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Abstract

resident-focused strategies.

Patient safety is a powerful motivating force for change in modern medicine, and is often cited as a rationale for
reducing resident duty hours. However, current data suggest that resident duty hours are not significantly linked to
important patient outcomes. We performed a narrative review and identified four potential explanations for these
findings. First, we question the relevance of resident fatigue in the creation of harmful errors. Second, we discuss
factors, including workload, experience, and individual characteristics, that may be more important determinants of
resident fatigue than are duty hours. Third, we describe potential adverse effects that may arise from - and,
therefore, counterbalance any potential benefits of — duty hour reductions. Fourth, we explore factors that may
mitigate any risks to patient safety associated with using the services of resident trainees.

In summary, it may be inappropriate to justify a reduction in working hours on the grounds of a presumed linkage
between patient safety and resident duty hours. Better understanding of resident-related factors associated with
patient safety will be essential if improvements in important patient safety outcomes are to be realized through

Introduction

The ideal resident duty schedule to maximize patient
safety has not yet been identified. In fact, the notion of
an ideal schedule may be too simplistic given the diver-
sity of residency programs and training requirements,
variations in clinical workload, and differences between
individuals with respect to personal preferences and tol-
erance of fatigue. As such, the creation of a resident
duty schedule that maximizes patient safety may be an
inappropriate, albeit well-intentioned, aspiration.

In this narrative review we focus on the relationship
between resident duty hours and patient safety.
We describe the well-recognized relationship between
fatigue and error, and the seemingly contradictory evi-
dence that suggests that a reduction in the number of
duty hours is not associated with improved patient safety.
Next, we explore four possible reasons why the literature
has not confirmed the popular expectation that shorter
duty hours improves patient safety. First, it is possible
that the fatigue arising from resident duty hours is a
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relatively minor determinant of significant medical error.
Second, duty hours may be only a minor factor contri-
buting to resident fatigue. Third, it is possible that the
adverse consequences of duty hour reduction will coun-
terbalance any beneficial effects of reduced fatigue.
Fourth, the service provided by residents may be of lim-
ited consequence to patient safety. While there may be
other scientifically or socially valid reasons for duty hour
reduction, these are outside the scope of this review.

The relationship between resident duty hours and
patient safety
When evaluating research describing resident duty
hours and patient safety, one must carefully consider
study design and the patient safety outcome(s) pre-
sented. It is important to separate intermediate out-
comes such as potential errors, errors without clinical
consequence, and perceptions of safety from definitive
patient outcomes such as harmful errors, preventable
harm, mortality rates, and risk-adjusted mortality rates.
The greatest volume of evidence linking prolonged
resident duty hours to compromised patient safety
derives from the laboratory-based evaluation of sleep
deprivation and performance. This includes the popular
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work by Dawson and Reid [1] and other studies that
align the effects of sleep deprivation with that of alcohol
ingestion [2,3]. Other laboratory work suggests that pro-
gressive increases in sleep deprivation are associated
with slower reaction times and decreased performance
on other tests. A meta-analysis of 60 studies on sleep
deprivation (with a total sample of 959 resident physi-
cians and 1,028 non-physicians) evaluated performance
in resident physicians and found a 1.5 standard devia-
tion reduction in performance in a wide variety of tests
after less than 30 hours of continuous wakefulness. This
review found greater effects of sleep deprivation in non-
physicians as compared with resident physicians. The
authors attributed the differences between resident phy-
sicians and non-physicians to chronic sleep deprivation
in the resident controls and to differences in the amount
of sleep before the study period [4]. Studies using self-
reported and objective measures of residents’ sleep con-
firm that acute sleep deprivation is routine, but question
the frequency of chronic sleep deprivation and suggest
that on-call residents do sleep while they are on duty
[5-9], as do physicians in independent practice [10].

The findings of a single-centre study by Landrigan and
colleagues of 20 interns working in an adult intensive
care unit (ICU) [11,12] are often cited as compelling evi-
dence in favour of reducing resident duty hours [13].
This research used a randomized cross-over design to
compare 16-hour duty periods (intervention schedule)
with 30-hour duty periods (traditional schedule). Rates of
errors and adverse event outcomes were obtained by
multiple concurrent methods. This study found a higher
rate of serious medical errors in the traditional schedule
than in the intervention schedule (136.0 versus 100.1 per
1000 patient-days, p< 0.001). Importantly, the serious
medical errors outcome included errors with the poten-
tial to cause harm. The definitive outcomes reported
were preventable adverse events (harmful errors) and
mortality. There were no differences between the inter-
vention and traditional schedules with respect to harmful
errors in the ICU (38.6 and 38.5 per 1000 patient-days,
respectively, p = 0.91), and mortality was not significantly
higher in the intervention schedule (12.7% versus 14.5%
p = 0.55) [11]. On average, alertness was lower in the
30-hour duty period; however, in four (20%) interns, an
indirect electroencephalogram (EEG) measure suggested
lower alertness during the 16-hour duty period [12].
These sleep and alertness data raise questions about a
number of factors, including the generalizability of the
conclusion that “less is more” to all first-year residents
(or other physician groups), the adequacy of the sample
size studied, and the relevance of resident sleep and slee-
piness to harmful medical errors.

These randomized controlled trial data, along with other
health services data showing time-related improvement
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in patient outcomes, call into question the notion that
reducing resident duty hours improves patient safety [14].
Apparent improvements in outcomes over time in before-
and-after studies of duty hours and other “safety interven-
tions”[15,16] may be explained by other factors, including
secular trends showing improvement in hospitals with and
without residents [17]. As well, these studies may, in fact,
show only minimal change after the introduction of duty
hour regulations [18].

These data, summarized in the Institute of Medicine
(IOM) report, suggest that, overall, resident duty hour
reduction does not improve — nor does it worsen —
meaningful patient safety and quality outcomes [19].
The IOM report states that “patient safety is affected by
many factors and the research data available did not
make it possible for the committee to assess the current
level of all risks to patients or the degree to which fati-
gued residents contribute to patient harm”[19] (emphasis
added). Four explanations for this apparent contradic-
tion of public expectation are explored below.

[1] Resident fatigue is a minor determinant of harmful
errors

In the discourse on harmful medical errors, resident
fatigue is frequently “implicated” as a significant causal
factor [20-22]. Here we suggest that the relative contri-
bution of fatigue to medical errors may be overstated,
and that studies reporting harmful and other errors
need to account for the duration of clinical exposure.

Evaluating the relative contribution of fatigue to sig-
nificant medical error is challenging [19]. The ubiqui-
tous, ill-defined notion of “fatigue” may be used as a
proxy for other more specific individual- and system-
level factors, including limited experience, limited con-
tent or patient-specific knowledge, high workload, and
inadequate supervision. Studies focused primarily on
these factors report that they are more frequently asso-
ciated with medical errors than is fatigue [23-28]. Nota-
ble examples where fatigue has displaced discussion and
recognition of other more important factors include the
Libby Zion case, in which trainee experience, seniority,
and supervision [29] were highlighted but subsequently
downplayed, as well as Landrigan and colleagues’ land-
mark study of newly graduated physicians practicing in
tertiary-quarternary adult ICUs [11,12].

A second factor is the exposure effect associated with
working longer hours. It is reasonable to expect that indi-
viduals who work longer hours will observe or experience
a greater number of harmful and other medical errors
than those who work shorter hours, simply by virtue of
their longer exposure to clinical situations. To date, this
“exposure effect” has received limited attention in the lit-
erature [30,31]. Studies describing associations between
self-reported physician burnout and/or depression and
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both longer duty hours and medical errors also overlook
the effect of clinical exposure on these potentially corre-
lated outcomes [24,32]. Uncritical acceptance of the
results of these studies by clinicians and the public
further perpetuate the notion that “long shifts” equate
with “bad care.” In turn, this may fuel the demand for
reform and shift focus and resources from other, more
effective, safety mechanisms.

[2] Resident duty hours are a minor component of
resident fatigue

If we accept that the relative contribution of fatigue to
harmful and other medical errors is significant, then the
contribution of duty hours to resident fatigue warrants
closer consideration. The origins of resident fatigue are
multi-factorial [19]. Attributing fatigue mainly to hours
of continuous duty and total duty hours is likely to be
an over-simplification that overlooks workload, circadian
rhythm disruption, tolerance of sleep loss, and other
sleep-related factors [33].

Workload during the duty period (both on-call and
during regular days) is an important source of resident
fatigue. Workload varies significantly between rotations,
specialities, and duty periods, and it is associated with
reduced opportunities for on-call sleep [6,7,9]. At best,
workload is independent of duty hour reduction. How-
ever, after duty hour reduction, workload-associated fati-
gue may be increased if the same work is compressed
into fewer hours, and low workload rotations may be
transformed into high workload rotations.

The degree of fatigue experienced by residents is
influenced by factors such as disruption of the circadian
rhythm and their individual tolerance of sleep loss.
Working at night disrupts the circadian rhythm in phy-
sicians [8,34], nurses [35], and other shift workers [36].
Consequently it may be difficult to separate the effects
of prolonged wakefulness or prolonged shift duration
from those of shorter overnight work periods.

The role of personal preferences and tolerances [37] in
the genesis of resident fatigue (sleep deprivation) also
warrants consideration. An increased number of oppor-
tunities to sleep arising from duty hour reduction may
not be paralleled by similar increases in the hours of
actual sleep. In Landrigan and colleagues’ research, each
hour of duty hour reduction was associated with only
20 minutes of increased sleep [11,12]. Other factors,
including parenting, other family commitments, financial
pressures, and educational requirements will also contri-
bute to resident fatigue and burnout [38-40].

[3] There are adverse consequences of reducing resident
duty hours

If one accepts that the available laboratory and observa-
tional data indicate that resident fatigue influences patient
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safety outcomes, then it is still reasonable to ask whether
the reduction of resident hours might nonetheless have
harmful effects. The question then arises: “What factors
counterbalance the beneficial effects of reduced resident
fatigue?” One commonly articulated factor is lack of conti-
nuity, mediated through both reduced direct contact with
patients and increased frequency of handovers [41-44].
Others include a shift work mentality [29,45], reduced
resident supervision by responsible physicians resulting
from reduced supervisor—trainee contact [6,46], and the
cumulative effect of compromised education leading to
physicians being inadequately prepared for practice in the
real world [47-50].

Hospitalized patients are complex [51], and economic
and other pressures encourage shorter lengths of stay in
hospital [52]. Consequently, the need for health care
providers to rapidly know and understand, appropriately
investigate, provide optimal treatment, and effectively
transfer the care of patients are all fundamental aspects
of modern health care. This requires continuity of care.
Continuity may originate from individual providers or
from health care teams. Continuity operates across three
domains:

Informational continuity — the use of information on
past events and personal circumstances to make current
care appropriate for each individual

1. Management continuity — a consistent and coher-
ent approach to the management of a health condi-
tion that is responsive to a patient’s changing needs
2. Relational continuity — an ongoing therapeutic
relationship between a patient and one or more pro-
viders (Haggerty and colleagues, 2003) [53]

Each, and all, domains of continuity may be threa-
tened by duty hour reduction.

There are a number of ways in which duty hour
reduction can compromise continuity: increasing the
number of handovers; reducing the duration of clinical
exposure to patients; increasing the intervals between
exposure to patients; and reducing the proportion of
available time for residents to interact and become
familiar with individual patients and interact with other
members of the health care team [54]. Physicians who
are less familiar with their patients may make less-
informed clinical decisions or delay decisions [55], or
they may compensate for their lack of familiarity by
ordering more tests [56]. In turn, these actions may
undermine the quality and outcomes of care, as has
been suggested in studies showing harm associated with
care transitions [57] or duty hour reduction [55,58].

Despite the ease and frequency with which potential
adverse consequences of long resident duty hours for
patient safety have previously been articulated,



Osborne and Parshuram BMC Medical Education 2014, 14(Suppl 1):52
http://www.biomedcentral.com/1472-6920/14/51/S2

separation of fatigue-related from continuity-related
errors is inherently problematic, and this difficulty is
compounded by the multidisciplinary and overlapping
nature of health care teams. We suggest that the best
evidence for the existence of these counterbalancing fac-
tors is the lack of improvement in meaningful patient
outcomes associated with resident duty hour reduction.
Irrespective of duty hours, continued efforts to improve
the nature and quality of communication within concur-
rent multidisciplinary teams and at points of care transi-
tion remain an important area for patient safety
[41,44,59].

[4] Residents are of limited immediate consequence to
patient safety

Residents are recent graduates, are explicitly acknowl-
edged as trainees, require supervision, and are required
to attend formal education sessions, complete informal
requirements, and pass exit examinations before enter-
ing into independent practice. As such, one could argue
that residents could pose a potential threat to the provi-
sion of optimal care. Conversely, appropriate resident
training is required to sustain the number and quality of
physicians in independent practice to ensure the safety
of tomorrow’s patients.

The value of resident work has been expressed in a
variety of ways: as a financial benefit [60], as a way of
fulfilling the need to train doctors to care for future
patients [49], and as the potential for residents to
increase patient safety [19]. However, it is worth noting
that some resident work can be successfully completed
by others or can be significantly reduced through the
use of health care technology. This suggests that resi-
dents may not be “essential” elements of care, something
that is consistent with their role as trainees [6,19,61-63]
and supports the notion that residents have limited abil-
ity to either add to or detract from patient safety.

Other considerations
Several additional factors warrant consideration. The
first is the nature of evaluations performed to date.
Because these evaluations do not demonstrate clinically
significant relationships between resident duty hours
and patient safety, one may question the relevance of
the studies that have been done. Future studies should
evaluate a wider range of duty hours and include both
short-term cross-sectional and longer-term system-level
outcomes. The use of concurrent assessment of multiple
domains (i.e., workload, fatigue, educational opportunity
and outcome, and patient safety) will enable considera-
tion of the relative impact of resident duty hours on
each of these important domains.

Second, duty hour regulations usually describe maxi-
mum duty hours either for continuous duty, or for a
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certain period, or both [52]. The distinction between
regulation and real-world practice is fundamental.
If practice does not reflect regulatory change, then infer-
ences linking changes in patient safety to changes in
resident duty hours are moot [14,18]. Third, the impact
of the local safety culture and professionalism warrants
more rigorous evaluation as a potential factor mitigating
patient safety following duty hour reduction [64,65].
Finally, the impact of fatigue tolerance, personal motiva-
tions, and evolving expectations and standards of care
[66] will change the landscape against which the rela-
tionship between resident duty hours and patient safety
is evaluated. Ongoing assessment is therefore needed.

Conclusion

An increasing body of evidence undermines the assump-
tion that long duty hours for residents compromise
patient safety and quality of care. Conversely, the evi-
dence that shorter duty hours compromise patient safety
is weak. Delinking the association of duty hours, fatigue,
and compromised patient safety is important beyond
providing clarification of the basis for a socially desired
change. The possible and probable reasons that resident
schedule changes have not influenced important patient
safety outcomes are many, and include the limited rele-
vance of fatigue to the creation of harmful errors, the
modest contribution of duty hours to the overall burden
of fatigue, the fact that any beneficial effects of duty hour
reduction are counterbalanced by adverse effects, and the
fact that, as trainees in a complex system, residents are of
limited relevance to patient safety. While disentangle-
ment of these issues is desirable, the current literature is
limited. Greater understanding will enable pre-emptive
mitigation and optimization of a complex system that all
seek to improve.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Both authors contributed to the concept, drafts, and revisions of this
manuscript. Both approved the final version.

Declarations

Resources and secretariat support for this project was provided by the Royal
College.

This article has been published as part of BMC Medical Education Volume 14
Supplement 1, 2014: Resident duty hours across borders: an international
perspective. The full contents of the supplement are available online at
http://www.biomedcentral.com/bmcmededuc/supplements/14/S1. This
article was submitted and peer reviewed in 2012. Final acceptance for
publication as part of this supplement was in 2014.

Publication of this supplement was supported and funded by the Royal
College of Physicians and Surgeons of Canada. The funding agency played
no role in the design, in the collection, analysis and interpretation of data; in
the writing of the manuscripts; and in the decision to submit the
manuscript for publication. The articles have been through the journal’s
standard peer review process for supplements. The Supplement Editors
declare that they have no competing interests.


http://www.biomedcentral.com/bmcmededuc/supplements/14/S1

Osborne and Parshuram BMC Medical Education 2014, 14(Suppl 1):52
http://www.biomedcentral.com/1472-6920/14/51/S2

Authors’ details

'Center for Safety Research, Hospital for Sick Children, Toronto, Ontario,
Canada. %Child Health and Evaluation Sciences Program, The Research
Institute, Hospital for Sick Children, Toronto, Ontario, Canada. 3Centre for
Patient Safety, University of Toronto, Toronto, Ontario, Canada. “Institute of
Medical Sciences, University of Toronto, Toronto, Ontario, Canada.
5Department of Critical Care Medicine, Hospital for Sick Children, Toronto,
Ontario, Canada. ®Department of Paediatrics, Hospital for Sick Children,
Toronto, Ontario, Canada. 7Departmem of Paediatrics, University of Toronto,
Toronto, Ontario, Canada. ®Interdepartmental Division of Critical Care
Medicine, University of Toronto, Toronto, Ontario, Canada. °Institute of
Health Policy, Management and Evaluation, University of Toronto, Toronto,
Ontario, Canada.

Published: 11 December 2014

References

1.

2.

Dawson D, Reid K: Fatigue, alcohol and performance impairment. Nature
1997, 388:235.

Arnedt JT, Owens J, Crouch M, Stahl J, Carskadon MA: Neurobehavioral
performance of residents after heavy night call vs after alcohol
ingestion. JAMA 2005, 294:1025-1033.

Bartel P, Offermeier W, Smith F, Becker P: Attention and working memory
in resident anaesthetists after night duty: group and individual effects.
Occup Environ Med 2004, 61:167-170.

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

Baldwin DC Jr, Daugherty SR, Tsai R, Scotti MJ Jr: A national survey of
residents’ self-reported work hours: thinking beyond specialty. Acad Med
2003, 78:1154-1163.

Bismilla Z, Breakey VR, Swales J, Kulik DM, Pai N, Singh N, Parshuram CS:
Prospective evaluation of residents on call: before and after duty-hour
reduction. Pediatrics 2011, 127:1080-1087.

Parshuram CS, Dhanani S, Kirsh JA, Cox PN: Fellowship training, workload,
fatigue and physical stress: a prospective observational study. CMAJ
2004, 170:965-970.

Smith M, Kidson C, Cesta A, Moldofsky H, Parshuram C: Physician trainee
sleep, recovery, cumulative debt, circadian rhythm disruption and
symptoms. Annual Meeting Denver, Colorado: Associated Professional Sleep
Societies; 2005.

Arora VM, Georgitis E, Siddique J, Vekhter B, Woodruff JN, Humphrey HJ,
Meltzer DO: Association of workload of on-call medical interns with
on-call sleep duration, shift duration, and participation in educational
activities. JAMA 2008, 300:1146-1153.

Ferguson SA, Thomas MJ, Dorrian J, Jay SM, Weissenfeld A, Dawson D:
Work hours and sleep/wake behavior of Australian hospital doctors.
Chronobiol Int 2010, 27:997-1012.

Landrigan CP, Rothschild JM, Cronin JW, Kaushal R, Burdick E, Katz JT,

Lilly CM, Stone PH, Lockley SW, Bates DW, Czeisler CA: Effect of reducing
interns’ work hours on serious medical errors in intensive care units. N
Engl J Med 2004, 351:1838-1848.

Lockley SW, Cronin JW, Evans EE, Cade BE, Lee CJ, Landrigan CP,
Rothschild JM, Katz JT, Lilly CM, Stone PH, Aeschbach D, Czeisler CA,
Harvard Work Hours, Health and Safety Group: Effect of reducing interns’
weekly work hours on sleep and attentional failures. N Engl J Med 2004,
351:1829-1837.

Landrigan CP, Czeisler CA, Barger LK, Ayas NT, Rothschild JM, Lockley SW,
Harvard Work Hours, Health and Safety Group: Effective implementation of
work-hour limits and systemic improvements. J Comm J Qual Patient Safe
2007, 33:19-29.

Landrigan CP, Fahrenkopf AM, Lewin D, Sharek PJ, Barger LK, Eisner M,
Edwards S, Chiang VW, Wiedermann BL, Sectish TC: Effects of the
accreditation council for graduate medical education duty hour limits
on sleep, work hours, and safety. Pediatrics 2008, 122:250-258.

Han YY, Carcillo JA, Venkataraman ST, Clark RS, Watson RS, Nguyen TC,
Bayir H, Orr RA: Unexpected increased mortality after implementation of
a commercially sold computerized physician order entry system.
Pediatrics 2005, 116:1506-1512.

Fletcher KE, Reed DA, Arora VM: Patient safety, resident education and
resident well-being following implementation of the 2003 ACGME duty
hour rules. J Gen Intern Med 2011, 26:907-919.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 5 of 6

Volpp KG, Rosen AK, Rosenbaum PR, Romano PS, Even-Shoshan O,
Canamucio A, Bellini L, Behringer T, Silber JH: Mortality among patients in
VA hospitals in the first 2 years following ACGME resident duty hour
reform. JAMA 2007, 298:984-992.

Landrigan CP, Parry GJ, Bones CB, Hackbarth AD, Goldmann DA, Sharek PJ:
Temporal trends in rates of patient harm resulting from medical care.
N Engl J Med 2010, 363:2124-2134.

Committee on Optimizing Graduate Medical Trainee (Resident Hours and
Work Schedules to Improve Patient Safety: Resident Duty Hours:
Enhancing sleep, supervision and safety. Washington, D.C.: The National
Academies Press; 2009.

Wu AW, Folkman S, McPhee SJ, Lo B: Do house officers learn from their
mistakes? Qual Saf Health Care 2003, 12:221-226.

Williamson JA, Webb RK, Sellen A, Runciman WB, Van der Walt JH: The
Australian Incident Monitoring Study. Human failure: an analysis of 2000
incident reports. Anaesth Intensive Care 1993, 21:678-683.

Fletcher KE, Parekh V, Halasyamani L, Kaufman SR, Schapira M, Ertl K,

Saint S: Work hour rules and contributors to patient care mistakes: a
focus group study with internal medicine residents. J Hosp Med 2008,
3:228-237.

Zandieh SO, Goldmann DA, Keohane CA, Yoon C, Bates DW, Kaushal R: Risk
factors in preventable adverse drug events in pediatric outpatients.

J Pediatr 2008, 152:225-231.

Williams ES, Manwell LB, Konrad TR, Linzer M: The relationship of
organizational culture, stress, satisfaction, and burnout with physician-
reported error and suboptimal patient care: results from the MEMO
study. Health Care Manage Rev 2007, 32:203-212.

Rex JH, Turnbull JE, Allen SJ, Vande Voorde K, Luther K: Systematic root
cause analysis of adverse drug events in a tertiary referral hospital.

Jt Comm J Qual Improv 2000, 26:563-575.

Bartlett G, Blais R, Tamblyn R, Clermont RJ, MacGibbon B: Impact of patient
communication problems on the risk of preventable adverse events in
acute care settings. CMAJ 2008, 178:1555-1562.

Brennan TA, Hebert LE, Laird NM, Lawthers A, Thorpe KE, Leape LL,
Localio AR, Lipsitz SR, Newhouse JP, Weiler PC: Hospital characteristics
associated with adverse events and substandard care. JAMA 1991,
265:3265-3269.

Dean B, Schachter M, Vincent C, Barber N: Causes of prescribing errors in
hospital inpatients: a prospective study. The Lancet 2002, 359:1373-1378.
Holzman IR, Barnett SH: The Bell Commission: ethical implications for the
training of physicians. Mt Sinai J Med 2000, 67:136-139.

Jagsi R, Kitch BT, Weinstein DF, Campbell EG, Hutter M, Weissman JS:
Residents report on adverse events and their causes. Arch Intern Med
2005, 165:2607-2613.

Dembe AE, Delbos R, Erickson JB: Estimates of injury risks for healthcare
personnel working night shifts and long hours. Qual Saf Health Care
2009, 18:336-340.

Fahrenkopf AM, Sectish TC, Barger LK, Sharek PJ, Lewin D, Chiang VW,
Edwards S, Wiedermann BL, Landrigan CP: Rates of medication errors
among depressed and burnt out residents: prospective cohort study.
BMJ 2008, 336:488-491.

Parshuram CS: The impact of fatigue on patient safety. Pediatr Clin North
Am 2006, 53:1135-1153.

Kuhn G: Circadian rhythm, shift work, and emergency medicine. Ann
Emerg Med 2001, 37:83-98.

Gold DR, Rogacz S, Bock N, Tosteson TD, Baum TM, Speizer FE, Czeisler CA:
Rotating shift work, sleep, and accidents related to sleepiness in
hospital nurses. Am J Public Health 1992, 82:1011-1014.

Takeyama H, Itani T, Tachi N, Sakamura O, Murata K, Inoue T, Takanishi T,
Suzumura H, Niwa S: Effects of shift schedules on fatigue and
physiological functions among firefighters during night duty. Ergonomics
2005, 48:1-11.

Katzenberg D, Young T, Finn L, Lin L, King DP, Takahashi JS, Mignot E: A
CLOCK polymorphism associated with human diurnal preference. Sleep
1998, 21:569-576.

McCann WJ, Knudson M, Andrews M, Locke M, Davis SW: Hidden in plain
sight: residency coordinators’ social support of residents in family
medicine residency programs. Fam Med 2011, 43:551-555.

Baldwin DC Jr, Daugherty SR: Moonlighting and indebtedness reported
by PGY2 residents: it's not just about money! Acad Med 2002, 77:
536-S38.


http://www.ncbi.nlm.nih.gov/pubmed/9230429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16145022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16145022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16145022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14739384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14739384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16335329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16335329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14604880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14604880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21606150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21606150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15023923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15023923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18780843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18780843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18780843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20636212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15509817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15509817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15509816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15509816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18173163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18173163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18676540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18676540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18676540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16322178?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16322178?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21369772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21369772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21369772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17785643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17785643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17785643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21105794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12792014?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12792014?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8273898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8273898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8273898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18570333?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18570333?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17666991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17666991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17666991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17666991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11042820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11042820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2046108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2046108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11978334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11978334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10747369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10747369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16344418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19812094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19812094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18258931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18258931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17126687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11145778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1609900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1609900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9779516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9779516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21918933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21918933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21918933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12377699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12377699?dopt=Abstract

Osborne and Parshuram BMC Medical Education 2014, 14(Suppl 1):52
http://www.biomedcentral.com/1472-6920/14/51/S2

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

Collier VU, McCue JD, Markus A, Smith L: Stress in medical residency:
status quo after a decade of reform? Ann Intern Med 2002, 136:384-390.
Vidyarthi AR, Arora V, Schnipper JL, Wall SD, Wachter RM: Managing
discontinuity in academic medical centers: strategies for a safe and
effective resident sign-out. J Hosp Med 2006, 1:257-266.

Mann S: The evolution of restricted hours of duty for resident medical
officers in New Zealand: a personal view. Clin Med 2005, 5:650-652.
Antiel RM, Thompson SM, Hafferty FW, James KM, Tilburt JC, Bannon MP,
Fischer PR, Farley DR, Reed DA: Duty hour recommendations and
implications for meeting the ACGME core competencies: views of
residency directors. Mayo Clinic Proc 2011, 86:185-191.

Solet DJ, Norvell JM, Rutan GH, Frankel RM: Lost in translation: challenges
and opportunities in physician-to-physician communication during
patient handoffs. Acad Med 2005, 80:1094-1099.

Conigliaro J, Frishman WH, Lazar EJ, Croen L: Internal medicine housestaff
and attending physician perceptions of the impact of the New York
State Section 405 regulations on working conditions and supervision of
residents in two training programs. J Gen Intern Med 1993, 8:502-507.
Shojania KG, Fletcher KE, Saint S: Graduate medical education and patient
safety: a busy-and occasionally hazardous-intersection. Ann Intern Med
2006, 145:592-598.

Grady MS, Batjer HH, Dacey RG: Resident duty hour regulation and
patient safety: establishing a balance between concerns about resident
fatigue and adequate training in neurosurgery. J Neurosurg 2009,
110:828-836.

Acres JC: Preparing physicians for the real world. CMAJ 2004, 171:709,
author reply 709; discussion 709-710.

Lang VJ, Mooney CJ, O'Connor AB, Bordley DR, Lurie SJ: Association
between hand-off patients and subject exam performance in medicine
clerkship students. J Gen Intern Med 2009, 24:1018-1022.

Coverdill JE, Bittner JG 4th, Park MA, Pipkin WL, Mellinger JD: Fatigue as
impairment or educational necessity? Insights into surgical culture. Acad
Med 2011, 86:569-72.

Manor-Shulman O, Beyene J, Frndova H, Parshuram CS: Quantifying the
volume of documented clinical information in critical illness. J Crit Care
2008, 23:245-250.

Gaba DM, Howard SK: Patient safety: fatigue among clinicians and the
safety of patients. N Engl J Med 2002, 347:1249-1255.

Haggerty JL, Reid RJ, Freeman GK, Starfield BH, Adair CE, McKendry R:
Continuity of care: a multidisciplinary review. BMJ 2003, 327:1219-1221.
Sutcliffe KM, Lewton E, Rosenthal MM: Communication failures: an
insidious contributor to medical mishaps. Acad Med 2004, 79:186-194.
Laine C, Goldman L, Soukup JR, Hayes JG: The impact of a regulation
restricting medical house staff working hours on the quality of patient
care. JAMA 1993, 269:374-378.

Griffith CH 3rd, Desai NS, Wilson JF, Griffith EA, Powell KJ, Rich EC:
Housestaff experience, workload, and test ordering in a neonatal
intensive care unit. Acad Med 1996, 71:1106-1108.

Petersen LA, Brennan TA, O'Neil AC, Cook EF, Lee TH: Does housestaff
discontinuity of care increase the risk for preventable adverse events?
Ann Intern Med 1994, 121:866-872.

Bollschweiler E, Krings A, Fuchs KH, Pistorius G, Bein T, Otto U, Muhl E,
Backes-Gellner U, Holscher AH: Alternative shift models and the quality of
patient care. An empirical study in surgical intensive care units.
Langenbecks Arch Surg 2001, 386:104-109.

Kripalani S, Jackson AT, Schnipper JL, Coleman EA: Promoting effective
transitions of care at hospital discharge: a review of key issues for
hospitalists. J Hosp Med 2007, 2:314-323.

Nuckols TK, Bhattacharya J, Wolman DM, Ulmer C, Escarce JJ: Cost
implications of reduced work hours and workloads for resident
physicians. N Engl J Med 2009, 360:2202-2215.

Victores A, Roberts J, Sturm-O'Brien A, Victores N, Uecker W, Alford B,
Takashima M: Otolaryngology resident workflow: a time-motion and
efficiency study. Otolaryngol Head Neck Surg 2011, 144:708-713.

Chu ES, Reid M, Schulz T, Burden M, Mancini D, Ambardekar AV, Keniston A,
Albert RK: A structured handoff program for interns. Acad Med 2009,
84:347-352.

Wohlauer MV, Rove KO, Pshak TJ, Raeburn CD, Moore EE, Chenoweth C,
Srivastava A, Pell J, Meacham RB, Nehler MR: The computerized rounding
report: implementation of a model system to support transitions of care.
J Surg Res 2012, 172:11-17.

64.

65.

66.

Page 6 of 6

Pronovost PJ, Needham DM, Waters H, Birkmeyer CM, Calinawan JR,
Birkmeyer JD, Dorman T: Intensive care unit physician staffing: financial
modeling of the Leapfrog standard. Crit Care Med 2006, 34:518-24.
Pronovost PJ, Berenholtz SM, Goeschel CA, Needham DM, Sexton JB,
Thompson DA, Lubomski LH, Marsteller JA, Makary MA, Hunt E: Creating
high reliability in health care organizations. Health Serv Res 2006,
41:1599-1617.

Pronovost PJ, Angus DC, Dorman T, Robinson KA, Dremsizov TT, Young TL:
Physician staffing patterns and clinical outcomes in critically ill patients:
a systematic review. JAMA 2002, 288:2151-2162.

doi:10.1186/1472-6920-14-S1-S2
Cite this article as: Osborne and Parshuram: Delinking resident duty
hours from patient safety. BMC Medical Education 2014 14(Suppl 1):S2.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( ) BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/11874311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11874311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17219508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17219508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17219508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16411365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16411365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21307391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21307391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21307391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16306279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8410422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8410422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8410422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8410422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17043341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17043341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19409029?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19409029?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19409029?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15451818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19579049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19579049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19579049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21955773?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21955773?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18538218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18538218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12393823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12393823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14630762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14744724?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14744724?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8418344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8418344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8418344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9177648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9177648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7978700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7978700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11374042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11374042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19458365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19458365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19458365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21493358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21493358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19240442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21777923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21777923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16477199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16477199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16898981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16898981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413375?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413375?dopt=Abstract

	Abstract
	Introduction
	The relationship between resident duty hours and patient safety
	[1] Resident fatigue is a minor determinant of harmful errors
	[2] Resident duty hours are a minor component of resident fatigue
	[3] There are adverse consequences of reducing resident duty hours
	[4] Residents are of limited immediate consequence to patient safety

	Other considerations
	Conclusion
	Competing interests
	Authors&#8217; contributions
	Declarations
	Authors’ details
	References

