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A BS TR AC T

BACKGROUND

Operating-room crises (e.g., cardiac arrest and massive hemorrhage) are common 
events in large hospitals but can be rare for individual clinicians. Successful manage-
ment is difficult and complex. We sought to evaluate a tool to improve adherence to 
evidence-based best practices during such events.

METHODS

Operating-room teams from three institutions (one academic medical center and 
two community hospitals) participated in a series of surgical-crisis scenarios in a 
simulated operating room. Each team was randomly assigned to manage half the 
scenarios with a set of crisis checklists and the remaining scenarios from memory 
alone. The primary outcome measure was failure to adhere to critical processes of 
care. Participants were also surveyed regarding their perceptions of the usefulness 
and clinical relevance of the checklists.

RESULTS

A total of 17 operating-room teams participated in 106 simulated surgical-crisis 
scenarios. Failure to adhere to lifesaving processes of care was less common during 
simulations when checklists were available (6% of steps missed when checklists 
were available vs. 23% when they were unavailable, P<0.001). The results were 
similar in a multivariate model that accounted for clustering within teams, with 
adjustment for institution, scenario, and learning and fatigue effects (adjusted relative 
risk, 0.28; 95% confidence interval, 0.18 to 0.42; P<0.001). Every team performed 
better when the crisis checklists were available than when they were not. A total of 
97% of the participants reported that if one of these crises occurred while they were 
undergoing an operation, they would want the checklist used.

CONCLUSIONS

In a high-fidelity simulation study, checklist use was associated with significant 
improvement in the management of operating-room crises. These findings suggest 
that checklists for use during operating-room crises have the potential to improve 
surgical care. (Funded by the Agency for Healthcare Research and Quality.)
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Operating-room crises (e.g., massive 
hemorrhage and cardiac arrest) are high-
risk, stressful events that require rapid 

and coordinated care in a time-critical setting. 
The reported incidence may be rare for an indi-
vidual practitioner,1 but the aggregate incidence 
for a hospital with 10,000 operations a year is 
estimated to be approximately 145 such events 
annually.2 These are situations in which the way 
the team cares for a patient will make the differ-
ence between life and death. Failure to effectively 
manage life-threatening complications in surgi-
cal patients has been recognized as the largest 
source of variation in surgical mortality among 
hospitals.3-7 Small-scale studies suggest that teams 
are commonly unable to properly manage crises. 
For example, studies of cases requiring advanced 
cardiac life support show poor adherence to ap-
propriate practices, as well as substantial decay 
in retention of knowledge after training.8-10

Checklists have long been accepted in other 
high-risk industries (e.g., aviation and nuclear 
power) as a tool to aid performance during rare 
and unpredictable critical events.11,12 In the field 
of medicine, the use of surgical safety checklists 
during routine operative care has been associ-
ated with significant reductions in morbidity 
and mortality13-16 and is rapidly becoming a 
standard of care.17,18 Crisis-related cognitive aids 
(of which checklists are a subset) and manuals 
exist for the operating room.19-25 However, the 
effect of crisis checklists on performance during 
intraoperative crises has been largely untested, 
particularly in studies that include seasoned 
clinicians (not just trainees) or that include more 
than one institution.

We therefore sought to study the effect of a 
crisis-checklist intervention. Owing to the rela-
tive infrequency of these events, a live clinical 
trial was not feasible. We used high-fidelity 
medical simulation to facilitate a structured ob-
servation of these unpredictable events. In previ-
ous work, we developed a set of intraoperative 
critical-event checklists and confirmed their us-
ability in a pilot study with two operating-room 
teams.26 We hypothesized that crisis checklists 
would significantly improve adherence to best 
practices in a randomized, controlled trial in-
volving teams from both academic and commu-
nity hospitals.

ME THODS

STUDY PARTICIPANTS

Participants were recruited from three hospitals 
(one academic medical center and two commu-
nity hospitals) in the Boston area over a 17-month 
period (August 2010 through December 2011). 
Teams consisted of anesthesia staff (attending 
physicians, residents, and certified registered 
nurse anesthetists), operating-room nurses, sur-
gical technologists, and a mock surgeon partici-
pant (except in a small number of cases in which 
volunteer surgeons and surgical residents were 
available). Each team spent a 6-hour day in a 
high-fidelity simulated operating room where 
they were presented with a series of crisis sce-
narios and tested for their adherence to critical, 
evidence-based practices. In half the scenarios, 
randomly chosen, the team had access to a previ-
ously developed set of checklists26 for crisis 
events. In the other half, they worked from mem-
ory, as in usual care.

Staff members were enrolled by means of sign-
up sheets and random selection of staff mem-
bers who were already scheduled to work on the 
study dates. The hospital departments allowed 
staff members to be scheduled to the simulator 
in lieu of a standard work day. During the initial 
study sessions, there was limited participation 
by surgeons and surgical residents in the pro-
cesses of care being studied. Given this factor as 
well as scheduling and other difficulties, volun-
teer surgeons were welcome, but their participa-
tion was not mandatory. All anesthesia staff 
(attending physicians, residents, and certified 
registered nurse anesthetists) were required by 
their departmental or hospital policy to hold 
current certification in advanced cardiac life 
support. All study participants attended one and 
only one study session. Approval from the local 
institutional review board was obtained before 
the start of the study, and all study participants 
gave written informed consent.

STUDY DESIGN

A schematic of team participation is provided in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org. Each team 
was exposed to a series of simulated intraopera-
tive crises (including air embolism, anaphylaxis, 
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asystolic cardiac arrest, hemorrhage followed by 
ventricular fibrillation, malignant hyperthermia, 
unexplained hypotension and hypoxemia followed 
by unstable bradycardia, and unstable tachycar-
dia). Each team was randomly assigned to man-
age half the scenarios with the checklists avail-
able and the remaining scenarios by memory 
alone. Members of the teams participating in the 
pilot study (which included surgeons and surgi-
cal residents) also underwent randomization.

The checklists were provided in booklet form 
in two locations: adjacent to the anesthesia ma-
chine and adjacent to the circulating nurse’s work 
area. A detailed description of the development of 
the crisis checklists was published previously,26 
and a brief description is provided in the Supple-
mentary Appendix, along with the surgical safety 
checklists. All authors vouch for the complete-
ness and accuracy of the data and analyses as 
presented and for the fidelity of the study to the 
protocol, available at NEJM.org.

The primary outcome measure was failure to 
adhere to life-saving processes of care for each 
crisis. There were a total of 47 key processes 
across the scenarios tested (see the Supplemen-
tary Appendix). These were derived from evidence-
based guidelines and scored in a binary fashion 
(yes or no). All simulation sessions were recorded 
as multiscreen synchronized videos, and three 
physician reviewers, all of whom were authors, 
observed and scored the sessions. For the first 
200 key processes, the reviewers worked in pairs, 
and interrater reliability was assessed. A kappa 

score greater than 0.90 for each reviewer pair was 
established before the remaining processes were 
reviewed by a single physician reviewer. Any case 
of disagreement or uncertainty among reviewers 
regarding adherence by the team to a key process 
was decided by means of expert review (assess-
ment of the video by a senior surgeon, a senior 
anesthesiologist, or a senior physician who was 
an expert in guidelines for advanced cardiac life 
support). A random 15% sample of the data was 
rereviewed by an outside physician reviewer who 
was unaware of both the study design and the 
hypothesis being tested. Study participants were 
surveyed regarding their perceptions of the useful-
ness and clinical relevance of the checklists, with 
the use of Likert scales ranging from 1 (disagree 
strongly) to 5 (agree strongly). Items from the 
full survey are provided in Tables S1 through S4 
in the Supplementary Appendix.

STATISTICAL ANALYSIS

Data were analyzed with the use of SAS software, 
version 9.3 (SAS Institute). All reported P values 
are two-sided, and P values of less than 0.05 were 
considered to indicate statistical significance. 
Agreement between two physician reviewers was 
assessed with the use of Cohen’s kappa. Bonfer-
roni adjustment of P values was performed to ac-
count for the number of P values reported and 
the analysis of the data from the two study dates 
reviewed in the pilot usability trial. Multivariate 
relative-risk regression for dichotomous outcomes 
was used to compare failure rates with and with-

Table 1. Professional Characteristics of the Participants.

Position
Participants

(N = 67) Years of Experience in Specialty

<1 1 to 5 6 to 10 >10 to <15 ≥15 Unknown

no. (%) percent

Anesthesia attending physician 17 (25) 0 18 47 12 18 6

Surgical attending physician 2 (3) 0 0 50 50 0 0

Anesthesia resident* 10 (15) 0 100 0 0 0 0

Surgical resident* 2 (3) 0 100 0 0 0 0

Operating-room nurse 20 (30) 0 20 15 5 55 5

Surgical technologist 9 (13) 0 56 44 0 0 0

Certified registered nurse anesthetist 7 (10) 29 29 29 0 14 0

*	One anesthesia resident who participated was a first-year anesthesia resident at the end of the first year of clinical an-
esthesia training (second postgraduate year). The remaining anesthesia residents were in their second or third year of 
clinical anesthesia training, and the surgical residents were in their second or third postgraduate year of training.
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out the checklist while accounting for clustering 
of results within a team, with adjustment for in-
stitution, scenario, and time of day. Time of day 
was included in the model to address the possi-
ble confounding effects of learning the simulator 
processes or becoming fatigued over the course 
of the day. An interaction term for institution 
type was included in a second model to assess 
whether the effect of the intervention differed ac-
cording to whether it was conducted in an aca-
demic medical center or a community hospital. A 
stratified analysis was performed to compare the 
effect of the checklist according to scenario type.

Additional post hoc analyses were done, all of 
which are reported here. A secondary analysis was 
performed to compare the effect of the checklist 
according to whether a surgeon was present or 
absent. Additional secondary analyses were per-
formed to adjust for whether the team included an 
anesthesia resident or a certified registered nurse 
anesthetist, whether a senior (third-year) clinical 
anesthesiology resident was present or absent, 
whether a senior anesthesiologist or nurse (de-
fined as a person with ≥15 years of experience 
in his or her specialty) was present or absent, 
and whether the team was randomly assigned 
first to scenarios in which checklists were avail-
able or scenarios in which they were unavailable.

R ESULT S

CHARACTERISTICS OF THE PARTICIPANTS

A total of 17 operating-room teams participated in 
106 simulated surgical-crisis scenarios. The pro-
fessional characteristics of the participants are 
shown in Table 1. Participants had a wide range 
of years of experience in their specialty. Attending 
surgeons (together with surgical residents) were 
available for two of the study dates. The remaining 
teams contained mock surgeons and surgical as-
sistants (i.e., senior surgical residents and scrub 
nurses, respectively, who attended to the operative 
field without participating in decision making or 
completing surveys; these stand-in staff mem-
bers were not counted as participants).

VIDEO ANALYSIS

Each pair of independent reviewers had excellent 
interrater reliability (kappa ≥0.92 for all reviewer 
pairs). Given that the key processes were hard 
end points (e.g., calling for help within 1 minute 
after ventricular fibrillation), consensus with the 

expert reviewer was easily achieved on video re-
play for any instance of initial disagreement or un-
certainty among the physician reviewers regard-
ing adherence to a key process. Of the 750 key 
processes reviewed, 10 (1%) required expert review 
for this purpose, and there was full agreement 
among all reviewers immediately after video re-
play. For the 15% of the data randomly selected 
for rereview by an outside physician, there was 
excellent interrater reliability with respect to the 
outcome assessments (kappa = 0.91).

ANALYSES OF CHECKLIST USE

Checklist use during operating-room crises re-
sulted in nearly a 75% reduction in failure to ad-
here to critical steps in management (6% of steps 
missed with checklists available vs. 23% without 
checklists available, P<0.001) (Fig. 1). These re-
sults held up in a multivariate analysis that ac-
counted for clustering within teams, with adjust-
ment for institution, scenario, and simulation 
learning or fatigue effects (multivariate relative 
risk, 0.28; 95% confidence interval, 0.18 to 0.42; 
P<0.001). There was no differential effect accord-
ing to institution (P = 0.50 for the effect of crisis-
checklist use by staff from academic vs. commu-
nity hospitals).
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Figure 1. Association between Use or Nonuse 
of Operating-Room Crisis Checklists and Failure  
to Adhere to Critical Steps in Management.

The use of checklists during operating-room crises 
resulted in nearly a 75% reduction in failure to adhere 
to critical steps in management. Of 371 critical steps 
in the management of surgical crises, 24 (6%) were 
missed when the checklists were available, as com-
pared with 89 of 379 steps (23%) missed when the 
checklists were not available. I bars indicate 95% con
fidence intervals.
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The significant effect of checklist use was 
also seen when we stratified the results according 
to scenario (Table 2). The scenarios were grouped 
into three categories to provide samples large 
enough for analysis: scenarios that were directly 
related to algorithms for advanced cardiac life 
support (asystolic cardiac arrest, ventricular fi-
brillation, and unstable tachycardia), scenarios 
related to algorithms for advanced cardiac life 
support and preceded by a precode condition 
(hemorrhage followed by ventricular fibrillation 
or clinically significant hypoxemia and hypoten-
sion followed by unstable bradycardia), and 
other crisis scenarios (malignant hyperthermia, 
anaphylaxis, hemorrhage, and air embolism). In 
all strata, the failure rates were significantly 
lower in scenarios in which the crisis checklists 
were used. Bonferroni adjustment for the four 
main P values reported in this article remained 
significant at a P value of less than 0.05. Overall, 
every team had a lower failure rate for adherence 
to key processes when the crisis checklists were 
available. Examples of management observed 
with and without checklist use are shown in 
Table 3.

Although there were not enough teams for us 
to definitively compare the teams according to 
whether a surgeon was present or absent, the 
relative-risk reduction in failure rates when a 
checklist was used was larger with a surgeon 
present (multivariate relative-risk reduction in 

failure rate, 0.15 for study sessions with a sur-
geon present and 0.30 for those with a surgeon 
absent; P = 0.34 for the comparison of the two 
models). The effect of the checklist was signifi-
cant (P<0.001) in all the secondary analyses, with 
no significant differences according to status 
with respect to the secondary variables.

SURVEY RESPONSES

Table 4 shows the survey results across all sce-
narios in which a checklist was used (responses 
to items from the full survey are provided in Ta-
bles S1 through S4 in the Supplementary Appen-
dix). Participants reported that the checklists were 
easy to use, that the checklists helped them feel 
better prepared, and that they would use the 
checklists if presented with these operative emer-
gencies in real life. A total of 97% of the partici-
pants agreed (i.e., gave a score of 4 or higher) with 
the statement “If I were having an operation and 
experienced this intraoperative emergency, I would 
want the checklist to be used.” All participants 
rated the overall quality of the session as above 
average or excellent (score of 4 or 5, respectively).

DISCUSSION

Critical events in high-risk professions call for 
rapid, coordinated, and accurate maneuvers, de-
spite stress and increased task load, as a requisite 
for successful management. In this high-fidelity 
simulation-based study, we found that the use of 
crisis checklists was associated with a significant 
improvement in adherence to recommended pro-
cedures for the most common intraoperative 
emergencies. After participation, 97% of the par-
ticipants agreed that they would want these check-
lists used if they had an intraoperative crisis as a 
patient. In a setting where time-sensitive and ap-
propriate care is essential, this intervention has 
the potential to meaningfully affect clinical prac-
tice and surgical outcomes.

The examples provided in Table 3, which in-
volve failure by highly qualified teams to adhere 
to recommended procedures because of key de-
tails missed at time-critical moments, are prob-
ably not unique to the teams studied. Failures such 
as these were observed for every type of scenar-
io. Analogous failures occurred in the aviation 
industry in the era before checklist use was 
widely accepted for routine and critical opera-
tions.27 Current aviation-accident reports have been 

Table 2. Failure to Adhere to Critical Steps in Management, According to 
the Presence or Absence of Checklists and the Scenario Type.

Scenario Type* Failure Rate† P Value‡

With 
Checklists

Without 
Checklists

no./total no. (%)

ACLS scenario   7/100 (7)   15/89 (17) 0.005

ACLS scenario preceded by hemo
dynamically unstable condition

14/154 (9) 46/172 (27) <0.001

Other crisis scenario   3/117 (3) 28/118 (24) 0.002

*	Scenario types were as follows: advanced cardiac life support (ACLS) included 
asystolic cardiac arrest, ventricular fibrillation, and unstable tachycardia; ACLS 
scenarios preceded by a hemodynamically unstable condition included clinically 
significant hypoxemia and hypotension followed by unstable bradycardia, and 
hemorrhage followed by ventricular fibrillation; and other crisis scenarios in-
cluded malignant hyperthermia, anaphylaxis, hemorrhage, and air embolism.

†	The failure rate was calculated as the number of critical steps that were not 
adhered to in the management of the scenario.

‡	P values were calculated in a model that accounted for clustering by team, with 
adjustment for time of day and institution.
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noted to include checklist solutions as part of 
their recommendations.11,28 Team training has 
long been embraced by the aviation industry and 
other high-reliability organizations.29-31 The in-
tegration of checklist use with simultaneous team 
training may augment our observed effect. There 
are an increasing number of multicenter pro-
grams that focus on both the training of operat-
ing-room teams and the use of surgical safety 
checklists.15

A limitation of the study may be the absence 
of surgeons as participants in most of the simu-
lations. Their participation would have been 
preferable, but it was difficult to enlist volun-
teers. However, we found no evidence that the 
presence of a surgeon reduced the benefit of the 
checklist intervention. The key processes tracked 
for this study, which were developed by a multi-
disciplinary panel that included surgeons, were 
primarily the responsibility of nursing and anes-
thesiology staff. Although the number of teams 
participating in the study was too small to draw 
any conclusion about a difference in the effect of 
the intervention according to whether a surgeon 
was present or absent, the stratified analysis 
suggested that, if there was any difference, the 
presence of a surgeon improved the benefit of the 
intervention. We believe many clinicians would 
perceive the value of having checklists available 
for the management of events in the operating 
room that are relatively infrequent, often unpre-
dictable, and capable of happening at any time 
during any operation.

Our findings should be interpreted in the 
context of the study design; we studied check-
lists in a simulated operating room rather than 

in actual operating rooms with real patients. Ac-
cepting the results of interventions tested by 
means of simulation invariably carries risks. 
Events undoubtedly occur in more varied cir-
cumstances than we could simulate, and it is 
unclear whether the effect on adherence to rec-
ommended processes would increase or de-
crease. High-fidelity simulation has become in-
creasingly accepted in medicine as a means of 
training and evaluation.26,32 Lessons from other 
fields — such as aviation and nuclear power — 
indicate that testing in a well-structured simula-
tion setting can be an efficient aid in assessing 
the value of safety protocols and that deferring 
the adoption of such protocols because of the 
infeasibility of large-scale trials is imprudent.

The results of this study suggest that hospi-
tals and ambulatory surgical centers should 
consider implementation of checklists to in-
crease the safety of surgical care. Monitoring 

Table 3. Examples of the Effect of Crisis Checklists on Adherence to Critical Processes of Care.

Example With Checklists
Without Checklists  

(Same Team)

1 Unstable tachycardia: synchronized cardioversion  
delivered promptly and all shocks synchronized

Unstable bradycardia: “The pacer is not working”; >10-
min delay to transcutaneous pacing because the 
setting selected by the provider was below the en-
ergy level necessary to enable pacing of the heart

2 Unstable bradycardia: prompt transcutaneous pacing Unstable tachycardia: not a single shock synchronized

3 Malignant hyperthermia: all seven critical care pro
cesses completed (including dantrolene adminis-
tration, cooling, treatment of hyperkalemia, and 
discontinuation of volatile anesthetic agents)

Anaphylaxis: three of six critical care processes not 
completed (e.g., help never called for and insuffi-
cient fluid resuscitation)

4 Asystole: chest compressions initiated within  
17 seconds

Ventricular fibrillation: >1.5 min before chest compres-
sions started

Table 4. Participants’ Perceptions of Crisis Checklists, with Responses 
across All Checklist Scenarios.*

Survey Statement Response Score

The checklist helped me feel better prepared during 
the emergency scenario

4.4±0.81

The checklist was easy to use 4.3±0.84

I would use this checklist if I were presented with this 
operative emergency in real life

4.5±0.76

If I were having an operation and experienced this intra-
operative emergency, I would want the checklist to 
be used

4.7±0.60

*	Plus–minus values are means ±SD. Data included 196 responses from 67 par-
ticipants. Response scores were on a Likert scale and ranged from 1 (disagree 
strongly) to 5 (agree strongly).
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during implementation would be necessary. Fu-
ture work should include determining the best 
medium and user interface (e.g., paper or elec-
tronic, and if electronic, a laptop or tablet ver-
sion), a method to update the checklists as evi-
dence evolves, and appropriate mechanisms for 
training and implementation. The persons im-
plementing the checklists must customize them 
to their institution. A shift in the medical cul-
ture may be necessary if health care providers 
are expected to pull out a cognitive aid during 
an intraoperative (or any other) emergency. As 
noted above, checklists and other cognitive aids 
for managing critical events both inside and 
outside the operating room have existed for de-
cades.19-26,33 Several studies have shown that the 
retention of memorized knowledge of accepted 
clinical algorithms is poor during crises.8-10 Yet 
there is no standard for crisis checklists of any 
kind to be available or used in medical care.

Experts have long recognized the potential 
for human fallibility in complex systems.34-36 As 
Berry points out, it has been nearly 100 years 
since the surgeon W. Wayne Babcock called for 
emergency protocols to be rehearsed and “post-
ed on the walls of every operating room” after 
observing that readily accessible cognitive aids 
would have improved the treatment of his own 

patients.37,38 Although some have advocated not 
waiting for a randomized, controlled trial in the 
case of interventions with strong face validity for 
improved outcomes,39 we believe that testing is 
valuable and necessary and that, with the use of 
simulation, it can be done efficiently. Our study 
shows a significant and substantial value in the 
use of carefully designed crisis checklists for the 
operating room.
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