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SEVEN YEARS HAVE PASSED SINCE THE ACCREDI-
TATION COUNCIL FOR GRADUATE MEDICAL EDUCA-
TION (ACGME) ESTABLISHED DUTY HOUR LIMITS 
for physicians-in-training. Prior to that time, few high qual-
ity studies existed regarding the effects on safety of residents’ 
traditional work schedules.1,2 In the past few years, however, 
a growing body of literature has emerged regarding the haz-
ards of prolonged sleep deprivation and of one particular aspect 
of residents’ traditional schedules: the extended duty (> 16 h) 
shift.3-10 

Data on extended shifts have previously prompted calls for 
action from the federal government and professional organiza-
tions.11-14 Last year, the Institute of Medicine (IOM) published 
a comprehensive report on resident duty hours,15 in which it 
recommended that residents should work no more than 16 con-
secutive hours without sleep. This recommendation has been 
the subject of considerable controversy. While numerous stud-
ies demonstrate the adverse consequences of sleep deprivation 
in industrial and laboratory settings,15 critics have suggested 
that insufficient data have been generated from clinical inter-
vention studies to support the call for a change in traditional 

resident scheduling practices.16 Concerns raised include both 
the potential for “unintended consequences” of reducing work 
hours on patient safety—due to concerns about inadequate han-
dovers of care—as well as the effects of work hour reduction on 
resident education. In addition, data have emerged suggesting 
that implementation of the IOM’s recommendations could cost 
up to $1.6 billion dollars, while yielding uncertain benefits.17 

The ACGME is currently reviewing the IOM recommendations 
to determine whether to make changes to current duty hour 
standards.18 

Remarkably, in the face of international reductions in res-
ident-physicians’ extended shifts and calls for change in the 
U.S., there has not been a systematic evaluation of the IOM’s 
key recommendation regarding extended shifts. Prior system-
atic reviews have been conducted of the relationship between 
resident sleep deprivation and performance,1,2,10 but the intent 
of these prior reviews was to not to assess the effects of specific 
interventions, or to rate the evidentiary strength of the studies 
conducted. We therefore conducted a systematic review with 
the specific aim of determining whether safety, education, and 
quality of life have improved or deteriorated in programs that 
have reduced or eliminated shifts > 16 h, and to assess the qual-
ity of included studies using the U.S. Preventive Services Task 
Force methodology.

METHODS

Data Sources and Searches
We performed a Medline search of English language articles 

published from January 1950 to May 2008 using the MESH 
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terms “Internship and Residency,” “Education, Medical, 
Graduate,” or key words fellow, resident, intern, house officer, 
house-staff, house staff, or junior doctor. These were combined 
with MESH terms “Work Schedule Tolerance,” “Sleep,” “Sleep 
Deprivation,” “Fatigue” and key words work hours, working 
conditions, shift length, shift work, or night float. We also 
searched several other relevant databases, including EMBASE, 
CINHAL, and ERIC. To limit publication bias, we searched 
databases of unpublished abstracts from scientific, educational, 
and sociological conferences, unpublished dissertations and 
theses from North American universities, and contacted authors 
of relevant papers for additional unpublished work. This search 
produced 2,984 English language articles, abstracts, and dis-
sertations. 

Study Selection
In order to focus our review on the impact of reducing 

extended shifts for U.S. house staff, we created 4 inclusion 
criteria. First, we included only peer reviewed, original re-
search. Second, we limited our review to studies that included 
interns, residents, and/or fellows training at ACGME accred-
ited U.S.-based training programs. Third, because we were 
interested in assessing the net effects of interventions in clini-
cal settings, we limited our review to trials which included 
both an intervention and a comparison group; cross-sectional 
studies and cohort studies that did not include an interven-
tion were excluded. Both randomized and non-randomized 
trials were included as well as trials that utilized concurrent 
or historical comparison groups (i.e., pre and post design). 
To ensure internal validity, control and intervention groups 
had to include residents in the same specialty and institution. 
Fourth, we included only studies where the intervention be-

ing evaluated included elimination of extended shifts or a 
decrease in their frequency. Studies with multiple interven-
tions were included as long as they included a decrease in the 
frequency of extended shifts. We chose to consider shifts > 
16 h as extended, as this was a prominent cutoff cited in prior 
studies of resident work hours and in ongoing calls for work 
hour reform.13-15,19-21 

Data Abstraction and Quality Assessment
Data were abstracted by 2 independent investigators (AL 

and JA), who reviewed all 2,984 studies using a standard-
ized abstraction form that captured study design, population, 
setting, intervention type, and outcomes. The 2 investigators 
were blinded to each others determination about whether or 
not studies met the pre-determined inclusion criteria. A man-
ual search was performed of the bibliographies of all relevant 
systematic reviews and original research studies identified. 
All studies were ranked as Level I, II-1, II-2, II-3, or III us-
ing methods described by the U.S. Preventive Services Task 
Force.22 This methodology provides a standardized metric 
for assessing study quality based on the design of a study 
and the rigor of its execution, as follows: Level I: Evidence 
obtained from at least one properly designed randomized 
controlled trial; Level II-1: Evidence obtained from well-
designed controlled trials without randomization; Level II-2: 
Evidence obtained from well-designed cohort or case-control 
analytic studies, preferably from more than one center or re-
search group; Level II-3: Evidence obtained from multiple 
time series with or without the intervention; dramatic results 
in uncontrolled trials might also be regarded as this type of 
evidence; Level III: Opinions of respected authorities, based 
on clinical experience, descriptive studies, or reports of ex-
pert committees.22

Data Synthesis and Analysis
Of the 2,984 English language citations produced by our 

search, 22 met inclusion criteria. The pre-discussion inter-rater 
reliability of inclusion decisions was high (κ = 0.88 (95% CI, 
0.77 to 0.94); inter-rater agreement, 99.8%). Details regarding 
the number of studies excluded at each stage of the abstraction 
process are presented in Figure 1. Manual search of bibliog-
raphies from included studies and relevant systematic reviews 
produced one additional article which met our inclusion crite-
ria, totaling 23 articles.

Outcomes varied in the 23 studies, but generally fell into 
one of 3 categories: Resident Quality of Life, Sleep, and Fa-
tigue; Resident Education; or Patient Safety and Quality of 
Care. Some studies included multiple outcomes in more than 
one category. For studies that assessed multiple outcomes, the 
study was considered positive if at least one outcome measure 
was positive and negative if at least one outcome measure was 
negative. Studies with both negative and positive results were 
considered mixed, while studies without statistically significant 
changes in outcome were considered to demonstrate no change. 
The studies included in our review involved residents in inter-
nal medicine, general surgery, obstetrics/gynecology, and ra-
diology. All findings throughout the results section below are 
presented with data from the traditional system listed first, and 
the intervention schedule second.

Figure 1—Literature search strategy
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RESULTS

Quality of Life, Sleep, and Fatigue
Eight published studies examined the impact of decreasing 

or eliminating extended shifts on resident sleep, fatigue, qual-
ity of life, or satisfaction (Table 1). A concurrent, controlled 
trial of internal medicine residents on a rotation with overnight 
call (maximum shift length 32 h) and those on a rotation with 
a night float system (maximum shift length typically16 h once 
per week) found no difference in anxiety or hostility scores, 
measured by the Multiple Affect Adjective Checklist on the day 
after their longest shift, though residents on the rotation with 
night float were less depressed on a depression scale (19.4 ± 4.4 
traditional vs. 17.4 ± 3.4 intervention, P < 0.02).23 

A randomized controlled trial evaluated internal medicine in-
terns working in the MICU or CCU on a “traditional schedule” 
with “extended shifts” (maximum 30-h shifts) and an “inter-
vention schedule” (maximum 16-h shifts, including an equal 
number of 16-h shifts during the day and at night).20 On av-
erage, interns on the intervention schedule slept 5.8 more h/
week (45.9 ± 5.9 h/week traditional vs. 51.7 ± 6.0 intervention, 
P < 0.001) and had half the rate of “attentional failures” at night 

(electro-oculographically documented slow rolling eye move-
ments during waking work hours) (0.69/h traditional vs. 0.33/h 
intervention, P < 0.02).

A concurrent, controlled trial compared surgical interns as-
signed to 3 different work schedules: 2 interns on a “Q2” long-
call schedule (i.e., a schedule built upon recurrent 24-36-h long 
shifts resulting in a resident staying overnight in the hospital 
every 2nd night, or “Q2”), 3 interns on a “Q3” long-call schedule 
(i.e., a schedule built upon recurrent long 24-36 h long shifts 
alternating with shorter day shifts (typically 8-12 h in duration), 
such that each resident stays overnight in the hospital every 3rd 
night, or “Q3”), and 2 interns on a “Q4” long-call schedule (i.e., 
a schedule built upon recurrent long 24-36 hour long shifts in-
terspersed with 2 shorter day shifts such that each resident stays 
overnight in the hospital every 4th night, or “Q4”) with cross 
coverage provided by interns on a different service every other 
night.24 Compared to Q2 and Q3 interns, Q4 interns logged sig-
nificantly more sleep (38 ± 1 [Q2] and 37 ± 1 [Q3] vs. 41 ± 1 
[Q4] hours per week, P < 0.05). Compared to Q2 interns, Q4 
interns had significantly lower levels of stress (3.0 ± 0.2 [Q2] 
vs. 1.9 ± 0.3 [Q4], P < 0.05), on-call fatigue (1.8 ± 0.2 [(Q2]) 
vs. 0.9 ± 0.2 [(Q4]), P < 0.05), off-call fatigue (2.4 ± 0.2 [(Q2] 

Table 1—Studies of resident quality of life, sleep, and fatigue

Source Study Design Population and Setting Intervention Type Study Outcomes
Study 
Quality

Carey29 Retrospective, 
“before and after” 
controlled trial

Ob/Gyn residents at a 
single hospital

Reduction in extended shifts 
from Q3 to at most Q7, with most 
shifts < 13 h

Decrease in resident rating of sleep 
deprivation.

Level 
II-3

Goldstein26 Prospective, 
“before and after” 
controlled trial

Surgical residents at a 
single hospital

Transition from Q4 call to a night 
float system with 12- to 14-h 
shifts

Improvement in overall fatigue, 
hours of sleep, and availability 
for family events with night float 
system.

Level 
II-3

Gottlieb23 Prospective, 
concurrent 
controlled trial

Internal medicine 
residents at a single VA 
medical center

Comparison of a Q4 call 
schedule to night float system 
with maximum 16-h shifts

No difference for anxiety or hostility 
scores, but lower depression scores 
for residents on the night float 
system.

Level 
II-1

Hutter25 Prospective, 
“before and after” 
controlled trial

Surgical residents at a 
single hospital

Reduction in call frequency from 
Q3 to Q4

Decrease in emotional exhaustion 
and increase in motivation to work 
on Q4 schedule.

Level 
II-3

Lockley20 Prospective, 
randomized 
controlled trial

Internal medicine interns 
working in the MICU/
CCU at a single hospital 

Comparison of traditional Q3 
system with 30-h shifts to a 
system with maximum 16-h shifts

Increased sleep and decreased 
attentional failures with the 16-h 
maximum compared to the 30-h 
maximum

Level I

Lund28 Prospective, 
“before and after” 
controlled trial

Ob/Gyn residents at a 
single hospital

25% overall reduction in call 
frequency for all residents

Improvement in resident satisfaction 
with program but no change in other 
quality of life measures.

Level 
II-3

Nichols27 Retrospective, 
“before and after” 
controlled trial

Ob/Gyn residents at a 
single hospital

Unspecified reduction in call 
frequency for PGY2 residents 
with implementation of night 
resident system

Residents with reduced call 
frequency more supportive of 
co-resident becoming pregnant; no 
change in overall stress level.

Level 
II-3

Sawyer24 Prospective, 
concurrent 
controlled trial

Surgical interns at a 
single hospital

Comparison of interns on Q2, 
Q3, and Q4 schedules

Increased overall satisfaction and 
sleep, decreased fatigue on the Q4 
call schedule.

Level 
II-1
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after decreasing call frequency from Q3 to Q7 (mean percentile 
score 60 ± 24 pre-, vs. 71 ± 22 post-intervention),29 Although 
the authors did not report the results of statistical testing, this 
change represents a statistically significant improvement (t-test, 
P = 0.03).

Another pre-post study of Ob/Gyn residents who transitioned 
from a system with extended shifts every 3rd or 4th night (Q3-
Q4) to a night float system found no change in CREOG scores 
(mean percentile scores 37 pre vs. 16.5 post, P = ns) or number 
of surgical cases performed on the resident service (number of 
cases 141 pre vs. 173 post, P = ns) after the elimination of ex-
tended shifts via the introduction of a night float system.31 

A concurrent, controlled trial compared surgical interns 
assigned to Q2, Q3, and Q4 schedules.24 Q4 and Q3 Interns 
logged significantly more operative cases than Q2 interns (8 ± 1 
[Q2] vs. 16 ± 2 [Q3] and 20 ± 3 [Q4] cases per month, P < 0.05). 
Monthly surveys of faculty blinded to intern schedule noted 
more operating room participation by Q4 and Q3 interns com-
pared to Q2 interns (1.9 ± 0.1 [Q2] vs. 3.2 ± 0.2 [Q3] and 3.0 ± 
0.2 [Q4], P ≤ 0.05) as measured by a standard 0-5 Likert scale.

A pre-post study of general surgery residents that involved 
eliminating the majority of extended (i.e., > 16 h) shifts for 
PGY 2 and 3 residents on most rotations by implementing a 
night float system, and decreasing the frequency of extended 
shifts from Q2 to Q3 in the intensive care units found a sig-
nificant increase in resident ABSITE (surgical in-service exam) 
scores (P < 0.02).32 In this same study, the total number of cases 
performed by graduating chief residents was not significantly 
changed (1,015 ± 148 pre- vs. 1,116 ± 176 post-intervention).

A larger pre-post study of surgical residents did not find a 
significant change in ABSITE scores after decreasing the fre-
quency of extended shifts from Q3 to Q4 (P < 0.09).25 The same 
study found a statistically significant decrease in attending 
physicians’ perception of residents’ technical skill (3.75 pre vs. 
2.70 post, P < 0.01), clinical judgment (3.67 pre vs. 2.40 post, 
P < 0.01), and efficiency (3.57 pre vs. 2.51 post, P < 0.01) af-
ter the intervention. A separate analysis of data from the same 
group found no change in mean operative cases per resident per 
year (231 vs. 246, P < 0.61).33 

A pre-post study of surgical residents found no change in 
ABSITE scores (66.4 pre vs. 69.6 post, P < 0.40) or American 
Board of Surgery Qualifying examinations pass rate (86% pre 
vs. 89% post) after transition to a new schedule that reduced 
extended shifts per resident by 25%.34 The mean number of 
surgical cases performed by graduating chief residents signifi-
cantly increased after the new schedule (831 pre vs. 1156 post, 
P < 0.001).

A study of surgery resident operative cases before and after 
institution of a night float system that eliminated shifts exceed-
ing 16 hours through implementation of a night float system 
with maximum 13-h shifts found no significant change in the 
mean number of operative cases performed by residents (23.9 ± 
16.3 pre vs. 24.6 ± 16.1 post cases/month, P < 0.71).35

Another study looked at mean operative experience in surgi-
cal residents after transition from a traditional Q4 system to a 
night float system with maximum 12- to 14-h shifts and found 
no significant change in total cases performed by graduating 
chief residents (1334 pre vs. 1294 post, P < 0.59), though there 
was an apparent redistribution of case-load during the residen-

vs. 0.9 ± 0.3 [Q4], P < 0.05), and increased overall satisfaction 
(2.0 ± 0.2 [Q2] vs. 4.3 ± 0.1 [Q4], P < 0.05) as measured by a 
standard 0-5 Likert scale.

A pre-post study of surgical residents found a significant 
decrease in resident emotional exhaustion (Maslach Burnout 
Inventory score of 29.1 [Q3] vs. 23.1 [Q4], P < 0.02) and sig-
nificant increases in motivation to work (statistically significant 
increases in 4 of 5 questions on the Hertzberg Motivational 
Dimensions questionnaire) after a reduction in extended shifts 
from Q3 to Q4.25 

A study of surgical residents found significant self-identified 
improvements in overall fatigue (P < 0.01), hours of sleep at 
home (P < 0.001), and time for reading (P < 0.01) after elimi-
nation of extended shifts (transition from a Q4 schedule to a 
night float system – i.e., a system where residents not working 
during the day come on at night to cover patients cared for by 
a daytime-based team – with maximum 12- to 14-h shifts).26 
Resident spouses in the same study reported increased avail-
ability for family events (P < 0.01).

A pre-post study of Ob/Gyn residents found no significant 
change in levels of stress based on resident self-assessments 
(8.03 traditional vs. 7.17 intervention on a visual analog scale, 
P < 0.08) after a reduction in the frequency of extended shifts 
with implementation of a night resident system,27 but the in-
tervention group was significantly less resentful of the idea of 
colleagues becoming pregnant during residency (score of 3.36 
traditional vs. 3.87 intervention , P < 0.02).

Another pre-post study of Ob/Gyn residents found significant 
improvement in a composite measure of resident satisfaction 
after an intervention that reduced the frequency of overnight 
call by 30% (3.60 pre vs. 3.84 post on a 5-point Likert scale, 
P = 0.005), but no significant change in time for sleep, exercise, 
or reading.28 

A third pre-post study of Ob/Gyn residents found a statisti-
cally significant improvement in resident rating of sleep depri-
vation after institution of a night float system that decreased call 
frequency from Q3 to at most Q7 (Likert score 2.0 ± 1.2 pre vs. 
3.3 ± 1.0 post, P < 0.05).29 The authors found no statistically 
significant changes in 12 other measures of resident stress.

Thus, in 8/8 studies, significant improvements occurred in 
some indicators of resident quality of life, sleep, and/or fatigue; 
in no studies were indicators of resident quality of life found to 
worsen (Table 5).

Resident Education
We identified 14 published studies looking at 13 unique co-

horts of residents. These studies evaluated various measures 
of resident education, including standardized test scores and 
resident operative and procedural experience (Table 2). The 
majority of these studies focused on surgical residents, though 
one focused on internal medicine residents and 2 on Ob/Gyn 
residents.

A prospective study of medical residents working in the 
MICU found no difference in scores on a post-rotation exami-
nation in residents working a night float system with 14-h shifts 
compared to residents working a traditional Q3 call schedule 
(81.9% ± 16.6% pre vs. 86.9% ± 8.8% post, P < 0.43).30 

A pre-post study of Ob/Gyn residents at a single hospital 
found increases on CREOG (Ob/Gyn in-service exam) scores 
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Table 2—Studies of resident education

Source Study Design
Population and 
Setting Intervention Type Study Outcomes

Study 
Quality

Afessa30 Retrospective, 
“before and after” 
controlled trial

Internal medicine 
residents working 
in the MICU at a 
single hospital

Transition from a Q3 call system to 
a model with maximum 14-h work 
shifts

No change in resident 
performance on a standardized 
post rotation examination.

Level 
II-3

Barden32 Retrospective, 
“before and after” 
controlled trial

Surgical residents 
at a single 
hospital

Reduction in ICU call frequency 
from Q2 to Q3; elimination of 
overnight call for PGY2/3 residents 
on other rotations via a night float 
system 

No change in operative case 
volume per graduating chief 
resident; increase in ABSITE 
scores with new system.

Level 
II-3

Carey29 Retrospective, 
“before and after” 
controlled trial

Ob/Gyn residents 
at a single 
hospital

Reduction in extended shifts from 
Q3 to at most Q7, with most shifts 
< 13 h

Increase in CREOG in-training 
examination scores with the new 
system.

Level 
II-3

Cockerham38 Prospective, 
“before and after” 
controlled trial

Surgical residents 
at a single 
hospital

Elimination of call for PGY 4/5 
residents via a night float system

Decrease in percent of time 
spent on non-patient care 
activities with night float system.

Level 
II-3

de Virgilio34 Retrospective, 
“before and after” 
controlled trial

Surgical residents 
at a single 
hospital

25% reduction in call frequency for 
all residents

No change in ABSITE or 
Qualifying Examination scores; 
increase in total number of 
graduating chief resident 
operative cases.

Level 
II-3

Ferguson33 Prospective,
“before and after” 
controlled trial

Surgical residents 
at a single 
hospital

Reduction in call frequency from 
Q3 to Q4

No change in mean operative 
volume per resident.

Level 
II-3

Goldstein26 Prospective, “before 
and after” controlled 
trial

Surgical residents 
at a single 
hospital

Transition from Q4 call to a night 
float system with 12- to 14-h shifts

No change in total number of 
operative cases performed by 
graduating chief residents.

Level 
II-3

Hutter25 Prospective, “before 
and after” controlled 
trial

Surgical residents 
at a single 
hospital

Reduction in call frequency from 
Q3 to Q4

No change in ABSITE scores; 
decrease in attending physician 
perception of resident skills.

Level 
II-3

Jarman37 Prospective, “before 
and after” controlled 
trial

Surgical residents 
at a single 
hospital

Transition from traditional Q3-Q4 
call to a night float system with 
14-h shifts

Increase in percentage of cases 
performed by residents after 
institution of night float system.

Level 
II-3

Kelly31 Retrospective, 
“before and after” 
controlled trial

Ob/Gyn residents 
at a single 
hospital

Transition from traditional Q3-Q4 
call to a night float system with the 
longest shifts averaging 15.5 h

No change in total number 
of surgical cases on resident 
service or CREOG in-training 
examination scores.

Level 
II-3

Malangoni36 Prospective, “before 
and after” controlled 
trial

PGY4/5 surgical 
residents at a 
single hospital

50% reduction in call shifts per 
month per resident

No change in percent of 
operations performed by 
residents.

Level 
II-3

McElearney35 Retrospective, 
“before and after” 
controlled trial

Surgical residents 
at a single 
hospital

Elimination of extended shifts for 
PGY1/3 residents via transition to a 
night float system with 13-h shifts

No change in mean operative 
volume per resident per month.

Level 
II-3

Sawyer24 Prospective, 
concurrent controlled 
trial

Surgical interns at 
a single hospital

Comparison of interns on Q2, Q3, 
and Q4 call schedules

More operative cases per month 
on the Q4 call schedule. 

Level 
II-1

Welling39 Prospective, 
concurrent controlled 
trial

Surgical residents 
at 2 affiliated 
teaching hospitals

Comparison of Q4 call schedule to 
night float system with maximum 
13-h shifts

No change in conference 
attendance by residents.

Level 
II-1
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with maximum 14-h shifts.30 In multivariate analyses control-
ling for predicted hospital mortality rate, there was no signifi-
cant difference in ICU mortality (OR 0.46, 95% CI 0.17 to 1.22, 
P < 0.12) or in-hospital mortality (OR 0.83, 95% CI 0.44 to 
1.58, P < 0.57) post-intervention. Similarly, there was no sig-
nificant difference in ICU length of stay ratio (0.62 ± 0.54 vs. 
0.66 ± 0.74, P < 0.52) or hospital length of stay ratio (0.66 ± 
0.64 vs. 1.26 ± 7.98, P < 0.38), though the authors note that 
the study was not adequately powered to detect differences in 
mortality or length of stay.

A retrospective study of internal medicine residents rotat-
ing on a cardiology service found improvements in adherence 
to evidence-based guidelines for Acute Coronary Syndrome 
after introduction of an intervention that eliminated extended 
(> 16-h) shifts for senior residents through introduction of a 
night float system (no change in schedule for interns).40 Specifi-
cally, patients were more likely to receive β-blockers (85.8% 
pre vs. 93.8% post, P  <  0.001), angiotensin-converting en-
zyme inhibitors/angiotensin II receptor blockers (65.7% pre vs. 
71.8% post, P < 0.046), and statins (76.2% pre vs. 84.0% post, 
P < 0.002) at the time of discharge. The same study found a 
10% reduction in patients’ median length of stay (3.1 pre vs. 2.8 
days post, P < 0.002). No significant differences in risk-adjust-
ed in-hospital mortality (odds ratio [OR] 0.47, 95% confidence 
interval [CI], 0.18-1.20, P  <  0.11) or 6-month major adverse 
cardiovascular events (OR 1.29, 95% CI, 0.76-2.20, P < 0.35) 
were found post-intervention, but there was a significant de-
crease in risk-adjusted 6-month mortality (OR 0.53, 95% CI, 
0.28-0.99, P < 0.05) in the post-intervention group.

A retrospective study of over 20,000 patients admitted to 
an internal medicine teaching service compared 7 quality of 
care and patient safety outcomes after an intervention that 
eliminated extended shifts for residents (no change in sched-
ule for interns) through the use of “nocturnalists,” including 2 
hospitalists and a pool of moonlighting fellows.41 Relative to 
changes that occurred for non-teaching (control) patients, rates 
of intensive care unit utilization (−2.1%, 95% CI, −3.3% to 
−0.7%; P = 0.002), discharges to home or rehabilitation facili-
ties vs. discharges elsewhere (+5.3%, 95%CI, +2.6% to +7.6%; 
P  <  0.001), and pharmacist interventions to prevent errors 
(−1.92 per 100 patient-days, 95%CI, −2.74 to −1.03; P < 0.001) 
improved. Teaching and non-teaching services had similar 
changes over time in length of stay (−0.16, 95%CI −0.53 to 
0.19; P = 0.37), 30-day readmission rate (−1.99, 95%CI 4.35 to 
0.49; P = 0.097), adverse drug–drug interactions (+0.31 per 100 
patient-days, 95%CI −0.25 to 0.87; P = 0.30), and in-hospital 
mortality (−0.25%, 95%CI −1.0% to +0.56%; P = 0.50). 

In a study of all house-staff working at a VA medical center, 
medication errors, laboratory testing, and length of stay were 
measured. At baseline, interns had a 32-h shift on a Q4 schedule 
and senior residents had a 32-h shift on a Q8 schedule. This was 
changed to a system that substantially reduced the frequency 
of 30-h shifts for interns and senior residents to once every 7 
weeks; the longest shifts between these sporadic extended shifts 
were 16 hours.42 Baseline characteristics for patients remained 
unchanged. Patient length of stay (10.9 ± 14.7 pre vs. 9.3 ± 12.1 
days post, P < 0.01), the number of laboratory tests ordered 
(24.0 ± 46.0 pre vs. 19.0 ± 36.0 post, P < 0.01), and medica-
tion errors per patient (16.9 pre vs. 12.0 errors per 100 patient 

cy, with a decrease during the PGY4 year (from 270 ± 41 pre to 
207 ± 32 cases post, P < 0.05).26

One study found no change in the percentage of trauma or 
emergency operations performed by PGY4/5 residents (82% 
vs. 82%) after transition to a schedule that reduced extended 
shifts by 50% per resident, from 12.3 to 6.1 extended shifts per 
month.36

Another study of surgical residents recorded the percent-
age of operations performed by residents during 3 successive 
9-month phases.37 They found that the percentage of cases per-
formed during the baseline Q3-Q4 phase (55.2%) decreased 
after the institution of an initial 80-h/week restriction (47.3%), 
but then increased back to baseline after institution of a night 
float system that limited residents to maximum 14-h shifts 
(54.5%). The authors do not report statistical test results, but 
by Fisher exact tests, the change between time points 1 and 2 
(P < 0.001) and between points 2 and 3 (P < 0.001) were statisti-
cally significant; the percentage of cases cared for by residents 
in time points 1 and 3 (P = 0.31) did not differ. 

A pre-post study of surgical residents that involved decreas-
ing shifts for PGY4/5 residents from 24 to 12 h found a decrease 
in the overall percentage of time spent on non-patient care ac-
tivities (including administrative tasks, attending conferences, 
independent study in hospital, sleep in hospital, and personal 
in hospital) (33.3% pre vs. 21.3% post for PGY1-3 residents, 
39.3% pre vs. 28.0% post for PGY4-5 residents, and 42.0% pre 
vs. 20.6% post for PGY6 residents), though they do not state 
whether these differences were statistically significant,38 and in-
sufficient data were provided to allow for independent testing.

A prospective observational study of surgery residents at 2 
separate hospitals compared a Q4 call schedule with 24-h call 
shifts to a night float system with maximum 13-h shifts. Re-
quired conference attendance was 100% in both groups, but the 
authors did not assess any other educational outcomes.39 

Overall, in 4/14 studies, significant improvements occurred 
in indicators of resident educational quality after reduction or 
elimination of residents’ extended shifts. In 9/14 studies, no sig-
nificant changes were found. Education was found to worsen 
significantly in 1/14 (Table 5).

Patient Safety and Quality of Care
Eleven published studies included some measure of patient 

safety or quality of clinical care as an outcome (Table 3). A 
prospective, randomized, controlled trial of interns working in 
the MICU and CCU at a single institution compared a Q3 call 
schedule with maximum 30-h shifts to an intervention schedule 
that reduced the maximum shift length to 16 h (16-h shifts in-
volved day and night hours in equal proportions).19 The study 
found that interns made significantly fewer serious medical er-
rors during the intervention schedule than during the traditional 
schedule (136.0 traditional vs. 100.1 intervention per 1000 
patient-days, P < 0.001), including significantly fewer non-in-
tercepted serious errors (44.8 traditional vs. 28.6 intervention 
per 1000 patient days, P < 0.001). The rate of all serious errors 
in the unit as a whole was also significantly lower during the 
intervention schedule (193.2 traditional vs. 153.4 intervention 
per 1000 patient-days, P < 0.001).

A prospective study compared MICU residents on a tradi-
tional schedule (Q4 call) to those on an intervention schedule 
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[Q4], P = ns) and faculty blinded to intern schedule (1.0 ± 0.1 
[Q2], 0.8 ± 0.2 [Q3], and 1.2 ± 0.1 [Q4], P = ns).

A pre-post study of an intervention that reduced call frequency 
from Q3 to Q4 in a surgical training program prospectively ex-
amined mortality and complication rates for 1,665 pre- and 2,311 
post-intervention cases. Risk adjusted data were collected by 

discharges post, P < 0.02) all decreased significantly under the 
new schedule.

A concurrent, controlled trial compared surgical interns as-
signed to Q2, Q3, or Q4 schedules.24 Rates of errors commit-
ted per call shift did not differ, as measured both by monthly 
surveys of interns (1.1 ± 0.2 [Q2], 0.8 ± 0.2 [Q3], and 0.8 ± 0.2 

Table 3—Studies of patient safety and quality of care

Source Study Design Population and Setting Intervention Type Study Outcomes
Study 
Quality

Afessa30 Retrospective, “before 
and after” controlled 
trial

Internal medicine residents 
and 626 patients in a MICU at 
a single hospital

Transition from Q3 call to a 
14-h work-shift model

No difference in MICU or in-
hospital mortality or length 
of stay.

Level 
II-3

Bhavsar40 Retrospective, “before 
and after” controlled 
trial

Internal medicine residents 
and 1,003 patients admitted 
to the cardiology service at a 
single hospital

Elimination of extended 
shifts for senior residents on 
the cardiology service (no 
change for interns)

Improved adherence to 
ACS guidelines, decreased 
length of stay; no change 
in hospital mortality but 
improvement in 6 month 
mortality.

Level 
II-3

de Virgilio34 Retrospective, “before 
and after” controlled 
trial

Surgical residents and 11,518 
trauma patients treated at a 
single Level 1 Trauma Center

Decrease in call frequency 
from an average of once 
every 4.8 days to once every 
6.4 days

No change in complication 
rate or mortality rate for 
trauma patients.

Level 
II-3

Goldstein26 Prospective, “before 
and after” controlled 
trial

Surgical residents and 
surgical patients treated at a 
single hospital

Transition from Q4 call to a 
night float system with 12- to 
14-h shifts

Improvement in Press-
Ganey scores for Surgery 
Department and quality of 
care delivered by residents 
as rated by nurses.

Level 
II-3

Gottlieb42 Prospective, “before 
and after” controlled 
trial

Internal medicine residents 
and 1,103 patients admitted to 
a single VA medical center

Transition from a Q4 call 
schedule to schedule with 
maximum 16 hour shifts

Decrease in patient length 
of stay and medication 
errors with shift work 
schedule.

Level 
II-3

Horwitz41 Retrospective, 
controlled trial with 
both concurrent and 
historical controls

Internal medicine residents 
and 20,924 medicine patients 
admitted to a single hospital

Elimination of extended shifts 
for residents (no change for 
interns)

Decrease in ICU admission 
and decrease in pharmacist 
intervention to prevent drug 
errors after intervention.

Level 
II-1

Hutter25 Prospective, “before 
and after” controlled 
trial

Surgical residents and 3,976 
surgical patients treated at a 
single Level 1 Trauma Center

Reduction in call frequency 
from Q3 to Q4

No change in complication 
or mortality rates for 
surgical cases.

Level 
II-3

Landrigan19 Prospective, 
randomized controlled 
trial

Internal medicine interns 
and 634 MICU/CCU patients 
admitted to a single hospital 

Comparison of Q3 traditional 
call schedule with 30-h shifts 
to system with maximum 
16-h shifts

Decrease in serious 
medical errors made by 
interns with shift work 
system compared to Q3 call 
schedule.

Level I

Malangoni36 Prospective, “before 
and after” controlled 
trial

PGY4/5 surgical residents 
and 3,100 trauma/emergency 
surgery patients admitted to a 
single Level 1 Trauma Center

50% reduction in call shifts 
per month per resident

Decrease in mortality for 
trauma and emergency 
surgical patients.

Level 
II-3

Mann43 Prospective, “before 
and after” controlled 
trial

Radiology residents and 
26,421 emergency radiology 
cases reviewed at a single 
hospital

Elimination of extended shifts 
for radiology residents via 
implementation of dedicated 
night shifts

Decrease in frequency of 
mis-read films requiring 
patient call back to the 
Emergency Department. 

Level 
II-3

Sawyer24 Prospective, concurrent 
controlled trial

Surgical interns at a single 
hospital

Comparison of interns on Q2, 
Q3, and Q4 schedules

No difference in number of 
errors per call shift.

Level 
II-1



SLEEP, Vol. 33, No. 8, 2010 1050 Reducing Residents’ Extended Shifts—Levine et al

dents were required to work extended shifts (> 16 h), there was 
a significant decrease in the proportion of misreadings (1.69 pre 
vs. 1.00 post per shift, χ2 = 11.79, P < 0.037).

In sum, in 7/11 studies, significant improvements occurred 
in processes and outcomes indicating the quality and/or safety 
of patient care after reduction or elimination of residents’ ex-
tended shifts, and in 4/11 studies, quality and safety remained 
unchanged. No studies found that safety or quality of care de-
teriorated (Table 5).

Unpublished Studies
Two of three unpublished studies identified found that re-

duction of extended shifts was associated with improvements 
in quality of life measures and/or neurocognitive performance; 
one found that safety improved (Table 4).

DISCUSSION
In a systematic review of the literature, we found that reduc-

tion or elimination of resident shifts exceeding 16 hours led to 
improvements in resident quality of life (8/8 improved), im-
provements in patient safety and quality of care (7/11 improved; 
4/7 unchanged; 0/7 worsened); and generally unchanged medi-
cal education (4/14 improved; 9/14 unchanged; 1/14 worsened) 
(Table 5). Systematic collection of data on the evidence sup-
porting proposed policy change is important both to guide and 
facilitate that change. Acceptance of the ACGME Duty Hour 
Standards was impeded by a lack of evidence supporting the 
specific limits chosen, variation in the implementation of work 
hour reforms, and uncertainty about their impact.44-46 Under the 
ACGME standards, shifts of 24-30 hours have remained the 

trained nurses using standardized definitions from the previously 
validated National Surgical Quality Improvement Program.25 No 
change in mortality or complication rates was found. A similar 
pre-post study of surgical residents transitioned from a traditional 
Q4 call schedule to a night float system without extended shifts 
found statistically significant improvement in 6 different mea-
sures of patient care.26 In the same study, Press-Ganey patient 
satisfaction surveys revealed improved ratings of care across all 
categories, though the authors do not state whether the improve-
ments in patient ratings were statistically significant, and insuf-
ficient data are presented to permit independent calculation.

A pre-post study at a single Level 1 Trauma Center found 
a 31.9% decrease in mortality (from 72 deaths in 1550 admis-
sions pre to 49 deaths in 1550 admissions post) for trauma 
patients, following an intervention that decreased frequency 
of call by 50% for PGY4/5 surgical residents from 12.3 to 6.1 
extended shifts per month.36 Although the authors do not com-
ment on the significance of this change, it represents a statisti-
cally significant decrease (P = 0.04, 2-sided Fisher exact test). A 
similar study found no significant change in the overall compli-
cation rate (2.54% pre vs. 2.05% post, P < 0.09) or the mortality 
rate (5.23% pre vs. 5.91% post, P = 0.12) for trauma patients 
treated at a single Level 1 Trauma Center after an intervention 
that decreased the frequency of extended shifts by 25% (from 
an average of once every 6.4 days to once every 4.8 days) for 
surgical residents.34 

A study of radiology residents on an Emergency Radiology 
rotation at one institution analyzed misreadings by a radiology 
resident working overnight.43 After implementation of a night-
float system that reduced the frequency with which on-call resi-

Table 4—Overview of unpublished studies

Source Study Design
Population and 
Setting Intervention Type Study Outcomes Publication Status

Gohar54 Prospective, 
concurrent controlled 
trial

Internal medicine 
interns and 
residents

Compared residents working a Q4 
call schedule to those on a schedule 
without extended shifts.

Lower sleepiness score 
and fewer math and 
accuracy errors on the 
intervention schedule.

Not yet published 
at time of review; 
subsequently 
published in J Clin 
Sleep Med57

Gottlieb55 Prospective, “before 
and after” controlled 
trial

Internal medicine 
residents

Transition from an on-call schedule 
to a night float system without 
extended shifts.

Decreased patient 
length of stay and fewer 
medication errors under 
the night float system.

Follow up study 
including more 
patients was 
published two years 
later40

Graef56 Prospective, 
concurrent controlled 
trial of a single 
resident cohort

Internal medicine 
residents in a 
single residency 
program

Comparison of a single cohort of 
residents working both one month 
on a traditional call schedule and 
one month on a night float schedule

Less resident sleepiness 
during overnight hours 
during night float 
schedule.

Not yet published

Table 5—Published study outcome summary

Outcome Type
Number of studies 

with outcome
Significant improvement with 
reduction in extended shifts

No change with reduction 
in extended shifts

Significant decrement with 
reduction in extended shifts

Resident Quality of Life 8 8 0 0
Resident Education 14 4 9 1
Patient Safety/Quality of Care 11 7 4 0
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if adverse events would in fact be reduced to this degree with 
implementation of work hour reductions across settings.

Our review has a number of limitations. Though many of 
the studies on quality of life used validated psychological tests, 
measuring quality of life remains a subjective enterprise. Since 
residents cannot be blinded to the frequency of the extended 
shifts that they work, there will always be room for bias in any 
self-reported measures. While such subjective outcomes were 
used in a minority of included studies of education and patient 
safety, they were an important component of quality of life 
measures. Another limitation is that while studies of quality of 
life and safety were reasonably distributed across specialties, 
studies of medical education involved primarily surgical train-
ees, limiting the external validity of these findings. Moreover, 
long term educational outcomes were not assessed. A third 
limitation is that many intervention efforts we studied includ-
ed changes to resident schedules in addition to extended work 
shift reduction, and not all studies objectively measured work 
hours; this limits the strength with which changes in outcome 
can be causally attributed to reducing or eliminating extended 
work shifts. In some studies, residency programs implemented 
enhancements to the resident sign-out process as they reduced 
extended shifts, which limits our ability to disentangle the ef-
fects of reducing extended shifts from this important co-inter-
vention. However, no other intervention was common to all 
studies included in our review, reducing the likelihood that any 
other co-intervention was responsible for the effects observed 
across studies. 

Though all of the studies in our review were Level I or II 
quality studies according to the U.S. Preventive Services Task 
Force rating schema,22 many had important methodological 
limitations. Some failed to provide sufficient statistical data to 
allow for meta-analysis of results. Some were underpowered to 
detect significant differences in outcomes of interest. Most uti-
lized a pre-post design, which is subject to time series bias (i.e., 
confounding of study results secondary to ongoing improve-
ments in education or medical care unrelated to the intervention 
of interest). However, there was a single prospective, random-
ized controlled trial and several non-randomized concurrent 
trials which found significant improvements associated with 
reduction or elimination of extended shifts. The precision with 
which this review supports a specific work hour limit is also 
somewhat limited. Our review does not provide evidence on 
outcomes in 16-hour as opposed to 18-hour shift systems, for 
example, though it does suggest that shifts of 12-16 hours are 
associated with significantly better outcomes than shifts of 24 
hours or longer. Complicating the issue further, however, the 
precise method by which extended shifts were eliminated or re-
duced varied from one study to the next, and the pattern of shift 
scheduling as well as total work hours is highly likely to af-
fect resident performance and hence the success of an interven-
tion.53 The current study was not designed to differentiate these 
nuances of approach, but future multi-center studies should at-
tempt to directly compare divergent approaches to work hour 
reduction. Lastly, our review is subject to publication bias, as 
reports of successful interventions may be more likely to reach 
publication than those that fail. To limit publication bias, we 
searched several different databases of unpublished abstracts 
and manuscripts. The findings of the unpublished studies (Table 

norm,47 but in the past five years, data have emerged strongly 
indicating that such extended shifts pose significant hazards for 
patients and residents.3-10 In this systematic review, we gathered 
together both published and unpublished data regarding pro-
grams that reduced or eliminated these extended shifts. While 
the precise nature of the changes made varied from one center 
to the next, all interventions included in our study either elimi-
nated or reduced the frequency of shifts exceeding 16 hours 
(extended shifts). Most led to improvements in patient safety 
and quality of life, without adverse educational consequences. 
This new evidence could be of value to policy makers and pro-
gram directors as they seek to develop evidence-based work 
hour reforms. Further data comparing specific approaches to 
eliminating or reducing extended shifts continue to be needed.

Several prior reviews have evaluated the literature regarding 
resident working conditions. Two early reviews by Asken et al. 
and Leung et al. found a paucity of high quality studies and 
reported generally mixed results.48,49 Two more recent rigorous 
systematic reviews by Fletcher et al. found that while resident 
quality of life generally improved with reduction of resident 
work hours, educational experience was mixed, and insufficient 
information existed to draw conclusions about patient care.1,2 
While Fletcher’s reviews were of high quality, they included 
studies of a wide variety of different interventions aimed at 
improving resident working conditions, making it difficult to 
draw conclusions about any one specific intervention. In con-
trast to Fletcher, we chose to focus on studies of a single type of 
evidence-based intervention, the reduction or elimination of ex-
tended shifts, many of which were published after Fletcher’s re-
views. We found that quality of life measures improved in eight 
of eight studies and patient safety improved in the majority; in 
no studies did patient safety worsen. Moreover, both surgical 
case volume and objective measures of medical education were 
generally unchanged, countering the concern that reductions in 
extended shifts degrade educational experience (Table 5).

While we did not find evidence supporting concerns that 
implementation of the IOM standards could lead to safety haz-
ards due to discontinuities of care (a previously demonstrated 
safety hazard50) or a degradation of education, our study does 
not rule out the possibility that either could potentially occur. 
In programs that reduce or eliminate 24-hour shifts, substantial 
efforts will need to be undertaken to develop robust handoff 
systems51 and redesign educational curricula52 to minimize any 
adverse consequences of reducing hours. Prior research has 
demonstrated that discontinuity can pose hazards. Implementa-
tion of the IOM recommendations is also likely to be expensive, 
at least in the near term; Nuckols et al. estimated that hiring 
the providers needed to supplement the existing resident work 
force will cost approximately $1.6 billion,17 though some of the 
surgical studies included in this review, which demonstrated 
maintenance of surgical resident case volume even in the face 
of decreasing work hours, would suggest that additional hiring 
will not be needed in all settings. If Nuckols’ projection regard-
ing hiring is correct, such a cost would be recouped by society 
(due to savings resulting from decreased adverse events) if an 
11% reduction in adverse events accompanies implementation 
of the IOM’s recommendations. This degree of improvement 
or greater did occur in some of the studies included in this re-
view, but further multi-center studies are needed to determine 
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25.	 Hutter MM, Kellogg KC, Ferguson CM, Abbott WM, Warshaw AL. The 
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ing surgeons. Ann Surg 2006;243:864-71; discussion 871-5.

26.	 Goldstein MJ, Kim E, Widmann WD, Hardy MA. A 360 degrees evalua-
tion of a night-float system for general surgery: A response to mandated 
work-hours reduction. Curr Surg 2004;61:445-51.

27.	 Nichols M. Curriculum change in an obstetrics-gynecology residency 
program and its impact on pregnancy in residency. Am J Obstet Gynecol 
1994;170:1658-64; discussion 1664-5.

28.	 Lund KJ, Teal SB, Alvero R. Resident job satisfaction: One year of duty 
hours. Am J Obstet Gynecol 2005;193:1823-6.

29.	 Carey JC, Fishburne JI. A method to limit working hours and reduce sleep 
deprivation in an obstetrics and gynecology residency program. Obstet 
Gynecol 1989;74:668-72.

30.	 Afessa B, Kennedy CC, Klarich KW, Aksamit TR, Kolars JC, Hubmayr 
RD. Introduction of a 14-hour work shift model for housestaff in the med-
ical ICU.[see comment]. Chest 2005;128:3910-5.

31.	 Kelly A, Marks F, Westhoff C, Rosen M. The effect of the New York state 
restrictions on resident work hours. Obstet Gynecol 1991;78:468-73.

32.	 Barden CB, Specht MC, McCarter MD, Daly JM, Fahey Iii TJ. Effects of 
limited work hours on surgical training. J Am Coll Surg 2002;195:531-538.

33.	 Ferguson CM, Kellogg KC, Hutter MM, Warshaw AL. Effect of work-
hour reforms on operative case volume of surgical residents. Curr Surg 
2005;62:535-8.

34.	 de Virgilio C, Yaghoubian A, Lewis RJ, Stabile BE, Putnam BA. The 80-
hour resident workweek does not adversely affect patient outcomes or 
resident education. Curr Surg 2006;63:435-9; discussion 440.

35.	 McElearney ST, Saalwachter AR, Hedrick TL, et al. Effect of the 80-hour 
work week on cases performed by general surgery residents. Am Surg 
2005;71:552-556.

36.	 Malangoni MA, Como JJ, Mancuso C, Yowler CJ. Life after 80 hours: 
The impact of resident work hours mandates on trauma and emergency 
experience and work effort for senior residents and faculty. J Trauma 
2005;58:758-61; discussion 761-2.

37.	 Jarman BT, Miller MR, Brown RS, et al. The 80-hour work week: Will 
we have less-experienced graduating surgeons? Curr Surg 2004;61:612-5.

38.	 Cockerham WT, Cofer JB, Lewis PL, Scroggins CM, Burns RP. Resi-
dent work hours: Can we meet the ACGME requirements? Am Surg 
2004;70:687-90.

4) were generally commensurate with those of the published 
studies included in our review.

As policy makers and residency program directors seek to 
identify solutions to the well-documented hazards of residents’ 
traditional long work hours, elimination or reduction of the fre-
quency of extended shifts will be an important consideration. 
We found that decreasing or eliminating extended work shifts 
led to significant improvements in diverse aspects of resident 
quality of life. Additionally, we found that decreasing or elimi-
nating extended shifts is unlikely to harm surgical resident edu-
cation, though more studies are necessary to see if this remains 
true for non-surgical residents. Finally, and perhaps most im-
portantly, decreasing or eliminating extended shifts is likely to 
lead to reductions in medical errors and improvements in the 
quality of patient care, though larger studies are necessary to 
see if these improvements translate into decreased patient mor-
bidity or mortality.

ACKNOWLEDGMENTS
All work was performed at Brigham and Women’s Hospital 

and Massachusetts General Hospital, Boston, MA.

DISCLOSURE STATEMENT
This was not an industry supported study. Dr. Landrigan has 

consulted for AxDev on a study that was supported by a grant 
to AxDev from Cephalon and has consulted for Vital Issues in 
Medicine. The other authors have indicated no financial con-
flicts of interest.

REFERENCES
1.	 Fletcher KE, Davis SQ, Underwood W, Mangrulkar RS, McMahon Jr LF, 

Saint S. Systematic review: Effects of residents work hours on patient 
safety. Ann Intern Med 2004;141:851-7.

2.	 Fletcher KE, Underwood Iii W, Davis SQ, Mangrulkar RS, McMahon Jr 
LF, Saint S. Effects of work hour reduction on residents’ lives: a system-
atic review. JAMA 2005;294:1088-100.

3.	 Barger LK, Cade BE, Ayas NT, et al. Extended work shifts and the risk 
of motor vehicle crashes among interns.[see comment]. New Engl J Med 
2005;352:125-34.

4.	 Ayas NT, Barger LK, Cade BE, et al. Extended work duration and the risk of 
self-reported percutaneous injuries in interns. JAMA 2006;296:1055-62.

5.	 Arnedt JT, Owens J, Crouch M, Stahl J, Carskadon MA. Neurobehavioral 
performance of residents after heavy night call vs after alcohol ingestion. 
JAMA 2005;294:1025-33.

6.	 Koslowsky M, Babkoff H. Meta-analysis of the relationship between total 
sleep deprivation and performance. Chronobiol Int 1992;9:132-6.

7.	 Lorenzo I, Ramos J, Arce C, Guevara MA, Corsi-Cabrera M. Effect of 
total sleep deprivation on reaction time and waking EEG activity in man. 
Sleep 1995;18:346-54.

8.	 Pilcher JJ, Huffcutt AI. Effects of sleep deprivation on performance: A 
meta-analysis. Sleep 1996;19:318-26.

9.	 Carskadon MA, Dement WC. Multiple sleep latency tests during the con-
stant routine. Sleep 1992;15:396-9.

10.	 Philibert I. Sleep loss and performance in residents and nonphysicians: a 
meta-analytic examination. Sleep 2005;28:1392-1402.

11.	 Development of safe resident work hours legislation. Sleep Research So-
ciety; 2008.

12.	 Lewis LT. Committee of Interns and Residents/SEIU healthcare testi-
mony. Washington, DC: National Academy of Science Committee on 
Optimizing Graduate Medical Trainee (Resident) Schedules to Improve 
Patient Safety; 2007. Available from: http://www.iom.edu/CMS/3809/48
553/48679/49628/50291.aspx. Accessed June 2, 2008.

13.	 Principles regarding resident and student work hours. American Medical 
Student Association (AMSA); 2006 Accessed January 18, 2008.



SLEEP, Vol. 33, No. 8, 2010 1053 Reducing Residents’ Extended Shifts—Levine et al

49.	 Leung L, Becker CE. Sleep deprivation and house staff performance. up-
date 1984-1991. J Occupational Med 1992;34:1153-60.

50.	 Petersen LA, Brennan TA, O’Neil AC, Cook EF, Lee TH. Does houses-
taff discontinuity of care increase the risk for preventable adverse events? 
Ann Intern Med 1994;121:866-72.

51.	 Petersen LA, Orav EJ, Teich JM, O’Neil AC, Brennan TA. Using a com-
puterized sign-out program to improve continuity of inpatient care and 
prevent adverse events. Jt Comm J Qual Improv 1998;24:77-87.

52.	 Volpp KG, Landrigan CP. Building physician work hour regulations from 
first principles and best evidence. JAMA 2008; 300:1197-9.

53.	 Folkard S, Lombardi DA, Tucker PT. Shiftwork: safety, sleepiness and 
sleep. Ind Health 2005;43:20-3.

54.	 Gohar AA, Gertner E, Haus H, Heitz R, Sackett-Lundeen L, Adams A, 
Bijwadia J.   Increased sleep debt associated with more math errors in 
residents during on-call rotations. Chest 2007; 132 (supplement): 502S-
503S. [abstract]

55.	 Gottlieb D, Parenti CM, Peterson CA, Lofgren RP. Changing the hous-
estaff work environment may improve medical care. Clinical Research 
1989; 37: 312A [abstract] 

56.	 Graef B, Sweet D, Clough L, Frate D, Lada R, Lo K. Internal medicine 
residents’ sleepiness during different call conditions. Sleep 2006 (abstract 
supplement); 29: A139.[abstract]

57.	 Gohar A, Adams A, Gertner E, Sackett-Lundeen L, Heitz R, Engle R, 
Haus E, Bijwadia J. Working memory capacity is decreased in sleep-de-
prived internal medicine residents. J Clin Sleep Med 2009;5:191-7.

39.	 Welling RE, Boberg JT, Weinberg E, Gulley J. Work hours compliance in 
a community hospital. Curr Surg 2004;61:241-3.

40.	 Bhavsar J, Montgomery D, Li J, et al. Impact of duty hours restrictions 
on quality of care and clinical outcomes. Am J Med 2007;120:968-74.

41.	 Horwitz LI, Kosiborod M, Lin Z, Krumholz HM. Changes in outcomes 
for internal medicine inpatients after work-hour regulations. Ann Intern 
Med 2007;147:97-103.

42.	 Gottlieb DJ, Parenti CM, Peterson CA, Lofgren RP. Effect of a change in 
house staff work schedule on resource utilization and patient care. Arch 
Intern Med 1991;151:2065-70.

43.	 Mann FA, Danz PL. The night stalker effect: Quality improvements with 
a dedicated night-call rotation. Invest Radiol 1993;28:92-6.

44.	 Myers JS, Bellini LM, Morris JB, et al. Internal medicine and general 
surgery residents’ attitudes about the ACGME duty hours regulations: a 
multicenter study. Acad Med 2006;81:1052-8.

45.	 Brunworth JD, Sindwani R. Impact of duty hour restrictions on otolar-
yngology training: Divergent resident and faculty perspectives. Laryngo-
scope 2006;116:1127-30.

46.	 Jagsi R, Shapiro J, Weissman JS, Dorer DJ, Weinstein DF. The education-
al impact of ACGME limits on resident and fellow duty hours: A pre-post 
survey study. Acad Med 2006;81:1059-68.

47.	 Philibert, Ingrid F, Paul W, William T. New requirements for resident duty 
hours. JAMA 2002;288:1112-4.

48.	 Asken MJ, Raham DC. Resident performance and sleep deprivation: A 
review. J Med Educ 1983;58:382-8.


