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LEEP deprivation due to extended work hours
and circadian disruption has long been a con-
cern in medicine.

 

1

 

 It has been called the Achil-
les’ heel of the medical profession.

 

2

 

 The levels
of continuous duty and work hours for health care
personnel are much greater than those allowed in the
transportation and nuclear-power industries.

 

3,4

 

 The
problem is most severe for residents in training but
extends to experienced physicians and nurses. Clini-
cians who have been deprived of sleep are part of a
health care system in trouble. A report from the In-
stitute of Medicine concludes that the system fails to
ensure that patients are safe or that the quality of care
they receive is high.

 

5

 

 Kenneth Shine, former president
of the institute, stated, “We have nurses working 12-
hour sessions back to back; we have house officers
working enormous hours. We would never do that if
we were designing a good system in terms of quality
of care.”

 

6

 

In this article, we discuss current and proposed pol-
icies concerning clinicians’ work hours and fatigue.

 

SLEEP DEPRIVATION AMONG RESIDENTS

 

The work and on-call hours of residents are disturb-
ing to them

 

7,8

 

 and to the media.

 

9

 

 Many trainees work
more than 80 hours a week, and 100-to-120-hour
weeks are common.

 

8,10

 

 Regularly scheduled on-call
duty is often 24 to 36 hours long and is occasionally
even longer. If sleep is possible during on-call duty,
it is often limited and fragmented. Fatigue is a com-
mon complaint of house staff,

 

8

 

 and many trainees (41
percent) say they have made errors that they attribute
to fatigue.

 

11

 

 In addition, there is some evidence that
house staff are at increased risk for motor vehicle ac-
cidents attributable to fatigue.

 

12,13

 

DOES FATIGUE IMPAIR PERFORMANCE?

 

There is a large body of laboratory data showing
beyond a doubt that fatigue impairs human perform-
ance.

 

14,15

 

 In fact, the effect of sleep deprivation on a
task that involves tracking has been shown to be equiv-
alent to the effect of alcohol intoxication; in one study,

S

 

performance of such a task after 24 hours of sustained
wakefulness was equivalent to the performance with
a blood alcohol concentration of 0.10 percent.

 

16

 

 Stud-
ies of simulated driving have had similar results.

 

17

 

Over the past 30 years, many studies have provided
unequivocal evidence that mood is worsened by fa-
tigue, as indicated by increased scores on measures of
depression, anxiety, confusion, and anger, and that psy-
chomotor performance is impaired in sleep-deprived
residents.

 

18-24

 

 Studies in sleep laboratories show that
both at base line and after on-call duty, levels of day-
time sleepiness in residents are similar to or higher
than those in patients with narcolepsy or sleep apnea.

 

25

 

It has been more difficult to prove that sleep dep-
rivation impairs clinical performance. Most, but not
all, studies show impaired performance of clinically
relevant, although artificial, tasks.

 

18-21,23

 

 For example,
sleep deprivation affected hand–eye coordination in
surgeons performing laparoscopy

 

26

 

 but did not im-
pair the performance of surgical residents on written
board examinations.

 

27

 

 Many of these studies have had
serious methodologic flaws, including the use of un-
validated measures of clinical performance, inconsis-
tent definitions of fatigued and rested subjects, failure
to measure fatigue objectively, limited statistical pow-
er, and failure to account for circadian effects.

 

DOES THE SYSTEM NEED

TO BE CHANGED?

 

Thus, despite many anecdotes about errors that were
attributed to fatigue,

 

28

 

 no study has proved that fa-
tigue on the part of health care personnel causes er-
rors that harm patients. Even when impaired clinical
performance due to fatigue

 

29

 

 or falling asleep

 

30

 

 has al-
legedly been the cause of specific medical catastrophes,
these incidents have been viewed as isolated lapses
that do not prove that the safety of patients is system-
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atically jeopardized.

 

31

 

 In addition, some suggest that
long hours of work and on-call duty are needed to
expose residents to a sufficiently broad spectrum of
cases, prepare them for long hours as practicing phy-
sicians, and provide adequate time for teaching con-
ferences and other training activities.

 

32

 

 Reducing work
hours, it is alleged, will inevitably result in substandard
clinical training. Finally, many point to the costs and
organizational difficulty of reducing clinicians’ hours
of work and on-call duty.

Other hazardous industries have not waited for ab-
solute proof of risk due to operator fatigue. In the
transportation industry, federal regulations limit work
and duty hours.

 

3

 

 The current rules in the aviation in-
dustry (Table 1) stem largely from negotiations be-
tween unions and airlines in the 1930s

 

33

 

; a new, more
stringent set of rules based on scientific data has been
proposed

 

34

 

 but not yet adopted. Moreover, the Na-
tional Transportation Safety Board considers fatigue
as a possible factor when conducting investigations of
accidents. If the sleep–wakefulness histories and cir-
cadian timing of crew members who have been in-
volved in accidents suggest that fatigue was present
(at levels well below those in most residents), the
board formally identifies fatigue as a factor contrib-
uting to the accident.

 

35

 

 If the same analysis were ap-
plied to accidents involving the care of patients in

teaching hospitals, fatigue on the part of clinicians
would almost always be cited as a contributing factor.

 

REFORM OF POLICIES 

ON RESIDENTS’ WORK HOURS

 

Issues related to house-staff fatigue have been raised
for many years,

 

1

 

 yet policy reforms have, until recently,
been limited. The Libby Zion case

 

29

 

 in 1984 trig-
gered the formation of a commission to investigate
supervision and work hours of residents in New York
hospitals. On the basis of the commission’s recommen-
dations, New York State adopted regulations

 

36

 

 that
limit residents’ work hours and increase their super-
vision.

 

37

 

 No other states have adopted similar regu-
lations. In the absence of regulation, the primary
oversight of these issues rests with the Accreditation
Council for Graduate Medical Education (ACGME),
which sets standards for residency training through
27 residency-review committees. Since 1987, some
of these committees have adopted standards for work
hours, on-call rotations, and time off, although these
standards vary widely among specialties.

 

4,38 

 

For exam-
ple, there are no limits on the number of hours of
work in pediatrics or obstetrics and gynecology, but
there are strict limits in emergency medicine (60 hours
per week in patient care).

Audits performed by both New York State

 

37,39

 

 and

 

*Current regulations, which apply to major airlines, are set forth in the 

 

Code of Federal Regulations 

 

(14 CFR Part 121).

†Proposed regulations are described by Dinges et al.

 

34

 

‡Flight time is defined as the period when the aircraft is moving under its own power.

§Rest may be reduced by one to two hours if the next rest period is increased.

¶Persons who are awake during the circadian low (between 2 a.m. and 6 a.m.) are at increased risk for fatigue and have an increased re-
quirement for recovery.
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ROPOSED
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Maximal hours in flight‡
Per day No limit (»8 of rest required

between flight periods)
10; extension to 12 allowed with restrictions;

>12 allowed with relief crew and opportunities for sleep
Per week 30 4 Cumulative hours of extension (as above)
Per month 100 Insufficient data for regulation
Per year 1000 Insufficient data for regulation

Maximal hours on duty
Per day Not addressed 14
Per week Not addressed Insufficient data for regulation
Per month Not addressed Insufficient data for regulation
Per year Not addressed Insufficient data for regulation

Minimal hours of rest in preceding 24 hr Addressed as minimal off-duty period
Scheduled flight time, <8 hr 9§
Scheduled flight time, 8–9 hr 10§
Scheduled flight time, »9 hr 11§

Minimal hours off duty
Per day Addressed as minimal rest period 10 (>10 if flight period is extended)
Per week 24 (consecutive) 36 (consecutive), including 2 consecutive nights;

48 (consecutive) after flight duty in a circadian low¶
Other Not addressed 48 after crossing multiple time zones
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the ACGME

 

40

 

 showed that many residency-training
programs did not comply with even limited standards,
although compliance has recently increased as the
ACGME has become more aggressive in enforcing its
policies. For example, in May 2002, the council no-
tified the general-surgery program at Yale–New Ha-
ven Hospital in Connecticut that its accreditation
will be lost if residents’ work hours are not limited.

 

41

 

In isolated cases, unions of residents have reduced
work hours through collective bargaining. In No-
vember 1999, the National Labor Relations Board
overturned a 23-year precedent by ruling that resi-
dents at private institutions can unionize and exercise
collective bargaining.

 

42

 

 It was anticipated that wide-
spread unionization would follow, resulting in sweep-
ing changes in residents’ work hours. To date, this has
not occurred. Recently, a federal class-action suit was
filed, alleging that the resident-matching program,
the Association of American Medical Colleges, the
ACGME, and other parties engaged in restraint of
competition in administering the residency-training
system. One allegation is that these practices have
impeded efforts to reduce excessive work hours and
periods of on-call duty.

 

43

 

The pace of change has been accelerating. In April
2001, several lobbying organizations filed a petition
with the Occupational Safety and Health Adminis-
tration, alleging that excessive work hours and fa-
tigue harm the health of residents

 

4

 

; the administra-
tion has established a working group to address the
issue. In October 2001, the Association of American
Medical Colleges issued a policy statement

 

44

 

 recom-
mending limits on periods of on-call duty and work
hours for residents but deferred implementation to
the ACGME. In November 2001, a bill (H.R.3236)
was introduced in the House of Representatives that
would provide direct federal regulation of work hours
and duty periods of house staff.

 

45

 

 (A companion bill,
S.2614, was introduced in the Senate in June 2002.)
Although the ACGME opposed the House bill,

 

46

 

 in
June 2002, it announced new requirements for lim-
ited work hours that will apply to all residency pro-
grams as of July 2003 (Table 2).

 

47

 

 In most cases, these
requirements are more stringent than those previously
imposed by the residency-review programs. The Amer-
ican Medical Association subsequently approved a
resolution calling for limitations that are nearly iden-
tical to those announced by the ACGME.

 

REFORMS IN OTHER COUNTRIES

 

For over 10 years, the United Kingdom and other
Western countries have been substantially reducing
the work hours of “junior doctors.”

 

48

 

 A good review
of the complex provisions in various countries was
prepared by the Australian Medical Association.

 

49

 

 In
the United Kingdom, the current weekly limit for “ac-

tual work” is 56 hours (with an overall limit of 72
hours, including other in-hospital activities). Even
more stringent restrictions are mandated by the Eu-
ropean Working Time Directive, some to be imple-
mented by 2004, and others by 2009.

 

48

 

 More than
60 percent of training programs in the United King-
dom currently comply with the existing limits. These
changes have not been easy to implement. A survey
of different on-call and shift systems in the United
Kingdom showed that rotating shifts were unpopular
with trainees and sometimes interfered with educa-
tional activities or reduced contact between residents
and attending physicians.

 

50

 

 Ensuring that residents
receive comprehensive training with shorter work
shifts thus remains a challenge that will require inno-
vations in clinical training.

 

51

 

 Residents’ time should be
assigned to activities that best promote their learn-
ing, and high-intensity approaches to training such as
simulation may prove useful.

 

52

 

OTHER FORCES FOR CHANGE

 

Surprisingly, there has been little pressure from
market forces to address the issue of fatigue among
clinicians. Occasional exposés in the media have not
generated a groundswell of public concern. Unioniza-
tion of physicians has not been widespread, and work
hours are only one of many issues that are dealt with
in collective bargaining. Malpractice suits alleging that
a clinician’s fatigue caused harm have also been sur-
prisingly rare. An increase in such allegations would
provide a major incentive to change work practices.

 

53

 

Standards and guidelines for maximal work hours
and periods of on-call duty have already been prom-
ulgated by one professional society (the American
College of Emergency Physicians).

 

POLICY OPTIONS

FOR THE UNITED STATES

 

The problem of fatigue-related risks in medicine will
not be solved simply by limiting residents’ work hours.
A comprehensive strategy should include changes in
organizational culture and operational safeguards,

 

54

 

as well as provisions for ensuring that the workload of
clinicians is acceptable. Although residents have been
the focus of the debate, the strategy should ultimately
apply to experienced clinicians as well, especially since
older persons are more likely than younger persons to
be adversely affected by sleep deprivation.

 

55

 

Limits on Work Hours and On-Call Periods

 

Specific limits on work hours are the centerpiece of
efforts to prevent fatigue among workers in other haz-
ardous industries.

 

3

 

 Such limits are needed in health
care to eliminate egregious practices that pose high
risks for patients, particularly because hospitals have
strong financial incentives to impose long shifts on
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clinicians. What constitutes egregious practices is
open to debate, but there is a growing consensus that
weekly work in excess of 80 to 90 hours and periods
of on-call duty that exceed 24 to 30 hours qualify.
For trainees, the new ACGME requirements may be
a major step forward in eradicating such practices,
since failure to comply with the requirements could
result in loss of accreditation. Although accreditation
is voluntary, few training programs would risk its loss.
However, the ACGME requirements have weaknesses.
First, they are generally less stringent than other U.S.
proposals (Table 2), limits imposed in other countries,
or limits adopted in other industries. Second, any res-
idency program can receive a 10 percent extension on
the weekly limit by applying to the graduate medical
education committee at its institution. These commit-
tees will be under great pressure to grant such requests,
and it seems likely that many will do so. Residency-
review committees will periodically evaluate how each
institution has handled these requests, but it is uncer-
tain how stringent these evaluations will be. Some or-
ganizations believe that the accreditation incentive is
not sufficient to ensure compliance and continue to
push for passage of the bills under consideration in
Congress.

Managing the Consequences of Limited Work Hours

Limits on work hours will require the regular avail-
ability of well-rested clinicians to relieve those end-
ing a shift. Improved coordination among clinicians
will also be needed, since failure to coordinate care,
apart from fatigue, is a recognized gap in the systems
that are in place to ensure the safety of patients. With-
out proper procedures, transitions between clinicians
can be problematic,56 but if the transitions are man-
aged properly, continuity of care can be ensured.57

Furthermore, in some settings, clinicians who relieve
their colleagues are more likely to discover an unrec-
ognized problem than they are to err because of un-
familiarity with the case.58

Both residents and experienced personnel some-
times choose to work excessive hours (including moon-
lighting at a second job). Incentives to moonlight are
strong for residents because many have enormous
educational debts. The ACGME requirements include
moonlighting hours in the limit on weekly hours of
work, effectively outlawing such jobs for many resi-
dents. However, this restriction will leave many train-
ees with unrelieved financial pressures.59 For some
experienced clinicians, the desire to maintain their in-
come as reimbursement declines can override their
desire for reasonable work hours.

Changing the Behavior of Clinicians and the Culture
of Health Care Organizations

Limiting work hours is only the first step. Addition-
al measures should be part of the work environment.

Preparing for work by getting sufficient sleep and
making sure one is alert should become recognized
responsibilities of clinicians. Health care organizations,
for their part, should assume responsibility for reform-
ing work practices and for changing attitudes toward
work so that exhaustion is considered as posing an
unacceptable risk rather than as a sign of dedication.
In theory, tests of alertness can be used to determine
whether a clinician is excessively fatigued, but there
is no consensus on the appropriate tests or on thresh-
olds for establishing fitness for duty. Some express
concern that adopting a “shift work mentality” may
interfere with the physician–patient relationship and
destroy medical professionalism.32 In all likelihood,
a larger problem is that fatigue-related depression and
anger1,18-21 result in detachment and a lack of com-
passion for patients.60,61

Even with limits imposed on overall work hours,
periods of duty should be scheduled to account for
the known effects of sleep physiology.3,62 For exam-
ple, because of circadian effects, clockwise shift rota-
tion (i.e., from days to evenings to nights) is prefer-
able to counterclockwise rotation.3,62

Although fragmented sleep is not as restorative as
uninterrupted sleep, any short period of sleep (a nap)
is better than none. To avoid drowsiness on awaken-
ing (“sleep inertia”), the nap should last for at least
40 minutes if a substantially longer period is unlike-
ly.63 In a study of airline pilots, those who napped in
their seats for 40 minutes were more alert and per-
formed better than those who did not nap.63 Work
practices could be changed to guarantee nap periods
for clinicians during night shifts or long periods of
duty. Also, a nap taken before a clinician drives home
may reduce the risk of an automobile accident relat-
ed to fatigue.

The use of potent medications such as amphet-
amines to maintain alertness is not sanctioned for cli-
nicians because of the associated risks. However, many
people use caffeine to stay awake. They rarely use it
strategically, reducing its efficacy when they need it
and impeding their ability to nap when they should.
Modafinil, a nonamphetamine drug approved for the
treatment of narcolepsy, is being evaluated for its ef-
ficacy in maintaining alertness in military personnel
and shift workers.64 However, the long-term use of
drugs (including caffeine) to guarantee alertness dur-
ing long periods of duty may pose occupational health
risks and is no substitute for reasonable work prac-
tices and adequate sleep.

COSTS AND BENEFITS

OF POLICY OPTIONS

Analyses of the costs, benefits, and side effects of
policy options designed to prevent fatigue among cli-
nicians are extremely complicated, requiring detailed
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models of clinical tasks and workforce characteristics,
and are beyond the scope of this article. Such analyses
are needed to shape future policies. Since residents pro-
vide cheap labor, nearly all options for reducing their
work hours are expensive — an estimated $1.4 billion
to $1.8 billion per year nationwide (in 1994 dollars),
depending on who performs the work.65 The ACGME
recognizes that compliance with its new standards
will increase costs.47

Reducing work hours and periods of on-call duty
will require a substantial restructuring of clinical work.
High-intensity activities currently performed at night
should be relegated to daytime hours whenever pos-
sible.66 Some work performed by residents can be
transferred to attending physicians, to clinicians oth-
er than physicians, or to nonclinicians.65 However,
solving the problem of sleep deprivation among res-
idents by shifting it to others would be shortsighted.

If work hours of experienced clinicians are modi-
fied, patients may need to adjust their expectations
about the provision of care. For example, a patient
might have to accept a last-minute postponement of
planned surgery if the attending surgeon had been
up all night — a practice rarely followed today. Alter-
natively, if the patient had a relationship with a team
of physicians, another surgeon might perform the
operation.

CONCLUSIONS

In the United States, medical professionals, espe-
cially residents, are working far beyond the limits that
society deems acceptable in other sectors. This prac-
tice is incompatible with a safe, high-quality health
care system. An integrated program of measures to
prevent excessive hours of work and sleep deprivation
should be adopted. Substantial reform is possible
within the current system of medical care. The steps
recently taken by the ACGME are promising but may
not be sufficient, since they contain various loopholes,
do not go as far as they could, and apply only to res-
idents. The ACGME requirements are more lenient
than those imposed in other Western countries and
in other hazardous U.S. industries. If the medical pro-
fession does not implement meaningful changes for
trainees and, eventually, for experienced clinicians,
they may ultimately be forced on us.37

Supported in part by the Patient Safety Centers of Inquiry, Department
of Veterans Affairs.

REFERENCES

1. Friedman RC, Kornfeld DS, Bigger TJ. Psychological problems associ-
ated with sleep deprivation in interns. J Med Educ 1973;48:436-41.
2. Leach DC. Residents’ work hours: the Achilles heel of the profession? 
Acad Med 2000;75:1156-7.
3. Office of Technology Assessment. Biological rhythms: implications for 
the worker. Washington, D.C.: Government Printing Office, 1991. (Report 
No. OTA-BA-463.)

4. Petition to the Occupational Safety and Health Administration request-
ing that limits be placed on hours worked by medical residents (HRG pub-
lication #1570). Washington, D.C.: Public Citizen Health Research Group, 
2002. (Accessed September 24, 2002, at http://www.citizen.org/
publications/release.cfm?ID=6771.)
5. Kohn LT, Corrigan JM, Donaldson MS, eds. To err is human: building 
a safer health system. Washington, D.C.: National Academy Press, 2000.
6. Shine KI. Health care quality and how to achieve it. Acad Med 2002;
77:91-9.
7. Mizrahi T. Getting rid of patients: contradictions in the socialization of 
physicians. New Brunswick, N.J.: Rutgers University Press, 1986.
8. Daugherty SR, Baldwin DC Jr, Rowley BD. Learning, satisfaction, and 
mistreatment during medical internship: a national survey of working con-
ditions. JAMA 1998;279:1194-9.
9. Sleeping surgeons: horror stories from doctors who say local hospitals 
illegally force them to work 36-hour shifts. New York Post. February 7, 
1999:1-3.
10. Schwartz RJ, Dubrow TJ, Rosso RF, Williams RA, Butler JA, Wilson 
SE. Guidelines for surgical residents’ working hours: intent vs reality. Arch 
Surg 1992;127:778-82.
11. Gaba DM, Howard SK, Jump B. Production pressure in the work en-
vironment: California anesthesiologists’ attitudes and experiences. Anes-
thesiology 1994;81:488-500.
12. Marcus CL, Loughlin GM. Effect of sleep deprivation on driving safe-
ty in housestaff. Sleep 1996;19:763-6.
13. Steele MT, Ma OJ, Watson WA, Thomas HA Jr, Muelleman RL. The 
occupational risk of motor vehicle collisions for emergency medicine resi-
dents. Acad Emerg Med 1999;6:1050-3.
14. Van Dongen HPA, Dinges DF. Circadian rhythms in fatigue, alertness, 
and performance. In: Kryger MH, Roth T, Dement WC, eds. Principles 
and practice of sleep medicine. 3rd ed. Philadelphia: W.B. Saunders, 2000:
391-9.
15. Dinges DF, Pack F, Williams K, et al. Cumulative sleepiness, mood dis-
turbance, and psychomotor vigilance performance decrements during a 
week of sleep restricted to 4-5 hours per night. Sleep 1997;20:267-7.
16. Dawson D, Reid K. Fatigue, alcohol and performance impairment. 
Nature 1997;388:235.
17. Arnedt JT, Wilde GJ, Munt PW, MacLean AW. How do prolonged 
wakefulness and alcohol compare in the decrements they produce on a sim-
ulated driving task? Accid Anal Prev 2001;33:337-44.
18. Asken MJ, Raham DC. Resident performance and sleep deprivation: 
a review. J Med Educ 1983;58:382-8.
19. Samkoff JS, Jacques CH. A review of studies concerning effects of 
sleep deprivation and fatigue on residents’ performance. Acad Med 1991;
66:687-93.
20. Leung L, Becker CE. Sleep deprivation and house staff performance: 
update 1984-1991. J Occup Med 1992;34:1153-60.
21. Owens JA. Sleep loss and fatigue in medical training. Curr Opin Pulm 
Med 2001;7:411-8.
22. Jha AK, Duncan BW, Bates DW. Fatigue, sleepiness, and medical er-
rors. In: Shojania KG, Duncan BW, McDonald KM, Wachter RM, eds. 
Making health care safer: a critical analysis of patient safety practices. Evi-
dence report/technology assessment no. 43. Rockville, Md.: Agency for 
Healthcare Research and Quality, 2001:519-31. (AHRQ publication no. 
01-E058.) (Also available at http://www.ahrq.org/clinic/ptsafety/
chap46a.htm.)
23. Weinger MB, Ancoli-Israel S. Sleep deprivation and clinical perform-
ance. JAMA 2002;287:955-7.
24. Howard SK, Rosekind MR, Katz JD, Berry AJ. Fatigue in anesthesia: 
implications and strategies for patient and provider safety. Anesthesiology 
(in press).
25. Howard SK, Gaba DM, Rosekind MR, Zarcone VP. The risks and im-
plications of excessive daytime sleepiness in resident physicians. Acad Med 
2002;77:1019-25.
26. Taffinder NJ, McManus IC, Gul Y, Russell RCG, Darzi A. Effect of 
sleep deprivation on surgeon’s dexterity on laparoscopy simulator. Lancet 
1998;352:1191.
27. Stone MD, Doyle J, Bosch RJ, Bothe A Jr, Steele G Jr. Effect of resi-
dent call status on ABSITE performance. Surgery 2000;128:465-71.
28. Duncan D. Residents. New York: Scribner, 1996.
29. Robins NS. The girl who died twice: every patient’s nightmare: the 
Libby Zion case and the hidden hazards of hospitals. New York: Delacorte 
Press, 1995.
30. Pankratz H. Witness: doctor dozed: technician testifies in boy’s ear-
surgery death. Denver Post. September 15, 1995:A1.
31. Glickman RM. House-staff training — the need for careful reform. 
N Engl J Med 1988;318:780-2.

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 



FATIGUE AMONG CLINICIANS

N Engl J Med, Vol. 347, No. 16 · October 17, 2002 · www.nejm.org · 1255

32. Holzman IR, Barnett SH. The Bell Commission: ethical implications 
for the training of physicians. Mt Sinai J Med 2000;67:136-9.
33. Hopkins GE. The airline pilots: a study in elite unionization. Cam-
bridge, Mass.: Harvard University Press, 1971:116-41.
34. Dinges DF, Graeber RC, Rosekind MR, Samel A, Wegmann HM. 
Principles and guidelines for duty and rest scheduling in commercial avia-
tion. NASA technical memorandum 110404. Moffett Field, Calif.: NASA 
Ames Research Center, 1996.
35. Rosekind MR, Gregory KB, Miller DL, Co EL, Lebacqz JV. Aircraft 
accident report: uncontrolled collision with terrain, American International 
Airways flight 808, Douglas DC-8-61, N814CK, U.S. naval air station, 
Guantanamo Bay, Cuba, August 18, 1993. Washington, D.C.: National 
Transportation Safety Board, 1994. (Report no. NTSB/AAR-94/04.)
36. New York Codes, rules regulations, 405.4(b)(6)(ii), 2002. (Accessed 
September 24, 2002, at http://www.health.state.ny.us/nysdoh/phforum/
nycrr10.htm.)
37. Wallack MK, Chao L. Resident work hours: the evolution of a revolu-
tion. Arch Surg 2001;136:1426-31.
38. Program requirements (index to specific RRCs). Chicago: Accreditation 
Council for Graduate Medical Education. 2002. (Accessed September 24, 
2002, at http://www.acgme.org/Review_archive/index.asp.)
39. Assessment of hospital compliance with resident working hour and su-
pervision requirements. Albany: New York State Department of Health, 
1998.
40. Percent of programs cited for work hours 1999, 2000, & 2001. Chi-
cago: Accreditation Council for Graduate Medical Education, 2001. 
(Accessed September 24, 2002, at http://www.acgme.org/new/
dutyhrscompare.asp.)
41. Yale surgery accreditation. New York Times. May 9, 2002:B6.
42. Boston Medical Center Corporation and House Officers’ Association/
Committee of Interns and Residents (330 NLRB 30). Washington, D.C.: 
National Labor Relations Board, 1999.
43. Liptak A. Medical students sue over residency system. New York 
Times. May 7, 2002:A1.
44. AAMC policy guidance on graduate medical education: assuring qual-
ity patient care and quality education. Washington, D.C.: Association of 
American Medical Colleges, October 2001. (Accessed September 24, 2002, 
at http://www.aamc.org/hlthcare/gmepolicy/gmepolicy.pdf.)
45. H.R. 3236: Patient and Physician Safety and Protection Act of 2001, 
2001. (Accessed August 12, 2002, at http://thomas.loc.gov/cgi-bin/
query/z?c107:H.R.3236:.)
46. ACGME response to the Patient and Physician Safety and Protection 
Act of 2001. Chicago: Accreditation Council for Graduate Medical Educa-
tion, 2001. (Accessed September 24, 2002, at http://www.acgme.org/new/
conyersCom.asp.)
47. ACGME approves new proposed common requirements for resident 
duty hours. Chicago: Accreditation Council for Graduate Medical Educa-
tion, 2002. (Accessed September 24, 2002, at http://www.acgme.org/new/
residentHours602.asp.)

48. Pickersgill T. The European working time directive for doctors in 
training. BMJ 2001;323:1266.
49. Overseas experience in regulating hours of work of doctors in training. 
Australian Medical Association, 1998. (Accessed September 24, 2002, at 
http://www.domino.ama.com.au/dir0103/IRRemun.nsf/
96ec31299990db634a2568e700217720?OpenView.)
50. Kapur N, House A. Working patterns and the quality of training of 
medical house officers: evaluating the effect of the ‘new deal.’ Med Educ 
1998;32:432-8.
51. Taffinder NJ. Better surgical training in shorter hours. J R Soc Med 
1999;92:329-31.
52. Torkington J, Smith SG, Rees BI, Darzi A. The role of simulation in 
surgical training. Ann R Coll Surg Engl 2000;82:88-94.
53. Patton DV, Landers DR, Agarwal IT. Legal considerations of sleep 
deprivation among resident physicians. J Health Law 2001;34:377-417.
54. Rosekind MR, Gander PH, Gregory KB, et al. Managing fatigue in 
operational settings. 2. An integrated approach. Behav Med 1996;21:166-
70.
55. Reid K, Dawson D. Comparing performance on a simulated 12 hour 
shift rotation in young and older subjects. Occup Environ Med 2001;58:
58-62.
56. 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;121:866-72.
57. Petersen LA, Orav EJ, Teich JM, O’Neil AC, Brennan TA. Using a 
computerized sign-out program to improve continuity of inpatient care 
and prevent adverse events. Jt Comm J Qual Improv 1998;24:77-87.
58. Cooper JB. Do short breaks increase or decrease anesthetic risk? J Clin 
Anesth 1989;1:228-31.
59. Collier VU, McCue JD, Markus A, Smith L. Stress in medical residen-
cy: status quo after a decade of reform? Ann Intern Med 2002;136:384-90.
60. Coulehan J, Williams PC. Vanquishing virtue: the impact of medical 
education. Acad Med 2001;76:598-605.
61. Clark PA. What residents are not learning: observations in an NICU. 
Acad Med 2001;76:419-24.
62. Heins A, Euerle B. Application of chronobiology to resident physician 
work scheduling. Ann Emerg Med 2002;39:444-7.
63. Rosekind MR, Smith RM, Miller DL, et al. Alertness management: 
strategic naps in operational settings. J Sleep Res 1995;4:62-6.
64. Batejat DM, Lagarde DP. Naps and modafinil as countermeasures for 
the effects of sleep deprivation on cognitive performance. Aviat Space En-
viron Med 1999;70:493-8.
65. Stoddard JJ, Kindig DA, Libby D. Graduate medical education re-
form: service provision transition costs. JAMA 1994;272:53-8. [Erratum, 
JAMA 1994;272:1256.]
66. McKee M, Black N. Junior doctors’ work at night: what is done and 
how much is appropriate? J Public Health Med 1993;15:16-24.

Copyright © 2002 Massachusetts Medical Society.

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 


