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RESIDENT WORK HOURS, SLEEP AND PATIENT SAFETY 167

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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168 CHARLES A. CZEISLER

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
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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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170 CHARLES A. CZEISLER

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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