, nausea, vomiting, diarrhea, epigastric pain, other abdominal pain, palpitations, chest pain, musculoskeletal pain and swollen feet. Symptom severity
was rated as the worst of none = 1, mild = 2, moderate = 3, moderately severe = 4 and severe (constant distraction) = 5.
‡‡Each week, the nurse and resident providing care to each of 2 randomly selected patients completed the continuity survey. Data presented here are based on responses to
the question, “In the last 7 days, how many days have you looked after this patient?”
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Symptoms were absent or mild (i.e., no symptoms of moderate or greater severity) in 110
(81%) of the reports with the 12-hour schedule,
84 (74%) of those with the 16-hour schedule and
80 (58%) of those with the 24-hour schedule.
Residents working the 24-hour schedule had
greater severity of their worst symptom (p =
0.05) and reported more symptoms of at least
moderate severity (p = 0.04) (Table 2).
The end-rotation Maslach Burnout Inventory
scores indicated burnout in the emotional
exhaustion domain for 23 (56%) of 41 residents,
the depersonalization domain for 24 residents
(59%) and the personal accomplishment domain
for 16 residents (39%). There was no significant
effect of schedule (all p > 0.5). The only factor
significantly associated with end-rotation score
was the initial score. Post hoc analysis showed
that over the ICU rotation, the personal accomplishment domain decreased by a mean of 1.8
(95% CI 3.5–0.03) points (Table 2).
Continuity of care and ICU staff surveys
Residents completed 94 continuity questionnaires.
Of the 90 responses to the question “In the last
7 days, how many days have you looked after this
patient?” 23 (26%) indicated caring for the patient
on that day only, 30 (33%) indicated looking after
the patient on 1 other day, and 34 (38%) indicated
looking after the patient for 3 or more days
(Appendix 7, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.140752/-/DC1). There
were no differences between schedules (p = 0.1).
In contrast, 73 (59%) of the 123 nurses who completed a continuity survey reported looking after
the index patient for the first time on the day of the
survey.
The 452 responses to the ICU staff survey
included responses from 302 (66.8%) nurses, 58
(12.8%) respiratory therapists and 37 physicians
(8.2%) (Appendix 8, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.140752/-/DC1).
ICU staff reported that residents working the
16-hour schedule were less familiar with the
clinical (p = 0.002) and social (p = 0.03) details
of their patients, and they perceived more suboptimal decisions by residents (p = 0.02). Residents working the 12-hour schedule were judged
most alert overnight (p < 0.001). There were no
differences in the support provided by front-line
staff or supervising physicians or in perceptions
of safety (Appendix 9, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.140752/-/DC1).

Interpretation
In this randomized trial, we found no effect of
resident schedules on adverse events and signals

suggesting that safety might be compromised by
shorter duty schedules. ICU staff perceived that
residents knew fewer clinical and social details
about patients and made lower-quality decisions
when working a 16-hour schedule (Appendix 9),
and 7 of the 8 preventable adverse events
occurred with the 12-hour schedule.
Residents reported more somatic symptoms
with the 24-hour schedule and sleepiness that was
not significantly different across schedules. In
28% of sleepiness measurements taken at 4 am,
the residents were asleep, and sleepiness varied
among those who were awake overnight (Appendix 5). This variation may be related to interindividual variation in resistance to fatigue30 and
sleep or may be related to individuals’ workload
before 4 am.1,31,32 With all 3 schedules, sleepiness
was greatest at 4 am, consistent with the circadian rhythms of nocturnal sleepers and with the
notion that time of day may be a more important
determinant of fatigue than duration of duty.
Our findings that overnight duty periods of 12
or 16 hours may be somewhat better for residents
and worse for patients are relevant in Canada, the
United States and Europe, where these shorter
schedules are increasingly used,5 and underscore
the need to further delineate this emerging signal
before widespread system change.33
Our study can be added to 2 negative randomized studies that compared 32- and 16-hour duty
periods for interns in the ICU14 and in-house with
home-call for critical care physicians.15 In those
studies, there were no differences in adverse
events, preventable adverse events14 or mortality
rates.14,15 Rates were similar to those observed in
our study, except for the rate of preventable
adverse events: 39 per 1000 patient-days14 v. 1.4
per 1000 patient-days in our study. This difference in harmful errors may relate to system factors and the fact that we chose to assume bestpractices were followed unless otherwise
indicated. Two additional randomized controlled
trials (RCTs) did not evaluate patient outcomes;32,34 however, in one of these studies, the
14-hour overnight schedule was discontinued
because of concerns about patient safety.34
We found that burnout, as assessed by the
Maslach Burnout Inventory, was independent of
schedule. Post hoc analyses showed a decrease in
scores in the personal accomplishment domain
over the ICU rotation, which suggests that effects
on this burnout domain may be observable within
a 2-month timeframe. Decreased burnout has
been reported in before-and-after studies of dutyhour regulation, but those studies evaluated more
residents over longer intervals.35,36
In previous RCTs, physician schedules were
randomized within 3-week, 14 7-day 15 and
CMAJ, March 17, 2015, 187(5)
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4-week32,34 periods. Two showed differences in
resident sleepiness,32,37 which suggests that 3–4
weeks is a sufficient duration to observe change in
sleepiness (as indicated by electroencephalography or the Karolinska Sleepiness Scale). None of
these randomized studies evaluated the Maslach
Burnout Inventory.
Limitations
The limitations of this study included our inability to conceal the schedule, which enabled bias
in subjective responses and screening for adverse
events, as in previous studies.14,32,34 However, the
physician reviewers were unaware of schedule
allocation during their reviews of adverse events.
We endeavoured to account for unmeasured confounding by means of randomization, measurement of resident descriptors, evaluation of
groups of moderate size and application of each
schedule in both ICUs. We found differences in
illness severity at the time of admission to the
ICU and in therapies provided to the patient
groups studied (Table 1), but statistical adjustment did not change our results.
Our study may have been underpowered. Significantly larger studies will be required to generate robust estimates of preventable adverse
events and to describe smaller effects in other
outcomes. Attribution of adverse events to individual residents might have increased the power.
However, for the following reasons, we chose
not to do this: it is the overall rate that is most
relevant for patients, the origins of harmful
errors are multifactorial,38 and attribution would
not reflect the complexities of ICU decisionmaking. The measurement of continuity was
challenging, which led us to reprioritize it as a
secondary outcome. Future work should address
this limitation.
Finally, we did not formally monitor residents’ adherence to their schedules, although
informal review suggested adherence. Anecdotally, many residents disliked overnight duty in
the 12-hour schedule, citing disconnection from
the ICU team and loss of social contact with family and loved ones as a consequence of starting
work at 8:30 pm for 3 or 4 consecutive nights.
Future studies should evaluate these concerns.
Conclusion
We found no significant differences among
3 commonly used resident duty schedules in
terms of adverse event rates and residents’ sleepiness. No schedule protected against overnight
fatigue or burnout. Our findings do not support
the purported advantages of shorter duty and
highlight trade-offs between residents’ symptoms and multiple secondary measures of patient
328
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safety. More precise quantification will require
the conduct of larger randomized studies.
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