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Case Presentation

In February, 2005, I was asked by the Department of Anesthesia
at the Brigham and Women’s Hospital in Boston to attend their
Morbidity and Mortality Weekly Report rounds to discuss a fall-
asleep motor vehicle crash that had occurred on February 20, 2005 in
one of their trainees. The trainee was a 39-year-old white male who
was in his fifth postgraduate year of training as an anesthesia fellow
(Case A.F.). At about 3 pm on February 20, 2005, A.F. fell asleep at
the wheel and collided with a stopped vehicle while he was en route
home from a 7-hour work shift at the Brigham and Women’s Hospi-
tal. There was no injury to the fellow, to the other driver or to her
5-year-old child—and hence there is no litigation involved—which is
why I am able to present Case A.F. to you today. A.F. reported a
similar incident four years earlier in which he had fallen asleep at
the wheel while driving his car at high speed on an expressway
during a commute home from a �30-hour extended duration work
shift in his first postgraduate year of training. In that incident, A.F.
was awoken by a rumble strip on the expressway and thereby
avoided a potentially catastrophic motor vehicle crash. He said that
he understood that the �30-hour shift had made him vulnerable to
the fall-asleep incident while driving on the highway during his
PGY1 year. However, he wondered why he experienced a fall-asleep
crash during his PGY5 year, after working a much shorter, seven-
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hour shift. To address this question, I initiated a series of steps
comparable to those which might be undertaken by investigators
(such as local or state police departments or the National Transpor-
tation Safety Board) evaluating if sleepiness or sleep deprivation
were a probable contributing factor to a transportation accident.

Work-hour and Sleep-wake History

As a PGY-5 anesthesia fellow, A.F.’s work schedule required that
he be “on call” from home for the intensive care unit for two out of
every three weeks. He reported that his sleep habits were as follows:
(1) during non-call/non-work nights (which occurred 6 times per
month) his nightly sleep episode was from 10 pm to 6:30 am; (2)
during non-call/work nights (which occurred 7–14 times per month)
his nightly sleep episode was from 10 pm to 4:30 am; (3) during
on-call/work nights (which occurred 7–21 times per month) his
nightly sleep episode was from 10 pm to 4:30 am and he was awoken
by 3–4 pages from the intensive care unit per night. Finally, A.F.
noted that he and his wife were typically awoken once per night by
one of their three young children for about 20 minutes per night.

Pharmacologic History

A.F. denied alcohol or hypnotic drug use prior to the crash. He
admitted using caffeine, which he reportedly administered in the form
of “three shots of espresso” each morning and which he said he “ti-
trated to effects” during the remainder of the day (typically two more
small cups of coffee). He reported that he avoided caffeine most after-
noons, including the day of the crash, in order to avoid disturbing his
subsequent night of sleep.

Hospital Paging Records

The times at which A.F. was paged were downloaded from the
Brigham and Women’s Hospital paging system records and are il-
lustrated together with his reported sleep-wake times, as recollected
by history, during the prior four nights, in Figure 1. On the night
before the crash, A.F. was paged twice at the beginning of his sleep
episode, then awoken by a page from the ICU again at about 1:30 am,
then awoken by a page just before 2 am and then awoken by a page
again at approximately 3 am before his final page during that sleep
episode, which was at about 3:30 am. He arose at 4:30 am, showered,
dressed and ate breakfast (including three shots of espresso) prior to
commencing a 50-mile commute into the hospital at 5:45 am.
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Sleep Disorders Evaluation

A.F. was referred to Dr. David White, who then directed the Brigham
and Women’s Hospital Sleep Disorders Service, for an evaluation. He
reported a history of loud snoring, particularly when sleep deprived and
when sleeping on his back. He denied weight change, restless legs,
history of sleep attacks or limb weakness with extreme emotion (cata-
plexy) or a history of difficulty falling asleep or staying asleep. His
physical examination was unremarkable (Height: 6�3�; Weight: 180 lbs;
BMI: 22.5). Dr. White ordered a polysomnographic recording, which
revealed an hourly apnea/hypopnea index (AHI) of 20.5, with an AHI of
47 per hour when supine and 2 per hour when sleeping on his side.
Oxygen desaturations to 86 percent were recorded during the apneic
events. Dr. White diagnosed A.F. with positional sleep-related breathing
disorder and behaviorally induced insufficient sleep syndrome.

In order to put the results of this evaluation into context, it is
important to understand the physiology of sleep and wakefulness.

Background on Determinants of Alertness and Performance

Multiple factors influence the ability to sustain effective waking
neurocognitive performance in young healthy individuals not taking

FIG. 1. The sleep-wake times, commute times and pages (from the Brigham and
Women’s Hospital paging records) of a PGY-5 Anesthesia Fellow leading up to motor
vehicle crash.
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medications. These include consecutive waking hours; nightly sleep
duration; biological time of day (i.e., circadian phase); and the recency
of the last sleep episode (i.e., sleep inertia). While the effects of these
circadian and homeostatic sleep regulatory processes can be modified
by environmental conditions, physical activity and pharmacological
agents (i.e., stimulant and hypnotic agents), there is no countermea-
sure known that can consistently overcome the impact of adverse
circadian phase and/or sleep deprivation on performance. The interac-
tion of these regulatory processes can create an imposing biological
force which can overpower an individual’s ability to sustain alert
wakefulness and remain attentive. This leads to impaired neurocogni-
tive performance, including reduced memory consolidation, and dete-
rioration of waking performance marked by increased rates of atten-
tional failures (1). These consequences of misalignment of circadian
phase and the wake-sleep schedule, cumulative sleep deprivation and
lengthy prior wakefulness are particularly evident while attempting to
sustain attention for a continuous duration of time (e.g., for 10–20
minutes or more) while performing a routine, highly over-learned task
such as driving a motor vehicle.

The Sleep Homeostat

Without sleep, alertness and neurocognitive performance exhibit a
steady deterioration attributable to sleep loss, onto which a rhythmic
circadian variation is superimposed (2–18). Among individuals who
win the struggle to remain awake, 24 hours of sleep deprivation has
been shown to impair neurobehavioral performance to an extent that is
comparable to a level of 0.10 percent blood alcohol content (19). In fact,
the duration of time it takes to react to a visual stimulus (simple
reaction time) averages three times longer after 24 hours of wakeful-
ness than before an individual has stayed up all night (20) (Figure 2).
Moreover, this is when the risk of attentional failures—in which the
eyes begin rolling around in their sockets at the transition from wake-
fulness to sleep—is greatest. Within several days, chronic sleep restric-
tion has been demonstrated to yield impairment in neurobehavioral
performance and a risk of attentional failures that increased to a level
comparable to that seen with acute total sleep deprivation (21,22). In
fact, six hours of time in bed per night for a week or two brings the
average young adult to the same level of impairment as 24 hours of
wakefulness, whereas 4 hours of time in bed per night gets there in
four to six days and induces a level of impairment comparable with 48
hours of wakefulness (i.e., two consecutive days and nights without
sleep) after 10 days of restriction. As with alcohol intoxication, chron-
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ically sleep-deprived individuals tend to underestimate the extent to
which their performance is impaired, despite increasing impairment
evident in objective recordings of the rate of lapses of attention (23).
Objective measures of performance, including reaction time and mem-
ory, worsen. The effects of recurrent nights of sleep restriction are not
overcome with a single night of sleep. Increasing sleep deprivation
leads to an increased probability of experiencing lapses of attention,

FIG. 2. Laft-hand column: Time courses of core body temperature, endogenous
plasma melatonin, mean eye blink rate per 30-s epoch during Karolinska drowsiness test
(KDT), incidence of slow eye movements (SEMs, percentage of 30-s epochs containing at
least 1 SEM/5-min interval), and incidence of stage 1 sleep (% of 30-s epochs containing
at least 15 s of stage 1 sleep per 5-min interval) are shown, averaged across 10 subjects �
SE. Right-hand column: Time course of subjective sleepiness as assessed on Karolinska
sleepiness scale (KSS; highest possible score � 9, lowest possible score � 1), psychomotor
vigilance performance [mean, median, 10% slowest and fastest reaction times in ms
(logarithmic scale)], cognitive performance (numbers of attempt in 4-min 2-digit addition
task), and memory performance (number of correct word pairs in probed recall memory
task) are shown averaged across 10 subjects � SE. All data were binned in 2-h intervals
and expressed with respect to elapsed time since scheduled waketime. Vertical reference
line indicates subject’s habitual bedtime. Reprinted with permission from Cajochen et al
(20). Copyright 1999 American Physiological Society.
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episodes of automatic behavior and/or falling asleep while attempting
to remain awake. In a condition of chronic sleep deprivation, even
when wakefulness is scheduled during an appropriate circadian phase,
the probability of a sleep-related attentional failure or neurocognitive
performance failure while waking is markedly increased (23,24). More-
over, repeated interruptions of sleep, such as is experienced by physi-
cians when they are on call, degrade the restorative quality of sleep
compared to an equal amount of consolidated sleep. This is thought to
be a primary basis for the excessive daytime sleepiness associated with
sleep disorder breathing, which induces many brief arousals during
the night. Interestingly, just being on call disturbs sleep, even when
the individual is not called (25,26). Dr. Marshall Wolf and I learned
this firsthand when recording the sleep of interns in a study that we
did with Dr. Gary Richardson and that Dr. Wolf presented to this
group fifteen years ago (27). As shown in Figure 3, the sleep of this
young intern was acutely disturbed while he was on call, with little
deep slow wave sleep and many awakenings that were not accounted
for by the two pages that were received. This intern remained awake
for almost an hour after being awakened by a page the second time.

FIG. 3. Polysomnographic recording of sleep in an intern on call. The figure depicts
the hypnogram and the effects of two pages during the night in an intern from the group
not covered by a night float. “Pager” indicates an electronically recorded page was issued
to the intern’s beeper at the time indicated on the X-axis. “Begin/End sleep period”
indicate the times recorded by the intern for these events in the diary. This record
demonstrates the variable impact of pages during sleep. The first page, from one of the
nursing stations, occurred at approximately 4.08 am. The page occurred while the intern
was in stage 4 and produced only a brief movement without unambiguous awakening.
Approximately 28 minutes later, the same nursing station paged again, this time
awakening the intern from REM sleep. The intern subsequently remained awake for
almost an hour despite no additional pager activity. Reprinted with permission from
Richardson et al (26). Copyright 1996 Associated Professional Sleep Societies, LLC.
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The impact on the brain of resulting insufficient sleep is only beginning
to be appreciated. Positron Emission Tomography (PET) imaging has
revealed that sleep deprivation is associated with decreased metabo-
lism in the thalamus, the pre-frontal cortex and the parietal cortex
(28). Metabolic studies have demonstrated that such sleep curtailment
also has adverse effects on the metabolic and immune systems.

Sleep Attacks and Sleep Drunkenness

Individuals struggling to stay awake in the face of elevated sleep
pressure—whether due to acute total sleep deprivation, chronic sleep
restriction or repeated interruption of sleep (due to external interrup-
tions or the presence of a sleep disorder)—are not always able to do so
by the sheer force of will. Sleep deprivation greatly increases the risk
that an individual will succumb to the increased sleep pressure when
their brain initiates an involuntary transition from wakefulness to
sleep. This transition is initiated by the ventrolateral preoptic (VLPO)
area of the hypothalamus, which Saper et al. have identified as the
brain’s “sleep switch” (29). Another region of the hypothalamus, the
suprachiasmatic nucleus (SCN), which serves as the central neural
pacemaker of the circadian timing system, interacts with the VLPO
such that there are two times of day at which such an involuntary
transition from wakefulness to sleep is most probable: in the latter half
of the night near the habitual wake time and in the mid-afternoon. Of
course, once an individual has lost the struggle to stay awake and
makes the transition from wakefulness to sleep, driving performance is
much worse than that of a drunk driver, as the individual is unrespon-
sive to the environment. Moreover, sometimes drowsy drivers linger in
an intermediate state between sleep and wakefulness. The operator of
a motor vehicle in this sleep-like condition—which probably represents
a transitional state in which part of the brain is asleep while part of the
brain remains awake—may maintain full pressure on the accelerator
pedal and proceed for a considerable distance, even negotiating grad-
ual turns, but fail to heed stop signals or respond appropriately to
traffic conditions in a timely manner. This intermediate state, which
has been termed “automatic behavior syndrome” or “sleep drunken-
ness” is characterized by retention of the ability to turn the steering
wheel and to carry out rudimentary tasks and to provide semi-auto-
matic responses to stimuli without appropriate cortical integration,
often resulting in a complete loss of situational awareness and judg-
ment (30). Some of you may have experienced this state when you
suddenly realize that you have no idea how you went from point A to
point B on the expressway—as if there were a missing segment in the
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video of life. One drowsy driver who steered his car toward an oncom-
ing car and then tracked it as the other driver swerved to avoid him
reported “waking up” from this state just in time to observe vividly
through his windshield a terrified look on the face of the other driver
only a moment before he killed her in a head-on collision (31). A
similarly impaired NASA ground controller working in the Mission
Control Room of the Johnson Space Center during the middle of the
night shift sent a Space Shuttle careening into a spin while crew
members were asleep when he repeatedly overrode automatically gen-
erated coordinates designed to keep the shuttle on track.

Circadian Rhythmicity

Circadian rhythms, i.e., biological rhythms oscillating with an ap-
proximate period of twenty-four hours (from the Latin words: circa—
about and dies—a day), are present at all levels of biological complexity
from unicellular organisms to humans. Circadian rhythms are endog-
enous (i.e., internally generated), self-sustaining oscillations; there-
fore, rhythmicity persists in the absence of periodic external time cues.
In humans, many physiological processes, including the body temper-
ature cycle, endocrine patterns, renal and cardiac function, subjective
alertness, sleep-wake behavior and performance vary according to the
time of day (4,20,32–37). The circadian contribution to variations in
alertness and performance is generated by a light-sensitive circadian
pacemaker that also drives the circadian rhythms of core body tem-
perature, plasma cortisol and plasma melatonin (5,38–50). The endog-
enous circadian clock is a major determinant of the timing and internal
architecture of sleep in humans (5,6). Spontaneous sleep duration,
sleepiness, REM sleep propensity, and both the ability and the ten-
dency to sleep vary markedly with circadian phase or biological time of
day and interact with a homeostatic process to regulate sleep propen-
sity and daytime alertness and neurocognitive performance (7–10,51–
53). As noted above, deep within the brain, two bilaterally paired
clusters of hypothalamic neurons comprising the SCN of the hypothal-
amus act as the central neural pacemaker for the generation and/or
synchronization of circadian rhythms (54–60). This endogenous circa-
dian pacemaker is a major determinant of daily variations in subjec-
tive alertness and cognitive performance (4,9,11,12,20,24,38). These
and other studies have shown that there is a prominent circadian
variation in objective and subjective measures of alertness, perfor-
mance (psychomotor, vigilance, memory) and attention or ability to
concentrate, with a nadir in the latter half of the usual sleep time, just
before our usual wake time (Figure 2). Similarly, the peak drive for
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waking emanating from the hypothalamic circadian pacemaker occurs
a couple of hours before our habitual bedtime. This paradoxical rela-
tionship between the output of the circadian pacemaker and the timing
of the sleep-wake cycle is thought to help consolidate sleep and wake-
fulness in humans (8). Thus, under ordinary circumstances as the
homeostatic drive for sleep increases throughout the 16-hour waking
day, the circadian pacemaker sends out a stronger and stronger drive
for waking during the latter half of the habitual waking day. Then,
near the peak of the circadian drive for waking, about 1–2 hours before
the habitual bedtime, the hormone melatonin is released. Activation of
melatonin receptors on the surface of human SCN neurons suppresses
the firing of those neurons. Since the SCN continues to oscillate with
a near-24-hour period in the absence of SCN neuronal firing, this
action of melatonin is thought to quiet the wake-promoting signal
emanating from the SCN, thereby allowing us to fall asleep at our
habitual hour. Similarly, the SCN sends out a strong drive promoting
sleep in the latter half of the night, which helps to consolidate sleep
once the pressure for deep slow-wave sleep is satiated in the first half
of the night. The latter half of the night is richest in REM sleep, which
has a very prominent circadian rhythm in its propensity. When one
stays awake all night, in the latter half of the night near the habitual
wake time, elevated homeostatic drive for sleep interacts with the circa-
dian peak of sleep propensity to create a critical zone of vulnerability.

In the absence of periodic time cues, the period of the human circa-
dian pacemaker is slightly longer than 24 hours (61,62). In order for
the biological clock to coordinate its function with the timing of events
in the external world that operates on a 24 hour schedule, daily
information from the environment must therefore reach the circadian
pacemaker. The circadian pacemaker is essentially reset by a small
amount each day by this external stimulus in order to maintain syn-
chrony with the 24-hour day (5,40,61).

Light is the principal environmental synchronizer of the mammalian
SCN. The SCN is connected to specialized intrinsically photosensitive
retinal ganglion cells containing the newly discovered photopigment
melanopsin via a monosynaptic pathway called the retinohypotha-
lamic tract (RHT), the presumed conduit by which information from
the external light-dark cycle reaches the circadian clock. Properly
timed exposure to light and darkness can rapidly shift the phase of the
endogenous circadian pacemaker in humans (34,38–50,63,64). Both
the magnitude and direction of the phase shifts induced by light are
dependent on the timing, duration, intensity and wavelength of the
light exposure (39,40,46–49,64–70). On average, light exposure occur-
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ring during the first half of the biological night resets the circadian clock
to a later hour; light received in the latter half of the biological night
resets the circadian clock to an earlier hour. Thus, the circadian pace-
maker of an individual living on a conventional schedule of day work and
night sleep is synchronized by the naturally occurring light- dark cycle to
oscillate at the same period as the Earth’s solar day, i.e., 24 hours.

Sleep Inertia

Fifty years ago, following a crash inquiry, scientists in the U. S. Air
Force Laboratory discovered that performance is markedly degraded
during the transition from wakefulness to sleep (71–83). The extent to
which this phenomenon, now called sleep inertia, interferes with neu-
robehavioral performance is related to the depth of the prior sleep
episode (78). Thus, agents that interfere with sleep, such as caffeine,
can mute the effect of sleep inertia (84). Remarkably, as we recently
reported, the adverse impact of sleep inertia on performance can far
exceed the impact of total sleep deprivation (83) (Figure 4). Once
residents are able to get to sleep, these house officers—who are often
subjected to acute total sleep deprivation after days, weeks or months
of chronic sleep restriction—often experience very deep sleep. When
this occurs while residents are on call in the hospital, they may be
required to make critical care decisions or perform life-saving medical

FIG. 4. Impact of sleep inertia on cognitive performance upon awakening compared with
24 hours without sleep. Reprinted with permission from Wertz et al. (83). Copyright
2006 American Medical Association.
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procedures in an impaired state due to profound sleep inertia (15,83).
Moreover, at times of night when they have the greatest patient care
responsibilities due to the lack of on-site faculty supervision, resident
physicians—who sleep on average just 2.6 hours while working 30-
hour extended duration “on-call” shifts (85)—are likely to descend
rapidly into deep stages 3 and 4 sleep during those two-hour naps, and
then attempt to care for patients in an impaired confusional state—
characterized by grogginess, disorientation in time or space, slowed
mentation and slowed speech—immediately upon awakening.

There are a number of other factors that can have an impact on
alertness and performance. These include the length of time on task,
the level of environmental stimulation, the level of physical activity,
posture, the level of task stimulation/novelty, and the use of pharma-
cologic agents with stimulant or hypnotic properties. Caffeine is the
most widely used drug in the world. In fact, coffee beans are the second
most widely traded commodity in the world, second only to oil. Caffeine
administration can reduce the adverse impact of misalignment of
circadian phase as well as increased homeostatic pressure on neurobe-
havioral performance (86). However, the dose and timing of adminis-
tration is not always optimal. Specialty brand coffee, such as that
available from retail outlets such as Starbucks and Dunkin’ Donuts,
contain 3–4 times as much caffeine per ounce as does home brewed
coffee. Super-size (e.g., 24 ounce) servings can thus contain more than
a gram of caffeine, as much caffeine as an entire 10-cup pot of home-
brewed coffee. When taken in the morning, these large doses of caffeine
are being administered when sleep pressure is lowest, with levels
declining throughout the day. When taken in the evening, caffeine—
which has a 6- to 9-hour half life—may interfere with recovery sleep.
When used as a wake-promoting therapeutic, the minimum effective
dose of caffeine should be taken at the optimal time to help sustain
performance when adequate sleep cannot be obtained. However, nei-
ther caffeine nor other wake-promoting therapeutics are a substitute
for sleep. In fact, in a study of fatal-to-the-driver truck crashes, the
National Transportation Safety Board (NTSB) found that plasma caf-
feine levels were highest in drivers involved in fatigue-related crashes
(87). The NTSB interpreted high plasma caffeine data from those
drivers as indicating that the drivers were taking caffeine to try to
combat their fatigue. Unfortunately, even high levels of caffeine were
insufficient to save those drivers from the effects of fatigue, which the
NTSB found to be the leading cause of fatal crashes in those trucker
drivers, equal to the fraction of crashes caused by both drugs and
alcohol combined (87).
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Underlying Medical Condition and Age

A number of medical conditions and/or the medications used to treat
those conditions are associated with increased sleep tendency, in-
creased risk of lapses of attention and increased risk of sleep-related
accidents (88). These include primary sleep disorders, such as narco-
lepsy and sleep apnea, as well as sleep disturbance secondary to a
medical condition or its treatment. Obstructive sleep apnea patients,
for example, with an apnea/hypopnea index greater than 10, have a
6-fold increase in risk of traffic accidents (89). Age decreases the risk of
sleep-related lapses of attention at night; in fact, young people are at
the greatest risk of the hazards of sleep loss (90). Thus, at first blush,
one might hypothesize that senior staff rather than new trainees
should be assigned to work marathon overnight shifts. However, before
you hastily assign all extended duration night work to your chiefs of
service, I would caution you to recognize that as we get older, it
becomes more and more difficult to obtain the recovery sleep that is
needed following sleep deprivation. In fact, even when sleep deprived,
older people have a great deal of difficulty sleeping at an adverse
circadian phase (10,16,91).

Graduate Medical Education and Sleep

Extended duration work shifts, like many other features of graduate
medical education in the United States, were the product of the post-
graduate medical education curriculum developed by William Steward
Halsted, M.D. Professor Halsted, who was Surgeon-in-Chief at the
Johns Hopkins Hospital, was internationally renowned for his innova-
tions in medical education. He founded the surgical training program
at the Johns Hopkins Hospital in the 1890s, which served as a model
for postgraduate medical education. He required physicians-in-train-
ing to live in the hospital (they were quite literally residents) and
discouraged them from marrying so that they could devote themselves
to medicine (92). He required residents to be on a “q1” call schedule, i.e.
they were on call 362 of 365 days per year. He taught devotion to the
profession by example, working heroic hours with his trainees. Only
recently was it revealed how he maintained this grueling sleep-de-
prived schedule. Professor Halsted was in fact addicted to cocaine, an
addiction that was an unfortunate by-product of his pioneering work
developing cocaine as a surgical anesthetic (93). He spent more than a
year in a rehabilitation program at a Rhode Island hospital trying to
shed his cocaine addiction prior to his appointment as the first Profes-
sor of Surgery at Johns Hopkins Medical School. However he only
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gained an addiction to morphine there, which had been used to treat
his cocaine addiction (93).

Today, the use of powerful stimulants to allow personnel to remain
awake during extended duration work shifts is restricted to certain
branches of the military, such as the United States Air Force, which
still distributes methamphetamine routinely to pilots required to fly
lengthy missions and to other critical military personnel. Of course,
neither medical school faculty nor their hospital trainees are allowed
to use cocaine or methamphetamine to stay awake for long hours, nor
should they be allowed to do so. Yet, based on a 19th century tradition
dated to the time of Halsted, academic medical centers continue to
single out physicians-in-training as the only group of hospital employ-
ees who are required to work for 30 consecutive hours and to work
more than double the standard work week. Using a validated survey
instrument, we found that in 2002–2003, half of the interns we studied
worked more than 80 hours per week, with 11% working more than
100 hours per week (Figure 5). Some were required to work more than
120 hours per week (85), which is remarkable given that there are only
168 hours in a week. During that year, we estimate that physicians-
in-training worked 20,000 shifts in the United States that exceeded 40
consecutive hours, with about 2,000 shifts exceeding 64 consecutive

FIG. 5. A total of 17,003 person-months of data were collected from a nationwide
sample during 2002–2003. The distribution of the percentages of reported weeks with a
given range of work hours is shown in this chart. Reprinted with permission from Barger
et al (85). Copyright 2005 Massachusetts Medical Society.
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hours (85) (Figure 6). Theoretically, the work-hour reforms instituted
by the Accreditation Council of Graduate Medical Education (ACGME)
in 2003 should have reduced the duration of the longest of these shifts
to 30 consecutive hours, although there has been no independent

FIG. 6. The longest shifts reported by participants are shown in the chart at the top.
The chart at the bottom shows the number of surveys in which participants reported
shifts that exceeded 40 hours. Reprinted with permission from Barger et al (85). Copy-
right 2005 Massachusetts Medical Society.

172 CHARLES A. CZEISLER



verification that these voluntary guidelines are being consistently
enforced. Moreover, the new ACGME guidelines largely sanctioned
what was already the status quo in most hospitals, since interns
averaged 70.7 � 26.0 work hours per week (85) before the ACGME
instituted an 80- to 88-hour limit (averaged over four weeks) and the
average duration of the extended duration “on-call” shifts was 32.0 �
3.7 hours before the ACGME instituted their limit of 30 consecutive
work hours per shift. On many of these marathon �30-hour shifts, we
found that trainees obtained little or no sleep (85) (Figure 7). Even
among interns who spent the greatest amount of time in the hospital
per week, less than 5% of that time was spent sleeping (85) (Figure 8).
In fact, we found that interns averaged only 2.6 � 1.7h of sleep on
extended duration (�24-hour) work shifts, and that those who were
covered by night floats only obtained an additional half hour of sleep (85).

The recent discovery that memory consolidation and learning de-
pends on the sleep obtained after training on a task has called into
question the wisdom of keeping residents awake all night as part of
their education (94–98). In order to address the impact of such sched-
ules on patient care, the Harvard Work Hours, Health and Safety
Group (HWHHSG) conducted a clinical trial for the Medical Intensive
Care (MICU) and the Coronary Care (CCU) Units at the Brigham and
Women’s Hospital in Boston (1, 99). Interns were randomly assigned to
work a three week rotation in the CCU or the MICU either on the
traditional “q3” schedule, in which they worked an extended duration
(�30 hour) work shift every other shift, or an intervention schedule in
which the 30-hour extended duration work shift was split in half such
that no scheduled work shift exceeded 16 consecutive hours. Dr. Steven
Lockley, Dr. Daniel Aeschbach and our colleagues in the HWHHSG
examined the relationship between work hours, sleep and the ability to
sustain attention in these trainees. We found that on the traditional
schedule, 85% of all work hours occurred on extended duration (�24h)
work shifts, whereas none of their work time was spent on extended
duration shifts on the intervention schedule (1) (Figure 9). Moreover,
on the traditional schedule, interns were twice as likely to have slept
less than 2 hours in the 24 hours prior to each hour worked, whereas
on the intervention schedule, they were twice as likely to have ob-
tained at least 8 hours of sleep in the prior 24 hours (1). We found that
the interns worked fewer hours and slept more hours per week on the
interventional schedule, and that there was a negative correlation
between hours worked and hours slept (1) (Figure 10). We found that
interns working extended duration shifts were twice as likely to expe-
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FIG. 7. The greatest number of hours without sleep as a percentage of monthly
reports is shown in the chart at the top. The chart at the bottom shows the number of
surveys in which participants reported more than 40 continuous hours without sleep.
Reprinted with permission from Barger et al (85). Copyright 2005 Massachusetts Medical
Society.
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rience attentional failures while working at night than were interns
scheduled to work no more than 16 consecutive hours (1) (Figure 11).

But what about patient care? Prior research at the Brigham and
Women’s Hospital had found that discontinuity in patient care (patient
handoffs) increased the risk of preventable adverse events (100), al-
though this increase could be eliminated by use of a computerized sign
out system (101). Reduction in the duration of extended work shifts by
half would necessarily double the number of required handoffs of care.
Thus, we wondered which was safer for the patient, a tired intern who
remained with the patient throughout the night after admission, or a
better-rested intern to whom care of the patient was transferred. In
order to answer that question, we teamed up with the Patient Safety
Center for Excellence led by Dr. David Bates at the Brigham and
Women’s Hospital and obtained research support for a study from the
Agency for Healthcare Research and Quality and the National Insti-

FIG. 8. This chart shows the average number of hours that interns spent asleep in the
hospital, awake in the hospital, studying or working in relation to their program but
outside the hospital, and working outside of the program. T bars indicate standard
deviations. Interns reported spending an average of 193.4 � 88.8 of their waking hours
in the hospital each month participating in direct patient care (e.g., examining patients;
writing progress notes; interpreting diagnostic tests, radiographic studies, and patho-
logical specimens; and consulting with other physicians), 43.3 � 47.0 hours in duties not
directly related to patient care (e.g., completing other paperwork and scheduling tests),
23.5 � 20.1 hours in structured learning sessions (including classes, laboratories, and
grand rounds), and 7.3 � 16.4 hours teaching students or house staff. Reprinted with
permission from Barger et al (85). Copyright 2005 Massachusetts Medical Society.
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tute for Occupational Safety and Health. Dr. Christopher Landrigan,
Dr. Jeffrey Rothschild and our colleagues in the HWHHSG then hired
a team of physicians to monitor these interns around the clock while
they worked in the MICU and CCU (99). In addition, we hired research
nurses to review the medical records of their patients and search for
medical errors. Finally, we presented all events noted by these observ-
ers to a panel of reviewers who were blind to condition and rated each
event. Only serious medical errors were analyzed.

Interns working extended duration “on call” shifts made 35.9% more
serious medical errors, including more than 5 times as many serious
diagnostic mistakes, as interns scheduled to work no more than 16

FIG. 9. Proportion of total work hours plotted against the duration of the shift during
the Traditional Schedule (top chart) and the Intervention Schedule (bottom chart).
Reprinted with permission from Lockley et al (1). Copyright 2004 Massachusetts Med-
ical Society.
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consecutive hours (99). We found that interns working extended dura-
tion shifts made more serious mistakes that reached the patients than
those who worked shorter shifts, notwithstanding the fact that there
were twice as many handoffs of patient care with the intervention
schedule (99). We found that most of the serious medical errors were
due to slips and lapses, i.e., failures to carry out intended plans of
action, rather than knowledge-based mistakes (105).

In a companion nationwide survey study supported by the National
Institute of Occupational Safety and Health, Dr. Laura Barger, Dr.
Najib Ayas and our colleagues in the Harvard Work Hours, Sleep and
Safety Group evaluated the impact of extended duration work shifts on

FIG. 10. Subjective mean hours of work per week (top left), duration of sleep (top
right), and the relationship between the duration of work and the duration of sleep
(bottom chart) for 20 interns during the Traditional schedule and the Intervention
schedule (open symbols). Reprinted with permission from Lockley et al (1). Copyright
2004 Massachusetts Medical Society.
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the risk of motor vehicle crashes among interns. We gathered 1,417
person-years of monthly survey data from 2,737 interns nationwide in
2002–2003. During that time, interns reported 320 motor vehicle
crashes. Eighty-two percent of those crashes were documented by a
police report, insurance claim, automobile repair record, medical
record, photograph of the damaged vehicle or a written description of
the motor vehicle crash. More than forty percent of the motor vehicle
crashes were judged to be consequential, i.e., leading to treatment in
an emergency department, more than one thousand dollars property
damage or filing of a police report. No additional motor vehicle crashes
were identified by a search of the Social Security Death Index or
through participant’s emergency contacts.

In a prospective analysis of scheduled shifts (across individuals), we
found that for each extended duration work shift scheduled per month,
interns had an 8.8 percent (CI: 3.2%–14.4%) increased monthly risk of
any reported motor vehicle crash, and a 16% (95% CI: 7.6% to 24.4%)
increased monthly risk of a reported motor vehicle crash on the com-
mute from work. Trainees who work 10 extended duration shifts per
month on a “q3” schedule would thus have a 160% increased monthly
risk of a reported motor vehicle crash on the commute from work. In a
separate case-controlled analysis of the same data set, we found that
the odds ratio for reporting a motor vehicle crash during the commute

FIG. 11. Mean (�SE) number of attentional failures among the 20 interns as a group
and individually while working overnight (11 pm to 7 am) during the Traditional
schedule (filled bar) and the Intervention schedule (open bar). Reprinted with permis-
sion from Lockley et al (1). Copyright 2004 Massachusetts Medical Society.
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from the hospital was 2.3 times (95% CI: 1.6 to 3.3) greater after an
extended duration (�24h) work shift than after a non-extended work
shift (85). The odds ratio for reporting a near miss crash was 5.9 (95%
CI: 5.4 to 6.3) during the commute from work after an extended
duration work shift as compared to the commute from a non-extended
duration work shift (85).

Overall, based on this work, we found that the traditional practice of
scheduling interns very long work weeks and extended duration work
shifts was hazardous both to the intern themselves as well as to their
patients (106). For this reason, the Sleep Research Society (SRS) which
represents more than a thousand sleep scientists in the United States,
together with the National Sleep Foundation (NSF) in Washington
have endorsed legislation in Massachusetts that would limit resident
work hours. This legislation is sponsored by Massachusetts State
Senator Richard Moore, who requested guidance from the SRS regard-
ing establishment of safer work hours for medical and surgical train-
ees. Table 1 illustrates the features of the pending legislation. Of note,
the SRS and NSF recommend that all physicians be required to notify
their patients and receive permission from the patients before caring
for them if the physician has slept less than 2 hours in the prior 24
hours. In fact, a nationwide NSF poll found that 86 percent of people
would feel anxious about their safety if they learned that their sur-

TABLE 1
Pending Massachusetts Legislation endorsed by Sleep Research Society and National Sleep

Foundation

Schedule Feature Proposed Directive

Weekly Work Hours Optimal maximum: 60 hours per week
Fixed limit: 80 hours in any week

Consecutive Work Hours Optimal maximum of 10 consecutive hours
Fixed maximum of 18 consecutive hours

Maximal frequency of 18-hour
night shifts

No more than one 18-hour overnight shift
every 3 days

Minimum Hours Off per Day Minimum Hours Off
- after 10-hour shift - Optimum �12 consecutive hours off/day;

minimum of 10 hours off per day
- after �18-hour shift - Minimum of 16 consecutive hours off/day

High-intensity settings Optimal limits required

Patient notification Caring physician awake 22 of prior 24 hours

Consecutive Hours Off Duty
per Week

Optimum �48 consecutive hours off/week
Minimum 36 consecutive hours off/week,

including two consecutive nights weekly.
Minimum of 60 consecutive hours off duty

each month.
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geons had been on duty more than 24 hours, and 70% would likely ask
for a different doctor (102). Given the findings that I have reported to
you today, the SRS and NSF have concluded that a patient has the
right to know if his/her physician were sleep deprived, so that the
patient can decide whether or not be treated by that physician.

Probable Cause of Sleep-related Crash in Case A.F.

As shown in the initial case I presented today, there are many
pathways that can lead physicians to become sleep deprived. The
practice of scheduling physicians to be on call for weeks at a time
covering busy services from home may seem innocuous compared to
the practice of requiring physicians-in-training to work 30 consecutive
hours. However, both sleep curtailment and frequent interruptions of
sleep, alone or in combination as in this case, can lead to chronic
cumulative sleep deprivation that can severely degrade performance
and increase the risk of harm or injury. Case A.F. fell asleep at the
wheel and crashed into a car with a 5-year old passenger after having
been awake for only 10 hours, but he had been averaging only 5.8
hours per night of interrupted on-call sleep, and had worked seven
consecutive days without a day off. The crash occurred in the mid-
afternoon nap zone, which made him more vulnerable to the impact of
sleep deprivation. In addition to behaviorally induced insufficient sleep
syndrome, the trainee suffered from positional sleep-related breathing
disorder. Taken together, this crash was certainly not an accident. A
comprehensive fatigue management program that includes education
regarding the principles of sleep and circadian physiology, implemen-
tation of safer policies regarding work hours (such as the limits en-
dorsed by the SRS and NSF), and a comprehensive program to screen
for sleep disorders would greatly reduce the risk of sleep-related errors
and accidents like this one. Like alcohol-related crashes, sleep-related
motor vehicle crashes are a preventable cause of injury. The National
Highway Transportation Safety Administration estimates that there
are more than 250,000 drowsy driver crashes annually; the Institute of
Medicine estimates that drowsy driver crashes account for 20 percent
of all injuries in motor vehicle crashes (107). With approximately
100,000 residents in training nationwide, steps should be taken to
eliminate this preventable cause of injury.

Legal, Moral and Ethical Considerations

Given that drivers in the United States (Colorado, Massachusetts,
Michigan and Florida) and Britain have been convicted of driving when
impaired by sleepiness, and that the State of New Jersey has recently

180 CHARLES A. CZEISLER



amended its vehicular homicide statute to add driving after 24 hours
without sleep to the definition of “reckless,” the legal and ethical question
is raised as to who should be held responsible for the next motor vehicle
crash in which a sleep-deprived resident kills or maims another motorist
or pedestrian. No one falls asleep at the wheel without having struggled
to stay awake beforehand, so the driver certainly bears legal and moral
responsibility just as a drunk driver would. However, institutions that
have put their trainees in harm’s way by requiring them to work for so
many consecutive hours that they are virtually incapacitated by sleep
deprivation cannot reasonably walk away from their responsibility to
care for those who have been injured by sleep-deprived trainees. Take for
example the case of Dr. Sook Im Hong. Dr. Hong was in the second week
of her internship at Rush-Presbyterian-St. Luke’s Medical Center in
Chicago when she fell asleep at the wheel after a 36-hour hospital shift
and rear-ended another car, causing massive brain injuries to Heather
Brewster (103). It is shocking to me that Rush Medical Center Attorney
George F. Galland, Jr. succeeded in arguing that under Illinois law, the
institution that required Dr. Hong to work for 36 consecutive hours does
not bear any responsibility for the lifelong care of Ms. Brewster, a former
college volleyball star who was a graduate student in physical therapy at
the time of the crash. By arguing, on one hand, that the intern alone
bears responsibility for sleep-related errors and accidents, and by requir-
ing, on the other hand, that interns work 30-hour shifts as a condition of
their employment, interns are being put in a “Catch 22” bind while they
are at work. Moreover, given that appeals courts in two states (Oregon
and West Virginia) have ruled that an employer’s responsibility for
fatigue-related crashes can continue even after they have left work—
similar in concept to the dramshop tort liability incurred by establish-
ments serving alcohol to drivers subsequently involved in alcohol-related
motor vehicle crashes—it is likely that courts will eventually hold hos-
pitals that require trainees to work extended duration work shifts, not-
withstanding evidence of the hazards of this practice, similarly liable.
What about the trainees’ physicians? In California, physicians have an
obligation to report to the Department of Motor Vehicles patients with
conditions characterized by lapses of consciousness. Given that the in-
terns working traditional 30-hour shifts in our study averaged more than
five lapses of attention per night (99), do California physicians therefore
have an obligation to report all house staff with behaviorally induced
insufficient sleep syndrome under their care to the California Department
of Motor Vehicles? All these questions will be left for the courts to decide.

But let us move beyond the legal questions. What moral or ethical
responsibility should be borne by the program director who required a
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trainee to work an extended duration shift that resulted in such an
accident? What about the department chair or hospital president who
requires or allows the program director to do so, knowing that such
schedules increase the risk of motor vehicle crashes by more than
160%? Does the ACGME bear responsibility for continuing to sanction
extended duration work shifts in the face of evidence that has revealed
the hazards of such shifts? In my view, too many trainees on the
thresholds of a medical career have already been killed or seriously
injured in sleep-related crashes—or have killed or seriously injured
others in sleep-related crashes—while attempting to commute home
after working extended duration shifts. Even Professor Halsted never
envisioned one of his charges getting behind the wheel of a car and
attempting to drive at a speed of 60 miles per hour after working for 30
consecutive hours. These marathon work shifts are a vestige of a
bygone era in which the pace of the hospital was much slower at night.
There were no intensive care units in 19th century hospitals. There
were no all night hospital laboratories. Resident physicians were not
routinely expected to stay up all night admitting patients who had
been kept in a holding area of the Emergency Department until the
late evening. Hospitals today are round-the-clock operations focused
on reducing patient length of stay by admitting patients only during
the most acute phase of their illnesses. The work schedules to which
our trainees are scheduled must now be changed to recognize that
trainees can no longer sleep in the hospital. Moreover, resident phy-
sicians are now allowed to leave the hospital, live in the community
and raise families. Our institutional training practices must therefore
allow our trainees to take on these additional responsibilities during
their training without endangering themselves, their families or oth-
ers. Given the dictum “Physician, do no harm,” I would urge you as the
leaders of American medicine to implement policies that eliminate the
practice of scheduling trainees to work extended duration shifts. In
the meantime, until this practice has been eliminated, our data indi-
cate that institutions have an obligation—at the very least—to provide
round trip transportation to trainees who are required to work ex-
tended duration shifts, as it is unsafe to expect or even allow them to
drive with inadequate sleep. For this reason, the SRS, NSF and Amer-
ican Academy of Sleep Medicine have recently endorsed model drowsy
driver legislation in Massachusetts. Of course, provision of transpor-
tation for trainees after extended duration work shifts begs the ques-
tion as to whether it is appropriate for physicians who are too tired to
drive home from work to be caring for patients (104).
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Summary

The work schedules of physicians in training require them to work
extraordinarily long work shifts and long work weeks. These sched-
ules, which are based on a tradition that dates back to the 19th century,
result in acute and chronic sleep deprivation. Sleep deprivation, mis-
alignment of circadian phase and sleep inertia adversely impact cog-
nitive performance and increase the risk of error and accident. Interns
working extended duration shifts make significantly more serious
medical errors while caring for patients in intensive care units, and
make five times as many serious diagnostic mistakes. In addition to
the deleterious effects of extended duration work shifts on patient
safety, we also found that the risk of motor vehicle crashes is more
than doubled driving home from work after such shifts. We conclude
that the practice of working extended duration work shifts, which
continues to be allowed by new ACGME regulations, are hazardous to
both interns and their patients. Academic medical centers are urged to
eliminate this now-dangerous tradition.
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