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BSTETRICS

leep deprivation: implications for obstetric
ractice in the United States
teven L. Clark, MD
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S leep that knits up the ravell’d sleave
of care. . .balm of hurt minds, great

ature’s second course.” 1

Sleep and sleep deprivation are topics
hat are receiving increased attention
oth in the scientific and lay press. These
opics are of unique importance to the
racticing obstetrician, who often gets

ar too little opportunity to “enjoy the
oney-heavy dew of slumber.”2 Disas-
ers officially linked to workplace sleep
eprivation include those involving the
xxon Valdez, Three Mile Island, Bho-
al, and the space shuttle Challenger.3

n a less dramatic but more important
cale, the National Highway Traffic
afety Administration estimates that
oughly 100,000 traffic accidents and
500 fatalities annually in the United
tates are linked to drowsy driving.3

leep deprivation adds $16 billion annu-
lly to health care costs and results in al-
ost $50 billion of lost productivity.4,5

his review will briefly summarize our
urrent understanding of the phenome-
on of sleep itself, examine the known
ffects of sleep deprivation on human
ealth and performance, and explore the

mplications of these facts for the safe
ractice of obstetrics.

he enigma of sleep
leep is defined as a state of immobility
ith greatly reduced responsiveness, dis-

inguished from coma or anesthesia by
ts rapid reversibility.6 Sleep is a vital part
f existence for most mammals; rats de-
rived of sleep die sooner than those de-
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rived of food.6 However, despite the ob-
ious importance of sleep to human
hysical, emotional, and mental function,
he physiologic basis for our need to sleep
emains incompletely understood.6,7

Although body activity is markedly re-
uced during sleep, the brain remains
ighly active, especially during rapid eye
ovement (REM) sleep. Normal human

leep consists of 2 fundamental compo-
ents: REM and nonrapid eye move-
ent (NREM) sleep. REM sleep is

enerated by the pons and midbrain,
nd characterized by electroencephalo-
raphic high frequency beta waves, sim-
lar to those seen during wakefulness.6

erebral cortical activity is high during
EM sleep; although dreaming may oc-
ur in all sleep phases, the most active
reaming occurs during REM sleep.8,9 In
ddition, postural muscle tone is mark-
dly diminished during this sleep phase.6

n contrast, NREM sleep is induced by
ctivation of groups of neurons in the
reoptic and basal forebrain regions;
rainstem and cortical activity are de-
ressed in NREM sleep.6 This sleep
hase is characterized by high ampli-
ude, low frequency theta waves, and, as
on-REM sleep progresses, an increase

n very low frequency delta waves.10

Normal sleep consists of gradual pro-

Recent advances in basic science have ex
sleep and of the effects of sleep depriva
performance. In addition, a growing volu
effects of sleep deprivation on medical pra
a specialty in which sleep deprivation is so
suggests the pressing need for a reassess
practice, particularly as it relates to labor a
which each woman is delivered by the s
generally not tenable in a culture increasin

Key words: patient safety, quality of care,
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ression through 4 stages of NREM i

gy AUGUST 2009
leep, each with an increasing propor-
ion of delta waves, followed by a process
f retracing of these stages in which stage
is replaced by REM sleep.10,11 The av-
rage individual completes 4-5 complete
ycles per night, with an average cycle
uration of about 90 minutes. However,
he duration of REM sleep episodes pro-
ressively increases throughout the sleep
eriod and is maximal at the time of
sual awakening. Initial REM periods
ay last only 5-10 minutes; later REM

pisodes may last up to 25 minutes.6 By
he end of a normal night’s sleep, there

ay be virtually no demonstrable
REM activity.
A system of self-reinforcing mutual

nhibition between awakening and
leep-producing neural circuits (so
alled “flip-flop” switches) results in dis-
rete sleep and wake states with very
harp transitions in which the alternative
tate is turned off abruptly.9 Such physi-
logy may be adaptively advantageous
y minimizing the time spent in a tran-
ition state between sleep and wakeful-
ess, but it also has the dangerous poten-

ial for sudden loss of consciousness
ithout warning in sleep-deprived indi-
iduals.9 Multiple substances appear to
lay a role in both activation and inhibi-
ion of various sleep/wake states, includ-

ded our understanding of the function of
on human cognitive and psychomotor

of data documents potential detrimental
e. Such data have special implications for
times the norm. A review of this evidence
t of individual and small group obstetric

delivery care; the current model of care in
e provider who delivers prenatal care is

focused on patient safety.

p deprivation

tions for obstetric practice in the United States.
pan
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ng cytokines, insulin, nitric oxide, aden-
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sine, and a group of neuropeptides
alled orexins.6,9

Most theories suggest a role for energy
onservation and nervous system recu-
eration during NREM sleep.6 In con-
rast, REM sleep appears to be involved
n localized recuperative processes,

emory consolidation, and emotional
egulation.6,11,12 After sleep deprivation,
REM sleep is repleted first and animals

hat are awakened from NREM sleep
ave poor sensory-motor function com-
ared with those awakened from REM
leep.6 Humans exhibit maximal total
leep and REM sleep at birth, decreasing
o adult levels as maturity approaches.
his pattern is seen in all terrestrial
ammals; interestingly, the opposite

attern is observed in cetaceans.6

Sleep regulation appears to involve
oth a homeostatic mechanism (in
hich sleep is induced caused by a period
f wakefulness) and an innate, 24-hour
ircadian mechanism that functions in-
ependently of the physiologic need to
leep.9 Homeostatic sleep (ie, the need to
leep) appears to be modulated at least in
art by the central accumulation of
denosine, the metabolic end product
esulting from central nervous system
lycogen depletion and ATP degrada-
ion. On the other hand, circadian sleep
atterns are driven by neurons in the su-
rachiasmatic nucleus, cells that con-
inue to be activated in a 24-hour cycle,
hich persists even in cell culture.9,13

aily input from light impacting the ret-
na during daylight hours and from pi-
eal melatonin during darkness keeps

his intrinsic 24-hour clock synchro-
ized with the external day-night cycle.9

his intrinsic cycle is clearly of physio-
ogic importance, but is disrupted in
ight-shift workers and by nighttime
leep disruption and deprivation.

leep deprivation
leep deprivation decreases frontal lobe
etabolic activity, particularly in the an-

erior cingulated cortex.14 From a clini-
al standpoint, the detrimental effects of
oth acute and chronic sleep deprivation
n physical and particularly on cognitive
erformance are well documented. In
leep-deprived individuals, cognitive

kills are affected more than psychomo- m
or skills.15-21 Pure psychomotor skills
uch as ring-transfer exercises or sutur-
ng are minimally affected by sleep depri-
ation. However, in tasks requiring both
ognitive and psychomotor perfor-
ance (including most surgical skills),

leep deprivation also significantly im-
acts the latter.21 In a study of surgical
esident skills, night call increased cogni-
ive errors by 32% across a broad range
f exercises.21 In contrast, physical
trength is unaffected by even prolonged
leep deprivation.22

Less than 5 hours of sleep in 24 hours
as also been shown to have a significant

mpact on proficiency of resident physi-
ians.16 Sleep deprivation in general sur-
ical residents has been associated with
mpairment in surgical performance and
n increase in surgical complication
ates.23-26 The same has not been shown
or patients undergoing cesarean deliv-
ry at night.27 However, in analyzing
uch comparative studies it is critical to
ealize that differential performance in
ell-rested vs sleep-deprived cohorts
ay be greater than in comparative

roups in which “control” subjects are
lso chronically sleep deprived. Indeed,
n 1 review of 13 studies of sleep depriva-
ion and surgical resident performance,
one included a control group with nor-
al sleep in the week before the study.24

ore consistent adverse effects are
ound in verbal processing and complex
roblem-solving skills and errors in in-
erpretation of imaging studies.21,24,28

leep deprivation has been shown to
egatively impact the ability of physi-
ians to accurately interpret an electro-
ardiogram, a finding with potential spe-
ial significance for both obstetric nurses
nd physicians who interpret electronic
etal heart rate monitor tracings.29,30 Of
articular concern in this regard is the
nding that errors in the interpretation
f diagnostic tests with sleep deprivation
re overwhelmingly false-normal inter-
retations.28 Sleep deprivation impairs
oth medical error detection and error
emediation, suggesting a concern for
he ability of the sleep-deprived obstetri-
ian to effectively function as the obstet-
ic team leader.14,31 Sleep deprivation
lso contributes to the inability to avoid

aking the same error again even after it p

AUGUST 2009 Americ
as been recognized once, and persever-
nce in solutions that do not work, thus
roducing a vicious cycle leading to ad-
itional errors.31,32

Of equal interest are studies of sleep
eprivation conducted in military per-
onnel. In 1 study, the ability of highly
rained, sleep-deprived soldiers to ac-
uire a simulated target and deliver
apid, accurate fire was unimpaired. Un-
ortunately, the ability of these individu-
ls to consistently distinguish enemy
rom friendly targets was lost, again
ighlighting the preferential loss of cog-
itive, as opposed to psychomotor
kills.22

These findings have important impli-
ations for those involved in clinical de-
ision making, particularly in obstetrics,
n which the unique requirements of

anaging 2 patients with differing phys-
ologies simultaneously highlights the
eed for sound judgment and decisive-
ess in the face of rapidly changing con-
itions. Sleep-deprived individuals take

onger time to make a decision when
aced with the need to do so and lose the
bility to adapt to changing circum-
tances. The ability to take independent
nitiative is also impaired.22 It is possible
hat these factors, coupled with the prev-
lence of false-normal test interpretation
y sleep-deprived physicians contribute
o the frequency with which failure to
ecognize and respond to an abnormal
etal heart rate tracing results in obstetric
itigation.33

Some of the most compelling evidence
egarding the detrimental effects of sleep
eprivation derives from comparisons
etween the effects of acute sleep depri-
ation and those of ethanol intoxication
n cognitive performance.34,35 As out-

ined in the Table, even 17 hours of con-
inued wakefulness decreased perfor-

ance similar to that seen with a blood
lcohol concentration of 0.05%.36,37

leep deprivation of 24 hours results in
ognitive performance impairment
quivalent to a serum alcohol concentra-
ion of 0.10%, a level considered func-
ionally intoxicated in all the US
tates.38,39 These facts suggest the need
or a serious self-assessment of practice

atterns for many obstetricians.

an Journal of Obstetrics & Gynecology 136.e2
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Performance is worse if sleep is dis-
upted in the first third of the night, con-
istent with the greater importance in
his respect of NREM sleep.40 Brief (30-

inute) naps are sufficient to slow, but
ot halt the progressive degradation of
ognitive performance seen with ongo-
ng sleep deprivation.22 Contrary to pop-
lar belief, a healthy adult cannot accli-
ate to chronic sleep deprivation, and a

sleep debt” inevitably ensues. Thus,
ven a seasoned clinician cannot “get
sed” to sleep deprivation in terms of
aintenance of cognitive and combined

ognitive-psychomotor function. Rather,
he effects of sleep deprivation are invari-
bly cumulative.6,24 After significant sleep
eprivation, recovery of performance is
ot complete until 3 consecutive nights of
ormal (8 hours) sleep.41

Unfortunately, the detrimental effects
f physician sleep deprivation do not end
t the hospital door; automobile acci-
ents are also significantly increased in
ostcall resident physicians.34,38,39 In the
at model, sleep deprivation is accompa-
ied by increased oxidative stress and
embrane disruption in the hippocam-

us and subcortical brain tissue.6 Sleep
eprivation has also been associated with
besity, although a cause and effect rela-
ionship between the 2 is not unequivo-
ally established.42 Elevation of C-reac-
ive protein, a strong predictor of
ardiovascular risk, is seen in individuals
ho lose only small amounts of sleep on
daily basis, and the proinflammatory

ytokines interleukin 6 and tumor ne-
rosis factor-alpha are secreted in in-

TABLE
Correlation between cognitive
performance with sleep
deprivation and ethanol
intoxication35-39

Sleep
deprivation (h)

Functional
serum
ethanol level (%)

17-19 0.05
...........................................................................................................

19-21 0.08
...........................................................................................................

24 0.10
...........................................................................................................

Clark. Sleep deprivation. Am J Obstet Gynecol 2009.
reased amounts with just modest sleep r

36.e3 American Journal of Obstetrics & Gynecolo
eprivation in humans.9,43,44 Further,
isruption of circadian rhythm in night-
hift workers has been linked to an in-
reased risk of breast cancer, although
his relationship remains disputed.45 In
regnant women, sleep disruption has
een associated with longer labors and
n increased rate of cesarean delivery.46

hus, sleep deprivation is hazardous
oth to patients and to their health care
roviders.

egulation and the future
n response to these and similar, job-spe-
ific findings, the government has insti-
uted mandatory work/rest regulations
overning industries such as commercial
viation and commercial trucking.41,47

espite such regulatory activity and an
nviable safety record, the National
ransportation Safety Board has linked

atigue to 10 commercial aviation acci-
ents since 1993, killing 260 people. In-
eed, pilot unions see fatigue as 1 of the
op safety concerns in their industry, de-
pite current regulations.47 Mandatory
egulation of resident work hours began
n New York State in 1989, prompted by
he case of Libby Zion, a young woman
hose death was initially linked to ex-

ended work hours and fatigue of resi-
ent staff caring for her.24 This was fol-

owed by the imposition of current
ational resident work hour restrictions.
lthough such regulations have im-
roved the quality of life of resident phy-
icians, no data exist to document that

edical errors have decreased or that pa-
ient outcomes have improved as a result
f these regulations.48,49 Indeed, the pos-
ibility exists of an overall detrimental ef-
ect of these regulations on patient care
n some busy facilities, as services left un-
erstaffed by mandatory resident depar-
ures from the hospital leave the remain-
ng staff with unmanageable patient
oads.49 However, such problems are
ooted in deep seated faults within the
ealth care delivery system; their solu-
ion probably does not lie with resump-
ion of care by sleep-deprived resident
hysicians.
The average practicing obstetrician

ynecologist works hours significantly
n excess of those allowed for younger

esident physicians.50,51 In addition, o

gy AUGUST 2009
bstetrics remains the only medical
pecialty in which the attending physi-
ian is routinely expected to both man-
ge a critical and potentially life-
hreatening process for 2 patients
uring labor and at the same time see-

ng office patients or performing elec-
ive surgery. Although some might see
his as part of a general devaluation of
omen and children’s health care, pa-

ient expectations are at least as much
o blame. Given the realities of clinical
ractice, it is simply impossible for ev-
ry woman to be delivered by the ob-
tetrician of her choice, without ac-
epting the occurrence of sleep
eprivation-induced cognitive impair-
ent of that health care provider. In a

ecent editorial commenting on sleep
eprivation in medicine, an indepen-
ent government safety consultant ob-
erved, “work shifts of 32 hours with
-3 hours sleep are egregiously beyond
urrent hours-of-service limits, yet
hey can go undetected by the present
nforcement system.”38 Indeed, a re-
ent report from the Joint Commission
oncluded, “The weight of evidence
trongly suggests that extended-dura-
ion work shifts significantly increase
atigue and impair performance and
afety. From the standpoint of both
roviders and patients, the hours rou-
inely worked by health care providers
n the United States are unsafe. To re-
uce the unacceptably high rate of pre-
entable fatigue-related medical errors
nd injuries among health care work-
rs, the United States must establish
nd enforce safe work-hour limits.”52

To date, our profession has demon-
trated little willingness to implement
elf-regulation in this respect. Thus, gov-
rnment imposed regulation of physi-
ian work hours seems increasingly
ikely in a health care system that appears
o be invariably headed toward increas-
ng federal control. Given the regulatory
rack record of the US government, it
eems likely that coming physician work
our restrictions will be both more in-
rusive and less effective than self-im-
osed regulation formulated by those
ost qualified to make such judgments,

amely, the medical community itself. In

bstetrics, this would likely require the
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idespread adoption of a hospitalist
odel of care for laboring patients in a

educed number of facilities, with excep-
ions being made for critical access, rural
ospitals. Such a change would require a
rastic paradigm shift involving physi-
ians, patients, and third-party payers.
owever, the above considerations sug-

est that the current system of inpatient
bstetric care is not tenable in the long
un. If we, as a specialty continue to ig-
ore the problem, we will have no cause

o complain when we find ourselves on
he receiving end of government regula-
ions that do not. f
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