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ABSTRACT
Background: Early acquisition of critical competencies by novice
anesthesiology residents is essential for patient safety, but traditional
training methods may be insufficient. The purpose of this study was
to determine the effectiveness of high-fidelity simulation training of
novice residents in the initial management of critical intraoperative
events.
Methods: Twenty-one novice residents participated in this 6-week
study. Three hypoxemia and three hypotension scenarios were de-
veloped and corresponding checklists were validated. Residents
were tested in all scenarios at baseline (0 weeks) and divided into two
groups, using a randomized crossover study design. Group 1 re-
ceived simulation-based training in hypoxemic events, whereas
Group 2 was trained in hypotensive events. After intermediate (3 weeks)
testing in all scenarios, the groups switched to receive training in the
other critical event. Final testing occurred at 6 weeks. Raters blinded to
subject identity, group assignment, and test date scored videotaped
performances by using checklists. The primary outcome measure was
composite scores for hypoxemia and hypotension scenarios, which
were compared within and between groups.
Results: Baseline performance between groups was similar. At the
intermediate evaluation, the mean hypoxemia score was higher in
Group 1 compared with Group 2 (65.5% vs. 52.4%, 95% CI of
difference 6.3–19.9, P � 0.003). Conversely, Group 2 had a higher
mean hypotension score (67.4% vs. 45.5%, 95% CI of difference
14.6–29.2, P � 0.003). At Week 6, the scores between groups did
not differ.

Conclusions: Event-specific, simulation-based training resulted in
superior performance in scenarios compared with traditional training
and simulation-based training in an alternate event.

THE introduction to clinical anesthesiology training pre-
sents unique challenges. The novice resident must rap-

idly assimilate cognitive and technical skills necessary to
competently respond to critical events. However, the current
operating room-based model of training may result in signif-
icant gaps in early trainee preparation especially for infre-
quent critical events. In addition, the infrequency of these
events creates a barrier to clinical performance assessment.
Perioperative critical events remain a leading cause of ad-
verse patient outcomes,1 and the development of a stan-
dardized, specific training curriculum for the novice an-
esthesiology resident in the management of these events
would be valuable. Deliberate practice in the safe and
controlled environment of high-fidelity patient simula-
tion may be one method to compensate for gaps in trainee
experience and offers the potential for not only effective
training but also a more direct observation of learner per-
formance for competency evaluation.
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What We Already Know about This Topic

❖ Novice anesthesiology residents take time to learn essential
clinical skills

❖ Practice with high-fidelity simulation improves correct han-
dling of simulated clinical situations

What This Article Tells Us That Is New

❖ Over 6 weeks, novice anesthesiology residents improved their
handling of simulated hypoxemia and hypotension

❖ This performance was accelerated with high-fidelity simula-
tion of these specific events, although whether this translates
to better clinical care is not known

� This article is accompanied by an Editorial View. Please see:
Cooper JB, Murray D: Simulation training and assessment:
A more efficient method to develop expertise than appren-
ticeship. ANESTHESIOLOGY 2010; 112:8 –9.
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Performance assessment of anesthesiology residents by us-
ing high-fidelity patient simulation has become increasingly
widespread,2,3 and reliable and valid measures of perfor-
mance can be obtained in the setting of simulation.4 The goal
of this study was to train novice anesthesiology residents by
using a simulation-based curriculum and to evaluate perfor-
mance in the management of acute intraoperative hypoxemia
and hypotension. Using a prospective, randomized crossover
study design, we tested the hypothesis that the addition of
event-specific simulation-based training to traditional meth-
ods (patient care, lectures, nonspecific simulation training,
and independent study) would result in accelerated acquisi-
tion of management skills for that event.

Materials and Methods
The study, using a randomized, prospective crossover design,
was approved by the Institutional Review Board of North-
western University (Chicago, Illinois), and written informed
consent was obtained from resident participants before en-
rollment. The study was conducted in the Northwestern Me-
morial Hospital Patient Safety Simulation Center, using the
life-size Human Patient Simulator (HPS®; Medical Educa-
tion Technologies, Inc., Sarasota, FL). The primary outcome
measure was the checklist scores of performance in simulated
scenarios obtained during three evaluation sessions: baseline,
intermediate (3 weeks), and final (6 weeks).

Scenario and Checklist Development
Three hypoxemia scenarios and three hypotension scenarios
were developed for a total of six study events. Hypoxemia
scenarios included bronchospasm, endobronchial intuba-
tion, and breathing circuit leak, and hypotension scenarios
included hypovolemia, medication error, and myocardial
ischemia. A library of patient profiles and corresponding an-
esthesia records was created, which represented a variety of
potential etiologies for the development of either critical
event. Different combinations of scenarios and patient pro-
files were used during the training and evaluation sessions to
prevent early recognition or anticipation of the specific study
event. All scenarios began with the participant assuming care
of a patient receiving general endotracheal anesthesia and
lasted approximately 6 min. Initial vital signs were blood

pressure of 110/60 mmHg, heart rate of 80 beats/min in
normal sinus rhythm, and pulse oximetry reading of 97%. In
the hypotension scenarios, the blood pressure decreased by at
least 30% of the baseline value while oxygen saturation was
maintained. In the hypoxemia scenarios, the oxygen satura-
tion decreased to 75–85% while the blood pressure was
maintained. To promote and evaluate interventions beyond
the initial response and development of differential diag-
noses, the physiologic derangement did not correct despite
initial maneuvers with the exception of an immediate correc-
tion in the breathing circuit leak scenario.

A list of desired responses and behaviors for the identifi-
cation and management of the critical event within each
clinical scenario was developed for use as an assessment tool
(table 1, appendices 1–6). Six items pertaining to commu-
nication and obtaining assistance were common to all scenar-
ios. Items were listed in one of four categories: initial re-
sponse, discover etiology, management, and secondary
survey, and items did not represent a requisite sequential
order for action.

A modified Delphi approach5 was used to develop and
validate the assessment checklists. Five internal experts rated
the importance of inclusion of the task from one to five (not
important to very important). Tasks that did not achieve a
median rating of more than or equal to three were removed
from the checklist. The content validity index of the final
scoring system was determined by calculating the percentage
of total items rated by the experts as either four or five. The
checklists were then evaluated by five extra-mural anesthesi-
ologists practicing in academic institutions in various geo-
graphic locations within the United States. Tasks in the final
checklists required a median rating more than or equal to
three for inclusion. Checklists were assessed for internal
consistency and interrater variability by evaluating the
performances of 10 residents in all 6 scenarios at 1 evalu-
ation session. Six raters independently participated in post
hoc videotape viewing and scoring of these residents’ per-
formances. Internal consistency was assessed using the
Cronbach’s alpha test. Interrater reliability was measured
using intraclass correlation as the absolute agreement of
the mean of all ratings. The number of evaluators required
to achieve 95% agreement in scoring the checklists was

Table 1. Scenarios and Checklist Tasks

No. Checklist Tasks

Initial Response
Discover
Etiology Management

Secondary
Survey Total

Hypoxemia scenarios
Bronchospasm 7 8 5 8 28
Endobronchial intubation 7 5 6 7 25
Circuit leak 7 4 6 7 24

Hypotension scenarios
Hypovolemia 7 7 6 6 26
Medication error 7 7 8 6 28
Myocardial ischemia 7 7 4 7 25
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determined by factor analysis by using a principal compo-
nent analysis extraction method.

Procedure
Anesthesiology residents during their first 6 weeks of anes-
thesiology training after an internship year were eligible to
participate in the study. The exclusion criterion was pre-
vious postgraduate training in anesthesiology. Over the
6-week period, the residents received operating room
training with supervision at a 1:1 faculty to resident ratio
and attended daily 1-h didactic lectures as well as the
sessions in the simulator center. These sessions occurred
during routine work hours.

Participants were randomly divided into two groups us-
ing, a computer-generated random numbers table. All resi-
dents were familiarized with the simulator environment and
mannequin as a routine part of their orientation, which in-
corporated instruction in machine checkout and induction
of general anesthesia. At the baseline evaluation session be-
fore the educational intervention, participants underwent in-
dividual testing in the six study scenarios presented in a ran-
dom order. Participants were instructed to verbalize their
observations, thoughts, and actions. No debriefing took
place between scenarios. Evaluation sessions were videotaped
for post hoc evaluation of performance.

After the baseline evaluation session, residents received
simulation-based instruction addressing the three study
events in their assigned group (fig. 1). Residents attended
four 3-h group instruction sessions over a 3-week period,
which comprised one session per scenario and one review
session. Training sessions were conducted by instructors ex-
perienced in simulation-based education, with standardized
instruction based on a predeveloped curriculum. Learning
objectives included correct identification and verification of
the problem, initial interventions, development of differen-
tial diagnoses, and obtaining assistance. These objectives re-
flect the content of the checklist assessments, but the partic-
ipants were not shown the checklists. The instructor
provided coaching during the training sessions, and the des-
ignated scenario was repeated until each resident participated
at least once as the principal anesthesiologist and as a first

responder to the request for assistance. Each simulation was
followed by a detailed debriefing incorporating group discus-
sion and instructor feedback regarding relevant pathophysi-
ology as well as correct, incorrect, and missing actions.

An intermediate evaluation was performed after 3weeks
of instruction. Testing was conducted in the same manner as
the baseline evaluation. Groups were then crossed over to
receive instruction in the other critical event in Weeks 4–6.
A final evaluation was conducted after Week 6, on comple-
tion of instruction in both critical events.

Statistical Analysis
The number of participants was a convenience sample deter-
mined by the number of incoming resident trainees (n � 21)
to the Department of Anesthesiology. The sample of 21
achieves 93% power to detect superiority using a one-sided t
test when the accepted margin of equivalence is 10% and the
estimated difference between the groups is 20% at [alpha] of
0.05, using a 2 � 2 crossover design with an equal number in
each sequence. The SD of the difference between the means
is 7% (PASS 2008: NCSS; Kaysville, UT).

Using the validated checklists, two raters scored perfor-
mance by a videotape review of each evaluation session.
Tasks were rated as either complete or incomplete. Task
completion rate in the simulated scenarios was the primary
outcome measure. Raters were board-certified or board-eli-
gible anesthesiologists within the Northwestern University
Department of Anesthesiology. Raters were blinded to sub-
ject identity and to test date and had not been instructors for
the participants they evaluated. Composite performance
scores for the three hypoxemia and three hypotension scenar-
ios were determined by averaging the scores for each resident.

Data were analyzed in three subsets: all tasks, scenario-
specific tasks, and common tasks. Data were compared
among evaluation sessions between groups by using analysis
of variance for repeated measures, with previous self-reported
clinical exposure to the study events as a covariate in the
model. Between sessions, comparisons were determined as
the difference from the baseline to the subsequent evalua-
tion. Post hoc comparisons were made using Bonferroni cor-
rected t tests. Group characteristics, including gender, in-
ternship type, and self-reported experience with study events,
were compared between groups using the Fisher exact test.
All reported P values are two sided. A P value � 0.05 was
required to reject the null hypothesis. Statistical analyses
were performed using SPSS ver 16.0.2 (Chicago, IL).

Results

There was high agreement regarding the importance of the
items contained on the checklists for both the internal and
external evaluators (table 2). Content validity ranged from
70 to 94%. Interrater reliability of six raters observing the
performance of 10 residents in the scenarios ranged from 91
to 97%. Factor analysis suggested that two raters explained
95% of the variance of the six test raters.

Fig. 1. Study design of parallel groups with crossover after the inter-
mediate testing session.
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Twenty-one residents consented to participate in the
study. No resident refused participation, and data from 21
residents were analyzed. There was neither difference in gen-
der or internship type between groups nor was there a differ-
ence in the number of residents in each group with experi-
ence in managing the study events (table 3).

Baseline assessment of the participants demonstrated
no difference in individual scenario performance scores
within groups (fig. 2). For both groups, scores were higher
for all scenarios at the intermediate evaluation. At the final
evaluation, scores in scenarios related to the second train-
ing event were higher than those at the intermediate eval-
uation session (fig. 2). Scores in scenarios related to the
first training event were similar at the intermediate and
final evaluation sessions.

Composite performance in hypoxemic and hypotensive
critical events is shown in table 4. At baseline, there was no
difference in composite performance between critical events
(hypoxemia: 28 � 8%; hypotension: 28 � 7%, P � 0.76)
between groups. At intermediate testing, event-specific
scores were higher for the group trained in that event during
the first training period compared with the other group.
Within the groups, event-specific scores were higher for the

trained event compared with the alternate event, but tasks
common to all scenarios did not differ between or within
groups. At the final evaluation, both groups scored similarly
in both event-specific and common tasks. There was no dif-
ference in performance based on gender or type of internship
experience at the baseline or final evaluation for either
critical event. Self-reported experience with management
of hypoxemia did not impact performance at the baseline
or final evaluation; in contrast, residents reporting previ-
ous management of hypotension scored better at the base-
line and final evaluations compared with residents report-
ing no prior exposure.

Discussion

The chief finding of this study is that simulation-based,
event-specific training of novice anesthesiology residents in
the initial management of critical intraoperative events leads
to accelerated acquisition of event-specific skills compared
with a group whose exposure to the critical event was depen-
dent on traditional training methods. Both groups improved
and retained performance in tasks related to communication
regardless of group assignment. Weinger et al.6 noted, in a
task analysis of the first 3 weeks of anesthesia training, that
initial clinical training seems to emphasize manual tasks,
while neglecting other tasks such as conversing, observing the
patient, or vigilance. Additional factors impacting experience
during the initial training period include a nonuniform case
mix among trainees as well as an unpredictable incidence of
critical events. Early intervention or preemption by supervis-
ing attending physicians, while clearly in the best interest of
patient safety, may further reduce trainee experience with
management of critical events.

Simulation-based curricula offer well-described advan-
tages as an educational tool7,8 for both the acquisition of
technical skills9 and nontechnical skills10 relevant to the
management of critical events. In contrast to the unpredict-
ability of clinical events, simulation-based training is cus-
tomized to meet the specific needs of the learner in an on-
demand learning environment without the potential to
compromise patient care. Simulation-based training pro-
vides controlled, deliberate practice, which is a critical ingre-

Table 2. Assessment of Scoring Checklists and Rater Performance

Scenario
Checklist Consistency

Internal/External*
Final Content Validity

Index (%)†
Interrater

Reliability‡

Cumulative Percent
Variance Explained

by 2 Raters

Bronchospasm 0.74/0.82 79 0.94 94
Endobronchial intubation 0.80/0.77 90 0.95 96
Circuit leak 0.75/0.90 94 0.93 95
Hypovolemia 0.91/0.77 90 0.91 95
Medication error 0.82/0.86 89 0.93 94
Myocardial ischemia 0.91/0.92 81 0.97 97

Internal raters comprised five anesthesiology faculty members from Northwestern University Feinberg School of Medicine. External
raters comprised five academic anesthesiologists from around the United States.
* Cronbach �. † Percent of tasks on checklist with median score � 4. ‡ Intraclass correlation coefficient.

Table 3. Group Characteristics

Group 1,
N � 10

Group 2,
N � 11 P Value

Gender
Male 2 7 0.08
Female 8 4

Internship experience
Internal medicine 6 6 1.0
Surgery/transitional 4 5

Prior management exposure
Hypoxemic-related events 5 5 1.0

Bronchospasm 2 3 1.0
Endobronchial intubation 3 4 1.0
Circuit leak 2 2 1.0

Hypotension-related events 9 5 0.06
Hypovolemia 9 5 0.06
Medication error 4 1 0.15
Myocardial ischemia 4 3 0.66

Data reported as number of residents.
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dient for learning that is frequently absent in other forms of
teaching,11 and has been shown to enable training to mas-
tery.12 Adult learning models suggest that experiential train-
ing results in greater learning and retention compared with
didactic teaching.13,14 Therefore, we established a training
strategy with explicit learning objectives relative to the man-
agement of two critical intraoperative events, provided con-
ditions of experiential learning and repetitive practice, and
evaluated achievement based on these objectives. The effect
of “teaching to the test” on performance by using this ap-
proach is an intended one. In an analogy of learning to drive

an automobile, a learner is trained, for example, on the pro-
cedure for passing another vehicle, with variations depending
on traffic conditions. Demonstration of the trained behav-
iors, including specific and general tasks, on the subsequent
test is a desired result.

In addition to its educational value, using simulation as an
assessment tool provides valuable information regarding ed-
ucational gaps and areas of needed practice.15 Furthermore, a
recent study has demonstrated correlation between observed
performance in simulated scenarios and clinical perfor-
mance.16 Simulation-based performance assessment has

Fig. 2. Scores by individual scenario at baseline, intermediate (3 weeks), and final (6 weeks) testing sessions. (A) Hypoxemia training first; (B)
hypotension training first.

Table 4. Composite Scores

Group Baseline Test Intermediate Test* Final Test*

Hypoxemia scenarios
All tasks 1 31 � 9 65 � 15† 64 � 11

2 27 � 10 52 � 12 70 � 8‡
Event-specific tasks 1 32 � 10 65 � 11† 62 � 10

2 30 � 9 50 � 11 67 � 10‡
Common tasks 1 26 � 25 68 � 35† 66 � 25

2 21 � 22 62 � 33 85 � 10‡
Gender Male 30 � 6 70 � 5

Female 27 � 7 65 � 9
Internship Medicine 27 � 8 67 � 9

Surgery/transitional 30 � 8 69 � 6
Previous exposure Yes 29 � 5 70 � 8

No 28 � 10 65 � 7
Hypotension scenarios

All tasks 1 31 � 12 45 � 17 65 � 9‡
2 24 � 6 67 � 10† 66 � 10

Event-specific tasks 1 32 � 10 44 � 13 59 � 8‡
2 27 � 7 63 � 7† 65 � 10

Common tasks 1 28 � 27 52 � 42 80 � 22‡
2 17 � 21 84 � 29† 75 � 27

Gender Male 26 � 6 65 � 7
Female 28 � 8 66 � 8

Internship Medicine 27 � 7 68 � 9
Surgery/transitional 28 � 7 63 � 4

Previous exposure Yes 30 � 7 68 � 7
No 23 � 3§ 61 � 6§

Data reported as mean � SD.
* All comparisons different from baseline, P � 0.05. † Different between groups at intermediate evaluation, P � 0.05. ‡ Different from
intermediate evaluation, P � 0.05. § Different from previous exposure equal to yes, P � 0.05.
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been studied across the spectrum of experience.17–19 Assess-
ments of novice anesthesiology residents, using simulation,
have focused on skills that are likely to occur in the presence
of an attending anesthesiologist,17 have investigated novice
residents beyond the fully-supervised training period,20 or
have compared novice performance with the performance of
advanced residents in simulated scenarios.18 We elected to
perform a comparative analysis of early novice anesthesiology
residents’ performance to each other after simulation-based,
event-specific training. We focused on two types of critical
intraoperative events, acute hypoxemia and acute hypoten-
sion. The observed difference in performance at the time of
intermediate evaluation suggests that the traditional model
of initial training does not provide sufficient experience in
the management of these events. Because deliberate practice
has been shown to be crucial in achieving competence,11

simulation-based training may offer an effective, reliable ap-
proach to provide the requisite increased experience. Fur-
thermore, early acquisition of competence in the initial man-
agement of these events may contribute to novice
anesthesiology resident preparedness for semi-independent
function.

Significantly improved performance was observed at the
time of intermediate evaluation, even if event-specific train-
ing had not yet occurred. This may reflect the concurrent
contribution of traditional training methods on learning or
the effect of repeated testing in the same subjects. Another
possible explanation for this observation was that items per-
taining to communication were taught to both groups.
When these six common items were excluded from the anal-
ysis, we noted a more pronounced effect of event-specific
training. Nevertheless, a significant improvement from base-
line persisted in the untrained event.

Self-reported experience in the management of hypox-
emia did not correlate with superior performance at either
the baseline or final evaluations. In contrast, experience
in the management of hypotension did impact performance;
those residents who reported such experience out performed
those who did not at the baseline and final evaluations. Man-
agement of hypoxemia under conditions of general endotra-
cheal anesthesia requires skills that most interns are unlikely
to possess, whereas skills related to the management of hy-
potension outside the operating room environment may also
be applied to patients under general anesthesia.

Simulation seems to result in retention of skills beyond
the initial training period, as suggested by simulation-based
training of managing difficult intubation scenarios21 and in
simulation-based Advanced Cardiac Life Support training,
in which retention of skills up to 14 months has been ob-
served.22 In the current study, while occurring over a short
observation period, the improvement in performance ob-
served from baseline to intermediate evaluations was main-
tained at the final evaluation. Conclusions regarding skill
acquisition earlier than 3 weeks and skill retention beyond
6 weeks are beyond the scope of this study. Although
concurrent clinical experience was inferior to specific

training in the acquisition of specific skills at the interme-
diate evaluation, it is unclear to what degree concurrent
clinical experience may have contributed to maintenance
of skills at the final evaluation.

There are several limitations to our study. In our institu-
tion, provision of simulation-based training is the standard
during initial clinical training. This influenced our choice of
experimental design, and, as such, we did not have a control
group that received no simulation exposure and cannot com-
ment on the comparative efficacy of other teaching interven-
tions. All residents were exposed to all scenarios at each test-
ing session, and although the patient profiles and the order of
scenarios were varied, the possible effect of test-enhanced
learning is unknown. All residents received 12 h of training
for each critical event; therefore, we cannot determine the
dose-response correlation of quantity of instruction required
to achieve or surpass the observed improvement in scores. An
additional limitation was that some checklist items were spe-
cific actions, whereas others were more general, and although
training sessions did not teach exact responses to every po-
tential relevant task or show the subjects the checklist, it is
difficult to measure the effect of general versus scenario-spe-
cific learning. This may be reflected in the improved perfor-
mance at the midtest for both events. However, the scores in the
elements common to all scenarios increased proportionally, sug-
gesting that common tasks acquisition did not depend on the
nature of the training. Quantitative measurement of more rapid
independence and potential cost or time savings are beyond the
scope of this study, although one could infer that the higher
performance after training reflects the potential of earlier tran-
sition to semi-independence and reduced time of individual
supervision. A single anesthesiologist with technical assistance
was able to instruct groups of five to six trainees at a session,
which may be more cost-effective than supervision at a 1:1 fac-
ulty to resident ratio in the operating room. Finally, the priority
of patient safety during critical events occurring in the operating
room, and the frequency with which they occur, make it diffi-
cult to correlate simulated and clinical performance.

Although future studies are needed to achieve bench-
marks for passing scores and to evaluate additional meth-
ods of competency assessment, our study highlights the
value of simulation-based training and assessment for the
novice trainee.
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from the Department of Anesthesiology, Northwestern University
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Appendix 1. Checklist for Bronchospasm Scenario

Performed Correctly
Did Not Perform/

Performed Incorrectly

Initial response
Recognize hypoxemia
Verify pulse oximetry wave form/correct probe position
Turn off air and increase oxygen fresh gas flow
Briefly hand ventilate
Listen to breath sounds
Identify position of endotracheal tube
Check ventilator settings

Discover etiology
Declare bronchospasm/wheezing
State end-tidal carbon dioxide tracing morphology
State peak inspiratory pressure
Review patient history for allergies
Examine patient for other signs of allergic reaction (hives, rash)
Review patient history for airway disease
Consider aspiration
Review anesthetic record

Management
Administer albuterol
Increase inhaled anesthetic agent
Recheck breath sounds
Administer several sustained positive pressure breaths
Avoid apnea for �30-s intervals

Secondary survey
Discuss hypoxemia with surgeon
Call for help
Orient help: S (situation)
Orient help: B (background)
Orient help: A (assessment)
Orient help: R (recommendation)
Additional treatment options (epinephrine)
Additional treatment options (pass suction catheter)

Appendix 2. Checklist for Endobronchial Intubation Scenario

Performed Correctly
Did Not Perform/

Performed Incorrectly

Initial response
Recognize hypoxemia
Verify pulse oximetry wave form/correct probe position
Turn off air and increase oxygen fresh gas flow
Briefly hand ventilate
Listen to breath sounds
Identify position of endotracheal tube
Check ventilator settings

Discover etiology
Declare unilateral breath sounds
State end-tidal carbon dioxide tracing morphology
State peak inspiratory pressure
State pneumothorax as possible etiology
State mucous plug as possible etiology

Management
Deflate endotracheal tube pilot balloon
Reposition endotracheal tube while listening to breath sounds
Reinflate endotracheal tube pilot balloon
Recheck breath sounds
Administer several sustained positive pressure breaths
Avoid apnea for less than 30-s intervals

Secondary survey
Discuss hypoxemia with surgeon
Call for help
Orient help: S (situation)
Orient help: B (background)
Orient help: A (assessment)
Orient help: R (recommendation)
Additional treatment options (pass suction catheter)
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Appendix 3. Checklist for Circuit Leak Scenario

Performed Correctly
Did Not Perform/

Performed Incorrectly

Initial response
Recognize hypoxemia
Verify pulse oximetry wave form/correct probe position
Turn off air and increase oxygen fresh gas flow
Briefly hand ventilate
Listen to breath sounds
Identify position of endotracheal tube
Confirm ventilator settings

Discover etiology
State loss of positive pressure in circuit
State altered end-tidal carbon dioxide tracing
Ventilate with bag-valve mask
Alternate source of oxygen

Management
Identify location of circuit leak
Fix circuit leak
Recheck circuit integrity
Recheck breath sounds
Administer several sustained positive pressure breaths
Avoid apnea for less than 30-s intervals

Secondary survey
Discuss hypoxemia with surgeon
Call for help
Orient help: S (situation)
Orient help: B (background)
Orient help: A (assessment)
Orient help: R (recommendation)
Begin intravenous anesthetic

Appendix 4. Checklist for Hypovolemia Scenario

Performed Correctly
Did Not Perform/

Performed Incorrectly

Initial response
Recognize hypotension
Verify arterial-line waveform/transducer position
Increase intravenous fluid rate
Decrease volatile anesthetic
Change patient position
Evaluate electrocardiogram tracing
Administer vasopressor

Discover etiology
Inquire about surgical field and suction canisters
Inquire about urine output
Review patient history for bowel preparation
Review patient history for preoperative hemoglobin
Review patient history for cardiac comorbidities
Check syringes for possible medication error
Reassess blood pressure and state subsequent pressures

Management
Administer crystalloid or colloid bolus
Determine blood product status
Send labs (hemoglobin)
Additional or alternate vasopressor
Place additional intravenous access
Turn off air and increase oxygen fresh gas flow

Secondary survey
Discuss hypotension with surgeon
Call for help
Orient help: S (situation)
Orient help: B (background)
Orient help: A (assessment)
Orient help: R (recommendation)
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Appendix 5. Checklist for Medication Error Scenario

Performed Correctly
Did Not Perform/

Performed Incorrectly

Initial response
Recognize hypotension
Verify arterial-line waveform/transducer position
Increase intravenous fluid rate
Decrease volatile anesthetic
Change patient position
Evaluate electrocardiogram tracing
Administer vasopressor

Discover etiology
Inquire about surgical field and suction canisters
Inquire about urine output
Review patient history for bowel preparation
Review patient history for preoperative hemoglobin
Review patient history for cardiac comorbidities
Check syringes for possible medication error
Reassess blood pressure and state subsequent pressures

Management
Recognize unlabeled syringe
Declare medication discrepancy/error
Check other syringes for possible error
Review anesthesia record for medications given
Discuss possible contents of unlabeled syringe
Attempt to determine contents of unlabeled syringe
Turn off air and increase oxygen fresh gas flow
Additional or alternate vasopressor

Secondary survey
Discuss hypotension with surgeon
Call for help
Orient help: S (situation)
Orient help: B (background)
Orient help: A (assessment)
Orient help: R (recommendation)

Appendix 6. Checklist for Myocardial Ischemia Scenario

Performed Correctly
Did Not Perform/

Performed Incorrectly

Initial response
Recognize hypotension
Verify arterial-line waveform/transducer position
Increase intravenous fluid rate
Decrease volatile anesthetic
Change patient position
Evaluate electrocardiogram
Administer vasopressor

Discover etiology
Inquire about surgical field and suction canisters
Inquire about urine output
Review patient history for bowel preparation
Review patient history for preoperative hemoglobin
Review patient history for cardiac comorbidities
Check syringes for possible medication error
Reassess blood pressure and state subsequent pressures

Management
Recognize ST-segment depressions on electrocardiogram
Discuss role of nitroglycerin
Discuss role of heart rate control with beta blockade
Turn off air and increase oxygen fresh gas flow

Secondary survey
Discuss hypotension with surgeon
Call for help
Orient help: S (situation)
Orient help: B (background)
Orient help: A (assessment)
Orient help: R (recommendation)
Consider additional diagnostic options
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