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DETERMINANTS OF ALERTNESS, SLEEP

PROPENSITY AND PERFORMANCE

A Consecutive
Waking Hours

A Sleep Inertia

A Biological Time
of Day (circadian
rhythms)

A Night Sleep
Duration

A Use of Stimulants
or Hypnotics

A Underlying Medical
Condition/Age



Performance Impairment in
Cognitive Psychomotor
Performance

19 hours of wakefulness
(at 3 am) induces impairment
equivalent to blood alcohol

concentration of 0.05%

W 24 hours of wakefulness
<

5 ) (at 8 am) induces impairment
=1 = T equivalent to blood alcohol

concentration of 0.10%

— Y~ D. Dawson and K. Reid, Nature
Christian Cajochen,PhD FreSirarriacDt = 388 2351 1997
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% Cajochen C, Khalsa SBS, Wyatt JK, Czeisler CA, Dijk D-J. Am J Physiol 277: R640-R649, 1999
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PET study of sleep-deprived healthy adults.
Relative to normal wakefulness, sleep deprivation was
associated wvath decreased meiabollsm in thalamus,
prefrontal cortex, and infenor parietal corlex.
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Courtesy of T. Balkin, WRAIR, USAMRMC (data from Thomas et al., J
Sleep Res, 2001); prepared by David Dinges and provided by ACGME



1 July 2004 International weekly journal of science

Sleep loss: Impact
on learning and

memory
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‘Local sleep' helps the brain learn



Time Course of Deficits from Sleep
Inertia
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agif KP. JAMA 295: 163, 2006.

SLEEP INERTTFhalamus and frontal
cortex are particularly slow to recover
in the first 1530 minutes after
awakening

Wertz A, Ronda JM, Czeisler CA, Wright Jr Focal loss of fMRI activatido an attention task following a 45
minute sleep episode at 4 am. SE McCormack, BR Rosen, K
Kwong, D Aeschbach, CA Czeisler, unpublished



Human circadian pacemaker in suprachiasmatic nucleus (SCN) of hypothalamus
drives paradoxical timing of circadian variation in sleep tendency
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Slow Eye Movements While Awake

Circadian Phase
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% Awake Fall Asleep

Melatonin

Paradoxical Timing of Circadian Sleep Propensity Rhythm

'1*{ T T T T T I T T T T T
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Courtesy of David Weaver, Ph.D.
Dijk DJ, Shanahan TL, Duffy JF, Ronda JM, CzEkler
JPhysiol(Lond 1997:851



Cumulative adverse effects of chronic sleep restriction were
greater in objective performance than subjective awareness

Subjective awareness
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Van Dongen et al. Sleep (2003)




Slow Eye Movements While Awake

Circadian Phase

400 10y,

14

ChristianCajochen PhD

7% of Recording Time

I
1
\\|
N
N

Approximate Time of Day

Cajochen et al., 2000


http://www.google.com/imgres?imgurl=http://www.upkbs.ch/pic/UPK/cajochen.jpg&imgrefurl=http://www.yasni.de/cajochen/person+information&usg=__ybdETKH3FgNDR-aOxW_bZ0EK4UE=&h=201&w=177&sz=44&hl=en&start=17&zoom=1&um=1&itbs=1&tbnid=dF5NKCK9lZ2PVM:&tbnh=104&tbnw=92&prev=/images?q=cajochen+christian+basel&um=1&hl=en&sa=N&rlz=1T4_____enUS338US345&tbs=isch:1

Science

Tranclational  Chronic Sleep Curtailment Accentuates Vulnerability
1€ Extended (>24) Wakefulness

Length of time on sleep-wake schedule (weeks)
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Tracing the History of the Residency
Training System in the US

William Stewart Halsted Performing

Surgery at Johns Hopkins Hospital, 1904

The punishing life of the resident, like
many other features of graduate medical
education in America, was a product of
innovations in medical education made
by William Halsted, M.D., who founded
the vastly influential surgical training
program at the Johns Hopkins Hospital
during the 1890s. For Halsted,
Aresidencyo was | iteral
in training to live at the hospital, and he
discouraged his charges from marrying to

ensure that they gave their all to the
profession.

Farley P. Yale Medicine, 2004

€ by the age of 33, the
Stewart Halsted] faced

against a relentless addiction to

cocaine. Y e t heévas appointed [the
first Professor of Surgery at the Johns
Hopkins Medical School and Surgeon in
Chief at the hospital] and enjoyed
international renown as one of the greatest Markel, H. N Engl J Med 2005;352:966-968

surgeons ever to wield a scalpel. | o NEW ENGLAND
Markel, H. The Accidental Addict. JOURNAL of MEDICINE
N Engl J Med 2005;352:966-968




Sleep Deprivation and Errors in Detection of
Cardiac Arrhythmias from ECG

Medical Rested Sleep
Interns Deprived
Sleep in prior 7.0h 1.8 h p <
32h (5.5-85h) | (0-3.8h) | 0.001

Errors on
ECG 521 0931964 141 P <

. 0.001
sustained
attention task

Friedman et al.N Engl J Me@85: 201, 1971
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Harvard Work Hours, Health and Safety Gro

Division of Sleep Medicine Center for Patient Safety
w Laura K. Barger, PhD w David W. Bates, MD
w Christopher P. Landrigan, MD, MPH w Jeffrey M. Rothschild, MD
w Steven W. Lockley, PhD w RainuKaushal MD
w NajibT.Ayas MD
® Jo_hn W. Cronin, MD Center for Medical Simulation
8 Frgffvifn;NB? hO. NRSYS W Erik K. Alexander, MD

. ' ‘w James A. Gordon, MD, MPA
w PatrickGlew BA
w Brian Cade, BS Channing Laboratory
w DanielAeschbachPhD w Frank E. Speizer, MD
w Joseph M. Ronda, MS w Dean M. Hashimoto, MD
w Alex Cutler, BS w Bernard A. Rosner, PhD

BWH Department of Medicine

w Joel T. Katz, MD Director, Internal Medicine Residency Program
w Peter H. Stone, MD CaDirector, Cardiac Care Unit (CCU)

w Craig M. Lilly, MD  Director, Medical Intensive Care Unit (MICU)



Percentage of monthly reports
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House staff sleep ~5%
of duty hours
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Mean = 2.6 h on
call sleep
10
N=2,737
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Barger LK, Cade BE, Ayas N, Cronin JW, Rosner B, Speizer FE,(¥xeis

Reported hours of sleep obtained during extended duration work shifts

N EnglJ Med2005;352:125134.
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Meta-analysis of 60 studies on the effect of sleep
deprivation
N = 959 physicians & 1,028 ngnysicians

On average, after 24-30 hours of wakefulness,
Nt ndi vidual s I n the mi
performed comparably to individuals at the

15t percentleof t he rested g

On average, after 24-30 hours of wakefulness,
N f aimcal performance physicians performed
atthe 7thpercentieof t he compar

ACGME Senior Vice President:
Ingrid Philibert, SLEEP 28: 1392, 2005
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The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 OCTOBER 28, 2004 VOL.351 NO.18
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Sleep deprivation vs. continuity

A Intra-operative exchanges of anesthesia personnel
associated with discovery of preventable error or
cause of €I'TOLooper et al., Anesthesia, 1982

A Cross coverage associated with an increased risk of
errors (OR 6.®etersen et al., Ann. Int. Med 1994

A Increased rick can be successfully mitigated with

structured sign out (computebased checklist)
Petersen et al., JoidommJ on QI 1998

A Concern was raised that limiting work hours and
thereby increasing number of providers could
Increase error rates due to cressverage /
handoffs



The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 OCTOBER 28, 2004 VOL.351 NO.18

KEY EXPERIMENTAL QUESTION:

Would fewer serious medical errors occur in the ICU when

intel’nS Worked on. Christo;;her Landrigan,

1. Current standard TRADITIONAL team of 3 residents working dt ™"
a Q3 schedule whiciminimized handoffsby relying on
repetitive 30-hour scheduled work shiftsor

2.  An INTERVENTION team of 4 residents working on a schedule
with 2-fold increase in handoffen order to limit scheduled
work shifts tono greater than 16 hourqunable to implement
2001 AAMC guidance of <12 hout:]

m_g? Landrigan CP, Rothschild JM, Cronin 8lishaR, Burdick E, Katz JT, Lilly Cr?__ % |
StonePH, Lockley SW, Bates DW, CzeislerNCEngl J Me@004,;351:1838L848 |
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ESTABLISHED IN 1812 OCTOBER 28, 2004 VOL.351 NO.18

Effect of Reducing InternsoWork Hours on Serious Medical
Errors in Intensive Care Units

ERROR RATES
£86% more SIS TRADITIONAL | INTERVENTION
- : PATIENT DAYS Schedule Schedule P
serious medical _ _
_ Serious Medical 136.0 100.1 <0.001
errors on 30—h S h |fts Errors - House Officers [+35.9%)]
Preventable AEs 20.9 16.5 0.21
0 [+26.7%] NS
M64 Yo more Serious 18.6 3.3 <0.001
serious diagnostic |Pe9nosticBror | [+464%)
. Non-intercepted 44.8 28.6 <0.001
errors in the ICU Serious Errors [+56.6%)]
IIERES

P2 Landrigan CP, Rothschild JM, Cronin JW, Kaushal R, Burdick E, Katz JT, Lilly CM, -
% Stone PH, Lockley SW, Bates DW, Czeisler CA. N Engl J Med 2004;351:1838-1848.



Impact of Extended Duration

PL()S Shifts on Medical Errors,
M E D l C | N E Adverse Events and Attentiona

Failures

Preventable Adverse Events
wl of every 5 internsadmitted to making a fatigue

related mistake thatinjured a patient
(1700% when interns worked >24 consecutive hours)
ol of every 20 internadmitted to fatigue-related

mistake that resulted in thedeath of a patient
(T300% in months interns worked five >24 hour shifts)

Laura Barger, PhD

Barger LK, Ayas NT, Cade BE, Cronin JW, Rosner B, Speizer FE, Czei:?__ 4
PLoSMedicine2006; 3:2442448.







