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19 hours of wakefulness

(at 3 am) induces impairment 

equivalent to blood alcohol 

concentration of 0.05%

24 hours of wakefulness

(at 8 am) induces impairment 

equivalent to blood alcohol 

concentration of 0.10%

D. Dawson and K. Reid, Nature

388: 235, 1997Christian Cajochen,PhD
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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
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Huber, Ghilardi,

Massimini and 

Tononi. Nature 

2004

Sleep loss: Impact 

on learning and 

memory 

consolidation

The sleep that you 

obtain the night after 

learning a task is 

critical for memory 

consolidation



Wertz A, Ronda JM, Czeisler CA, Wright Jr 
KP.  JAMA 295: 163, 2006.

Time Course of Deficits from Sleep 
Inertia

SLEEP INERTIA:  Thalamus and frontal 
cortex are particularly slow to recover 
in the first 15-30 minutes after 
awakening

Focal loss of fMRI activationto an attention task following a 45 
minute sleep episode at 4 am.  SE McCormack, BR Rosen, K 
Kwong, D Aeschbach, CA Czeisler, unpublished
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http://www.bioon.com/book/biology/whole/html/

Human circadian pacemaker in suprachiasmatic nucleus (SCN) of hypothalamus 

drives paradoxical timing of circadian variation in sleep tendency

Cajochen C, Khalsa SBS, Wyatt JK, Czeisler CA, 

Dijk D-J. Am J Physiol 277: R640-R649, 1999



Slow Eye Movements While Awake

Cajochen et al., 2000
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Courtesy of David Weaver, Ph.D.
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Paradoxical Timing of Circadian Sleep Propensity Rhythm
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PVT performance lapses KSS subjective sleepiness

Cumulative adverse effects of chronic sleep restriction were 

greater in objective performance than subjective awareness

4h TIB

4h TIB
6h TIB

6h TIB

8h TIB
8h TIB

deficits

Objective performance Subjective awareness

Van Dongen et al. Sleep (2003)



Slow Eye Movements While Awake

Cajochen et al., 2000
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Cohen DA, Wang W, Wyatt JK, KronauerRE, Dijk D-J, Czeisler CA, KlermanEB. Uncovering residual 
effects of chronic sleep loss. ScienceTranslMed 2: 14ra3, 2010.

Chronic Sleep Curtailment Accentuates Vulnerability to 
Extended (>24-h) Wakefulness

Daniel Cohen, MD
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Temporal Distribution of

Fatigue-related Single Vehicle

Truck Accidents
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Markel, H. N Engl J Med 2005;352:966-968

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, 

ñresidencyò was literal: he required doctors 
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

é by the age of 33, the physician [William 
Stewart Halsted] faced é a losing battle 

against a relentless addiction to 

cocaine. Yet éhe was 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 
surgeons ever to wield a scalpel. 

Markel, H. The Accidental Addict.  

N Engl J Med 2005;352:966-968

Tracing the History of the Residency 
Training System in the US



Sleep Deprivation and Errors in Detection of 
Cardiac Arrhythmias from ECG

Medical 

Interns

Rested Sleep 

Deprived

Sleep in prior 

32 h

7.0 h 

(5.5-8.5 h)

1.8 h

(0-3.8 h)

p < 

0.001

Errors on 

ECG 

sustained 

attention task

5.21 0.93 9.64 1.41 p < 

0.001

Friedman et al., N Engl J Med285: 201, 1971
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N = 2,737

Mean = 2.6 h on-
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House staff sleep ~5% 
of duty hours

Barger LK, Cade BE, Ayas N, Cronin JW, Rosner B, Speizer FE, Czeisler CA. 
N EnglJ Med2005;352:125-134. 



ACGME Senior Vice President: 

Ingrid Philibert, SLEEP 28: 1392, 2005

Meta-analysis of 60 studies on the effect of sleep 
deprivation 
N = 959 physicians & 1,028 non-physicians

On average, after 24-30 hours of wakefulness, 

ñindividuals in the middle of the cohort 

performed comparably to individuals at the 

15th percentile of the rested groupò

On average, after 24-30 hours of wakefulness, 

ñfor clinical performance physicians performed 

at the 7th percentile of the comparison groupò
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on extended (>24h) 
shifts

0-4 >4-8 >8-12 >12-16>16-20>20-24>24-28>28-32>32-36>36-40

P
e
rc

e
n
ta

g
e
 o

f 
to

ta
l 
w

o
rk

 h
o
u
rs

0

10

20

30

40

50

Work episode duration (h)

0-4 >4-8 >8-12 >12-16>16-20>20-24>24-28>28-32>32-36>36-40

P
e
rc

e
n
ta

g
e
 o

f 
to

ta
l 
w

o
rk

 h
o
u
rs

0

10

20

30

40

50

A Traditional

C

Sleep duration (h) in preceding 24 h

0-2 >2-4 >4-6 >6-8 >8-10 >10-12 >12-14 >14-16 >16-18

P
e
rc

e
n
ta

g
e
 o

f 
to

ta
l 
w

o
rk

 h
o
u
rs

p
e
r 

s
c
h
e
d
u
le

 t
y
p
e

0

5

10

15

20

25

30

35

40

45

50

B

Traditional

Intervention

Intervention

Lockley SW, Cronin JW, Evans EE, Cade BE, Lee CJ, Landrigan CP, Rothschild JM, 
Katz JT, Lilly CM, Stone PH, Aeschbach D, Czeisler CA. N Engl J Med. 2004;351:1829.

Steven Lockley, PhD



Attentional Failures at Night: 11pm-7am
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Å0.69 (traditional) vs. 0.33 (intervention) attentional failures per hour, p=0.02

=Traditional

=Intervention

Lockley SW, Cronin JW, Evans EE, Cade BE, Lee CJ, Landrigan CP, Rothschild JM, 

Katz JT, Lilly CM, Stone PH, Aeschbach D, Czeisler CA. N Engl J Med. 2004;351:1829.
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Sleep deprivation vs. continuity
ÅIntra-operative exchanges of anesthesia personnel 

associated with discovery of preventable error or 
cause of error Cooper et al., Anesthesia, 1982

ÅCross coverage associated with an increased risk of 
errors (OR 6.0) Petersen et al., Ann. Int. Med 1994

ÅIncreased rick can be successfully mitigated with 
structured sign out (computer-based checklist) 
Petersen et al., Joint CommJ on QI 1998

ÅConcern was raised that limiting work hours and 
thereby increasing number of providers could 
increase error rates due to cross-coverage / 
handoffs



KEY EXPERIMENTAL QUESTION:

Would fewer serious medical errors occur in the ICU when
interns worked on:
1. Current standard TRADITIONAL team of 3 residents working on 

a Q3 schedule which minimized handoffsby relying on 
repetitive 30-hour scheduled work shifts; or

2. An INTERVENTION team of 4 residents working on a schedule 
with 2-fold increase in handoffs in order to limit scheduled 
work shifts to no greater than 16 hours  [unable to implement 
2001 AAMC guidance of <12 hours]guidance of <12 hours]

Landrigan CP, Rothschild JM, Cronin JW, KaushalR, Burdick E, Katz JT, Lilly CM, 
Stone PH, Lockley SW, Bates DW, Czeisler CA. N Engl J Med2004;351:1838-1848

Christopher Landrigan, 
MD, MPH



Å36% more 

serious medical 

errors on 30-h shifts

Å464% more 

serious diagnostic 

errors in the ICU

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.

ERROR RATES 

PER 1,000 

PATIENT DAYS

TRADITIONAL

Schedule
INTERVENTION

Schedule
p

Serious Medical 

Errors - House Officers

136.0 

[+35.9%]

100.1 <0.001

Preventable AEs 20.9 

[+26.7%]

16.5 0.21 

NS

Serious 

Diagnostic Error
18.6 

[+464%]

3.3 <0.001

Non-intercepted 

Serious Errors

44.8

[+56.6%]

28.6 <0.001

Effect of Reducing InternsôWork Hours on Serious Medical 

Errors in Intensive Care Units



Preventable Adverse Events
ω1 of every 5 interns admitted to making a fatigue-
related mistake that injured a patient
( 700% when interns worked >24 consecutive hours)

ω1 of every 20 interns admitted to fatigue-related 
mistake that resulted in the death of a patient    
( 300% in months interns worked five >24 hour shifts)

Impact of Extended Duration
Shifts on Medical Errors, 
Adverse Events and Attentional 
Failures

Barger LK, Ayas NT, Cade BE, Cronin JW, Rosner B, Speizer FE, Czeisler CA. 
PLoSMedicine2006; 3:2440-2448.

Laura Barger, PhD




