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Captain Guy Adams CTC Aviation
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200,000 preventable deaths 

per year in USA

≈20  large jet airliner crashes 

per week, with no survivors

health care is dangerous
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First, 

do no harm
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20  large jet airliner crashes 

per week, with no survivors
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high-reliability organisations

preoccupied with failure
reluctant to simplify interpretations
sensitive to operations

committed to resilience
defer to expertise

Weicke & Sutcliffe 2001

human factors account for 30-90%  
of accidents  

in hazardous environments
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HUMAN ERROR  
IS  

INEVITABLE

60-70% of an NHS Hospital Turnover is spent on staff
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the complex inter-relationships of cardiac care; 
human factors

all of which can fail

courtesy of Ken Catchpole
http://csmc.academia.edu/KenCatchpole
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How many interactions to be effective?

The 2014 Horace G Smithy Lecture
© Martin Elliott MD FRCS
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how safe is healthcare?

high-reliability 
organisations

Courtesy of Prof James Reason
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Non-Technical 
Causes 
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Eastern Flight 401 29 Dec 1972

poor communication 
loss of situational awareness 

inadequate challenge from junior officers
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Reconstruction from CVR



March 27, 1977 
Terrorist Bomb at Las Palmas

edited from https://www.youtube.com/watch?v=gyOTeaz5aTE 
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poor communication 
non-standard terminology 

co-pilot’s lack of assertiveness 
captain unwilling to accept input 
KLM captains ‘legendary status’ 
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Captain Jacob van Zanten

https://en.wikipedia.org/wiki/Jacob_Veldhuyzen_van_Zanten
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United 173, December 28, 1978
As a result of a relatively minor landing gear problem, 
a United Airlines DC-8 was in a holding pattern while 
awaiting landing at Portland, Oregon.  

Although the first officer knew the aircraft was low on 
fuel, he failed to express his concerns convincingly to 
the captain.  

The plane ran out of fuel and crashed 

http://www.airdisaster.com/investigations/ua173.shtml
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Time% Crew%Member% Words%
18.06.40' 1st'Officer' I'think'you'just'lost'number'four….better'

get'some'cross'feeds'open'there'or'
something'

18:06:46' 1st'Officer' We’re'going'to'lose'an'engine…'
18:06:49' Captain' Why?'
' 1st'Officer' Fuel.'
18:07:06' 1st'Officer' It’s'flamed'out.'
18:07:12' Captain' (to'Portland'Approach)'would'like'

clearance'for'an'approach'on'two'eight'
left,'now'

18:07:27' Flight'Engineer' We’re'going'to'lose'number'three'in'a'
minute,'too.'

18:07:31' Flight'Engineer' It’s'showing'zero'
' Captain' You'got'a'thousand'pounds.'You'got'to.'
' Flight'Engineer' Five'thousand'in'there…but'we'lost'it'
' Captain' Alright'
18:07:38' Flight'Engineer' Are'you'getting'it'back?'
18:07:41' 1st'Officer' No'number'four.''You'got'that'crossUfeed'

open?'
18:07:41' Flight'Engineer' No,'I'haven’t'got'it'open.''Which'one?'
18:07:42' Captain' Open'‘em'both'–'get'some'fuel'in'there.''

Got'some'fuel'pressure?'
' Flight'Engineer' Yes'sir'
18:07:52' Captain' OK,'watch'one'and'two.''We’re'showing'

down'to'zero'or'a'thousand'
' Flight'Engineer' Yeah'
' Captain' On'number'one?'
' Flight'Engineer' Right.'
18:08:08' 1st'Officer' Still'not'getting'it'
18:08:11' Captain' Well,'open'all'four'cross'feeds.'
' Flight'Engineer' All'four?'
' Captain' Yeah'
18:08:19' 1st'Officer' It’s'going'to'be…on'approach'though'
' Unknown'voice' Yeah'
18:08:42' Captain' You'gotta'keep'‘em'running'
' Flight'Engineer' Yes'sir.'
18:08:45' 1st'Officer' Get'this'****'on'the'ground'
' Flight'Engineer' Yeah.'It’s'showing'not'very'much'more'

fuel.'
18:09:16' Flight'Engineer' We’re'down'to'one'on'the'totalizer.''

Number'two'is'empty'
18:13:21' Flight'Engineer' We'just'lost'two'engines,'guys.'
18:13:25' Flight'Engineer' We'just'lost'two'engines'–'one'and'two'
18:13:38' Captain' They’re'all'going.'We'can’t'make'

Troutdale.'
' 1st'Officer' We'can’t'make'****'
'
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“The National Transportation Safety Board determined that the 
probable cause of the accident was the failure of the captain to 
monitor properly the aircraft’s fuel state and to properly respond 
to the low fuel state and the crew-member’s advisories regarding 
fuel state. This resulted in fuel exhaustion to all engine‘s. His 
inattention resulted from preoccupation with a landing gear 
malfunction and preparations for a possible landing emergency.


Contributing to the accident was the failure of the other two flight 
crew members either to fully comprehend the criticality of the 
fuel state or to successfully communicate their concern to the 
captain.”
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1970’s culture

centred around the pilot
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Capt. Chesley “Sully” Sullenberger

“In the bad old days , when the captain 
was a god with a small ‘g’ and a 
Cowboy with a capital ’C’, 

first officers carried little notebooks that 
listed the idiosyncrasies and personal 
preferences of different captains.”

nurses do the same for surgeons
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Prof. Robert Helmreich 
former Prof of Psychology at University of Texas

“There was no concept of a team.  None 
whatsoever.  Captains looked at first 
officers and engineers not as resources but 
as kind of like fire extinguishers: 

“Break the glass if they’re needed””
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“Issue an operations bulletin to all air carrier operations 
inspectors directing them to urge their assigned operators to 
ensure that their flightcrews are indoctrinated in 
principles of flightdeck resource management, with 
particular emphasis on the merits of participative 
management for captains and assertiveness training for 
other cockpit crewmembers.”

NTSB Recommendation after United 173
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flight-deck resource management

cockpit resource management

crew resource management

CRM
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CRM Components
● Communication 

● Leadership Skills 

● Decision-making 

● Situation Awareness 

● Teamworking 

● Managing stress and fatigue 

● Understanding one’s limitation

Non-Technical Skills
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effect of CRM

98% of flights face threat 
Errors occur on 82% of flights 
70% decrease in crashes since the 
inception of CRM
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1. Fishermen 116,0
2. Logging workers 91,9
3. Airplane pilots  70,6
4. Farmers and ranchers 41,4
5. Mining machine operators  38,7
6. Roofers  32,4
7. Sanitation workers 29,8
8. Truck drivers and delivery workers  21,8
9. Industrial machine workers  20,3
10. Police officers  18,0

TOP 10 MOST DANGEROUS US-JOBS IN 2010 
(with fatal work injury rate) 

Slide Courtesy of Manfred Mueller, Lufthansa
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Surgical Culture
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the eye of hawk, the heart of a lion and the hands of a lady
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teaching by humiliation
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cardiac surgeons

“goal-orientated with a strong sense of their own ability 
to control their actions and environment”

“sacrifice their personal needs on the altar of their career”

“may enjoy the positional power that comes with the role”

must be situationally aware, able to marshal available 
resources, initiate rapid changes in management and do so in 

a way that uses adaptive command and control skills

Winlaw DS, Large MM, Jacobs JP, et al. Leadership, surgeon well-being, and other non-
technical aspects of  pediatric cardiac surgery. In: Barach PR, Jacobs JP, Lipschultz SE, et 
al., eds. Pediatric and Congenital Cardiac Care: volume 2: Quality improvement and 
patient safety. London: Springer-Verlag, 2015:293-306. 
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Research clearly demonstrates that in high risk industries teamworking reduces error and provides a safer 

working environment.31 Rather than encouraging an illusory ‘culture of  excellence’, modern, evidence-based 

error management depends on the principle that error is a normal human attribute and must be detected by 

constant vigilance.32 It must also be managed by each and every member of  the team. Surgical errors are rarely 

the result of  a single mistake by an individual and systems factors have been shown to contribute to more than 

80% of  cases.33 Safe care depends on both teamwork and systems. Training in teamworking skills has been 

shown to improve team behaviour as well as safety.34

It has been shown that the accumulation of  minor failures may provoke major failures and affect patient 

outcome. Such minor failures can be detected in otherwise successful operations and offer an important 

opportunity for improvement.35

Currently accepted working practices, inter-disciplinary relationships 
and training methods need to be improved using evidence from 

recent research, performance data and the experience 
of other high risk industries.

Human error is the price we pay for the unique flexibility and inventiveness of  the human brain. The errors we 

make are best seen in a behavioural context as skill-based, knowledge-based or rule-based.36 All team members 

must share a safety culture in which errors are used as an opportunity to learn rather than to blame. All team 

members must be trained to recognise their right and duty to intervene for the protection of  others.37

Error is inevitable; it must be identified and managed 
by all members of the team to improve safety.

Error management requires us to recognise the imperfections of  people and systems, to expect things to go 

wrong and to be ready to avoid, trap or mitigate their effects. Similarly, our personality types and preferences 

must be recognised, their advantages exploited and their disadvantages countered.38 Feedback is essential 

in helping colleagues to become more aware of  when their behaviour is becoming counter-productive and 

adversely affecting performance and morale.

Table 2: Dysfunctional behaviours or ‘derailers’ (after Hogan)38

Strength Derailer

Diligent Perfectionist

Charming Manipulative

Confident Arrogant

Shrewd Mistrustful

Focused Passive aggressive

Careful Cautious

Independent Detached

Imaginative Eccentric

Vivacious Dramatic

Enthusiastic Volatile

Dutiful Dependent

http://www.rcseng.ac.uk/publications/docs/leadership_management.html/?searchterm=giddings
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Don Berwick

QI
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Lucian Leape
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2000
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Marc de Leval

Analysis of a cluster of surgical failures: Application to a series of neonatal arterial switch 
operations  

Marc R. de Leval, MD, FRCS, Katrien François, MD (by invitation), Catherine Bull, MRCP (by invitation), William Brawn, FRCS (by 
invitation), David Spiegelhalter, PhD (by invitation)  

The Journal of Thoracic and Cardiovascular Surgery  
Volume 107, Issue 3, Pages 914-924 (March 1994)  

DOI: 10.5555/uri:pii:S0022522394703507
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The Journal of Thoracic and Cardiovascular Surgery 1994 107, 914-924DOI: (10.5555/uri:pii:S0022522394703507) 
Copyright © 1994 Mosby, Inc. Terms and Conditions

CUSUM
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James Reason

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Reason’s Swiss Cheese Theory 

25/7/2000
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 de Leval MR.  
Human factors and surgical outcomes: a Cartesian dream.  
Lancet 1997;349(9053):723-5.
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Martin Bromiley,  
talking about his wife 

Elaine

The Clinical Human Factors Group

www.risky-business.com
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Bethany and the morcellator

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Bethany Bowen 

Bethany died, 

and, within a year, so did her father

this is her mother, Clare

www.risky-business.com

congenital spherocytosis

2 siblings


elective laparoscopic splenectomy

major teaching hospital

what kind 
of briefing 
do you think
took place?
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Atul Guwande
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“The volume and sophistication of what 
we know has exceeded our ability to 
deliver its benefits correctly, safely or 
reliably.  We need a different strategy”

“There is a different strategy.  It is THE CHECKLIST”

Atul Gawande.  The Checklist Manifesto; how to get things right

Metropolitan Books , New York, 2009 

@ProfMJElliott martin.elliott@gosh.nhs.uk 



short &
 

succinct
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special article

A Surgical Safety Checklist to Reduce Morbidity 
and Mortality in a Global Population
Alex B. Haynes, M.D., M.P.H., Thomas G. Weiser, M.D., M.P.H.,  

William R. Berry, M.D., M.P.H., Stuart R. Lipsitz, Sc.D.,  
Abdel-Hadi S. Breizat, M.D., Ph.D., E. Patchen Dellinger, M.D.,  

Teodoro Herbosa, M.D., Sudhir Joseph, M.S., Pascience L. Kibatala, M.D.,  
Marie Carmela M. Lapitan, M.D., Alan F. Merry, M.B., Ch.B., F.A.N.Z.C.A., F.R.C.A., 
Krishna Moorthy, M.D., F.R.C.S., Richard K. Reznick, M.D., M.Ed., Bryce Taylor, M.D., 
and Atul A. Gawande, M.D., M.P.H., for the Safe Surgery Saves Lives Study Group*

From the Harvard School of Public Health 
(A.B.H., T.G.W., W.R.B., A.A.G.), Massa-
chusetts General Hospital (A.B.H.), and 
Brigham and Women’s Hospital (S.R.L., 
A.A.G.) — all in Boston; University of 
California–Davis, Sacramento (T.G.W.); 
Prince Hamzah Hospital, Ministry of 
Health, Amman, Jordan (A.-H.S.B.); Uni-
versity of Washington, Seattle (E.P.D.); 
College of Medicine, University of the 
Philippines, Manila (T.H.); St. Stephen’s 
Hospital, New Delhi, India (S.J.); St. Fran-
cis Designated District Hospital, Ifakara, 
Tanzania (P.L.K.); National Institute of 
Health–University of the Philippines, 
Manila (M.C.M.L.); University of Auck-
land and Auckland City Hospital, Auck-
land, New Zealand (A.F.M.); Imperial 
College Healthcare National Health Ser-
vice Trust, London (K.M.); and University 
Health Network, University of Toronto, 
Toronto (R.K.R., B.T.). Address reprint re-
quests to Dr. Gawande at the Depart-
ment of Surgery, Brigham and Women’s 
Hospital, 75 Francis St., Boston, MA 02115, 
or at safesurgery@hsph.harvard.edu.

*Members of the Safe Surgery Saves Lives 
Study Group are listed in the Appendix.

This article (10.1056/NEJMsa0810119) was 
published at NEJM.org on January 14, 2009.

N Engl J Med 2009;360:491-9.
Copyright © 2009 Massachusetts Medical Society.

A bs tr ac t

Background
Surgery has become an integral part of global health care, with an estimated 234 
million operations performed yearly. Surgical complications are common and often 
preventable. We hypothesized that a program to implement a 19-item surgical 
safety checklist designed to improve team communication and consistency of care 
would reduce complications and deaths associated with surgery.

Methods
Between October 2007 and September 2008, eight hospitals in eight cities (Toronto, 
Canada; New Delhi, India; Amman, Jordan; Auckland, New Zealand; Manila, Phil-
ippines; Ifakara, Tanzania; London, England; and Seattle, WA) representing a vari-
ety of economic circumstances and diverse populations of patients participated in 
the World Health Organization’s Safe Surgery Saves Lives program. We prospec-
tively collected data on clinical processes and outcomes from 3733 consecutively 
enrolled patients 16 years of age or older who were undergoing noncardiac surgery. 
We subsequently collected data on 3955 consecutively enrolled patients after the 
introduction of the Surgical Safety Checklist. The primary end point was the rate of 
complications, including death, during hospitalization within the first 30 days after 
the operation.

Results
The rate of death was 1.5% before the checklist was introduced and declined to 
0.8% afterward (P = 0.003). Inpatient complications occurred in 11.0% of patients at 
baseline and in 7.0% after introduction of the checklist (P<0.001).

Conclusions
Implementation of the checklist was associated with concomitant reductions in the 
rates of death and complications among patients at least 16 years of age who were 
undergoing noncardiac surgery in a diverse group of hospitals.

C opyright ©  2009 M assachusetts M edica l S ociety. All rights reserved. 
D ownloaded from www.nejm.org at U N IV E R S ITY  C O LLE G E  LO N D O N  on M ay 26 , 2009 . 
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absence of a direct observer nor changes in case 
mix affected the significance of the changes in 
the rate of complications (P<0.001 for both alter-
native models) or the rate of death (P = 0.003 with 
the presence or absence of direct observation in-
cluded and P = 0.002 with case-mix variables 
included). Rates of complication fell from 10.3% 
before the introduction of the checklist to 7.1% 
after its introduction among high-income sites 
(P<0.001) and from 11.7% to 6.8% among lower-
income sites (P<0.001). The rate of death was re-
duced from 0.9% before checklist introduction to 
0.6% afterward at high-income sites (P = 0.18) and 
from 2.1% to 1.0% at lower-income sites (P = 0.006), 
although only the latter difference was signifi-
cant. In the cross-validation analysis, the effect 
of the checklist intervention on the rate of death 
or complications remained significant after the 
removal of any site from the model (P<0.05). We 
also found no change in the significance of the 
effect on the basis of clustering (P = 0.003 for 
the rate of death and P = 0.001 for the rate of com-
plications).

Table 6 shows the changes in six measured 
processes at each site after introduction of the 
checklist. During the baseline period, all six mea-
sured safety indicators were performed for 34.2% 
of the patients, with an increase to 56.7% of 
patients after implementation of the checklist 

(P<0.001). At each site, implementation of the 
checklist also required routine performance of 
team introductions, briefings, and debriefings, 
but adherence rates could not be measured.

Discussion

Introduction of the WHO Surgical Safety Check-
list into operating rooms in eight diverse hospi-
tals was associated with marked improvements 
in surgical outcomes. Postoperative complication 
rates fell by 36% on average, and death rates fell 
by a similar amount. All sites had a reduction in 
the rate of major postoperative complications, 
with a significant reduction at three sites, one in 
a high-income location and two in lower-income 
locations. The reduction in complications was 
maintained when the analysis was adjusted for 
case-mix variables. In addition, although the ef-
fect of the intervention was stronger at some sites 
than at others, no single site was responsible for 
the overall effect, nor was the effect confined to 
high-income or low-income sites exclusively. The 
reduction in the rates of death and complications 
suggests that the checklist program can improve 
the safety of surgical patients in diverse clinical 
and economic environments.

Whereas the evidence of improvement in sur-
gical outcomes is substantial and robust, the ex-

Table 5. Outcomes before and after Checklist Implementation, According to Site.*

Site No.
No. of Patients 

Enrolled
Surgical-Site 

Infection
Unplanned Return to 
the Operating Room Pneumonia Death Any Complication

Before After Before After Before After Before After Before After Before After

percent

1 524 598 4.0 2.0 4.6 1.8 0.8 1.2 1.0 0.0 11.6 7.0

2 357 351 2.0 1.7 0.6 1.1 3.6 3.7 1.1 0.3 7.8 6.3

3 497 486 5.8 4.3 4.6 2.7 1.6 1.7 0.8 1.4 13.5 9.7

4 520 545 3.1 2.6 2.5 2.2 0.6 0.9 1.0 0.6 7.5 5.5

5 370 330 20.5 3.6 1.4 1.8 0.3 0.0 1.4 0.0 21.4 5.5

6 496 476 4.0 4.0 3.0 3.2 2.0 1.9 3.6 1.7 10.1 9.7

7 525 585 9.5 5.8 1.3 0.2 1.0 1.7 2.1 1.7 12.4 8.0

8 444 584 4.1 2.4 0.5 1.2 0.0 0.0 1.4 0.3 6.1 3.6

Total 3733 3955 6.2 3.4 2.4 1.8 1.1 1.3 1.5 0.8 11.0 7.0

P value <0.001 0.047 0.46 0.003 <0.001

* The most common complications occurring during the first 30 days of hospitalization after the operation are listed. Bold type indicates values 
that were significantly different (at P<0.05) before and after checklist implementation, on the basis of P values calculated by means of the chi-
square test or Fisher’s exact test. P values are shown for the comparison of the total value after checklist implementation as compared with 
the total value before implementation.
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D ownloaded from www.nejm.org at U N IV E R S ITY  C O LLE G E  LO N D O N  on M ay 26 , 2009 . 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 360;5 nejm.org january 29, 2009 491

special article

A Surgical Safety Checklist to Reduce Morbidity 
and Mortality in a Global Population
Alex B. Haynes, M.D., M.P.H., Thomas G. Weiser, M.D., M.P.H.,  

William R. Berry, M.D., M.P.H., Stuart R. Lipsitz, Sc.D.,  
Abdel-Hadi S. Breizat, M.D., Ph.D., E. Patchen Dellinger, M.D.,  

Teodoro Herbosa, M.D., Sudhir Joseph, M.S., Pascience L. Kibatala, M.D.,  
Marie Carmela M. Lapitan, M.D., Alan F. Merry, M.B., Ch.B., F.A.N.Z.C.A., F.R.C.A., 
Krishna Moorthy, M.D., F.R.C.S., Richard K. Reznick, M.D., M.Ed., Bryce Taylor, M.D., 
and Atul A. Gawande, M.D., M.P.H., for the Safe Surgery Saves Lives Study Group*

From the Harvard School of Public Health 
(A.B.H., T.G.W., W.R.B., A.A.G.), Massa-
chusetts General Hospital (A.B.H.), and 
Brigham and Women’s Hospital (S.R.L., 
A.A.G.) — all in Boston; University of 
California–Davis, Sacramento (T.G.W.); 
Prince Hamzah Hospital, Ministry of 
Health, Amman, Jordan (A.-H.S.B.); Uni-
versity of Washington, Seattle (E.P.D.); 
College of Medicine, University of the 
Philippines, Manila (T.H.); St. Stephen’s 
Hospital, New Delhi, India (S.J.); St. Fran-
cis Designated District Hospital, Ifakara, 
Tanzania (P.L.K.); National Institute of 
Health–University of the Philippines, 
Manila (M.C.M.L.); University of Auck-
land and Auckland City Hospital, Auck-
land, New Zealand (A.F.M.); Imperial 
College Healthcare National Health Ser-
vice Trust, London (K.M.); and University 
Health Network, University of Toronto, 
Toronto (R.K.R., B.T.). Address reprint re-
quests to Dr. Gawande at the Depart-
ment of Surgery, Brigham and Women’s 
Hospital, 75 Francis St., Boston, MA 02115, 
or at safesurgery@hsph.harvard.edu.

*Members of the Safe Surgery Saves Lives 
Study Group are listed in the Appendix.

This article (10.1056/NEJMsa0810119) was 
published at NEJM.org on January 14, 2009.

N Engl J Med 2009;360:491-9.
Copyright © 2009 Massachusetts Medical Society.

A bs tr ac t

Background
Surgery has become an integral part of global health care, with an estimated 234 
million operations performed yearly. Surgical complications are common and often 
preventable. We hypothesized that a program to implement a 19-item surgical 
safety checklist designed to improve team communication and consistency of care 
would reduce complications and deaths associated with surgery.

Methods
Between October 2007 and September 2008, eight hospitals in eight cities (Toronto, 
Canada; New Delhi, India; Amman, Jordan; Auckland, New Zealand; Manila, Phil-
ippines; Ifakara, Tanzania; London, England; and Seattle, WA) representing a vari-
ety of economic circumstances and diverse populations of patients participated in 
the World Health Organization’s Safe Surgery Saves Lives program. We prospec-
tively collected data on clinical processes and outcomes from 3733 consecutively 
enrolled patients 16 years of age or older who were undergoing noncardiac surgery. 
We subsequently collected data on 3955 consecutively enrolled patients after the 
introduction of the Surgical Safety Checklist. The primary end point was the rate of 
complications, including death, during hospitalization within the first 30 days after 
the operation.

Results
The rate of death was 1.5% before the checklist was introduced and declined to 
0.8% afterward (P = 0.003). Inpatient complications occurred in 11.0% of patients at 
baseline and in 7.0% after introduction of the checklist (P<0.001).

Conclusions
Implementation of the checklist was associated with concomitant reductions in the 
rates of death and complications among patients at least 16 years of age who were 
undergoing noncardiac surgery in a diverse group of hospitals.

C opyright ©  2009 M assachusetts M edica l S ociety. All rights reserved. 
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checklists in cardiac surgery

Congenital Heart Surgery Check List (Template)

PATIENT HAS CONFIRMED
� IDENTITY
� SITE
� PROCEDURE
� CONSENT

DOES PATIENT HAVE A KNOWN 
ALLERGY?
� NO
� YES

� DRUGS
� LATEX
� OTHER

� H&P CURRENT (< 30d)
� WEIGHT RE-CHECKED
� ANESTHESIA SAFETY CHECK 

COMPLETED (Machine and Meds)
� PULSE OXIMETER ON PATIENT 

AND FUN`CTIONING 
DIFFICULT AIRWAY/ASPIRATION RISK?

� NO  
� If YES, 

EQUIPMENT/ASSISTANCE 
AVAILABLE

� INTRAVENOUS ACCESS AND 
FLUIDS PLANNED

� WARMER (blankets and fluids) IN 
PLACE

� BLOOD BANK NOTIFIED AND 
BLOOD PRODUCTS AVAILABLE 
WHEN NEEDED

� SIGN (NURSING):____________________

� SIGN (ANESTH):_____________________

� CONFIRM ALL TEAM MEMBERS HAVE
INTRODUCED THEMSELVES BY NAME
� SURGEON, ANESTHESIA, PERFUSIONIST  

AND NURSE VERBALLY CONFIRM
� PATIENT
� SITE
� PROCEDURE
� IMAGING AVAILABLE AND REVIEWED
� TRANSESOPHAGEAL ECHO (TEE) OR 

OTHER ECHO
� ANTIFIBRINOLYTICS
� ANTIBIOTICS ADMINISTERED (within last 

60 min)
PERFUSION STRATEGY: 

� CANNULATION SITES
� CANNULAE SIZES
� BYPASS PRIME (blood vs prime)
� TARGETED CORE TEMP
� USE OR NON-USE OF DHCA, 

SELECTIVE  CEREBRAL 
PERFUSION

� ICE ON THE HEAD
� OTHER BYPASS 

CONSIDERATIONS (shunts, 
collaterals, AR, LV  venting, 
CARDIOPLEGIA, etc)

ANESTHESIA TEAM REVIEWS: 
� ANY FURTHER PATIENT-SPECIFIC 

CONCERNS?

NURSING TEAM REVIEWS: 
� EQUIPMENT STERILITY CONFIRMED? 
� ARE THERE EQUIPMENT/PROSTHESES 

ISSUES OR ANY CONCERNS?

� SIGN (SURG):_________________________

NURSE VERBALLY CONFIRMS WITH THE
TEAM:

� NAME OF THE PROCEDURE
� THAT INSTRUMENT, SPONGE AND 

NEEDLE COUNTS ARE CORRECT

� HOW THE SPECIMEN IS LABELLED
� INCLUDING PATIENT NAME 
� SENT FOR APPROPRIATE TESTS

� WHETHER THERE ARE ANY 
EQUIPMENT PROBLEMS TO BE 
ADDRESSED

SURGEON, ANESTHESIA PROFESSIONAL 
AND NURSE

� REVIEW THE KEY CONCERNS
FOR POST-OP RECOVERY AND 
MANAGEMENT OF THIS PATIENT

� BLOOD PRODUCTS USED
� BLOOD PRODUCTS STILL AVAILABLE
� BREAKS IN TECHNIQUE

� SIGN (NURSING):_________________________

� SIGN (SURG):____________________________

Before Induction
SIGN IN

Before Skin Incision
TIME OUT

Before Patient Leaves Room 
SIGN OUT

@ProfMJElliott martin.elliott@gosh.nhs.uk 



standardise 

until you absolutely have to 

improvise

Dr Kevin Fong

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Prof Charles Vincent Prof Rhona Flin Mr Peter McCulloch

If CRM, checklist, assessment and training are so 
effective, why are they not everywhere in the NHS?

@ProfMJElliott martin.elliott@gosh.nhs.uk 



inconsistent leadership
complexity of organisation
voluntary not compulsory

local preference and investment
hard to sustain

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Guy Hirst “We had some great successes when 
proper initiatives were put in place 
and the outcomes were most 
impressive.  That however was usually 
the exception rather than the rule.


I was incredulous at the way the 
surgical checklist was introduced.  
Like many initiatives in healthcare, it 
was poorly thought out.”


No nuance, no explanation and poor 
training.  No wonder it has become a 
crude auditing tool.

@ProfMJElliott martin.elliott@gosh.nhs.uk 



every procedure should have a checklist

every procedure has one,  
but are they any good?



the black box
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the simulator
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Line Operations Safety Audit

@ProfMJElliott martin.elliott@gosh.nhs.uk 



no compulsory training, 
no regular technical assessment, 

no regular observation of my performance

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Appraisal

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Revalidation

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Technische Universität MünchenLehrstuhl für Ergonomie

Simulatorstudie zu manuellen Flugfertigkeiten
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54% 
(8)

47% (5)

39% (4) 55%

53% 

42% 47%

41% 
(6)

37% 
(6) 

33% (ne)

(4) 33% 

(ne)
(ne)31% (ne)

56%

Simulator Study: manual flying skillsRisk:                        >10-6                                                           <10-7

Stanine 
Psychomotoric

Correlation SIM-Study DLR-Test (CP A346)

6                   5                    4                    3                    2                    1

Correlation r = -0,87

grade

DLR 
German           Air 
and Space 
Center
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"Altitude Chart for Flight 4U9525 register D-AIPX" by 
Giovanni Rafael Di Rosario Garcia, bearbeitet von Lämpel - 
Own work. Licensed under CC BY-SA 4.0 via Commons - 

https://commons.wikimedia.org/wiki/
File:Altitude_Chart_for_Flight_4U9525_register_D-

AIPX.png#/media/
File:Altitude_Chart_for_Flight_4U9525_register_D-AIPX.png



ken catchpole
ari darzi, peter mcculloch
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   14  I  Inspired Care. Inspiring Science

Dr. Teodor Grantcharov developed a “black box,” similar 
to that used in the airline industry, for use in operating 
rooms. The goal was to improve patient safety and 
outcomes by identifying where errors occured in the OR 
and teaching surgical teams how to prevent them. 

The box is about the size of a box of tissues or a thick 
book and it records almost everything that goes on 

in the OR, such as video of the surgical procedure, 
conversations among health care workers, room 
temperature and decibel levels. It works only for 
laparoscopic, or minimally invasive, surgeries that insert 
video cameras in thin plastic tubes into small incisions 
in the body that allow the surgeon to see what is going 
on inside the patient.

“Black box” - a tool to improve patient safety in the 
operating room

Dr. Teodor Grantcharov and his team 
during a minimally invasive surgery being 
recorded by the “black box.”

St Michael’s Hospital Toronto

records everything, 
(including 
conversations) 
but only for endoscopic 
surgery

Dr Teodor Grantcharov

@ProfMJElliott martin.elliott@gosh.nhs.uk 



The Law of False Equivalence

just because it worked in aviation doesn’t mean it will work elsewhere

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Ed Hickey

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Ward

R
is

k

Time

Home

OR ICU

Washington London





Ward

R
is

k

Time

Home

OR ICU

Flightplan





T

T
TT

T



ET

T
TT

T



ET

T
TT

T

Detection 
&  

Rescue



ET

T
TT

T
U



ET

T
TT

T
U

Unintended state 
Deviation from original plan



ET

T
TT

T
U

Recovery



ET

T
TT

T
U

E
U



ET

T
TT

T
U

E
U E

U
U



ET

T
TT

T
U

E
U E

U
U

CYCLES



ET

T
TT

T
U

E
U E

U
U

CYCLES

Progressive loss of  
safety margins



ET

T
TT

T
U

E
U E

U
U

CYCLES

Progressive loss of  
safety margins

Harmful 
outcome



THREATS 

Terrain	  

Weather	  

Malfunctions	  

External errors	  

Operational stressors	  

Latent culture



Terrain	  

Weather	  

Malfunctions	  

External errors	  

Operational stressors	  

Latent culture

Disease	  
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Latent culture

Corollaries in Surgery 
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Open forum flightplan review 

Dedicated 1.0 FTE tracking of  journey 
 - All clinical charts tracked 
 - Interviews with all staff  
 - Echos and imaging all reviewed 
 - Lab results scoured

Flightplan
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(amplifying error)
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(amplifying error)

Total 
patient 
flights 

N=524

Any error 

N=257

Apical OR 
error 

N=94

Cycles of  
error  

  

N=110

Amplifying 
errors 

N=51

Failed de-
escalation 

N=64
Brain injury 
(N=13, 2%) 

10 (4%) 
P=.05

5 (5%) 
P=.07

9 (8%) 
P<.0001

7 (14%) 
P<.0001

9 (15%) 
P<.0001

Death (N=7, 
1%)

6 (2%) 
P=.06

4 (4%) 
P=.02

4 (4%) 
P<.0001

4 (8%) 
P=.002

7 (11%) 
P<.0001



50% of  all patients experience error 

Most errors (33% of  all patients) are 
clinically consequential 

Most clinically consequential errors lead 
to further cycles of  error or unintended 

state



Highest-performers: 

Hypervigilant 

Continuously problem-solving 

Anticipate failure

>30,000 airline crews observed during 
LOSAs
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LOSAs in operating room

• To implement an aviation 
style of  evaluation in the 
cardiac operating room. 

• To identify all potential 
operative threats.



An1 An2

S SA

NS P1 P2

NC

Operating Room Setup

S Leading Surgeon 
SA Assistant Surgeon 
An Anaesthetist 
NS Scrub Nurse 
NC Circulating Nurse 
P Perfusionist





• Absence 
• Coordination/Communication 
• Decision Error 
• Distraction 
• Workspace Management 
• External Pressures 
• External Resource Failure 
• Fatigue 
• Patient/Morphological Procedural 
• Psychomotor Error 
• Sterility 
• Team Conflict 
• Technical Difficulties 
• Temperature Control of  Patient 

Threat Classification

Catchpole KR et.al. (2006)



Total count of  threats in 21 operations: 

N=880



3.	  Database	  Entry

Surgery

2.	  Discussion	  with	  Surgeon

1.	  Data	  Collection

Critical	  
Care	  Unit

1.	  Morning	  Rounds	  

2.	  Data	  Collection

4.	  Database	  Entry

3.	  Discussion	  with	  Staff

Ward

1.	  Data	  Collection

3.	  Data	  Collection
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Data	  Analysis

Performance	  
Rounds

Performance tracking initiative



Name                                                                                                                                                                   Age                                                      Weight                                 Surgeaon+Fellow                         Anesth                              ICU                            Cardio

Name 110110- F                                                   2y 8m 14d                  11.50  Kg             JC+ DT        KC            AK          GG
Diagnosis                                                                                                                                                                                                                       Intervention  

 Secundum  ASD, RV dilation   Sep 10,Secundum ASD closure

Other Diagnosis                                                                                                                                                                                                         Previous Intervention



Excellent for team 

Educational 

Improves accountability 

Awareness and follow-up  

Problems solved fast



20 years of  training 

No guidance on performing in or managing 
degraded situations 

Yet, crew resource management has been 
mandatory in pilot training for >20 years!
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The cardiac surgical operating room (OR) is a complex 
environment in which highly trained subspecialists inter-

act with each other using sophisticated equipment to care for 
patients with severe cardiac disease and significant comorbidi-
ties. Thousands of patient lives have been saved or significantly 
improved with the advent of modern cardiac surgery. Indeed, 
both mortality and morbidity for coronary artery bypass 
surgery have decreased during the past decade (Figure 1).1 
Nonetheless, the highly skilled and dedicated personnel in 
cardiac ORs are human and will make errors. In 1991, Leape 
and colleagues2,3 estimated that among the 2 million patients 
hospitalized in New York in 1984, there were 27 179 adverse 
events that involved negligence; other evidence suggests that 
up to 16% of hospital inpatients are harmed.4 Gawande and 
associates5 found that the incidence of surgical adverse events 
was 12% among cardiac surgery patients versus 3% in other 
surgical patients; 54% of the adverse events were considered 
preventable. Of the roughly 350 000 to 500 000 patients who 
undergo cardiac surgery each year, 28 000 will have an adverse 
event, and one third of deaths associated with coronary artery 
bypass graft (CABG) operations may be preventable.6

Refined techniques, advanced technologies, and enhanced 
coordination of care have led to significant improvements in 
cardiac surgery outcomes. However, more than 10 years after 
the Institute of Medicine report,7 there is little evidence that 
much progress has been achieved in reducing or preventing 
errors.8 The tools to measure potential risks and interventions 
to improve patient safety are still in the early stages of devel-
opment and testing,9 and funding for patient safety studies 
remains inadequate. Published studies provide only limited 
evidence of improved outcomes.8,9 Furthermore, much of the 
existing research is, by necessity, qualitative and descriptive 
and thus does not lend itself to traditional quantitative statis-
tical analysis. Therefore, many clinicians are not conversant 
with such research.

Preventable errors are often not related to failure of techni-
cal skill, training, or knowledge but represent cognitive, sys-
tem, or teamwork failures (Figure 2).10–14 Nontechnical skills 
such as communication, cooperation, coordination, and lead-
ership are critical components of teamwork, but limited inter-
personal skills often underlie adverse events and errors.15–17 
In a review of litigated surgical outcomes, communication 
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Why have we not done as well 
as airlines?

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Prioritisation and Leadership

safety must be the top priority

leadership (and messaging) must be consistent

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Financial Pressures

safety must NOT be compromised

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Continental CEO Jeff Smisek 
  

(committed to cost saving:  
worked one year without getting salary)  

2010 „Manager of the year“  

2004 bis 2009                             
„Most Admired Global Airline“  

„Highest  Ranked Network Airline“ 



Continental Airlines 

Safety is our top priority: Flights can stop for extra fuel en route if 
necessary!    

Continental Airlines fuel emergencies  

(less than 30 minutes of fuel!) at Newark Airport 

2005: 19   
2006: 42 
2007: 96 



Optional and Local

Variably Implemented in Core Training

In-service performance assessment 
unsophisticated 

@ProfMJElliott martin.elliott@gosh.nhs.uk 



aircraft tend to be  
more predictable  

than patients

Helmreich RL. 

On error management: lessons from aviation. 

BMJ 2000;320:781–5 

it’s harder for us, but we can do much better

@ProfMJElliott martin.elliott@gosh.nhs.uk 



First, 

do no harm

@ProfMJElliott martin.elliott@gosh.nhs.uk 



With Thanks to 

Captain Guy Adams, CTC Aviation
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“The single greatest impediment to error 
prevention in the medical industry is that 
we punish people for making mistakes”

Professor Lucian Leape 2009



10/19/2015 The NHS safety record needs to be as good as the airline and motor industries | Opinion | Health Service Journal

http://www.hsj.co.uk/comment/the-nhs-safety-record-needs-to-be-as-good-as-the-airline-and-motor-industries/5081758.article#.ViT6gBCrTFQ 4/4
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the "guidelines" are mandatory and policed by senior clinicians and you get fired if you do not follow the

"guideline" without strong clinical evidence behind your choice. Here we have the widest variations in

practice between clinicians and this is supported by the law and Royal College independence. 

Until this issue is addressed in a mature way and with real commitment to reduce variation and get the

majority to follow "best practice guidelines" you never will get anywhere near the airline pilot who MUST

follow agreed procedures.

It is all in the culture and attitudes but change must be led by the senior clinicians and i am not aware of

any of them addressing this issue as yet?

George Webb | 16Feb2015 3:52 pm

Why do we continue to compare health to the motor and air industries. Some of the technology is

transferable and some of the systems but not all. Why not compare health to nuclear systems protection?

They use triple monitoring to guard against technology or system errors and fail safe where possible. As an

ex electrical engineer with some knowledge of automation I have experienced system failures even in the

best of

equipment. It is time that experts stuck to what they know and stop acting as poly maths.

Jerry Luke | 17Feb2015 0:23 am

As a GP I am happy to follow guidelines that have been developed in General Practice. Most of them have

been produced from secondary care using tightly defined heterogenous groups, as such they have no

bearing on my daily work.

Producing guidelines that really do apply to primary care are incredibly difficult to do, which is why we

ignore most guidelines.

Long live Kaiser, but only if they are right

Share this

Post a comment


