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Crisis Checklists for the Operating Room:
Development and Pilot Testing
John E Ziewacz, MD, MPH, Alexander F Arriaga, MD, MPH, Angela M Bader, MD, MPH,
William R Berry, MD, MPH, MPA, Lizabeth Edmondson, BA, Judith M Wong, MD, Stuart R Lipsitz, SCD,
David L Hepner, MD, Sarah Peyre, EDD, Steven Nelson, BA, Daniel J Boorman, BS,
Douglas S Smink, MD, MPH, FACS, Stanley W Ashley, MD, FACS, Atul A Gawande, MD, MPH, FACS
Because operating room crises are rare events, failure to adhere to critical management steps is
common. We sought to develop and pilot a tool to improve adherence to lifesaving measures
during operating room crises.
STUDY DESIGN: We identified 12 of the most frequently occurring operating room crises and corresponding
evidence-based metrics of essential care for each (46 total process measures). We developed checklists
for each crisis based on a previously defined method, which included literature review, multidisciplinary expert consultation, and simulation. After development, 2 operating room teams (11 participants) were each exposed to 8 simulations with random assignment to checklist use or working
from memory alone. Each team managed 4 simulations with a checklist available and 4 without.
One of the primary outcomes measured through video review was failure to adhere to essential
processes of care. Participants were surveyed for perceptions of checklist use and realism of the
scenarios.
RESULTS:
Checklist use resulted in a 6-fold reduction in failure of adherence to critical steps in management for 8 scenarios with 2 pilot teams. These results held in multivariate analysis accounting
for clustering within teams and adjusting for learning or fatigue effects (11 of 46 failures without
the checklist vs 2 of 46 failures with the checklist; adjusted relative risk ⫽ 0.15, 95% CI,
0.04–0.60; p ⫽ 0.007). All participants rated the overall quality of the checklists and scenarios
to be higher than average or excellent.
CONCLUSIONS: Checklist use can improve safety and management in operating room crises. These findings
warrant broader evaluation, including in clinical settings. (J Am Coll Surg 2011;213:212–219.
© 2011 by the American College of Surgeons)
BACKGROUND:

currences of such crises through provider reporting mechanisms,1 and a study of reported adverse events under
anesthesia in Thailand estimated the aggregate incidence
rate to be 145/10,000 cases.2 Whether this matches
population-level occurrence rates remains unknown. Given
variations in reporting requirements, published reports also
likely underestimate their true incidence. However, with an
estimated 234 million operations performed annually
worldwide,3 more than 3 million patients yearly can experience an intraoperative adverse event.
Failure to adhere to best practices for operating room
crisis management is common. One study of ventricular
fibrillation cardiac arrests in high-fidelity operating
room simulation found that 61% of anesthesiologists
demonstrated “major deviations” from advanced cardiac
life support protocols.4 This is consistent with findings
that clinicians experience substantial decay in advanced life support skills over time after completion of
training.5-7

Operating room crises, such as malignant hyperthermia or
massive unexpected hemorrhage, are rare events that involve serious patient hazard and time-critical, coordinated
effort for successful management. Some studies report ocDisclosure Information: Nothing to disclose.
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Checklists are tools that can improve standardization,
teamwork, and overall performance in crisis situations.
Checklists for routine perioperative use have been
shown in multiple studies to substantially reduce death
and complications,8-10 and are rapidly becoming established as the standard of care.11 Checklists are standard in
management of emergencies in aviation and other highreliability fields, but they have not achieved widespread
consideration for use in operating room crises.12
Previous evidence suggests that cognitive aids (of which
checklists are a subset) are correlated with improved management of operating room crises,13 and anesthesiologists
have developed crisis management manuals to specifically
aid their management in operating room crises.14-17 However, the efficacy of team checklists in improving the management of operating room crises remains untested and
unknown.
We hypothesized that such checklists could aid surgical teams and their patients considerably. We therefore
followed a structured process for development of team
checklists for the most common and life-threatening
operating room crises we could identify. To study the
role of the checklists in the management of these infrequent and unpredictable crises, we carried out pilot testing in a high-fidelity simulator. We sought to determine
the usability and promise of these checklists for reducing
failure of adherence to critical steps in management.

METHODS
This project proceeded in 2 phases: checklist development
and pilot testing of the checklists in a high-fidelity anesthesia simulator.
Checklist development

Checklist development proceeded according to previously established methodology.18 First, an extensive literature search was performed to identify the most common life-threatening operating room crises and their
corresponding evidence-based treatments. After this review, initial drafts of checklists were completed and reviewed by local experts for content verification. Next, a
multidisciplinary expert panel consisting of Harvardaffiliated operating room directors, surgeons, anesthesiologists, nurses, specialists in simulation and surgical
education, and a lead checklist developer from the Boeing Aircraft Corporation was convened to formally review the content and design of the checklists. Iterative
refinements were made after trial runs in a high-fidelity
operating room simulator and re-review by our expert
panel. The final product contained checklists for 10 spe-
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cific crises (ie, air embolism, anaphylaxis, unstable bradycardia, unstable tachycardia, cardiac arrest with asystole, cardiac arrest with ventricular fibrillation, failed
airway, fire, hemorrhage, and malignant hyperthermia)
and 2 scenarios (ie, hypotension, hypoxia) for which a
diagnosis is unclear (see Fig. 1; full checklists are available in Appendix 1, available online).
As part of this effort, we also defined a set of evidencebased critical, lifesaving processes for each crisis, resulting
in a total of 46 key processes across all scenarios considered
essential to management of these crises (see Appendix 2,
available online).
Pilot testing

Two surgical teams (11 participants) were recruited to
participate in a series of simulated emergencies in a
high-fidelity operating room simulator. All teams consisted of active clinicians and included a surgical attending, surgical resident, anesthesia attending, anesthesia
resident, and circulating nurses/surgical technologists.
Each team performed 8 simulated operations in which 1
or more of the crisis events occurred (failed airway and
operating room fire were not simulated because of resource constraints). No crisis simulation was repeated.
The teams were randomly assigned to checklist use for 4
of the 8 scenarios, meaning that they managed 4 with
use of a checklist and 4 from memory alone (see Table 1).
Before simulations, teams were instructed on proper
checklist use.
As a primary outcomes measure, the teams were videotaped and assessed for failure to adhere to essential processes in the management of each crisis (measures from
Appendix 2, available online, which were based on the
checklist items, were scored in a binary yes/no fashion).
Where necessary to measure time to complete essential
processes, times were measured from the onset of the
crisis (eg, the appearance of a flat-lined heart monitor
and loss of a pulse for asystole). The video analysis was
performed by independent review of the videos by 2
physician reviewers (AFA, JEZ). In cases where there was
disagreement, decisions were made by a third expert
reviewer (a senior attending surgeon, WRB, for any processes initiated by a surgeon participant; a senior attending anesthesiologist, AMB, for any processes initiated by
an anesthesiology or nursing participant). Participants
were also surveyed for their assessment of the use and
functionality of the checklists, as well as the reality and
quality of the scenarios. Results were reported using
5-point Likert scales (1 ⫽ disagree strongly, 5 ⫽ agree
strongly; or 1 ⫽ poor, 5 ⫽ excellent).
Data were analyzed using SAS version 9.2 (SAS Institute). All p values were 2-sided, and p values ⬍0.05 were
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Figure 1. Cover of the operating room crisis checklist packet.

considered significant. Agreement between 2 physician
video reviewers was assessed using Cohen’s . Percentages
were used to summarize failure rates with and without the
checklist. Multivariate generalized estimating equations
were used to account for clustering of results within a team
and to adjust for learning effect when comparing the failure
rates with and without the checklist. The participant survey
Likert scores were summarized using means with standard
deviations and interquartile ranges.

RESULTS
Survey results: checklist usability

The pilot teams found the crisis checklists straightforward,
usable, and beneficial. Table 2 demonstrates the aggregate

mean Likert scores across all scenarios where a checklist was
used (1 ⫽ disagree strongly, 5 ⫽ agree strongly). Participants reported that on average the checklists made them
feel better prepared for emergencies (4.2 ⫾ 0.95; interquartile range [IQR] 4 to 5), the checklists were easy to use
(4.1 ⫾ 0.92; IQR 4 to 5), they would use the checklists if
presented with these emergencies in real life (4.3 ⫾ 0.75;
IQR 4 to 5), and that they would want practitioners to use
the checklists if they experienced an operating room crisis
as patients themselves (4.4 ⫾ 0.68; IQR 4 to 5). All participants rated the overall quality of the checklists to be
“above average” or “excellent” (4 or 5 on Likert scale). None
of the participants disagreed strongly with any of the checklist survey questions, and all participants requested copies
of the checklists for their own use.

Table 1. Pilot Study Design
Simulation no.

1
2
3
4
5
6
7
8
Total no. of key processes
over the 8 simulations

Emergency

Team 1

Malignant hyperthermia
Tachycardia
Hemorrhage
Ventricular fibrillation/ventricular tachycardia
Bradycardia, unexplained hypotension/hypoxia
Air embolism
Asystole
Anaphylaxis

*

*Emergency checklists provided for simulation scenario.

Team 2

*
*
*
*
*
*
*

No. of key processes

7
3
4
8
8
3
7
6
46
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Table 2. Checklist Survey Responses
Checklist survey question

The checklist helped me feel
better prepared during the
emergency scenario
The checklist was easy to use
I would use this checklist if I
were presented with this
operative emergency in real life
If I were having an operation and
experienced this intraoperative emergency, I would
want the checklist to be used

Mean Likert response,
mean ⴙ/ⴚ SD (IQR)*

4.2 ⫹/⫺ 0.95 (4–5)
4.1 ⫹/⫺ 0.92 (4–5)
4.3 ⫹/⫺ 0.75 (4–5)

4.4 ⫹/⫺ 0.68 (4–5)

*Mean Likert response across all checklist scenarios (1⫽disagree strongly,
5⫽agree strongly); 39–40 responses per question.
IQR, interquartile range.

Simulation testing: failure of adherence to critical
management steps

Agreement was excellent from video review between the
independent physician reviewers ( ⫽ 0.92), with only 2 of
the 92 processes tracked adjudicated by a senior reviewer.
As the key processes were hard end points (eg, “Did a
member of the team call for help within 1 minute of asystole?”), adjudications were easily made, and there was full
agreement between all reviewers immediately after video
replay.
Rates of failure to adhere to critical management steps in
operating crises fell considerably with use of the checklists
in pilot simulation testing (Fig. 2). Performance in scenarios in which checklists were not used resulted in an overall
failure rate of 24% (11 of 46 key processes), and performance in scenarios in which checklists were used resulted
in a failure rate of 4% (2 of 46 key processes). This difference was significant in a multivariate analysis using general
estimating equations to account for clustering of results
within teams and adjusting for time of day to account for
potential learning effect or fatigue effect (ie, teams can do
Table 3. Scenario Survey Responses
Scenario survey question

The scenario was realistic
The scenario was appropriately
challenging
The scenario prompted realistic
responses from me
The scenario will help me provide
safer patient care
The knowledge gained will be helpful
to me in my practice

Mean Likert response,
mean ⴙ/ⴚ SD (IQR)*

4.5 ⫹/⫺ 0.77 (4–5)
4.7 ⫹/⫺ 0.64 (4.5–5)
4.3 ⫹/⫺ 0.92 (4–5)
4.4 ⫹/⫺ 0.77 (4–5)
4.2 ⫹/⫺ 0.86 (4–5)

*Mean Likert response across all checklist scenarios (1 ⫽ disagree strongly,
5 ⫽ agree strongly); n⫽88 Responses per question.
IQR, interquartile range.

Figure 2. Association between operating room crisis checklist use
and failure of adherence to critical steps in management.

better at the end of the day because they have been exposed
to emergency scenarios and are better prepared, or can do
worse because of fatigue). Results were significant in this
multivariate analysis (relative risk ⫽ 0.15; 95% CI, 0.04–
0.60; p ⫽ 0.007).
Survey results: evaluation of the crisis scenarios

Table 3 demonstrates the aggregate mean Likert scores
across all scenarios. Participants reported that on average
the scenarios were realistic (4.5 ⫾ 0.77; IQR 4 to 5), were
appropriately challenging (4.7 ⫾ 0.64; IQR 4.5 to 5),
prompted realistic responses (4.3 ⫾ 0.92; IQR 4 to 5),
would help them provide safer care (4.4 ⫾ 0.77; IQR 4 to
5), and that the knowledge gained from the scenarios
would be helpful in their practice (4.2 ⫾ 0.86; IQR 4 to 5).
All participants rated the overall quality of the scenarios to
be “above average” or “excellent” (4 or 5 on Likert scale).

DISCUSSION
Operating room crises require rapid, coordinated management in stressful, time-critical settings, relying largely on
clinicians’ retained knowledge and skill. Failure to adhere
to critical steps in management of such crises is common
and hazardous to patients.4,5,19 In this study, we report the
structured development of a set of operating room crisis
checklists and their effect on reducing failures to adhere to
critical steps in management of operating room crises in a
high-fidelity simulator. The study participants found the
checklists to be highly usable and subjectively beneficial. In
addition, all participants rated the overall quality of the
checklists to be “above average” or “excellent,” and reported
that they would want them available for use in real emergencies. The checklists also appeared objectively likely
to be beneficial. Teams managing simulated crises exhibited an overall failure rate of 24% when working from
memory alone, compared with a 4% failure rate when
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using the checklists. The difference in performance remained highly statistically significant in a multivariate
model that accounted for clustering of results within
teams and adjusted for possible learning or fatigue effects. Given that the teams managed 10 widely different
crisis situations, these results suggest checklists reduce
major vulnerabilities for teams facing many operating
room crises. In the broader scope of the development of
surgical checklists, crisis checklists can address a previously unmet need; whereas checklists for routine settings can help to prevent crises, crisis checklists can serve
as useful aids once such events occur.
The results should be interpreted in the context of the
study design: a patient safety intervention trialed in simulation before being tested clinically. This is analogous
to the study design of investigational drugs, where interventions are tested for toxicity, efficacy, and superiority to existing therapy before widespread dissemination
and clinical use. High-fidelity simulation is increasingly
accepted in medicine as a method of evaluating clinician
management of emergencies.20-23 It is the standard for
evaluating tools and performance in emergencies in
other high-reliability fields such as aviation and nuclear
power.24,25 Training using simulation in medicine has
demonstrated improved retention of knowledge necessary for management of crises, as well as improved management of simulated crises.26-28 In addition, assessments of clinical performance during simulated crises
have demonstrated face validity and initial construct
validity, and the feasibility of accurately assessing technical performance through video review has been
established.29-34 Evidence also suggests that clinicians
highly value simulation in the training and preparation
for emergencies, believing it to be integral to their preparation for such events.28,35,36
Although no medical simulation study to date has conclusively linked simulator results to actual clinical performance, simulations must be deemed realistic and prompt
realistic responses by participants to infer this potential.37
To this end, participants in our study reported that the
scenarios were realistic (mean Likert 4.5) and prompted
realistic responses (mean Likert 4.3), improving the likelihood of correlated performance. It is worth noting that no
study in aviation or nuclear power has definitively demonstrated the use of simulation in improving safety in these
fields, despite broad acceptance of simulation.38
This was also not a blinded study. Subjects could not be
blinded to checklist use for obvious reasons. Neither could
our video reviewers. However, the key processes measured
were objective measures (eg, “Was a shock delivered within
3 minutes of ventricular fibrillation?”) and were easily ob-
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served on video review, leaving little room for subjective
interpretation. The results suggest promising value to using
crisis checklists in surgery.

CONCLUSIONS
Operating room crises are stressful, time-critical situations
that challenge clinicians’ cognition and recall in ways that
routine operations do not, making crises particularly amenable to checklist intervention. We have developed a set of
operating room crisis checklists and demonstrated their
potential ability to reduce failure of adherence to critical
crisis management steps, adding considerably to the growing body of evidence supporting checklist use in surgery. A
larger study of surgical teams is required to establish convincing value. Also, the best way to integrate these checklists into clinical use (as well as the best medium of presentation, eg, paper-based, plasma screen, hand-held, or tablet
technologies) remains unknown. Recent evidence suggests
that high rates of patient harm persist despite widespread
quality improvement efforts and focused successes of
patient-safety initiatives.8,9,39-41 Development and testing
of simple, effective methods for improved safety and performance in surgery remains critically necessary, and this
approach might well provide one.
Author Contributions
Study conception and design: Ziewacz, Arriaga, Bader, Berry,
Edmondson, Wong, Lipsitz, Hepner, Peyre, Boorman,
Smink, Ashley, Gawande
Acquisition of data: Ziewacz, Arriaga, Bader, Berry, Edmondson, Wong, Lipsitz, Hepner, Nelson, Smink, Gawande
Analysis and interpretation of data: Ziewacz, Arriaga, Bader,
Berry, Edmondson, Wong, Lipsitz, Hepner, Peyre, Nelson,
Boorman, Smink, Ashley, Gawande
Drafting of manuscript: Ziewacz, Arriaga, Bader, Berry,
Wong, Gawande
Critical revision: Ziewacz, Arriaga, Bader, Berry, Edmondson,
Wong, Lipsitz, Hepner, Peyre, Nelson, Boorman, Smink,
Ashley, Gawande

Acknowledgments: The authors would like to thank Joan Vitello, Dante Foster, Alvin Kwok, Charles Pozner, Christopher
Dodgion, Yelena Kuznetsov, Gloria Hicks, Priya Agrawal, Ami
Karlage, Robin Smeland-Wagman, Richard Kaufman, Andrew
Camerato, Stephen Poole, Seth Jones, Beenawattie Baldeo, Michael Trioli, Luke Funk, Marcus Semel, and Jonathan Spector for
their assistance with this project.

Vol. 213, No. 2, August 2011

REFERENCES
1. Webb RK, Currie M, Morgan CA, et al. The Australian Incident
Monitoring Study: an analysis of 2000 incident reports. Anaesth
Intens Care 1993;21:520–528.
2. Charuluxananan S, Punjasawadwong Y, Suraseranivongse S, et
al. The Thai anesthesia incidents study of anesthetic outcomes
II. Anesthetic profiles and adverse events. J Med Assoc Thai
2005;88[Suppl 7]:S14–S29.
3. Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation of the global volume of surgery: a modeling strategy based
on available data. Lancet 2008;372(9633):139–144.
4. Kurrek MM, Devitt JH, Cohen M. Cardiac arrest in the
OR: how are our ACLS skills? Can J Anaesth 1998;45:130–
132.
5. Semeraro F, Signore L, Cerchiari EL. Retention of CPR
performance in anaesthetists. Resuscitation 2006;68:101–
108.
6. Lipman SS, Daniels KI, Carvalho B, et al. Deficits in the
provision of cardiopulmonary resuscitation during simulated obstetric crises. Am J Obstet Gynecol 2010;203:179.
e1–e5.
7. Stross JK. Maintaining competency in advanced cardiac life support skills. JAMA 1983;249:3339–3341.
8. Haynes AB, Weiser TG, Berry WR, et al. A surgical safety checklist to reduce morbidity and mortality in a global population.
N Engl J Med 2009;360:491–499.
9. de Vries EN, Prins HA, Crolla RM. Effect of a comprehensive
surgical safety system on patient outcomes. N Engl J Med 2010;
363:1928–1937.
10. Neily J, Mills PD, Young-Xu Y, et al. Association between implementation of a medical team training program and surgical
mortality. JAMA 2010;304:1693–1700.
11. Birkmeyer JD. Strategies for improving surgical quality—
checklists and beyond. N Engl J Med 2010;363:1963–1965.
12. Karl RC. Aviation. J Gastrointestinal Surg 2009;13:6–8.
13. Harrison TK, Manser T, Howard SK, Gaba DM. Use of cognitive aids in a simulated anesthetic crisis. Anesth Analg 2006;103:
551–556.
14. Runciman WB, Webb RK, Klepper ID, et al. Crisis
management—validation of an algorithm by analysis of 2000
incident reports. Anesth Intens Care 1993;21:579–592.
15. Runiciman WB, Kluger MT, Morris RW, et al. Crisis management during anesthesia: the development of an anaesthetic crisis
management manual. Qual Saf Health Care 2005;14:e1.
16. Gaba DM, Fish KJ, Howard SK. Crisis management in anesthesia. New York: Churchill Livingstone; 1994.
17. Runciman WB, Merry AF. Crises in clinical care: an approach to
management. Qual Saf Health Care 2005;14:156–163.
18. Weiser TG, Haynes AB, Lashoher A, et al. Perspectives in quality: designing the WHO Surgical Safety Checklist. Int J Qual
Health Care 2010;22:365–370.
19. Smith KK, Gilcreast D, Pierce K. Evaluation of staff’s retention
of ACLS and BLS skills. Resuscitation 2008;78:59–65.
20. Watterson L, Flanagan B, Donovan B, et al. Anaesthetic simulators: training for the broader health-care profession. Aust
N Z J Surg 2000;70:735–737.
21. Scott DJ, Cendan JC, Pugh CM, et al. The changing face of
surgical education: simulation as the new paradigm. J Surg Res
2008;147:189–193.
22. Moorthy K, Vincent C, Darzi A. Simulation based training.
BMJ 2005;330:493–494.

Ziewacz et al

Operating Room Crisis Checklists

217

23. Vincent C. Patient safety. 2nd ed. London: Elsevier; 2006:341–
367.
24. Byrne AJ, Jones JG. Responses to simulated anaesthetic emergencies by anaesthetists with different durations of clinical experience. Br J Anaest 1997;78:553–556.
25. Reason J. Human error. Cambridge, UK: Cambridge University
Press; 1990.
26. Ruesseler M, Weinlich M, Muller MP, et al. Simulation training
improves ability to manage medical emergencies. Emerg Med J
2010;27:734–738.
27. Daniels K, Arafeh J, Clark A, et al. Prospective randomized trial
of simulation versus didactic teaching for obstetrical emergencies. Simul Healthc 2010;5:40–45.
28. Tofil NM, White ML, Grant M, et al. Severe contrast reaction
emergencies: high-fidelity simulation training for radiology residents and technologists in a children’s hospital. Acad Radiol
2010;17:934–940.
29. Paskins Z, Kirkcaldy J, Allen M, et al. Design, validation and
dissemination of an undergraduate assessment tool using SimMan® in simulated medical emergencies. Med Teach 2010;32:
e12–e17.
30. Siu LW, Boet S, Borges BC. High-fidelity simulation demonstrates the influence of anesthesiologists’ age and years from
residency on emergency cricothyroidotomy skills. Anesth Analg
2010;111:955–960.
31. Murray DJ, Boulet JR, Avidan M, et al. Performance of residents
and anesthesiologists in a simulation-based skill assessment. Anesthesiology 2007;107:705–713.
32. Kim J, Neilipovitz D, Cardinal P, et al. A pilot study using
high-fidelity simulation to formally evaluate performance in the
resuscitation of critically ill patients: the University of Ottawa
Critical Care Medicine, High-Fidelity Simulation, and Crisis
Resource Management 1 Study. Crit Care Med 2006;34:2167–
2174.
33. Gaba DM, Howard SK, Flanagan B, et al. Assessment of clinical
performance during simulated crises using both technical and
behavioral ratings. Anesthesiology 1998;89:8–18.
34. Moorthy K, Munz Y, Forrest D, et al. Surgical crisis management skills training and assessment: a simulation-based approach to enhancing operating room performance. Ann Surg
2006;244:139–147.
35. Price JW, Price JR, Prat DD, et al. High-fidelity simulation in
anesthesiology training: a survey of Canadian anesthesiology residents’ simulator experience. Can J Anesth 2010;57:134–142.
36. Undre S, Koutantji M, Sevdalis N, et al. Multidisciplinary crisis
simulations: the way forward for training surgical teams. World
J Surg 2007;31:1843–1853.
37. Kurrek MM, Devitt JH. Simulated anaesthetic emergencies.
Br J Anaest 1997;79:689.
38. Holzman RS, Cooper JB, Gaba DM, et al. Anesthesia crisis
resource management: real-life simulation training in operating
room crises. J Clin Anesth 1995;7:675–687.
39. Kohn LT, Corrigan JM, Donaldson MS, eds. To err is human:
building a safer health system. Washington, DC: National Academies Press; 1999.
40. Landrigan CP, Parry GJ, Bones CB, et al. Temporal trends in
rates of patient harm resulting from medical care. N Engl J Med
2010;363:2124–2134.
41. Pronovost P, Needham D, Berenholtz S, et al. An intervention to
decrease catheter-related bloodstream infections in the ICU.
N Engl J Med 2006;355:2725–2732.

217.e1

Ziewacz et al

Operating Room Crisis Checklists

J Am Coll Surg

Appendix 1:

O.R. Crical Event Guide

1: Air Embolism

Condion: Suspected air embolism (decreased end-dal CO2
and oxygen saturaon).
Objecve: Restore normal oxygen saturaon and
hemodynamic stability and stop source of air entry.

• Call for help.
•FiO2 increased to 100%?
• Nitrous oxide anesthec stopped?
• Source of air entry stopped?
- Surgical site lowered below level of heart, if possible?
- Wound ﬁlled with irrigaon?
- Entry point searched for (including open venous lines)?
- Intermient jugular venous compression considered If head or cranial case?
• Transesophageal echocardiography called for (if available)?

Have we considered:
• Le side down once source controlled?
• Aspiraon of air from a central line?
• Vasopressors (e.g. dobutamine, norepinephrine)?
• Chest compressions (100/min; to force air through lock, even if not in cardiac arrest)?

1
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O.R. Crical Event Guide

2: Anaphylaxis
•

Call for help.

•

Potenal causave agents removed?

•

FiO2 increased to 100%?

Condion: Suspected anaphylaxis (consistent history, urcaria,
hypotension, bronchospasm).
Objecve: Restore hemodynamic stability, abort reacon.

Common causave agents:
Neuromuscular blocking agents, latex products (gloves,blood
pressure cuﬀ, Foley catheter), chlorhexidine, IV colloids.

Drug Doses:
Epinephrine doses:
1 to 5 cc (0.1-0.5 mg) IV, depending on severity, diluted
1:10,000 before bolus.

•

•

Epinephrine given?
(Epinephrine dose may be repeated every 1-2 minutes as clinically indicated).

•

Airway established/secured?

•

IV access adequate?

•

IV ﬂuids opened and/or ﬂuid bolus given at high rate?

•

If no response: begin IV epinephrine infusion (rate: 1-4 μg/minute).

2

•

0.3 cc (0.3 mg) IM if no IV access (diluted 1:1,000).

•

If cardiac arrest: give 1 mg epinephrine IV, begin ACLS and
GO TO: Cardiac Arrest – Asystole/PEA Checklist or Cardiac
Arrest – VF/VT Checklist.

Have we considered:
• Terminaon of the procedure to focus on resuscitaon?
• Vasopressin? (40 Units IV; for paents with connued hypotension)
• Albuterol? (if bronchospasm a prominent feature)
• Diphenhydramine (25-50mg IV)?
• H2 blockers (e.g. ranidine 50mg IM/IV; cimedine 300mg IM/IV)?
• Glucagon? (1-2 mg IV or IM every 5 minutes, in paents taking beta blockers)
• Hydrocorsone (100 mg IV)?
• Tryptase level? (useful to guide future management)

O.R. Crical Event Guide

3: Bradycardia - Unstable
•

Call for help.

•

Get transcutaneous pacer.

•

Give Atropine (0.5mg IV; may repeat to 3mg total).

•

Stop surgical smulaon (If laparoscopy, desuﬄate).

•

If myocardial infarcon suspected (e.g. ECG changes), treat accordingly.
(e.g. oxygen, nitrates, consider terminang procedure)

•

Condion: Hemodynamic instability, persistent bradycardia
with pulses.
Objecve: Restore hemodynamic stability, adequate
perfusion.

Assess for drug induced causes
(e.g., beta blockers, calcium channel blockers, digoxin).

•

If persistent bradycardia, begin pacing:
1. Place pacing electrodes and pads on chest per package instrucons.
2. Turn monitor/deﬁbrillator ON, set to PACER mode.
3. Set PACER RATE (ppm) to 60/min. (Can be adjusted up or
down based on clinical response once pacing is established).
4. Increase the milliamperes (mA) of PACER OUTPUT unl electrical capture
(pacer spikes aligned with QRS complex; threshold normally 65-100mA).
Set ﬁnal milliamperes to 10mA above this level.
5. Conﬁrm pulse present.**

•

If pacing ineﬀecve (or while awaing pacer):
–
Consider Epinephrine (2 to 10 μg/min)
or Dopamine (2 to 10 μg/kg/min).

•

Consider expert consultaon.

** If PEA develops, GO TO: Cardiac Arrest – Asystole/PEA Checklist

•
•
•

During Resuscitaon:
Airway (assess and secure)
Breathing (100% FiO2)
Circulaon (conﬁrm adequate IV or IO access)
•
Consider IV ﬂuids wide open.
•
Consider 12-lead ECG.

Overdose Treatments:
Beta-blocker overdose:
- Glucagon (2-4mg IV push).
Calcium channel blocker overdose:
- Calcium chloride (1g IV).

3
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O.R. Crical Event Guide

4: Cardiac Arrest – Asystole/PEA

Condion: Non-shockable pulseless cardiac arrest.
Objecve: Restore pulse, hemodynamic stability.

• Call for help.
• CPR (100 chest compressions/min + 8 breaths per minute)*
- Ensure full chest recoil with minimal interrupons.
• Epinephrine (or Vasopressin).

During CPR:
Airway ([bag mask venlaon]).
Breathing (100% FiO2).
Circulaon (conﬁrm adequate IV or IO access) .
•
Consider IV ﬂuids wide open.
Assign roles for: Chest compressions, airway, vascular access,
documentaon, code cart, me keeping. Orders should be
explicitly acknowledged and repeated.

•
•
•
•

• Check pulse & rhythm (aer every 2 minutes of CPR):

4

– If no pulse and shockable (VF/VT): GO TO: Cardiac Arrest - VF/VT Checklist
Drug Doses and Treatments:
- If no pulse and NOT shockable (asystole/PEA):
Epinephrine dosing: 1mg IV, repeats every 3-5 minutes
• Resume CPR.
Vasopressin 40 U IV can be given to replace the ﬁrst or second
• Read out potenal causes (H&Ts).
dose of epinephrine.
• Restart checklist.
- If pulse:
Hyperkalemia treatment:
• Begin post-resuscitaon care.
– Calcium gluconate (10mg/kg) or Calcium
• Read out potenal causes (H &Ts).
chloride (10mg/kg) IV;
– Sodium bicarbonate 1-2mEq/kg, slow IV push
– Insulin 10 Units regular IV with 1-2 amps D50W

Potenal Causes (H&Ts):
–
–
–
–
–
–
–
–
–
–
–

Hypovolemia
Hypoxemia
Hydrogen ion (acidosis)
Hyperkalemia
Hypoglycemia
Hypothermia
Tension Pneumothax
Tamponade (Cardiac)
Thrombosis (Coronary/Pulmonary)
Toxin (narcoc, local anesthec, beta blocker, channel blocker)
Trauma (bleeding outside the surgical cavity)

Toxin Treatments:
Narcoc Overdose:
- Narcan 2-4mg IV
Local Anesthec overdose:
Intralipid administraon:
– 1.5mL/kg IV bolus
– Repeat 1-2 mes for persistent asystole
– Start infusion .25 to 50mL/kg/min for 30-60
minutes for refractory hypotension
Beta-blocker overdose:
- Glucagon (2-4mg IV push)
Calcium channel blocker overdose:
- Calcium chloride (1g IV).

* In paent without an advanced airway: Cycle of CPR = 30 compressions at a rate of 100/min, followed by two breaths Provide 5 cycles of CPR where “CPR x 2 minutes” is noted

•
•
•

•
•
•

Airway
Breathing
Circulaon

2).

•

minute).*
interrupons.
• Shock
• Epinephrine.
• CPR
•
• Shock
• Epinephrine.
•
•
• Shock
• Amiodarone.
• CPR
•

develops

Deﬁbrillator:

5
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6
adequate?

No

adequate?

No
• Videolaryngoscope.

•
If bag mask
ventilation
and LMA
become
inadequate

Consider:
• Bronchoscope.

•
•
•

.
Oxide).

**
**

2

OFF

7
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•

8

•
adequate?

•

•
–
cryoprecipitate

–
–

FFP

–

Platelets

–

Cryoprecipitate
requested?

•
•

cryoprecipitate

•
•
•
•

•
-

?

•
-

?

•
•
•

•
•
•

9

•
• FiO2

–
–
–

?

•
Surgical
• Retracon

Nursing
Airway:
bleeding:
Breathing:

manipulaon

sponges
–
Circulaon:

2)

• Tamponade

Drugs/allergy:
•
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•
•

10

• FiO2
•
•
•
•

2 conﬁrmed?

•
•
•

checked?
drawn?

Yes

No
Circulaon:
• Embolism

•
•
• Bronchoscopy
•

2)

Airway:
• Brochospasm?

Breathing:
• Aspiraon
• Atelectasis
• Obesity/posioning
Drugs/allergy:
•
given
• Hypovenlaon

2

temperature.

•
•
•

11

Dantrolene:
2

absorber.
30mg/kg).

• FiO2 increased
•
• Dantrolene
•
•
• Bicarbonate
•
• Hyperkalemia
• Dysrhythmias
•
•
•

Bicarbonate:
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perfusion.

•
•

•
•
•

:

Airway
Breathing
Circulaon

2)

12

2.

100J. 120J. 150J. 200J
50J.

150J. 200J.
100J.

150J.

200J.

SYNC
.

Appendix 2: Key processes tracked for the Agency
for Healthcare Research and Quality Operating
Room Crisis Checklist Project
Key processes for cardiac arrest: VF/VT

1. After onset of pulseless VF/VT, chest compressions
(once initiated) are given without prolonged interruption(s) (no pause ⬎30 seconds, except for when explicitly clearing patient and delivering shocks).1,2
2. Patient receives a shock within 3 minutes of onset of
pulseless VF/VT.1,3-5
3. Patient receives the appropriate joule setting when all
shocks delivered.4
4. Initial dose of epinephrine (or vasopressin) given
within 5 minutes of onset of pulseless VF/VT.5
5. Initial dose of amiodarone (or lidocaine) given after
epinephrine (or vasopressin).5,6
6. Repeat dose of epinephrine (or vasopressin) given
within 3 to 5 minutes after the first dose.5,6
7. At least 1 team member in the room explicitly calls for
outside help (eg, phone call) within 1 minute of onset
of pulseless VF/VT.5
8. At least 1 team member calls for the defibrillator
within 1 minute of the onset of VF/VT.3-5

Key processes for cardiac arrest: asystole/
pulseless electrical activity (PEA)

9. After onset of asystole/PEA, chest compressions (once
initiated) are given without prolonged interruption(s)
(no pause ⬎30 seconds).1,2
10. Patient does not receive shock if pulse/rhythm indicates asystole/PEA.4
11. Initial dose of epinephrine (or vasopressin) given
within 3 minutes of onset of asystole/PEA.5,6
12. Atropine given (or explicitly considered) within 5
minutes of start of asystole/PEA.5
13. Repeat dose of epinephrine (or vasopressin) given
within 3 to 5 minutes after the first dose.5,6
14. At least 1 team member in the room explicitly calls for
outside help (eg, phone call) within 1 minute of onset
of asystole/PEA.5
15. At least 1 member reads aloud the Hs and Ts (or explicitly discusses the causes in any order) within 10
minutes of the start of asystole/PEA.5
Key processes for air embolism

16. FiO2 increased to 100% within 3 minutes of air embolism (indicative signs are substantially decreased
end-tidal CO2 and oxygen desaturation).7-9
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Implicit by increasing FiO2 to 100%: nitrous oxide anesthetic stopped within 3 minutes of air
embolism.10,11
17. Attempts are made to stop the source of air entry
within 5 minutes of air embolism? (Scenario-specific.
Examples include surgical site lowered below level of
heart; wound filled with irrigation; intermittent jugular venous compression for head and neck/cranial cases; explicit search for entry point).7,12-14
18. At least 1 team member explicitly calls for help (eg,
phone call) within 3 minutes of the onset of air
embolism.5
Key processes for anaphylaxis

19. Epinephrine given within 3 minute of anaphylaxis (indicative signs are hypotension/hemodynamic instability, wheezing, confederate points out urticaria).15-27
20. Potential causative agents removed within 3 minutes
of anaphylaxis (Scenario-specific. Examples include
removal of latex Foley catheter; removal of IV
antibiotics).16,28
21. FiO2 increased to 100% within 3 minute of
anaphylaxis.15-18
22. Fluid bolus given or fluids placed wide open within 3
minutes of anaphylaxis.15-18,27
23. Hydrocortisone administered within 5 minutes of
anaphylaxis.16,18,29,30
24. At least 1 team member in the room explicitly calls for
outside help (eg, phone call) within 3 minutes of onset
of anaphylaxis.5
Key processes for hemorrhage

25. Blood bank is notified within 5 minutes of sudden
unexpected substantial blood loss.31
26. Intravenous fluids opened or fluid bolus given within
5 minutes of sudden unexpected blood loss.32
27. Packed red blood cells are administered within 10
minutes of sudden unexpected blood loss with hemodynamic instability.31
28. At least 1 team member in the room explicitly calls for
outside help (eg, phone call) within 5 minutes of onset
of sudden unexpected blood loss.5
Key processes for bradycardia

29. Atropine given within 5 minutes of unstable
bradycardia.33-35
30. Transcutaneous pacing established within 3 minutes
of unstable bradycardia onset.33,36,37
31. FiO2 increased to 100% within 3 minutes of unstable
bradycardia. (Note that this key process was only
counted once for the bradycardia/hypotension/
hypoxia scenario.)

Operating Room Crisis Checklists
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32. At least 1 team member explicitly calls for help (eg,
phone call) within 3 minutes of the onset of unstable
bradycardia.5
Key processes for malignant hyperthermia (MH)

33. Dantrolene given within 7 minutes of MH.38-40
34. All volatile anesthetics stopped within 3 minutes
of onset of MH (increased ETCO2, tachycardia,
febrile).41
35. FiO2 increased to 100% within 3 minutes of onset
of MH.41
36. Patient hyperventilated (ie, 2 to 4 times the minute
ventilation the patient was initially receiving) within 3
minutes of onset of MH.38,39,41,42
37. Attempts made to cool the patient within 5 minutes of
MH (cooling blanket, gastric lavage, and/or external
ice packs).38,39
38. Drugs given to treat hyperkalemia within 5 minutes of
rhythm change.38-42
39. At least 1 team member in the room explicitly calls for
outside help (eg, phone call) within 3 minutes of onset
of MH.5
Key processes for tachycardia

40. Synchronized cardioversion initiated within 5 minutes
of unstable tachycardia onset (ie, pads on patient; appropriate synchronization established with SYNC
markers on each R wave).43
41. At least 1 team member in the room explicitly calls for
outside help (eg, phone call) within 2 minutes of onset
of unstable tachycardia.5
42. At least 1 team member calls for the defibrillator within 2 minutes of the onset of unstable
tachycardia.43
Key processes for hypotension/hypoxia

43. IV fluids opened wide or fluid bolus given within 3
minutes of unstable hypotension.44-46
44. FiO2 increased to 100% within 3 minutes of unstable
hypotension/hypoxia.47
45. Hand ventilation initiated within 3 minutes of
hypoxia.47
46. Breath sounds auscultated within 3 minutes of
hypoxia.47,48
47. Suction provided through the endotracheal tube.47
48. At least 1 team member in the room explicitly calls for
outside help (eg, phone call) within 3 minutes of onset
of unstable hypotension/hypoxia.5 (Note that this key
process was only counted once for the bradycardia/
hypotension/hypoxia scenario.)
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