








Wahr et al

Patient Safety in the Cardiac Operating Room 19

Table 3. Applying Classification of Recommendations and Level of Evidence

A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the guidelines do not
lend themselves to clinical trials. Alithough randomized trials are unavailable, there may be a very clear clinical consensus that a particular test or therapy is useful or effective.
*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history of prior

MI, history of heart failure, and prior aspirin use.

tFor comparative effectiveness recommendations (Class | and lla; Level of Evidence A and B only), studies that support the use of comparator verbs should involve

direct comparisons of the treatments or strategies being evaluated.

Recommendations for Future Action and
Research: A “Call to Action” for Patient Safety
WHO has made the reduction of surgical errors one of its pri-
mary goals. WHO published guidelines in 2008 that identified
multiple recommended practices to ensure the safety of surgi-
cal patients.”! However, errors persist. Traditional approaches
to reducing human error, typically driven by hospital or profes-
sional society quality assurance committees, have established
precedents that make significant improvements in patient safety
difficult. A few interventions are supported by currently avail-
able, albeit limited evidence, as noted in each topic area above.
Priority for implementation of these interventions would almost
certainly improve patient safety. Furthermore, a concerted effort
to expand the scientific study of human error as a unique area of
clinical research could provide opportunities to improve patient
safety in the cardiac OR, as well as other surgical and interven-
tional settings (eg, the cardiac catheterization suite). Specific
areas of study would certainly include (1) research to better

understand communication failures and breakdowns in team-
work; (2) the best way to implement and reinforce interventions
to improve communication and teamwork (eg, teamwork train-
ing, briefings and debriefings, and simulation); (3) interventions
to promote professionalism and safety culture; and (4) OR ergo-
nomics, including ideal space and layout to minimize flow dis-
ruptions and personnel traffic. Ideally, both provider outcomes
such as behavior change and communication skills and patient
outcomes such as morbidity (eg, infections) and costs would be
measured.

Opportunities to Facilitate Translation of Current
Knowledge Regarding Communication and
Teamwork Into Clinical Practice

Table 3 displays the American College of Cardiology
Foundation and American Heart Association scheme for the
classification of recommendations and level of evidence. The
writing group’s conclusions and recommendations using this
classification scheme are listed below.
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Communication failures are common and have been impli-
cated as a cause of error and adverse outcomes in both general
and cardiac surgery.t Research in aviation and the military has
demonstrated that team training can facilitate improved coordi-
nation and enhanced performance. Substantial data do exist in
surgical settings regarding the impact of training in nontechni-
cal communication skills; for example, checklists, briefings and
debriefings, other structured communication tools and protocols,
team training, and simulation training.3 However, except for the
standardized time-out process, which is required by The Joint
Commission, widespread adoption of standardized critical inter-
action by use of protocols has not occurred in cardiac or other
ORs. Furthermore, in a few longer-term studies of team training,
it appears that improvements are not easily sustained.!®+1°7:1%

Recommendations

1. Checklists and/or briefings should be implemented
in every cardiac surgery case, and postoperative
debriefings should be encouraged by leadership in
cardiac ORs (Class I; Level of Evidence B).

2. Team training to improve communication, leadership,
and situational awareness should be implemented in
cardiac ORs and should involve all members of the
cardiac operative team (Class I; Level of Evidence B).

3. Formal handoff protocols should be implemented
during transfer of the care of cardiac surgical
patients to new medical personnel (Class I; Level of
Evidence B).

4. It is reasonable to-conduct event scenario training
for significant and rare nonroutine events (ie, emer-
gency oxygenator change out) on a regular basis that
involves the complete cardiac surgery team (Class
Ha; Level of Evidence.C).

5. It is reasonable to conduct future studies of team-
work and communication that (a) investigate optimal
communication models (eg, briefings and structured
communication protocols in the cardiac surgical
OR); (b) investigate team-training models to deter-
mine the ‘“best product” for use in the cardiac OR;
(c) investigate impediments to implementation of for-
mal training in teamwork and communication skills;
(d) include long-term studies of the sustained impact
of such training on provider outcomes (eg, attitudes
regarding safety, compliance with best practices, and
communication skills); (e) investigate efficacy of for-
mal training in teamwork and communication skills
in improving patient outcomes (eg, satisfaction, blood
product use, infections, ICU readmissions, mortality,
and costs); and (f) include establishment of an anon-
ymous national multidisciplinary event-reporting
system to obtain data about events and near-misses
(Class Ila; Level of Evidence C).

Physical Environment Research Opportunities
Poor OR ergonomics are present in many, if not most, car-
diac ORs. Hazards for both patients and staff exist, including

TReferences 13, 16, 18, 20-23, 58, 59, 72, 76-80.

FReferences 44, 45, 63, 66, 68, 162, 164, 170-173, 176, 178, 182-184,
190-192, 195, 197, 198, 204, 208, 210, 215, 217-220, 222,223, 422, 423.

§References 296, 304, 310, 311, 314, 316, 317, 321.

infection in patients related to personnel traffic and air-
flow,?933%7 risk of injury to staff caused by tripping over cords
and equipment,”®”?*® and hazardous noise levels for everyone
in the room because of alarms, music, and multiple simulta-
neous conversations.® Optimal OR design to maintain effi-
cient flow and restriction of the number of personnel may
reduce hazards. Integration of information from various
monitors and reduction of noise and alarm fatigue, by design
of high-sensitivity and -specificity alerts, may improve
patient safety.313328

Recommendations

1. It is reasonable to investigate the optimal design and
testing of information systems in the OR to reduce
alarm-related distractions and improve clinicians’
ability to integrate knowledge from multiple sources
(Class Ila; Level of Evidence C).

2. It may be reasonable to test optimal room design and
layout, both in real-time and in simulation laborato-
ries, as an innovative area of future research, which
may avoid expensive design errors (Class I1b; Level
of Evidence C).

Safety Culture: Implementation of Policies
Regarding Professionalism and Quality

In 2009, The Joint Commission implemented standards
requiring the creation and maintenance of a culture of safety,
including having a disruptive behavior policy in place and
a formal process to manage unacceptable behaviors.’’!37?
Subspecialty units, including the cardiac operating team,
may develop a unique culture with both positive and nega-
tive aspects.

Recommendations

1. Local institutional policies that define disruptive
behavior in medical professionals in all hospital
settings should be implemented immediately, with
transparent and formal procedures for addressing
unacceptable behaviors and interventions to elimi-
nate such behaviors (Class I; Level of Evidence C).

2. We recommend that every institution commit to
a culture of safety by establishing a robust qual-
ity assurance and QI program to (a) continuously
identify system, unit, and individual safety hazards;
(b) provide leadership and resources to eliminate
identified hazards; and (c¢) encourage and value
the input of all members of the cardiac surgery
team in a nonpunitive atmosphere (Class I; Level
of Evidence C).

Safety Culture: Research Opportunities

Only a few studies have assessed the impact of organizational
culture on provider or patient outcomes.**¥3%7 Currently
available data provide limited evidence that patient outcomes
(eg, satisfaction, blood product use, infections, ICU readmis-
sions, mortality, and costs) may be improved with patient
safety and QI initiatives. It is unknown whether improvements
in safety-oriented provider attitudes and organizational cul-
ture are sustainable.
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Recommendations

1. Scientific testing of interventions in the complex
technology-oriented setting of the cardiac OR is reason-
able, including interventions that (a) test existing tools
and develop new tools designed to improve safety cul-
ture and climate; (b) provide ongoing assessment after
intervention(s), to measure sustainability of improve-
ments in safety culture; and (c) lead to establishment of
multi-institutional large clinical trials to assess the efficacy
of improvements in safety culture in reducing selected
adverse patient outcomes (Class IIb; Level of Evidence C).

2. Design and funding of multidisciplinary prospective
studies of human and systems factors that predispose
to error in the cardiac OR is reasonable (Class I1b;

Patient Safety in the Cardiac Operating Room 21

Acknowledgments
We recognize with gratitude the significant contribution made to this
scientific statement by the efforts of our dedicated librarians who con-
ducted the exhaustive and critical literature searches that underpin it:
Teri Lynn Herbert, MS, MLIS, Medical University of South Carolina
Library, Charleston, SC; Rebecca H. Kindon, MLS, SUNY Upstate
Medical University, Syracuse, NY; Whitney Townsend, MLIS, A.
Alfred Taubman Health Sciences Library, University of Michigan,
Ann Arbor, MI; Elizabeth Schneider, MS, AHIP, Treadwell Library,
Massachusetts General Hospital, Boston MA; Carole Foxman, MA,
MS, AHIP, Treadwell Library, Massachusetts General Hospital,
Boston MA; Deborah Jameson, MS, AHIP, Treadwell Library,
Massachusetts General Hospital, Boston MA; and Lorri Zipperer,
MA, Zipperer Project Management, Albuquerque, NM. In addition,
we recognize the contributions of Donna Stephens, Cheryl Perkins,
and Melanie Turner of the American Heart Association for their sup-

Level of Evidence C). port of the Writing Committee work.
Disclosures
Writing Group Disclosures
Other
Writing Group Research ~ Research Speakers’ Expert Ownership Consultant/
Member Employment Grant Support  Bureau/Honoraria Witness Interest Advisory Board Other
Joyce A. Wahr University of Michigan AHRQ* None None None None None None
Nancy A. Nussmeier ~ SUNY Upstate Medical None None None None None None None
University
J.H. Abernathy Ill Medical University of None None PharMEDium* None None None None
South Carolina
Michael H. Culig West Penn Allegheny None None None None None None None
Health System
Pirooz Eghtesady Washington University, None None None None None None None
St. Louis
Michael R. England  Physician’s Organization None None Hospirat None SafePath None None
at Tufts Medical Center Medicalt; Echo
Therapeuticst
David C. Fitzgerald Inova Heart and None None None None None None None
Vascular Institute
John S. konomidis Medical University of None None None None None None None
South Carolina
Robert C. Groom Maine Medical Center None None  Various honoraria ~ Expert witness None FDA consultant Editor-in-Chief,
from nonprofit for defense on device issue*  Journal of
anesthesia, (industry), CPB- ExtraCorporeal
perfusion, and  related accidents; Technology*;
surgery societies* 2 ongoing cases treasurer for
witness for defense AmSECT*
(hospital)*
Elizabeth H. Lazzara University of Central TBD TBD TBD TBD TBD TBD TBD
Florida
Elizabeth A. Martinez Massachusetts General AHRQT None None None None None None
Hospital
Richard L. Prager University of Michigan None None None None None None None
Eduardo Salas University of Central None None None None None None None
Florida
Juan A. Sanchez St. Agnes Hospital, None None None None None None None
Johns Hopkins School of
Medicine
Bruce E. Searles SUNY Upstate Medical Transonic None None Expert witness for None None None
University Systemst; defense in 2010 and
Circulatory 2011 for standards
Technologiest of care for perfusion
practicet
(Continuea)

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://circ.ahajournals.org/

22 Circulation September 3, 2013

Writing Group Disclosures, Continued

Other
Writing Group Research ~ Research Speakers’ Expert Ownership Consultant/
Member Employment Grant Support  Bureau/Honoraria Witness Interest Advisory Board Other
Patricia C. Seifert Inova Heart and Vascular None None None None None None None
Institute
Frank W. Sellke Lifespan/Brown Medical None None None Expert witness for None CLS Behring*; None
School defendant in aortic Novo Nordisk*;
dissection case* Regado*; The
Medicines Co*
Scott A. Shappell Clemson University None None None None None None None
Bruce D. Spiess Virginia Commonwealth None None None None None None None
University Medical Center
Thoralf M. Sundt Il Massachusetts General None None None None None None None
Hospital
Vinod H. Thourani Emory University AHA*; Edwards  None Edwards None Ownerand  Maquet Medical*; None
Lifesciences*; Lifesciences*; founder of Apica St. Jude
Maquet Maquet Medical*; Cardiovascular* Medical*
Medical*; NIH* Sorin Medical*; St. (start-up
Jude Medical* company)

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (1) the person
receives $10000 or more during any 12-month period, or 5% or more of the person’s gross income; or (2) the person owns 5% or more of the voting stock or share of
the entity, or owns $10000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding

definition.
*Modest.
1Significant.

Reviewer Disclosures

Other Research ~ Speakers’ Bureau/  Expert  Ownership Consultant/
Reviewer Employment Research Grant Support Honoraria Witness = Interest Advisory Board ~ Other
Paul Barash Yale University Medical None None None None None None None
Center
Paula Graling Inova Fairfax Hospital Inova Seed grant None None None None AORN (unpaid)*  None
(compliance with surgical
safety checklist across
perioperative services)t
Loren Hiratzka Bethesda North Hospital None None None None None None None
Jeffrey Riley Mayo Clinic, Rochester None None None None None None None
Marc Ruel University of Ottawa Heart None None None None None None None
Institute
Doug Wiegmann University of US Department of None Grand rounds None None American College  None
Wisconsin—Madison Defenset talk* of Surgeons
(unpaid)*

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (1) the person receives $10000 or more during
any 12-month period, or 5% or more of the person’s gross income; or (2) the person owns 5% or more of the voting stock or share of the entity, or owns $10000 or more
of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
1Significant.

References

1. ElBardissi AW, Aranki SF, Sheng S, O’Brien SM, Greenberg CC, Gammie
JS. Trends in isolated coronary artery bypass grafting: an analysis of the
Society of Thoracic Surgeons adult cardiac surgery database. J Thorac
Cardiovasc Surg. 2012;143:273-281.

. Brennan TA, Leape LL, Laird NM, Hebert L, Localio AR, Lawthers AG,
Newhouse JP, Weiler PC, Hiatt HH. Incidence of adverse events and neg-
ligence in hospitalized patients: results of the Harvard Medical Practice
Study I. N Engl J Med. 1991;324:370-376.

3. Leape LL, Brennan TA, Laird N, Lawthers AG, Localio AR, Barnes BA,
Hebert L, Newhouse JP, Weiler PC, Hiatt H. The nature of adverse events
in hospitalized patients: results of the Harvard Medical Practice Study II.
N Engl J Med. 1991;324:377-384.

. Vincent C, Neale G, Woloshynowych M. Adverse events in British hospi-
tals: preliminary retrospective record review [published correction appears
in BMJ. 2001;322:1395]. BMJ. 2001;322:517-519.

. Gawande AA, Thomas EJ, Zinner MJ, Brennan TA. The incidence and
nature of surgical adverse events in Colorado and Utah in 1992. Surgery.
1999;126:66-75.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://circ.ahajournals.org/

10.
11.

12.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wahr et al

. Guru V, Tu JV, Etchells E, Anderson GM, Naylor CD, Novick RJ, Feindel

CM, Rubens FD, Teoh K, Mathur A, Hamilton A, Bonneau D, Cutrara C,
Austin PC, Fremes SE. Relationship between preventability of death after
coronary artery bypass graft surgery and all-cause risk-adjusted mortality
rates. Circulation. 2008;117:2969-2976.

. Kohn LT, Corrigan JM, Donaldson MS. To Err Is Human: Building a Safer

Health System. Washington, DC: National Academy Press; 2000.

. Martinez EA, Thompson DA, Errett NA, Kim GR, Bauer L, Lubomski

LH, Gurses AP, Marsteller JA, Mohit B, Goeschel CA, Pronovost PJ.
Review article: high stakes and high risk: a focused qualitative review of
hazards during cardiac surgery. Anesth Analg. 2011;112:1061-1074.

. Wachter RM. Patient safety at ten: unmistakable progress, troubling gaps.

Health Aff (Millwood). 2010;29:165-173.

Reason J. Human Error. New York, NY: Cambridge University Press; 1990.
Reason J. The Human Contribution: Unsafe Acts, Accidents and Heroic
Recoveries. Burlington, VT: Ashgate Publishing; 2008.

Mazzocco K, Petitti DB, Fong KT, Bonacum D, Brookey J, Graham S,
Lasky RE, Sexton JB, Thomas EJ. Surgical team behaviors and patient
outcomes. Am J Surg. 2009;197:678-685.

. Carthey J, de Leval MR, Reason JT. The human factor in cardiac surgery:

errors and near misses in a high technology medical domain. Ann Thorac
Surg. 2001;72:300-305.

. Shouhed D, Gewertz B, Wiegmann D, Catchpole K. Integrating human

factors research and surgery: a review. Arch Surg. 2012;147:1141-1146.

. Mishra A, Catchpole K, Dale T, McCulloch P. The influence of non-tech-

nical performance on technical outcome in laparoscopic cholecystectomy.
Surg Endosc. 2008;22:68-73.

. Catchpole KR, Giddings AE, de Leval MR, Peek GJ, Godden PJ, Utley M,

Gallivan S, Hirst G, Dale T. Identification of systems failures in successful
paediatric cardiac surgery. Ergonomics. 2006;49:567-588.

. Catchpole K, Mishra A, Handa A, McCulloch P. Teamwork and error

in the operating room: analysis of skills and roles. Ann Surg. 2008;
247:699-706.

. Morris JA Jr, Carrillo Y, Jenkins JM, Smith PW, Bledsoe S, Pichert J,

White A. Surgical adverse events, risk management, and malpractice
outcome: morbidity and mortality review is not enough. Ann Surg. 2003;
237:844-851.

. Healey AN, Sevdalis N, Vincent CA. Measuring intra-operative interfer-

ence from distraction and interruption observed in the operating theatre.
Ergonomics. 2006;49:589-604.

Wiegmann DA, ElBardissi AW, Dearani JA, Daly RC, Sundt TM 3rd.
Disruptions in surgical flow-and their relationship to surgical errors: an
exploratory investigation. Surgery. 2007;142:658-665.

ElBardissi AW, Wiegmann DA, Henrickson S, Wadhera R, Sundt TM 3rd.
Identifying methods to improve heart surgery: an operative approach and
strategy for implementation on an organizational level. Eur J Cardiothorac
Surg. 2008;34:1027-1033.

de Leval MR, Carthey J, Wright DJ, Farewell VT, Reason JT. Human fac-
tors and cardiac surgery: a multicenter study. J Thorac Cardiovasc Surg.
2000;119(pt 1):661-672.

Catchpole KR, Giddings AE, Wilkinson M, Hirst G, Dale T, de Leval MR.
Improving patient safety by identifying latent failures in successful opera-
tions. Surgery. 2007;142:102-110.

Solis-Trapala IL, Carthey J, Farewell VT, de Leval MR. Dynamic modelling
in a study of surgical error management. Stat Med. 2007;26:5189-5202.
Woods D, Patterson EB. How unexpected events produce an escalation
of cognitive and coordinative demands. In: Hancok PA, Desmond PA,
eds. Stress Workload, and Fatigue. Hillsdale, N.J.: Lawrence Erlbaum;
2004:209-304.

Wauben LS, Dekker-van Doorn CM, van Wijngaarden JD, Goossens RH,
Huijsman R, Klein J, Lange JF. Discrepant perceptions of communication,
teamwork and situation awareness among surgical team members. Int J
Qual Health Care. 2011;23:159-166.

Mills P, Neily J, Dunn E. Teamwork and communication in surgical teams:
implications for patient safety. J Am Coll Surg. 2008;206:107-112.
Makary MA, Sexton JB, Freischlag JA, Holzmueller CG, Millman
EA, Rowen L, Pronovost PJ. Operating room teamwork among physi-
cians and nurses: teamwork in the eye of the beholder. J Am Coll Surg.
2006;202:746-752.

Undre S, Sevdalis N, Healey AN, Darzi A, Vincent CA. Observational
Teamwork Assessment for Surgery (OTAS): refinement and application in
urological surgery. World J Surg. 2007;31:1373-1381.

The Joint Commission. Sentinel Event Data: Root Causes by Event
Type. 2011. http://www.jointcommission.org/Sentinel_Event_Statistics/.
Accessed May 5, 2013.

Patient Safety in the Cardiac Operating Room 23

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

Healey AN, Undre S, Sevdalis N, Koutantji M, Vincent CA. The complex-
ity of measuring interprofessional teamwork in the operating theatre. J
Interprof Care. 2006;20:485-495.

Carthey J. The role of structured observational research in health care.
Qual Saf Health Care. 2003;12(suppl 2):ii13-ii16

Sharma B, Mishra A, Aggarwal R, Grantcharov TP. Non-technical skills
assessment in surgery. Surg Oncol. 2011;20:169-177.

Schraagen JM, Schouten T, Smit M, Haas F, van der Beek D, van de Ven J,
Barach P. Assessing and improving teamwork in cardiac surgery. Qual Saf
Health Care. 2010;19:¢29.

Moorthy K, Munz Y, Adams S, Pandey V, Darzi A; Imperial College—St.
Mary’s Hospital Simulation Group. Self-assessment of performance
among surgical trainees during simulated procedures in a simulated oper-
ating theater. Am J Surg. 2006;192:114-118.

Arora S, Miskovic D, Hull L, Moorthy K, Aggarwal R, Johannsson H,
Gautama S, Kneebone R, Sevdalis N. Self vs expert assessment of tech-
nical and non-technical skills in high fidelity simulation. Am J Surg.
2011;202:500-506.

Sevdalis N, Forrest D, Undre S, Darzi A, Vincent C. Annoyances, dis-
ruptions, and interruptions in surgery: the Disruptions in Surgery Index
(DiSI). World J Surg. 2008;32:1643-1650.

Black SA, Nestel DF, Kneebone RL, Wolfe JH. Assessment of surgical
competence at carotid endarterectomy under local anaesthesia in a simu-
lated operating theatre. Br J Surg. 2010;97:511-516.

Healey AN, Undre S, Vincent CA. Developing observational measures
of performance in surgical teams. Qual Saf Health Care. 2004;13(suppl
1):133-i40.

Hull L, Arora S, Kassab E, Kneebone R, Sevdalis N. Observational team-
work assessment for surgery: content validation and tool refinement. J Am
Coll Surg.2011;212:234-243 el.

Sevdalis N, Lyons M, Healey AN, Undre S, Darzi A, Vincent CA.
Observational teamwork assessment for surgery: construct validation with
expert versus novice raters. Ann Surg. 2009;249:1047-1051.

Undre S, Healey AN, Darzi A, Vincent CA. Observational assess-
ment of surgical teamwork: a feasibility study. World J Surg. 2006;
30:1774-1783.

Wetzel CM, Black SA, Hanna GB, Athanasiou T, Kneebone RL, Nestel D,
Wolfe JH, Woloshynowych M. The effects of stress and coping on surgical
performance during simulations. Ann Surg. 2010;251:171-176.

Hull L, Arora S, Kassab E, Kneebone R, Sevdalis N. Assessment of stress
and teamwork in the operating room: an exploratory study. Am J Surg.
2011;201:24-30.

Catchpole KR, Dale TJ, Hirst DG, Smith JP, Giddings TA. A multi-
center trial of aviation-style training for surgical teams. J Patient Saf.
2010;6:180-186.

McCulloch P, Mishra A, Handa A, Dale T, Hirst G, Catchpole K. The effects
of aviation-style non-technical skills training on technical performance and
outcome in the operating theatre. Qual Saf Health Care. 2009;18:109-115.
Mishra A, Catchpole K, McCulloch P. The Oxford NOTECHS System:
reliability and validity of a tool for measuring teamwork behaviour in the
operating theatre. Qual Saf Health Care. 2009;18:104-108.

Sevdalis N, Davis R, Koutantji M, Undre S, Darzi A, Vincent CA.
Reliability of a revised NOTECHS scale for use in surgical teams. Am J
Surg. 2008;196:184-190.

Okuyama A, Martowirono K, Bijnen B. Assessing the patient safety com-
petencies of healthcare professionals: a systematic review. BMJ Qual Saf.
2011;20:991-1000.

Yule S, Flin R, Maran N, Rowley D, Youngson G, Paterson-Brown S.
Surgeons’ non-technical skills in the operating room: reliability testing of
the NOTSS behavior rating system. World J Surg. 2008;32:548-556.
Yule S, Flin R, Paterson-Brown S, Maran N. Non-technical skills for
surgeons in the operating room: a review of the literature. Surgery.
2006;139:140-149.

Yule S, Rowley D, Flin R, Maran N, Youngson G, Duncan J,
Paterson-Brown S. Experience matters: comparing novice and expert rat-
ings of non-technical skills using the NOTSS system. ANZ J Surg. 2009;79:
154-160.

Fletcher G, Flin R, McGeorge P, Glavin R, Maran N, Patey R. Anaesthetists’
Non-Technical Skills (ANTS): evaluation of a behavioural marker system.
Br J Anaesth. 2003;90:580-588.

Patey R, Flin R, Fletcher G, Maran N, Glavin R. Developing a taxonomy
of anesthetists’ nontechnical skills (ANTS). In: Henriksen K, Battles JB,
Marks ES, Lewin DI, eds. Advances in Patient Safety: From Research to
Implementation (Volume 4: Programs, Tools, and Products). Rockville,
MD: Agency for Healthcare Research and Quality; 2005.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://www.jointcommission.org/Sentinel_Event_Statistics/
http://circ.ahajournals.org/

24

54a.

54b.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Circulation September 3, 2013

Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, Youngson G. Evaluation
of the scrub practitioners' list of non-technical skills system. Int J Nurs
Stud. 2012;49:201-211.

Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, Youngson G.
Development of a behavioural marker system for scrub practitio-
ners' non-technical skills (SPLINTS system). J Eval Clin Pract.
2013;19:317-323.

Henrickson Parker S, Yule S, Flin R, McKinley A. Towards a model
of surgeons’ leadership in the operating room. BMJ Qual Saf.
2011;20:570-579.

Hull L, Arora S, Aggarwal R, Darzi A, Vincent C, Sevdalis N. The impact
of nontechnical skills on technical performance in surgery: a systematic
review. J Am Coll Surg. 2012;214:214-230.

Parker SE, Laviana AA, Wadhera RK, Wiegmann DA, Sundt TM 3rd.
Development and evaluation of an observational tool for assessing surgi-
cal flow disruptions and their impact on surgical performance. World J
Surg. 2010;34:353-361.

Barach P, Johnson JK, Ahmad A, Galvan C, Bognar A, Duncan R, Starr
JP, Bacha EA. A prospective observational study of human factors,
adverse events, and patient outcomes in surgery for pediatric cardiac dis-
ease. J Thorac Cardiovasc Surg. 2008;136:1422—1428.

Davenport DL, Henderson WG, Mosca CL, Khuri SF, Mentzer RM Jr.
Risk-adjusted morbidity in teaching hospitals correlates with reported
levels of communication and collaboration on surgical teams but not
with scale measures of teamwork climate, safety climate, or working
conditions. J Am Coll Surg. 2007;205:778-784.

Brown ML, Parker SE, Quifionez LG, Li Z, Sundt TM. Can the impact
of change of surgical teams in cardiovascular surgery be measured by
operative mortality or morbidity? A propensity adjusted cohort compari-
son. Ann Surg. 2011;253:385-392.

Carthey J, de Leval MR, Wright DJ, Farewell VT, Reason JT. Behavioural
markers of surgical excellence. Safety Sci. 2003;41:409-425.

Arora S, Hull L, Sevdalis N, Tierney T, Nestel D, Woloshynowych M,
Darzi A, Kneebone R. Factors compromising safety in surgery: stressful
events in the operating room. Am J Surg. 2010;199:60-65.

Neily J, Mills PD, Young-Xu Y, Carney BT, West P, Berger DH,
Mazzia LM, Paull.DE, Bagian JP. Association between implementa-
tion of a medical team training program and surgical mortality. JAMA.
2010;304:1693-1700.

Sexton JB, Thomas EJ, Helmreich RL. Error, stress, and team-
work in medicine and aviation: cross sectional surveys. BMJ. 2000;
320:745-749.

Gore DC, Powell JM, Baer JG, Sexton KH, Richardson CJ, Marshall
DR, Chinkes DL, Townsend CM Jr. Crew resource management
improved perception of patient safety in the operating room. Am J Med
Qual. 2010;25:60-63.

Makary MA, Mukherjee A, Sexton JB, Syin D, Goodrich E, Hartmann
E, Rowen L, Behrens DC, Marohn M, Pronovost PJ. Operating room
briefings and wrong-site surgery. J Am Coll Surg. 2007;204:236-243.
Makary MA, Holzmueller CG, Thompson D, Rowen L, Heitmiller
ES, Maley WR, Black JH, Stegner K, Freischlag JA, Ulatowski JA,
Pronovost PJ. Operating room briefings: working on the same page. Jt
Comm J Qual Patient Saf. 2006;32:351-355.

Nundy S, Mukherjee A, Sexton JB, Pronovost PJ, Knight A, Rowen LC,
Duncan M, Syin D, Makary MA. Impact of preoperative briefings on oper-
ating room delays: a preliminary report. Arch Surg. 2008;143:1068-1072.
Nurok M, Evans LA, Lipsitz S, Satwicz P, Kelly A, Frankel A. The rela-
tionship of the emotional climate of work and threat to patient outcome
in a high-volume thoracic surgery operating room team. BMJ Qual Saf.
2011;20:237-242.

Nurok M, Sundt TM 3rd, Frankel A. Teamwork and communication in
the operating room: relationship to discrete outcomes and research chal-
lenges. Anesthesiol Clin. 2011;29:1-11.

Salas E, Wilson KA, Murphy CE, King H, Salisbury M. Communicating,
coordinating, and cooperating when lives depend on it: tips for team-
work. Jt Comm J Qual Patient Saf. 2008;34:333-341.

Lingard L, Espin S, Whyte S, Regehr G, Baker GR, Reznick R, Bohnen
J, Orser B, Doran D, Grober E. Communication failures in the operating
room: an observational classification of recurrent types and effects. Qual
Saf Health Care. 2004;13:330-334.

Sims DE, Salas E. When teams fail in organizations: what creates team-
work breakdowns? In: Langan-Fox J, Cooper CL, Klimoski RJ, eds.
Research Companion to the Dysfunctional Workplace: Management
Challenges and Symptoms. Cheltenham, United Kingdom: Edward Elgar
Publishing Ltd; 2007:302-317.

74.

75.

76.

77.

78.

80.

81.

82.

83.

84.

85.

86.

87.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Halverson AL, Casey JT, Andersson J, Anderson K, Park C, Rademaker
AW, Moorman D. Communication failure in the operating room.
Surgery. 2011;149:305-310.

Christian CK, Gustafson ML, Roth EM, Sheridan TB, Gandhi TK,
Dwyer K, Zinner MJ, Dierks MM. A prospective study of patient safety
in the operating room. Surgery. 2006;139:159-173.

Proctor ML, Pastore J, Gerstle JT, Langer JC. Incidence of medical error
and adverse outcomes on a pediatric general surgery service. J Pediatr
Surg. 2003;38:1361-1365.

Joy BF, Elliott E, Hardy C, Sullivan C, Backer CL, Kane JM. Standardized
multidisciplinary protocol improves handover of cardiac surgery patients
to the intensive care unit. Pediatr Crit Care Med. 2011;12:304-308.
Greenberg CC, Regenbogen SE, Studdert DM, Lipsitz SR, Rogers SO,
Zinner MJ, Gawande AA. Patterns of communication breakdowns result-
ing in injury to surgical patients. J Am Coll Surg. 2007;204:533-540.

. Healey MA, Shackford SR, Osler TM, Rogers FB, Burns E.

Complications in surgical patients. Arch Surg. 2002;137:611-617.
Fleming M, Smith S, Slaunwhite J, Sullivan J. Investigating interpersonal
competencies of cardiac surgery teams. Can J Surg. 2006;49:22-30.
Edmondson AC. Speaking up in the operating room: how team lead-
ers promote learning in interdisciplinary action teams. J Manage Stud.
2003;40:1419-1452.

Salas E, Rosen MA, Burke CS, Nicholson D, Howse WR. Markers
for enhancing team cognition in complex environments: the
power of team performance diagnosis. Aviat Space Environ Med.
2007;78(suppl):B77-B85.

Oser RL, Prince C, Morgan BB Jr. Differences in aircrew communica-
tion content as a function of flight requirement: implications for opera-
tional aircrew training. Poster presented at: 34th Annual Meeting of the
Human Factors and Ergonomics Society; October 1990; Orlando, FL.
Orasanu JM. Shared Mental Models and Crew Decision Making:
Presented at the 12th Annual Conference of the Cognitive Science
Society, MIT, Cambridge, MA, July 24, 1990. Princeton, NJ: Princeton
University; 1990.

Mesmer-Magnus JR, Dechurch LA. Information sharing and team per-
formance: a meta-analysis. J Appl Psychol. 2009;94:535-546.
Holleman G, Poot E, Mintjes-de Groot J, van Achterberg T. The rele-
vance of team characteristics and team directed strategies in the imple-
mentation of nursing innovations: a literature review. Int J Nurs Stud.
2009;46:1256-1264.

Nijhuis BJ, Reinders-Messelink HA, de Blécourt AC, Olijve WG,
Groothoff JW, Nakken H, Postema K. A review of salient elements
defining team collaboration in paediatric rehabilitation. Clin Rehabil.
2007;21:195-211.

. Dickinson TL, Mclntyre RM. A conceptual framework for team-

work measurement. In: Brannick MT, Salas E, Prince CW, eds. Team
Performance Assessment and Measurement: Theory, Methods, and
Applications. Mahwah, NJ: Lawrence Erlbaum Associates; 1997.
Wiener EL, Kanki BG, Helmreich RL. Cockpit Resource Management.
San Diego, CA: Academic Press; 1993.

Katz-Navon TY, Erez M. When collective- and self-efficacy affect team
performance. Small Group Res. 2005;36:437-465.

Zaccaro SJ, Blair V, Peterson C, Zazanis M. Collective efficacy. In:
Maddux JE, ed. Self-efficacy, Adaptation, and Adjustment: Theory,
Research, and Application. New York, NY: Plenum Press; 1995:305-328.
Eby LT, Dobbins GH. Collectivistic orientation in teams: an individual
and group-level analysis. J Organ Behav. 1997;18:275-295.

Jackson CL, Colquitt JA, Wesson MJ, Zapata-Phelan CP. Psychological
collectivism: a measurement validation and linkage to group member
performance. J Appl Psychol. 2006;91:884-899.

Beal DJ, Cohen RR, Burke MJ, McLendon CL. Cohesion and perfor-
mance in groups: a meta-analytic clarification of construct relations.
J Appl Psychol. 2003;88:989-1004.

Gully SM, Devine DJ, Whitney DJ. A meta-analysis of cohesion and
performance: effects of levels of analysis and task interdependence.
Small Group Res. 1995;26:497-520.

Bandow D. Time to create sound teamwork. J Qual Participation.
2001;24:41-47.

Salas E, Sims DE, Burke CS. Is there a “big five” in teamwork? Small
Group Res. 2005;36:555-599.

Edmondson A. Psychological safety and learning behavior in work
teams. Adm Sci Q. 1999;44:350-383.

Mathieu JE, Gilson LL, Ruddy TM. Empowerment and team effec-
tiveness: an empirical test of an integrated model. J Appl Psychol.
2006;91:97-108.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://circ.ahajournals.org/

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.
120.

121.

122.

123.

124.

125.

126.

127.

128.

Wahr et al

Katz-Navon TY, Naveh E, Stern Z. Safety climate in health care organiza-
tions: a multidimensional approach. Acad Manage J. 2005;48:1075-1089.
Zohar D. A group-level model of safety climate: testing the effect of
group climate on microaccidents in manufacturing jobs. J Appl Psychol.
2000;85:587-596.

Knight D, Durham CC, Locke EA. The relationship of team goals, incen-
tives, and efficacy to strategic risk, tactical implementation, and perfor-
mance. Acad Manage J. 2001;44:326-338.

Lester SW, Meglino BM, Korsgaard MA. The antecedents and conse-
quences of group potency: a longitudinal investigation of newly formed
work groups. Acad Manage J. 2002;45:352-368.

Colquitt JA, Scott BA, LePine JA. Trust, trustworthiness, and trust pro-
pensity: a meta-analytic test of their unique relationships with risk taking
and job performance. J Appl Psychol. 2007;92:909-927.

Costa AC. Work team trust and effectiveness. Pers Rev. 2003;32:605-622.
Dirks KT, Ferrin DL. Trust in leadership: meta-analytic findings and
implications for research and practice. J Appl Psychol. 2002;87:611-628.
Kanawattanachai P, Yoo Y. Dynamic nature of trust in virtual teams.
J Strateg Inf Syst. 2002;11:187-213.

Kirkman BL, Rosen B, Tesluk PE, Gibson CB. Enhancing the transfer
of computer-assisted training proficiency in geographically distributed
teams. J Appl Psychol. 2006;91:706-716.

Langfred CW. Too much of a good thing? Negative effects of high trust
and individual autonomy in self-managing teams. Acad Manage J.
2004;47:385-399.

Webber SS. Development of cognitive and affective trust in teams: a lon-
gitudinal study. Small Group Res. 2008;39:746-769.

Langfred CW. The downside of self-management: a longitudinal study
of the effects of conflict on trust, autonomy, and task interdependence in
self-managing teams. Acad Manage J. 2007;50:885-900.

Rousseau V, Aube C, Savoie A. Teamwork behaviors: a review and an
integration of frameworks. Small Group Res. 2006;37:540-570.

Marks MA, Mathieu JE, Zaccaro SJ. A temporally based framework and
taxonomy of team processes Acad Manage Rev. 2001;26:356-376.
Cannon-Bowers JA, Salas E, Converse SA. Cognitive psychology and
team training: training shared mental models of complex systems. Hum
Factors Soc Bull. 1991;33:1-4.

Entin EE, Serfaty D. Adaptive team coordination. Hum Factors.
1999:41:312-325.

Orasanu J, Salas E. Team decision making in complex environments. In:
Klein G, Orasanu J, Calderwood R, Zsambok CE, eds. Decision Making
in Action: Models and Methods. Norwood, NJ: Ablex; 1993:327-345.
Salas E, Rosen MA, Burke CS, Goodwin GF. The wisdom of collec-
tives in organizations: an update of the teamwork competencies In:
Salas E, Goodwin GF, Burke CS, eds. Team Effectiveness in Complex
Organizations: Cross-disciplinary Perspectives and Approaches. New
York, NY: Psychology Press; 2009:39-79.

Deleted in press.

Deleted in press.

MclIntyre RM, Morgan BBJ, Salas E, Glickman AS. Teamwork from
team training: new evidence for the development of teamwork skills dur-
ing operational training. Paper presented at: 10th Annual Interservice/
Industry Training Systems Conference; November 1988; Orlando, FL.
Morris NM, Rouse WB, Zee TA. Adaptive Aiding for Human-Computer
Control: An Enhanced Task Environment for the Study of Human Problem
Solving in Complex Situations. Norcross, GA: Search Technology; 1987.
Schaafstal AM, Johnston JH, Oser RL. Training teams for emergency
management. Comput Hum Behav. 2001;17:615-626.

Weingart LR. Impact of group goals, task component complexity, effort,
and planning on group performance. J Appl Psychol. 1992;77:682-693.
Klimoski R, Mohammed S. Team mental model: construct or metaphor?
J Manage. 1994;20:403-437.

Lewis K. Knowledge and performance in knowledge-worker teams: a longitu-
dinal study of transactive memory systems. Manage Sci. 2004;50:1519-1533.
Cannon-Bowers JA, Salas E. Team performance and training in complex
environments: recent findings from applied research. Curr Dir Psychol
Sci. 1998;7:83-87.

Burke CS, Lum H, Scielzo S, Smith-Jentsch K, Salas E. Examining
measures of team cognition in virtual teams. In: Schmorrow D, Cohn J,
Nicholson D, eds. PSI Handbook of Virtual Environments for Training
and Education: Developments for the Military and Beyond. Westport,
CT: Greenwood Publishing Group; 2009.

Cooke NJ, Gorman JC, Duran JL, Taylor AR. Team cognition in
experienced command-and-control teams. J Exp Psychol Appl.
2007;13:146-157.

Patient Safety in the Cardiac Operating Room 25

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Mathieu JE, Heffner TS, Goodwin GF, Salas E, Cannon-Bowers JA. The
influence of shared mental models on team process and performance.
J Appl Psychol. 2000;85:273-283.

Ensley MD, Pearce CL. Shared cognition in top management
teams: implications for new venture performance. J Organ Behav.
2001;22:145-160.

Gurtner A, Tschan F, Semmer NK, Nagele C. Getting groups to develop
good strategies: effects of reflexivity interventions on team process,
team performance and shared mental models. Organ Behav Hum Decis
Processes. 2007;102:127-142.

Mathieu JE, Maynard MT, Rapp T, Gilson LL. Team effectiveness 1997—
2007: a review of recent advancements and a glimpse into the future.
J Manage. 2008;34:410-476.

Cooke NJ, Salas E, Kiekel PA, Bell B. Advances in measuring team cog-
nition. In: Salas EF, Fior SM, eds. Understanding the Factors That Drive
Process and Performance. Washington, DC: American Psychological
Association; 2004:83-106.

Fiore S, Salas E, Cannon-Bowers JA. Group dynamics and shared
mental model development. In: London M, ed. How People Evaluate
Others in Organizations. Mahwah, NJ: Lawrence Erlbaum Associates;
2001:309-336.

Hollingshead AB. Cognitive interdependence and convergent expecta-
tions in transactive memory. J Pers Soc Psychol. 2001;81:1080-1089.
Lewis K. Measuring transactive memory systems in the field: scale
development and validation. J Appl Psychol. 2003;88:587-604.

Osman ME, Hannafin MJ. Metacognition research and theory: analy-
sis and implications for instructional design. Educ Technol Res Dev.
1992:40:83-99.

Sternberg RJ. Metacognition, abilities, and developing expertise: what
makes an expert student? Instr Sci. 1998;26:127-140.

Zaccaro SJ, Gilbert JA, Thor KK, Mumford MD. Leadership and social
intelligence: linking social perspectiveness and behavioral flexibility to
leader effectiveness. Leadership Q. 1991;2:317-342.

De Dreu CK. Cooperative outcome interdependence, task reflexivity,
and team effectiveness: a motivated information processing perspective.
J Appl Psychol. 2007;92:628-638.

Cannon-Bowers JA, Salas E, Blickensderfer E, Bowers CA. The impact
of cross-training and workload on team functioning: a replication and
extension of initial findings. Hum Factors. 1998;40:92-101.

Salas E, DiazGranados D, Klein C, Burke CS, Stagl KC, Goodwin GF,
Halpin SM. Does team training improve team performance? A meta-
analysis. Hum Factors. 2008;50:903-933.

Salas E, Prince C, Baker DP, Shrestha L. Situation awareness in team
performance: implications for measurement and training. Hum Factors.
1995:37:123-136.

Jehn KA, Bendersky C. Intragroup conflict in organizations: a contin-
gency perspective on the conflict-outcome relationship. In: Staw BM,
Kramer RM, eds. Research in Organizational Behavior: An Annual
Series of Analytical Essays and Critical Reviews Kidlington, United
Kingdom: Elsevier; 2003.

Greer L, Jehn KA. The pivotal role of negative affect in understanding
the effects of process conflict on group performance. In: Mannix EA,
Neale MA, Anderson CA, eds. Research on Managing Groups and
Teams. Bingley, United Kingdom: Emerald Group; 2007:21-43.

Jehn KA. Enhancing effectiveness: an investigation of advantages and
disadvantages of value-based intragroup conflict. Int J Conflict Manage.
1994;5:223-238.

Breen CM, Abernethy AP, Abbott KH, Tulsky JA. Conflict associated
with decisions to limit life-sustaining treatment in intensive care units.
J Gen Intern Med. 2001;16:283-289.

Burns JP, Mello MM, Studdert DM, Puopolo AL, Truog RD, Brennan
TA. Results of a clinical trial on care improvement for the critically ill.
Crit Care Med. 2003;31:2107-2117.

Gladstein DL. Groups in context: a model of task group effectiveness.
Adm Sci Q. 1984;29:499-517.

Saavedra R, Earley PC, Van Dyne L. Complex interdependence in task-
performing groups. J Appl Psychol. 1993;78:61-72.

De Dreu CK, Weingart LR. Task versus relationship conflict, team
performance, and team member satisfaction: a meta-analysis. J Appl
Psychol. 2003;88:741-749.

De Wit FR, Greer L. The black-box deciphered: a meta-analysis of
team diversity, conflict, and team performance. Acad Manage Proc.
2008;1:1-6.

Jehn KA. A multimethod examination of the benefits and detriments of
intragroup conflict. Adm Sci Q. 1995;40:256-282.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://circ.ahajournals.org/

26

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Circulation September 3, 2013

Katz JD. Conflict and its resolution in the operating room. J Clin Anesth.
2007;19:152-158.

Coe R, Gould D. Disagreement and aggression in the operating theatre.
J Adv Nurs. 2008;61:609-618.

Bognar A, Barach P, Johnson JK, Duncan RC, Birnbach D, Woods D,
Holl JL, Bacha EA. Errors and the burden of errors: attitudes, percep-
tions, and the culture of safety in pediatric cardiac surgical teams. Ann
Thorac Surg. 2008;85:1374—1381.

Rogers D, Lingard L, Boehler ML, Espin S, Klingensmith M,
Mellinger JD, Schindler N. Teaching operating room conflict man-
agement to surgeons: clarifying the optimal approach. Med Educ.
2011;45:939-945.

Sexton JB, Makary MA, Tersigni AR, Pryor D, Hendrich A, Thomas EJ,
Holzmueller CG, Knight AP, Wu'Y, Pronovost PJ. Teamwork in the oper-
ating room: frontline perspectives among hospitals and operating room
personnel. Anesthesiology. 2006;105:877-884.

Thomas EJ, Sexton JB, Helmreich RL. Discrepant attitudes about
teamwork among critical care nurses and physicians. Crit Care Med.
2003;31:956-959.

Lingard L, Garwood S, Poenaru D. Tensions influencing operating room
team function: does institutional context make a difference? Med Educ.
2004;38:691-699.

Lingard L, Regehr G, Espin S, Devito I, Whyte S, Buller D, Sadovy
B, Rogers D, Reznick R. Perceptions of operating room tension across
professions: building generalizable evidence and educational resources.
Acad Med. 2005;80(suppl):S75-S79.

Lee BT, Tobias AM, Yueh JH, Bar-Meir ED, Darrah LM, Guglielmi CL,
Wood ER, Carr JM, Moorman DW. Design and impact of an intraopera-
tive pathway: a new operating room model for team-based practice. J Am
Coll Surg. 2008;207:865-873.

Pian-Smith MC, Simon R, Minehart RD, Podraza M, Rudolph J, Walzer
T, Raemer D. Teaching residents the two-challenge rule: a simulation-
based approach to improve education and patient safety. Simul Healthc.
2009;4:84-91.

Armour Forse R, Bramble JD, McQuillan R. Team training can improve
operating room performance. Surgery. 2011;150:771-778.

Hackman JR, Wageman R. A theory of team coaching. Acad Manage
Rev. 2005;30:269-287.

Coutu D, Kauffman C. What can coaches do for you? Harvard Bus Rev.
2009;87:91-97.

Seibert SE, Wang G, Courtright SH. Antecedents and consequences of
psychological and team empowerment in.organizations: a meta-analytic
review. J Appl Psychol. 2011;96:981-1003.

Victor L, Persoon J. Implementation of kangaroo care: a parent-health
care team approach to practice change. Crit Care Nurs Clin North Am.
1994;6:891-895.

LePine JA, Piccolo RF, Jackson CL, Mathieu JE, Saul JR. A meta-
analysis of teamwork processes: tests of a multidimensional model
and relationships with team effectiveness criteria. Pers Psychol. 2008;
61:273-307.

Buljac-Samardzic M, Dekker-van Doorn CM, van Wijngaarden JD,
van Wijk KP. Interventions to improve team effectiveness: a systematic
review. Health Policy. 2010;94:183-195.

Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AH, Dellinger
EP, Herbosa T, Joseph S, Kibatala PL, Lapitan MC, Merry AF, Moorthy
K, Reznick RK, Taylor B, Gawande AA; Safe Surgery Saves Lives Study
Group. A surgical safety checklist to reduce morbidity and mortality in a
global population. N Engl J Med. 2009;360:491-499.

Weiser TG, Haynes AB, Dziekan G, Berry WR, Lipsitz SR, Gawande
AA; Safe Surgery Saves Lives Investigators and Study Group. Effect of
a 19-item surgical safety checklist during urgent operations in a global
patient population. Ann Surg. 2010;251:976-980.

Trummer UF, Mueller UO, Nowak P, Stidl T, Pelikan JM. Does
physician-patient communication that aims at empowering patients
improve clinical outcome? A case study. Patient Educ Couns. 2006;
61:299-306.

Weaver SJ, Rosen MA, DiazGranados D, Lazzara EH, Lyons R, Salas E,
Knych SA, McKeever M, Adler L, Barker M, King HB. Does teamwork
improve performance in the operating room? A multilevel evaluation. Jt
Comm J Qual Patient Saf. 2010;36:133-142.

Aston J, Shi E, Bullot H, Galway R, Crisp J. Qualitative evaluation of
regular morning meetings aimed at improving interdisciplinary commu-
nication and patient outcomes. Int J Nurs Pract. 2005;11:206-213.
Papaspyros SC, Javangula KC, Adluri RK, O’Regan DJ. Briefing and
debriefing in the cardiac operating room: analysis of impact on theatre

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

team attitude and patient safety. Interact Cardiovasc Thorac Surg.
2010;10:43-47.

Pham JC, Aswani MS, Rosen M, Lee H, Huddle M, Weeks K, Pronovost
PJ. Reducing medical errors and adverse events. Annu Rev Med.
2012;63:447-463.

Whyte S, Cartmill C, Gardezi F, Reznick R, Orser BA, Doran D, Lingard
L. Uptake of a team briefing in the operating theatre: a Burkean drama-
tistic analysis. Soc Sci Med. 2009;69:1757-1766.

Allard J, Bleakley A, Hobbs A, Vinnell T. “Who’s on the team today?”
The status of briefing amongst operating theatre practitioners in one UK
hospital. J Interprof Care. 2007;21:189-206.

Arora S, Sevdalis N, Nestel D, Woloshynowych M, Darzi A, Kneebone
R. The impact of stress on surgical performance: a systematic review of
the literature. Surgery. 2010;147:318-330, 330.e1-¢6.

Mawji Z, Stillman P, Laskowski R, Lawrence S, Karoly E, Capuano
TA, Sussman E. First do no harm: integrating patient safety and quality
improvement. Jt Comm J Qual Improv. 2002;28:373-386.

de Vries EN, Hollmann MW, Smorenburg SM, Gouma DJ, Boermeester
MA. Development and validation of the SURgical PAtient Safety System
(SURPASS) checklist. Qual Saf Health Care. 2009;18:121-126.

de Vries EN, Prins HA, Crolla RM, den Outer AJ, van Andel G, van
Helden SH, Schlack WS, van Putten MA, Gouma DJ, Dijkgraat MG,
Smorenburg SM, Boermeester MA; SURPASS Collaborative Group.
Effect of a comprehensive surgical safety system on patient outcomes. N
Engl J Med. 2010;363:1928-1937.

Lingard L, Regehr G, Orser B, Reznick R, Baker GR, Doran D, Espin
S, Bohnen J, Whyte S. Evaluation of a preoperative checklist and team
briefing among surgeons, nurses, and anesthesiologists to reduce failures
in communication. Arch Surg. 2008;143:12-17.

Manser T. Teamwork and patient safety in dynamic domains of healthcare:
areview of the literature. Acta Anaesthesiol Scand. 2009;53:143-151.
Perrow C. Normal Accidents: Living With High-Risk Technologies.
Princeton, NJ: Princeton University Press; 1999.

Duncan JR, Henderson K, Street M, Richmond A, Klingensmith M,
Beta E, Vannucci A, Murray D. Creating and evaluating a data-driven
curriculum for central venous catheter placement. J Grad Med Educ.
2010;2:389-397.

VannucciA, Jeffcoat A, Ifune C, Salinas C, Duncan JR, Wall M. Retained
guidewires after intraoperative placement of central venous catheters.
Anesth Analg. 2013;117:102-108.

Gillespie BM, Chaboyer W, Murray P. Enhancing communication in sur-
gery through team training interventions: a systematic literature review.
AORN J. 2010;92:642-657.

Morey JC, Simon R, Jay GD, Wears RL, Salisbury M, Dukes KA, Berns
SD. Error reduction and performance improvement in the emergency
department through formal teamwork training: evaluation results of the
MedTeams project. Health Serv Res. 2002;37:1553-1581.

Halverson AL, Andersson JL, Anderson K, Lombardo J, Park CS,
Rademaker AW, Moorman DW. Surgical team training: the Northwestern
Memorial Hospital experience. Arch Surg. 2009;144:107-112.

Awad SS, Fagan SP, Bellows C, Albo D, Green-Rashad B, De la Garza
M, Berger DH. Bridging the communication gap in the operating room
with medical team training. Am J Surg. 2005;190:770-774.

Dunn EJ, Mills PD, Neily J, Crittenden MD, Carmack AL, Bagian
JP. Medical team training: applying crew resource management in
the Veterans Health Administration. Jt Comm J Qual Patient Saf.
2007;33:317-325.

Neily J, Mills PD, Eldridge N, Carney BT, Pfeffer D, Turner JR,
Young-Xu Y, Gunnar W, Bagian JP. Incorrect surgical procedures
within and outside of the operating room: a follow-up report. Arch Surg.
2011;146:1235-1239.

Paull DE, Mazzia LM, Wood SD, Theis MS, Robinson LD, Carney
B, Neily J, Mills PD, Bagian JP. Briefing guide study: preopera-
tive briefing and postoperative debriefing checklists in the Veterans
Health Administration medical team training program. Am J Surg.
2010;200:620-623.

King HB, Battles J, Baker DP, Alonso A, Salas E, Webster JL, Toomey L,
Salisbury M. TeamSTEPPS: team strategies and tools to enhance perfor-
mance and patient safety. In: Henriksen K, Battles JB, Keyes MA, Grady
ML, eds. Advances in Patient Safety: New Directions and Alternative
Approaches. (Vol 3: Performance and Tools). Rockville, MD; Agency for
Healthcare Quality and Research; 2008.

Nurok M, Lipsitz S, Satwicz P, Kelly A, Frankel A. A novel method for
reproducibly measuring the effects of interventions to improve emo-
tional climate, indices of team skills and communication, and threat to

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://circ.ahajournals.org/

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

Wahr et al

patient outcome in a high-volume thoracic surgery center. Arch Surg.
2010;145:489-495.

France DJ, Leming-Lee S, Jackson T, Feistritzer NR, Higgins MS. An
observational analysis of surgical team compliance with perioperative
safety practices after crew resource management training. Am J Surg.
2008;195:546-553.

Robinson LD, Paull DE, Mazzia LM, Falzetta L, Hay J, Neily J, Mills
PD, Carney B, Bagian JP. The role of the operating room nurse man-
ager in the successful implementation of preoperative briefings and
postoperative debriefings in the VHA Medical Team Training Program.
J Perianesth Nurs. 2010;25:302-306.

Clarke JR, Johnston J, Blanco M, Martindell DP. Wrong-site surgery:
can we prevent it? Adv Surg. 2008;42:13-31.

Winters BD, Gurses AP, Lehmann H, Sexton JB, Rampersad CJ,
Pronovost PJ. Clinical review: checklists: translating evidence into prac-
tice. Crit Care. 2009;13:210.

Gawande AA. The Checklist Manifesto: How to Get Things Right. New
York, NY: Metropolitan Books; 2010.

World Alliance for Patient Safety. WHO Surgical Safety Checklist
and Implementation Manual. Geneva, Switzerland; World Health
Organization; 2008. http://www.who.int/patientsafety/safesurgery/ss_
checklist/en/. Accessed February 3, 2013.

van Klei WA, Hoff RG, van Aarnhem EE, Simmermacher RK, Regli LP,
Kappen TH, van Wolfswinkel L, Kalkman CJ, Buhre WF, Peelen LM.
Effects of the introduction of the WHO “Surgical Safety Checklist” on
in-hospital mortality: a cohort study. Ann Surg. 2012;255:44-49.
Buzink SN, van Lier L, de Hingh IH, Jakimowicz JJ. Risk-sensitive
events during laparoscopic cholecystectomy: the influence of the inte-
grated operating room and a preoperative checklist tool. Surg Endosc.
2010;24:1990-1995.

Ziewacz JE, Arriaga AF, Bader AM, Berry WR, Edmondson L, Wong
IM, Lipsitz SR, Hepner DL, Peyre S, Nelson S, Boorman DJ, Smink
DS, Ashley SW, Gawande AA. Crisis checklists for the operating room:
development and pilot testing [published correction appears in J Am
Coll Surg. 2012;215:310. Dosage error in article text.]. J Am Coll Surg.
2011;213:212-217.¢10.

Arriaga AF, Bader. AM, Wong JM, Lipsitz SR, Berry WR, Ziewacz
JE, Hepner DL, Boorman DJ, Pozner CN, Smink DS, Gawande AA.
Simulation-based trial of surgical-crisis checklists. N Engl J Med.
2013;368:246-253.

Pronovost P, Needham D, Berenholtz S, Sinopoli' D, Chu H, Cosgrove
S, Sexton B, Hyzy R, Welsh R, Roth G, Bander J, Kepros J, Goeschel
C. An intervention to decrease catheter-related bloodstream infections in
the ICU [published correction appears in N Engl J Med. 2007;356:2660].
N Engl J Med. 2006;355:2725-2732.

Berenholtz SM, Pham JC, Thompson DA, Needham DM, Lubomski LH,
Hyzy RC, Welsh R, Cosgrove SE, Sexton JB, Colantuoni E, Watson SR,
Goeschel CA, Pronovost PJ. Collaborative cohort study of an interven-
tion to reduce ventilator-associated pneumonia in the intensive care unit.
Infect Control Hosp Epidemiol. 2011;32:305-314.

Resar R, Pronovost P, Haraden C, Simmonds T, Rainey T, Nolan T.
Using a bundle approach to improve ventilator care processes and
reduce ventilator-associated pneumonia. Jt Comm J Qual Patient Saf.
2005;31:243-248.

Bosk CL, Dixon-Woods M, Goeschel CA, Pronovost PJ. Reality check
for checklists. Lancet. 2009;374:444—-445.

Espin S, Lingard L, Baker GR, Regehr G. Persistence of unsafe practice
in everyday work: an exploration of organizational and psychological
factors constraining safety in the operating room. Qual Saf Health Care.
2006;15:165-170.

Undre S, Sevdalis N, Healey AN, Darzi S, Vincent CA. Teamwork
in the operating theatre: cohesion or confusion? J Eval Clin Pract.
2006;12:182-189.

Dixon-Woods M, Bosk CL, Aveling EL, Goeschel CA, Pronovost PJ.
Explaining Michigan: developing an ex post theory of a quality improve-
ment program. Milbank Q. 2011;89:167-205.

Berenholtz SM, Schumacher K, Hayanga AJ, Simon M, Goeschel C,
Pronovost PJ, Shanley CJ, Welsh RJ. Implementing standardized operat-
ing room briefings and debriefings at a large regional medical center. J¢
Comm J Qual Patient Saf. 2009;35:391-397.

Johnson HL, Kimsey D. Patient safety: break the silence. AORN J.
2012;95:591-601.

Einav Y, Gopher D, Kara I, Ben-Yosef O, Lawn M, Laufer N, Liebergall
M, Donchin Y. Preoperative briefing in the operating room: shared cogni-
tion, teamwork, and patient safety. Chest. 2010;137:443-449.

Patient Safety in the Cardiac Operating Room 27

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

23

232.

233.

234.

235.

236.

237.

238.

239.

240.

Allard J, Bleakley A, Hobbs A, Coombes L. Pre-surgery brief-
ings and safety climate in the operating theatre. BMJ Qual Saf.
2011;20:711-717.

de Vries EN, Eikens-Jansen MP, Hamersma AM, Smorenburg SM,
Gouma DJ, Boermeester MA. Prevention of surgical malpractice claims
by use of a surgical safety checklist. Ann Surg. 2011;253:624-628.
Lingard L, Regehr G, Cartmill C, Orser B, Espin S, Bohnen J, Reznick
R, Baker R, Rotstein L, Doran D. Evaluation of a preoperative team
briefing: a new communication routine results in improved clinical prac-
tice. BMJ Qual Saf. 2011;20:475-482.

Gillespie BM, Chaboyer W, Fairweather N. Interruptions and miscommu-
nications in surgery: an observational study. AORN J. 2012;95:576-590.
Henrickson SE, Wadhera RK, Elbardissi AW, Wiegmann DA, Sundt TM
3rd. Development and pilot evaluation of a preoperative briefing protocol
for cardiovascular surgery. J Am Coll Surg. 2009;208:1115-1123.
Bethune R, Sasirekha G, Sahu A, Cawthorn S, Pullyblank A. Use
of briefings and debriefings as a tool in improving team work, effi-
ciency, and communication in the operating theatre. Postgrad Med J.
2011;87:331-334.

O’Neill P. Through the eyes of the workforce: creating joy, meaning and
safer health care. Lucian Leape Institute at the National Patient Safety
Foundation.  2010. http://www.npsf.org/wp-content/uploads/2013/03/
Through-Eyes-of-the-Workforce_online.pdf. Accessed February 3, 2013.
Ali M, Osborne A, Bethune R, Pullyblank A. Preoperative surgical brief-
ings do not delay operating room start times and are popular with surgi-
cal team members. J Patient Saf. 2011;7:139-143.

Calland JF, Turrentine FE, Guerlain S, Bovbjerg V, Poole GR, Lebeau
K, Peugh J, Adams RB. The surgical safety checklist: lessons learned
during implementation. Am Surg. 2011;77:1131-1137.

Paull DE, Mazzia LM, Izu BS, Neily J, Mills PD, Bagian JP.
Predictors of successful implementation of preoperative briefings
and postoperative debriefings after medical team training. Am J Surg.
2009;198:675-678.

Salas E, Klein C, King H, Salisbury M, Augenstein JS, Birnbach DJ,
Robinson DW, Upshaw C. Debriefing medical teams: 12 evidence-based
best practices and tips. Jt Comm J Qual Patient Saf. 2008;34:518-527.
Marshall DA, Manus DA. A team training program using human factors
to enhance patient safety. AORN J. 2007;86:994-1011.

McGreevy JM, Otten TD. Briefing and debriefing in the operating
room using fighter pilot crew resource management. J Am Coll Surg.
2007;205:169-176.

Gettman MT, Pereira CW, Lipsky K, WilsonT, Arnold JJ, Leibovich BC,
Karnes RJ, Dong Y. Use of high fidelity operating room simulation to
assess and teach communication, teamwork and laparoscopic skills: ini-
tial experience. J Urol. 2009;181:1289-1296.

Paige JT, Kozmenko V, Yang T, Paragi Gururaja R, Hilton CW, Cohn I Jr,
Chauvin SW. High-fidelity, simulation-based, interdisciplinary operating
room team training at the point of care. Surgery. 2009;145:138-146.
Stather DR, MacEachern P, Chee A, Dumoulin E, Tremblay A.
Evaluation of clinical endobronchial ultrasound skills following clinical
versus simulation training. Respirology. 2012;17:291-299.

Stather DR, Maceachern P, Rimmer K, Hergott CA, Tremblay A.
Assessment and learning curve evaluation of endobronchial ultra-
sound skills following simulation and clinical training. Respirology.
2011;16:698-704.

Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT,
Erwin PJ, Hamstra SJ. Technology-enhanced simulation for health
professions education: a systematic review and meta-analysis. JAMA.
2011;306:978-988.

Bersky AK, Krawczak J, Kumar TD. Computerized clinical simula-
tion testing. a new look for the NCLEX-RN examination? Nurse Educ.
1998;23:20-25.

Dillon GF, Boulet JR, Hawkins RE, Swanson DB. Simulations in the
United States Medical Licensing Examination (USMLE). Qual Saf
Health Care. 2004;13(suppl 1):141-i45.

Berkenstadt H, Haviv Y, Tuval A, Shemesh Y, Megrill A, Perry A, Rubin
O, Ziv A. Improving handoff communications in critical care: utilizing
simulation-based training toward process improvement in managing
patient risk. Chest. 2008;134:158-162.

Blum RH, Raemer DB, Carroll JS, Dufresne RL, Cooper JB. A method
for measuring the effectiveness of simulation-based team training for
improving communication skills. Anesth Analg. 2005;100:1375-1380.
Manser T, Harrison TK, Gaba DM, Howard SK. Coordination patterns
related to high clinical performance in a simulated anesthetic crisis.
Anesth Analg. 2009;108:1606-1615.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://www.who.int/patientsafety/safesurgery/ss_checklist/en/
http://www.who.int/patientsafety/safesurgery/ss_checklist/en/
http://www.npsf.org/wp-content/uploads/2013/03/Through-Eyes-of-the-Workforce_online.pdf
http://www.npsf.org/wp-content/uploads/2013/03/Through-Eyes-of-the-Workforce_online.pdf
http://circ.ahajournals.org/

28

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

Circulation September 3, 2013

Hamman WR, Beaubien JM, Beaudin-Seiler BM. Simulation for the
training of human performance and technical skills: the intersection of
how we will train health care professionals in the future. J Grad Med
Educ. 2009;1:245-252.

Kaji AH, Bair A, Okuda Y, Kobayashi L, Khare R, Vozenilek J. Defining
systems expertise: effective simulation at the organizational level-impli-
cations for patient safety, disaster surge capacity, and facilitating the sys-
tems interface. Acad Emerg Med. 2008;15:1098-1103.

Rosen MA, Weaver SJ, Lazzara EH, Salas E, Wu T, Silvestri S, Schiebel
N, Almeida S, King HB. Tools for evaluating team performance in simu-
lation-based training. J Emerg Trauma Shock. 2010;3:353-359.

Weaver SJ, Rosen MA, Salas E, Baum KD, King HB. Integrating the
science of team training: guidelines for continuing education. J Contin
Educ Health Prof. 2010;30:208-220.

Falcone RA Jr, Daugherty M, Schweer L, Patterson M, Brown RL,
Garcia VFE. Multidisciplinary pediatric trauma team training using high-
fidelity trauma simulation. J Pediatr Surg. 2008;43:1065-1071.
Robertson B, Kaplan B, Atallah H, Higgins M, Lewitt MJ, Ander DS.
The use of simulation and a modified TeamSTEPPS curriculum for med-
ical and nursing student team training. Simul Healthc. 2010;5:332-337.
Aggarwal R, Mishra A, Crochet P, Sirimanna P, Darzi A. Effect of caf-
feine and taurine on simulated laparoscopy performed following sleep
deprivation. Br J Surg. 2011;98:1666—-1672.

Arora S, Sevdalis N, Nestel D, Tierney T, Woloshynowych M, Kneebone
R. Managing intraoperative stress: what do surgeons want from a crisis
training program? Am J Surg. 2009;197:537-543.

Zendejas B, Cook DA, Farley DR. Teaching first or teaching last: does
the timing matter in simulation-based surgical scenarios? J Surg Educ.
2010;67:432-438.

Moorthy K, Munz Y, Adams S, Pandey V, Darzi A. A human fac-
tors analysis of technical and team skills among surgical trainees dur-
ing procedural simulations in a simulated operating theatre. Ann Surg.
2005;242:631-639.

Wright MC, Phillips-Bute BG, Petrusa ER, Griffin KL, Hobbs GW,
Taekman JM. Assessing teamwork in medical education and practice:
relating behavioural teamwork ratings and clinical performance. Med
Teach. 2009;31:30-38.

Morris RW, Pybus DA. “Orpheus” cardiopulmonary bypass simulation
system. J Extra Corpor Technol. 2007;39:228-233.

Yerkes RM, Dodson JD. The relation of strength of stimulus to rapidity
of habit-formation. J Comp Neurol Psychol. 1908;18:459-484.

Riley JB, O’Kane K. A.computer simulation of maintaining total
heart lung bypass for basic education. J Extra Corpor Technol Proc.
1977:5:42-49.

Riley JB, Winn BA, Hurdle MB. A computer simulation of cardiopulmo-
nary bypass: version two. J Extra Corpor Technol. 1984;16:130-136.
Deleted in press.

Ninomiya S, Tokaji M, Tokumine A, Kurosaki T. Virtual patient simula-
tor for the perfusion resource management drill. J Extra Corpor Technol.
2009;41:206-212.

Ginther R Jr, Fillingham R, Searles B, Darling E. Departmental use
of perfusion crisis management drills: 2002 survey results. Perfusion.
2003;18:299-302.

Stevens LM, Cooper JB, Raemer DB, Schneider RC, Frankel AS,
Berry WR, Agnihotri AK. Educational program in crisis management
for cardiac surgery teams including high realism simulation. J Thorac
Cardiovasc Surg. 2012;144:17-24.

Herschel RT, Nemati H, Steiger D. Tacit to explicit knowledge
conversion: knowledge exchange protocols. J Knowl Manage.
2001;5:107-116.

Baker DP, Salas E, King H, Battles J, Barach P. The role of teamwork in
the professional education of physicians: current status and assessment
recommendations. Jt Comm J Qual Patient Saf. 2005;31:185-202.
Lingard L, Espin S, Rubin B, Whyte S, Colmenares M, Baker GR,
Doran D, Grober E, Orser B, Bohnen J, Reznick R. Getting teams to
talk: development and pilot implementation of a checklist to promote
interprofessional communication in the OR. Qual Saf Health Care.
2005;14:340-346.

Wadhera RK, Parker SH, Burkhart HM, Greason KL, Neal JR, Levenick
KM, Wiegmann DA, Sundt TM 3rd. Is the “sterile cockpit” concept
applicable to cardiovascular surgery critical intervals or critical events?
The impact of protocol-driven communication during cardiopulmonary
bypass. J Thorac Cardiovasc Surg. 2010;139:312-319.

Ponton-Carss A, Hutchison C, Violato C. Assessment of communica-
tion, professionalism, and surgical skills in an objective structured

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

271.

278.

279.

280.

281.

282.

283.

284.

285.

286.

performance-related examination (OSPRE): a psychometric study. Am J
Surg. 2011;202:433-440.

Nagpal K, Arora S, Abboudi M, Vats A, Wong HW, Manchanda C,
Vincent C, Moorthy K. Postoperative handover: problems, pitfalls, and
prevention of error. Ann Surg. 2010;252:171-176.

Nagpal K, Vats A, Ahmed K, Vincent C, Moorthy K. An evaluation of
information transfer through the continuum of surgical care: a feasibility
study. Ann Surg. 2010;252:402-407.

Nagpal K, Vats A, Lamb B, Ashrafian H, Sevdalis N, Vincent C, Moorthy
K. Information transfer and communication in surgery: a systematic
review. Ann Surg. 2010;252:225-239.

Rogers SO Jr, Gawande AA, Kwaan M, Puopolo AL, Yoon C, Brennan
TA, Studdert DM. Analysis of surgical errors in closed malpractice
claims at 4 liability insurers. Surgery. 2006;140:25-33.

Kitch BT, Cooper JB, Zapol WM, Marder JE, Karson A, Hutter M,
Campbell EG. Handoffs causing patient harm: a survey of medi-
cal and surgical house staff. Jt Comm J Qual Patient Saf. 2008;
34:563-570.

The Joint Commission announces the 2006 National Patient Safety
Goals and requirements. Jt Comm Perspect. 2005;25:1-10.

Groah L. Hand offs: a link to improving patient safety. AORN J.
2006;83:227-230.

Borowitz SM, Waggoner-Fountain LA, Bass EJ, Sledd RM.
Adequacy of information transferred at resident sign-out (in-hospital
handover of care): a prospective survey. Qual Saf Health Care. 2008;
17:6-10.

Pezzolesi C, Schifano F, Pickles J, Randell W, Hussain Z, Muir H,
Dhillon S. Clinical handover incident reporting in one UK general hos-
pital. Int J Qual Health Care. 2010;22:396-401.

Manser T, Foster S. Effective handover communication: an overview
of research and improvement efforts. Best Pract Res Clin Anaesthesiol.
2011;25:181-191.

Chen JG, Wright MC, Smith PB, Jaggers J, Mistry KP. Adaptation of
a postoperative handoff communication process for children with heart
disease: a quantitative study. Am J Med Qual. 2011;26:380-386.

Smith AF, Pope C, Goodwin D, Mort M. Interprofessional handover and
patient safety in anaesthesia: observational study of handovers in the
recovery room. Br J Anaesth. 2008;101:332-337.

Nagpal K, Abboudi M, Fischler L, Schmidt T, Vats A, Manchanda C,
Sevdalis N, Scheidegger D, Vincent C, Moorthy K. Evaluation of post-
operative handover using a tool to assess information transfer and team-
work. Ann Surg. 2011;253:831-837.

Catchpole KR, de Leval MR, McEwan A, Pigott N, Elliott MJ, McQuillan
A, MacDonald C, Goldman AJ. Patient handover from surgery to inten-
sive care: using Formula 1 pit-stop and aviation models to improve safety
and quality. Paediatr Anaesth. 2007;17:470-478.

Zavalkoff SR, Razack SI, Lavoie J, Dancea AB. Handover after pediatric
heart surgery: a simple tool improves information exchange. Pediatr Crit
Care Med. 2011;12:309-313.

Craig R, Moxey L, Young D, Spenceley NS, Davidson MG. Strengthening
handover communication in pediatric cardiac intensive care. Paediatr
Anaesth. 2012;22:393-399.

Petrovic MA, Aboumatar H, Baumgartner WA, Ulatowski JA, Moyer
J, Chang TY, Camp MS, Kowalski J, Senger CM, Martinez EA. Pilot
implementation of a perioperative protocol to guide operating room-
to-intensive care unit patient handoffs. J Cardiothorac Vasc Anesth.
2012;26:11-16.

McKeown K, Jordan D, Feiner S, Shaw J, Chen E, Ahmad S, Kushniruk
A, Patel V. A study of communication in the cardiac surgery intensive
care unit and its implications for automated briefing. Proc AMIA Symp.
2000:570-574.

Association of periOperative Registered Nurses. Recommended prac-
tices for transfer of patient care information. In: 2012 Perioperative
Standards and Recommended Practices. Denver, CO: Association of
peri-Operative Registered Nurses; 2012.

Nagpal K, Vats A, Ahmed K, Smith AB, Sevdalis N, Jonannsson H,
Vincent C, Moorthy K. A systematic quantitative assessment of risks
associated with poor communication in surgical care. Arch Surg.
2010;145:582-588.

Munro N, Taylor-Panek S. The nurse practitioner role: the communica-
tion link for cardiac surgery patients. Crit Care Nurs Clin North Am.
2007;19:385-394, vi.

Telem DA, Buch KE, Ellis S, Coakley B, Divino CM. Integration of
a formalized handoff system into the surgical curriculum: resident per-
spectives and early results. Arch Surg. 2011;146:89-93.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://circ.ahajournals.org/

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

312.

Wahr et al

Hiilsken G, Rothenburger M, Etz C, Loher A, Schmid C, Scheld HH.
Telematics in medicine: a network infrastructure to optimize pro-
cesses in cardiology and heart surgery. Thorac Cardiovasc Surg. 2007,
55:264-267.

Emaminia A, Corcoran PC, Siegenthaler MP, Means M, Rasmussen S,
Krause L, LaPar DJ, Horvath KA. The universal bed model for patient
care improves outcome and lowers cost in cardiac surgery. J Thorac
Cardiovasc Surg. 2012;143:475-481.

Merriam-Webster’s Collegiate Dictionary. Springfield, MA: Merriam-
Webster; 2008.

Wong SW, Smith R, Crowe P. Optimizing the operating theatre environ-
ment. ANZ J Surg. 2010;80:917-924.

Kavic MS. Operating room design: “the devil is in the details”. JSLS.
2001;5:297-298.

Martinez EA, Shore A, Colantuoni E, Herzer K, Thompson DA, Gurses
AP, Marsteller JA, Bauer L, Goeschel CA, Cleary K, Pronovost PJ, Pham
JC. Cardiac surgery errors: results from the UK National Reporting and
Learning System. Int J Qual Health Care. 2011;23:151-158.
Essex-Lopresti M. Operating theatre design. Lancet.

1007-1010.

Reijnen MM, Zeebregts CJ, Meijerink WJ. Future of operating rooms.
Surg Technol Int. 2005;14:21-27.

McDermott MW. Neurosurgical suite of the future. I. Neuroimaging Clin
N Am. 2001;11:575-579.

Beyea SC. Distractions and interruptions in the OR: evidence for prac-
tice. AORN J. 2007;86:465-467.

Brogmus G, Leone W, Butler L, Hernandez E. Best practices in OR suite
layout and equipment choices to reduce slips, trips, and falls. AORN J.
2007;86:384-394.

Cesarano FL, Piergeorge AR. The Spaghetti Syndrome: a new clinical
entity. Crit Care Med. 1979;7:182—-183.

Ofek E, Pizov R, Bitterman N. From a radial operating theatre to a self-
contained operating table. Anaesthesia. 2006;61:548-552.

Lynch RJ, Englesbe MJ, Sturm L, Bitar A, Budhiraj K, Kolla S,
Polyachenko Y, Duck MG, Campbell DA Jr. Measurement of foot traf-
fic in the operating room: implications for infection control. Am J Med
Qual. 2009;24:45-52.

Scaltriti S, Cencetti S, Rovesti S, Marchesi I, Bargellini A, Borella P.
Risk factors for particulate and microbial contamination of air in operat-
ing theatres. J Hosp Infect. 2007;66:320-326.

Association of periOperative Registered Nurses. Recommended prac-
tices for traffic patterns. In: Perioperative Standards and Recommended
Practices 2012. Denver, CO: Association of peri-Operative Registered
Nurses; 2012:95-98.

Panahi P, Stroh M, Casper DS, Parvizi J, Austin MS. Operating room
traffic is a major concern during total joint arthroplasty. Clin Orthop
Relat Res. 2012;470:2690-2694.

Young RS, O’Regan DJ. Cardiac surgical theatre traffic: time
for traffic calming measures? Interact Cardiovasc Thorac Surg.
2010;10:526-529.

Ritter MA, Eitzen H, French ML, Hart JB. The operating room environ-
ment as affected by people and the surgical face mask. Clin Orthop Relat
Res. 1975:147-150.

Andersson AE, Bergh I, Karlsson J, Eriksson BI, Nilsson K. Traffic
flow in the operating room: an explorative and descriptive study on air
quality during orthopedic trauma implant surgery. Am J Infect Control.
2012;40:750-755.

Pryor F, Messmer PR. The effect of traffic patterns in the OR on surgical
site infections. AORN J. 1998;68:649-660.

Savoldelli GL, Thieblemont J, Clergue F, Waeber JL, Forster A,
Garnerin P. Incidence and impact of distracting events during induc-
tion of general anaesthesia for urgent surgical cases. Eur J Anaesthesiol.
2010;27:683-689.

Wiegmann D, Suther T, Neal J, Parker SH, Sundt TM. A human factors
analysis of cardiopulmonary bypass machines. J Extra Corpor Technol.
2009;41:57-63.

Dain S. Current equipment alarm sounds: friend or foe? Can J Anaesth.
2003;50:209-214.

1999;353:

. Kracht JM, Busch-Vishniac 1J, West JE. Noise in the operating

rooms of Johns Hopkins Hospital. J Acoust Soc Am. 2007;121(pt1):
2673-2680.

Finley GA, Cohen AJ. Perceived urgency and the anaesthetist:
responses to common operating room monitor alarms [published cor-
rection appears in Can J Anaesth. 1992;39;102]. Can J Anaesth.
1991;38:958-964.

Patient Safety in the Cardiac Operating Room 29

313.

314.

315.

316.

317.

318.

319.

320.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

Kruger GH, Tremper KK. Advanced integrated real-time clinical dis-
plays. Anesthesiol Clin. 2011;29:487-504.

Schmid F, Goepfert MS, Kuhnt D, Eichhorn V, Diedrichs S,
Reichenspurner H, Goetz AE, Reuter DA. The wolf is crying in the oper-
ating room: patient monitor and anesthesia workstation alarming pat-
terns during cardiac surgery. Anesth Analg. 2011;112:78-83.

Imhoff M, Kuhls S, Gather U, Fried R. Smart alarms from medi-
cal devices in the OR and ICU. Best Pract Res Clin Anaesthesiol.
2009;23:39-50.

Hodge B, Thompson JE. Noise pollution in the operating theatre. Lancet.
1990;335:891-894.

Fritsch MH, Chacko CE, Patterson EB. Operating room sound level haz-
ards for patients and physicians. Otol Neurotol. 2010;31:715-721.
Momtahan K, Hétu R, Tansley B. Audibility and identification of audi-
tory alarms in the operating room and intensive care unit. Ergonomics.
1993:36:1159-1176.

Kurmann A, Peter M, Tschan F, Miihlemann K, Candinas D, Beldi G.
Adverse effect of noise in the operating theatre on surgical-site infection.
BrJ Surg. 2011;98:1021-1025.

Miskovic D, Rosenthal R, Zingg U, Oertli D, Metzger U, Jancke L.
Randomized controlled trial investigating the effect of music on the vir-
tual reality laparoscopic learning performance of novice surgeons. Surg
Endosc. 2008;22:2416-2420.

. Hawksworth C, Asbury AJ, Millar K. Music in theatre: not so harmo-

nious: a survey of attitudes to music played in the operating theatre.
Anaesthesia. 1997;52:79-83.

Killen AR. Operating room redesign: building safety through a culture of
teamwork. Nat Clin Pract Urol. 2008;5:171.

Matern U, Koneczny S. Safety, hazards and ergonomics in the operating
room. Surg Endosc. 2007;21:1965-1969.

Saver C. Trends in OR design follow calls for safety, evidence-based
practice. OR Manager. 2008;24:1, 10-12.

Facility Guidelines Institute. 2010 ‘Guidelines for the Design and
Construction of Health Care Facilities. Chicago, IL: American Society
for Healthcare Engineering; 2010. http://www.fgiguidelines.org/
guidelines2010.php. Accessed May 5, 2013.

Worley DJ, Hohler SE. OR construction project: from planning to execu-
tion. AORN J. 2008;88:917-919, 923-934, 937-941.

Rosinski DJ. Sterile cockpit or not: it’s all about team and effective com-
munication. J Thorac Cardiovase Surg. 2010;140:10-11.

Egan M. Clinical dashboards: impact on workflow, care quality, and
patient safety. Crit Care Nurs.Q. 2006;29:354-361.

Bhatia B, Oates T, Xiao Y, Hu P. Real-time identification of operat-
ing room state from video. Cheetham W, Goker M, eds. Proceedings
of the Nineteenth Conference on Innovative Applications of Artificial
Intelligence. Palo Alto, CA: AAAI Press; 2007:1761-1766.

Xiao Y, Dexter F, Hu P, Dutton RP. The use of distributed displays of
operating room video when real-time occupancy status was available.
Anesth Analg. 2008;106:554-560.

Mudumbai SC, Fanning R, Howard SK, Davies MF, Gaba DM. Use of
medical simulation to explore equipment failures and human-machine
interactions in anesthesia machine pipeline supply crossover. Anesth
Analg. 2010;110:1292-1296.

Herzer KR, Rodriguez-Paz JM, Doyle PA, Flint PW, Feller-Kopman
DJ, Herman J, Bristow RE, Cover R, Pronovost PJ, Mark LJ.
A practical framework for patient care teams to prospectively iden-
tify and mitigate clinical hazards. Jt Comm J Qual Patient Saf.
2009;35:72-81.

Pronovost PJ, Berenholtz SM, Goeschel CA, Needham DM, Sexton
JB, Thompson DA, Lubomski LH, Marsteller JA, Makary MA, Hunt E.
Creating high reliability in health care organizations. Health Serv Res.
2006;41(pt 2):1599-1617.

Pronovost PJ, Freischlag JA. Improving teamwork to reduce surgical
mortality. JAMA. 2010;304:1721-1722.

Walshe K, Offen N. A very public failure: lessons for quality improve-
ment in healthcare organisations from the Bristol Royal Infirmary. Qual
Health Care. 2001;10:250-256.

Coulter A. After Bristol: putting patients at the centre. Qual Saf Health
Care. 2002;11:186-188.

Sibbald B. Winnipeg inquest recommendation could leave young MDs in
lurch, expert warns. CMAJ. 2001;164:393.

Sibbald B. Why did 12 infants die? Winnipeg’s endless inquest seeks
answers. CMAJ. 1998;158:783-789.
Davies JM. Painful inquiries: lessons
2001;165:1503-1504.

from Winnipeg. CMAJ.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://www.fgiguidelines.org/�guidelines2010.php
http://www.fgiguidelines.org/�guidelines2010.php
http://circ.ahajournals.org/

30

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

Circulation September 3, 2013

Hofstede G, Neuijen B, Ohayv DD, Sanders G. Measuring organiza-
tional cultures: a qualitative and quantitative study across twenty cases.
Adm Sci Q. 1990;35:286-316.

Scott T, Mannion R, Davies H, Marshall M. The quantitative measure-
ment of organizational culture in health care: a review of the available
instruments. Health Serv Res. 2003;38:923-945.

Fox AT, Fertleman M, Cahill P, Palmer RD. Medical slang in British
hospitals. Ethics Behav.2003;13:173—189.

Advisory Committee on the Safety of Nuclear Installations. Organising
for Safety: Third Report of the ACSNI (Advisory Committee on the Safety
of Nuclear Installations) Study Group on Human Factors. Sudbury,
England: HSE Books; 1993.

Zohar D. Safety climate: conceptual and measurement issues. In: Quick
JC, Tetrick, LE., eds. Handbook of Occupational Health Psychology.
Washington, DC: American Psychological Association; 2003:123-142.
Makary MA, Sexton JB, Freischlag JA, Millman EA, Pryor D,
Holzmueller C, Pronovost PJ. Patient safety in surgery. Ann Surg.
2006;243:628-632.

Singer SJ, Gaba DM, Falwell A, Lin S, Hayes J, Baker L. Patient safety
climate in 92 US hospitals: differences by work area and discipline. Med
Care. 2009;47:23-31.

Catchpole K, Wiegmann D. Understanding safety and performance in
the cardiac operating room: from “sharp end” to “blunt end.” BMJ Qual
Saf. 2012;21:807-809.

Stock GN, McDermott CM. Organizational and strategic predictors
of manufacturing technology implementation success: an exploratory
study. Technovation. 2001;21:625-636.

Singer SJ, Falwell A, Gaba DM, Meterko M, Rosen A, Hartmann CW,
Baker L. Identifying organizational cultures that promote patient safety.
Health Care Manage Rev. 2009;34:300-311.

Roberts KH. Some characteristics of one type of high reliability organi-
zation. Organ Sci. 1990;1:160-177.

Cameron KS, Quinn RE. Diagnosing and Changing Organizational
Culture: Based on the Competing Values Framework. San Francisco,
CA: Jossey-Bass; 2006.

Carman JM, Shortell SM, Foster RW, Hughes EF, Boerstler H, O’Brien
JL, O’Conner EJ. Keys for successful implementation of total quality
management in hospitals. Health Care Manage Rev. 1996;21:48-60.
Meterko M, Mohr DC, Young GJ. Teamwork culture and patient satisfac-
tion in hospitals. Med Care. 2004;42:492-498.

Shortell SM, O’Brien JL, Carman JM, Foster RW, Hughes EF, Boerstler
H, O’Connor EJ. Assessing the impact of continuous quality improve-
ment/total quality management: concept versus implementation. Health
Sery Res. 1995;30:377-401.

Shortell SM, Jones RH, Rademaker AW, Gillies RR, Dranove DS,
Hughes EF, Budetti PP, Reynolds KS, Huang CF. Assessing the impact
of total quality management and organizational culture on multiple out-
comes of care for coronary artery bypass graft surgery patients. Med
Care. 2000;38:207-217.

Zazzali JL, Alexander JA, Shortell SM, Burns LR. Organizational cul-
ture and physician satisfaction with dimensions of group practice. Health
Serv Res. 2007;42(pt 1):1150-1176.

Holtman MC, Frost JS, Hammer DP, McGuinn K, Nunez LM.
Interprofessional professionalism: linking professionalism and interpro-
fessional care. J Interprof Care. 2011;25:383-385.

Porto G, Lauve R. Disruptive clinician behavior: a persistent threat to
patient safety. Patient Safety Qual Healthc. 2006;3:16-24.

Leape LL, Fromson JA. Problem doctors: is there a system-level solu-
tion? Ann Intern Med. 2006;144:107-115.

Hickson GB, Pichert JW, Webb LE, Gabbe SG. A complementary
approach to promoting professionalism: identifying, measuring, and
addressing unprofessional behaviors. Acad Med. 2007;82:1040-1048.
Hickson GB, Jenkins AD. Identifying and addressing communication
failures as a means of reducing unnecessary malpractice claims. N C
Med J. 2007;68:362-364.

Leape LL, Shore MF, Dienstag JL, Mayer RJ, Edgman-Levitan S, Meyer
GS, Healy GB. Perspective: a culture of respect, part 2: creating a culture
of respect. Acad Med. 2012;87:853-858.

Leape LL, Shore MF, Dienstag JL, Mayer RJ, Edgman-Levitan S,
Meyer GS, Healy GB. Perspective: a culture of respect, part 1: the
nature and causes of disrespectful behavior by physicians. Acad Med.
2012;87:845-852.

Wiegmann DA, Eggman AA, Elbardissi AW, Parker SH, Sundt TM 3rd.
Improving cardiac surgical care: a work systems approach. Appl Ergon.
2010;41:701-712.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

378.

3798

380.

381.

382.

383.

384.

385.

386.

387.

Institute for Safe Medication Practices. Results from ISMP survey on
workplace intimidation. https://www.ismp.org/Survey/surveyresults/
Survey0311.asp. Accessed May 5, 2013.

Rosenstein AH, O’Daniel M. Study links disruptive behavior to negative
patient outcomes. OR Manager. 2005;21:1, 20, 22.

Rosenstein AH, O’Daniel M. Invited article: managing disruptive physi-
cian behavior: impact on staff relationships and patient care. Neurology.
2008;70:1564-1570.

Rosenstein AH, O’Daniel M. Impact and implications of disruptive
behavior in the perioperative arena. J Am Coll Surg. 2006;203:96-105.
Glick TH, Rizzo M, Stern BJ, Feinberg DM. Neurologists for patient
safety: where we stand, time to deliver. Neurology. 2006,67:2119-2123.
Bartholomew K. Ending Nurse-to-Nurse Hostility: Why Nurses Eat
Their Young and Each Other. Marblehead, MA: HCPro; 2006.

Schyve P. Leadership in Healthcare Organizations: A Guide to Joint
Commission Leadership Standards. San Diego, CA: Governance
Institute; 2009. http://psnet.ahrq.gov/resource.aspx resourcelD=17248.
Accessed May 4, 2013.

Rosenstein AH. The Joint Commission disruptive behavior standard:
intent and impact. J ASPR. 2009;16:6-7.

Joint Commission on Accreditation of Healthcare Organizations.
Leadership standard clarified to address behaviors that undermine a cul-
ture of safety. Jt Comm Perspect. 2012;32:7. http://www.jointcommis-
sion.org/assets/1/6/Leadership_standard_behaviors.pdf. Accessed May
5,2013.

The Workplace Bullying Institute. Results of the 2010 and 2007 WBI
U.S. Workplace Bullying Survey. http://www.workplacebullying.org/
wbiresearch/2010-wbi-national-survey/. Accessed February 3, 2013.
Bigony L, Lipke TG, Lundberg A, McGraw CA, Pagac GL, Rogers
A. Lateral violence in the perioperative setting. AORN J. 2009;
89:688-696.

Rosenstein AH. The quality and economic impact of disruptive behaviors
on clinical outcomes of patient care. Am J Med Qual. 2011;26:372-379.
Swiggart WH, Dewey CM, Hickson GB, Finlayson AJ, Spickard WA Jr.
A plan for identification, treatment, and remediation of disruptive behav-
iors in physicians. Front Health Serv Manage. 2009;25:3—11.

Lockley SW, Cronin JW, Evans EE, Cade BE, Lee CJ, Landrigan CP,
Rothschild JM, Katz JT, Lilly CM, Stone PH, Aeschbach D, Czeisler
CA; Harvard Work Hours, Health and Safety Group. Effect of reducing
interns’ weekly work hours on sleep and attentional failures. N Engl J
Med. 2004;351:1829-1837.

Landrigan CP, Rothschild JM, Cronin JW, Kaushal R, Burdick E, Katz
JT, Lilly CM, Stone PH, Lockley SW, Bates DW, Czeisler CA. Effect of
reducing interns’ work hours on serious medical errors in intensive care
units. N Engl J Med. 2004;351:1838-1848.

Fisman DN, Harris AD, Rubin M, Sorock GS, Mittleman MA. Fatigue
increases the risk of injury from sharp devices in medical trainees:
results from a case-crossover study. Infect Control Hosp Epidemiol.
2007;28:10-17.

Ayas NT, Barger LK, Cade BE, Hashimoto DM, Rosner B, Cronin JW,
Speizer FE, Czeisler CA. Extended work duration and the risk of self-
reported percutaneous injuries in interns. JAMA. 2006;296:1055-1062.
Barger LK, Cade BE, Ayas NT, Cronin JW, Rosner B, Speizer FE,
Czeisler CA; Harvard Work Hours, Health, and Safety Group. Extended
work shifts and the risk of motor vehicle crashes among interns. N Engl
J Med. 2005;352:125-134.

Accreditation Council for Graduate Medical Education; Philibert I, Amis
S Jr, eds. The ACGME 2011 Duty Hour Standard: Enhancing Quality of
Care, Supervision and Resident Professional Development. Chicago, IL:
ACGME; 2011. http://www.acgme-2010standards.org/pdf/monographs/
jgme-monograph.pdf. Accessed May 5, 2013.

Ellman PI, Kron IL, Alvis JS, Tache-Leon C, Maxey TS, Reece TB,
Peeler BB, Kern JA, Tribble CG. Acute sleep deprivation in the thoracic
surgical resident does not affect operative outcomes. Ann Thorac Surg.
2005:80:60-64.

Ellman PI, Law MG, Tache-Leon C, Reece TB, Maxey TS, Peeler BB,
Kern JA, Tribble CG, Kron IL. Sleep deprivation does not affect opera-
tive results in cardiac surgery. Ann Thorac Surg. 2004;78:906-911.

Chu MW, Stitt LW, Fox SA, Kiaii B, Quantz M, Guo L, Myers ML,
Hewitt J, Novick RJ. Prospective evaluation of consultant surgeon sleep
deprivation and outcomes in more than 4000 consecutive cardiac surgi-
cal procedures. Arch Surg. 2011;146:1080-1085.

Trew A, Searles B, Smith T, Darling EM. Fatigue and extended work
hours among cardiovascular perfusionists: 2010 Survey. Perfusion.
2011;26:361-370.

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


https://www.ismp.org/Survey/surveyresults/Survey0311.asp
https://www.ismp.org/Survey/surveyresults/Survey0311.asp
http://psnet.ahrq.gov/resource.aspx?resourceID=17248
http://www.jointcommission.org/assets/1/6/Leadership_standard_behaviors.pdf
http://www.jointcommission.org/assets/1/6/Leadership_standard_behaviors.pdf
http://www.workplacebullying.org/wbiresearch/2010-wbi-national-survey/
http://www.workplacebullying.org/wbiresearch/2010-wbi-national-survey/
http://www.acgme-2010standards.org/pdf/monographs/jgme-monograph.pdf
http://www.acgme-2010standards.org/pdf/monographs/jgme-monograph.pdf
http://circ.ahajournals.org/

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

Wahr et al

Hartmann CW, Meterko M, Rosen AK, Shibei Zhao, Shokeen P, Singer
S, Gaba DM. Relationship of hospital organizational culture to patient
safety climate in the Veterans Health Administration. Med Care Res Rev.
2009;66:320-338.

Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AH, Dellinger
EP, Dziekan G, Herbosa T, Kibatala PL, Lapitan MC, Merry AF, Reznick
RK, Taylor B, Vats A, Gawande AA; Safe Surgery Saves Lives Study
Group. Changes in safety attitude and relationship to decreased postop-
erative morbidity and mortality following implementation of a checklist-
based surgical safety intervention. BMJ Qual Saf. 2011;20:102-107.
Pronovost PJ, Berenholtz SM, Goeschel C, Thom I, Watson SR,
Holzmueller CG, Lyon JS, Lubomski LH, Thompson DA, Needham
D, Hyzy R, Welsh R, Roth G, Bander J, Morlock L, Sexton JB.
Improving patient safety in intensive care units in Michigan. J Crit Care.
2008;23:207-221.

Stanford JR, Swaney-Berghoff L, Recht KE, Orsagh-Yentis DK.
Improved cardiac surgical outcomes with use of total quality manage-
ment. J Clin Outcomes Manage. 2009;16:405-409.

Stanford JR, Swaney-Berghoff L, Recht K. Cardiac surgical outcomes
improvement led by a physician champion working with a nurse clinical
coordinator. Am J Med Qual. 2012;27:5-10.

Doran KA, Henry SA, Anderson BJ. Breakthrough change for adult
cardiac surgery in a community-based cardiovascular program. Qual
Manag Health Care. 1998;6:29-36.

Berry SA, Doll MC, McKinley KE, Casale AS, Bothe A Jr. ProvenCare:
quality improvement model for designing highly reliable care in cardiac
surgery. Qual Saf Health Care. 2009;18:360-368.

Culig MH, Kunkle RF, Frndak DC, Grunden N, Maher TD Jr, Magovern
GJ Jr. Improving patient care in cardiac surgery using Toyota production
system based methodology. Ann Thorac Surg. 2011;91:394-399.
O’Regan D, Shah S, Mirsadraee S, Al-Ruzzeh S, Karthik S, Jarvis M.
Implementation of a process-orientated multidisciplinary approach
(POMA), a system of cost-effective healthcare delivery within a cardiac
surgical unit. Qual Saf Health Care. 2008;17:459-463.

Uhlig PN, Brown J, Nason AK, Camelio A, Kendall E. John M. Eisenberg
Patient Safety Awards: system innovation: Concord Hospital. Jt Comm J
Qual Improv. 2002;28:666—672.

Fung-Kee-Fung M, Watters J, Crossley C, Goubanova E, Abdulla
A, Stern H, Oliver TK. Regional collaborations as a tool for quality
improvements in surgery: a systematic review of the literature. Ann Surg.
2009;249:565-572.

Burns C, Mearns K, McGeorge P. Explicit and implicit trust within
safety culture. Risk Anal. 2006;26:1139-1150.

Liker JKH, Hoseus M. Toyota Culture: The Heart and Soul of the Toyota
Way. New York, NY: McGraw-Hill; 2008.

Frankel AS, Leonard MW, Denham CR. Fair and just culture, team
behavior, and leadership engagement: the tools to achieve high reliabil-
ity. Health Serv Res. 2006;41(pt 2):1690-1709.

Clarke S, Ward K. The role of leader influence tactics and safety
climate in engaging employees’ safety participation. Risk Anal.
2006;26:1175-1185.

Malenka DJ, O’Connor GT. A regional collaborative effort for CQI in
cardiovascular disease: Northern New England Cardiovascular Study
Group. Jt Comm J Qual Improv. 1995;21:627-633.

Malenka DJ, O’Connor GT. The Northern New England Cardiovascular
Disease Study Group: a regional collaborative effort for continuous
quality improvement in cardiovascular disease. Jt Comm J Qual Improv.
1998;24:594-600.

O’Connor GT, Plume SK, Olmstead EM, Coffin LH, Morton JR,
Maloney CT, Nowicki ER, Levy DG, Tryzelaar JF, Hernandez F,
Adrian L, Casey KJ, Bundy D, Soule DN, Marrin CAS, Nugent WC,
Charlesworth DC, Clough R, Katz S, Leavitt BJ, Wennberg JE; Northern
New England Cardiovascular Disease Study Group. Multivariate predic-
tion of in-hospital mortality associated with coronary artery bypass graft
surgery. Circulation. 1992;85:2110-2118.

O’Connor GT, Plume SK, Olmstead EM, Coffin LH, Morton JR,
Maloney CT, Nowicki ER, Tryzelaar JF, Hernandez F, Adrian L, Casey
KJ, Soule DN, Marrin CAS, Nugent WC, Charlesworth DC, Clough R,
Katz S, Leavitt BJ, Wennberg JE. A regional prospective study of in-hos-
pital mortality associated with coronary artery bypass grafting. JAMA.
1991;266:803-809.

Dacey LJ, Munoz JJ, Johnson ER, Leavitt BJ, Maloney CT, Morton JR,
Olmstead EM, Birkmeyer JD, O’Connor GT; Northern New England

Patient Safety in the Cardiac Operating Room 31

408.

409.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

Cardiovascular Disease Study Group. Effect of preoperative aspirin use
on mortality in coronary artery bypass grafting patients. Ann Thorac
Surg. 2000;70:1986-1990.

O’Connor GT, Plume SK, Olmstead EM, Morton JR, Maloney CT,
Nugent WC, Hernandez F Jr, Clough R, Leavitt BJ, Coffin LH, Marrin
CA, Wennberg D, Birkmeyer JD, Charlesworth DC, Malenka DIJ,
Quinton HB, Kasper JF. A regional intervention to improve the hospital
mortality associated with coronary artery bypass graft surgery. JAMA.
1996;275:841-846.

O’Rourke DJ, Malenka DJ, Olmstead EM, Quinton HB, Sanders JH
Jr, Lahey SJ, Norotsky M, Quinn RD, Baribeau YR, Hernandez F Jr,
Fillinger MP, O’Connor GT; Northern New England Cardiovascular
Disease Study Group. Improved in-hospital mortality in women undergo-
ing coronary artery bypass grafting. Ann Thorac Surg. 2001;71:507-511.
Munoz JJ, Birkmeyer NJ, Dacey LJ, Birkmeyer JD, Charlesworth
DC, Johnson ER, Lahey SJ, Norotsky M, Quinn RD, Westbrook BM,
O’Connor GT; Northern New England Cardiovascular Disease Study
Group. Trends in rates of reexploration for hemorrhage after coronary
artery bypass surgery. Ann Thorac Surg. 1999;68:1321-1325.

Virginia hospitals join to create data repository for cardiac surgery. Clin
Resour Manag. 2001;2:44-46, 33.

Speir AM, Rich JB, Crosby I, Fonner E Jr. Regional collaboration as a
model for fostering accountability and transforming health care. Semin
Thorac Cardiovasc Surg. 2009;21:12—-19.

Prager RL, Armenti FR, Bassett JS, Bell GF, Drake D, Hanson EC,
Heiser JC, Johnson SH, Plasman FB, Shannon FL, Share D, Theurer P,
Williams J; Michigan Society of Thoracic and Cardiovascular Surgeons.
Cardiac surgeons and the quality movement: the Michigan experience.
Semin Thorac Cardiovasc Surg. 2009;21:20-27.

Johnson SH, Theurer PF, Bell GF, Maresca L, Leyden T, Prager RL;
Michigan Society of Thoracic and Cardiovascular Surgeons. A statewide
quality collaborative for process improvement: internal mammary artery
utilization. Ann Thorac Surg. 2010;90:1158-1164.

Campbell DA Jr, Englesbe MJ, Kubus JJ, Phillips LR, Shanley CJ,
Velanovich V, Lloyd LR, Hutton MC, Arneson WA, Share DA.
Accelerating the pace of surgical quality improvement: the power of
hospital collaboration. Arch Surg. 2010;145:985-991.

Kritchevsky SB, Braun BL,-Bush AJ, Bozikis MR, Kusek L, Burke JP,
Wong ES; Jernigan J, Davis CC, Simmons B; TRAPE Study Group. The
effect of a quality improvement collaborative to improve antimicrobial
prophylaxis in surgical patients: a randomized trial. Ann Intern Med.
2008;149:472-480, W89-W03.

Mittman BS. Creating the evidence base for quality improvement col-
laboratives. Ann Intern Med. 2004;140:897-901.

Gurses AP, Kim G, Martinez EA, Marsteller J, Bauer L, Lubomski LH,
Pronovost PJ, Thompson D. Identifying and categorising patient safety
hazards in cardiovascular operating rooms using an interdisciplinary
approach: a multisite study. BMJ Qual Saf. 2012;21:810-818.

Gurses AP, Martinez EA, Bauer L, Kim G, Lubomski LH, Marsteller JA,
Pennathur PR, Goeschel C, Pronovost PJ, Thompson D. Using human
factors engineering to improve patient safety in the cardiovascular oper-
ating room. Work. 2012;41(suppl 1):1801-1804.

Martinez EA, Marsteller JA, Thompson DA, Gurses AP, Goeschel
CA, Lubomski LH, Kim GR, Bauer L, Pronovost PJ. The Society of
Cardiovascular Anesthesiologists” FOCUS initiative: Locating Errors
through Networked Surveillance (LENS) project vision. Anesth Analg.
2010;110:307-311.

World Alliance for Patient Safety. WHO Guidelines for Safe Surgery:
Safe Surgery Saves Lives. Geneva, Switzerland: World Health
Organization; 2009.

Gillespie BM, Chaboyer W, Longbottom P, Wallis M. The impact of
organisational and individual factors on team communication in surgery:
a qualitative study. Int J Nurs Stud. 2010;47:732-741.

Weaver SJ, Salas E, Lyons R, Lazzara EH, Rosen MA, Diazgranados D,
Grim JG, Augenstein JS, Birnbach DJ, King H. Simulation-based team
training at the sharp end: a qualitative study of simulation-based team
training design, implementation, and evaluation in healthcare. J Emerg
Trauma Shock. 2010;3:369-377.

Key Worps: AHA Scientific Statements m briefing ®m communication
m handoff m patient care team m patient-centered care W patient safety
m safety culture m simulation

Downloaded from http://circ.ahajournals.org/ by guest on August 19, 2013


http://circ.ahajournals.org/

