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BACKGROUND: Anesthesiologists and certified registered nurse anesthetists (CRNAs)
must acquire the skills to recognize and manage a variety of acute intraoperative
emergencies. A simulation-based assessment provides a useful and efficient means
to evaluate these skills. In this study, we evaluated and compared the performance
of board-certified anesthesiologists and CRNAs managing a set of simulated
intraoperative emergencies.
METHODS: We enrolled 26 CRNAs and 35 board-certified anesthesiologists in a
prospective, randomized, single-blinded study. These 61 specialists each managed
8 of 12 randomly selected, scripted, intraoperative simulation exercises. Partici-
pants were expected to recognize and initiate appropriate therapy for intraopera-
tive events during a 5-min period. Two primary raters scored 488 simulation
exercises (61 participants ! 8 encounters).
RESULTS: Anesthesiologists achieved a modestly higher mean overall score than
CRNAs (66.6% " 11.7 [range # 41.7%–86.7%] vs 59.9% " 10.2 [range #
38.3%–80.4%] P $ 0.01). There were no significant differences in performance
between groups on individual encounters. The raters were consistent in their
identification of key actions. The reliability of the eight-scenario assessment, with
two raters for each scenario, was 0.80.
CONCLUSION: Although anesthesiologists, on average, achieved a modestly higher
overall score, there was marked and similar variability in both groups. This wide
range suggests that certification in either discipline may not yield uniform acumen
in management of simulated intraoperative emergencies. In both groups, there
were practitioners who failed to diagnose and treat simulated emergencies. If this
is reflective of clinical practice, it represents a patient safety concern. Simulation-
based assessment provides a tool to determine the ability of practitioners to
respond appropriately to clinical emergencies. If all practitioners could effectively
manage these critical events, the standard of patient care and ultimately patient
safety could be improved.
(Anesth Analg 2009;108:255–62)

Anesthesia practitioners must be able to manage
acute emergencies that arise during the perioperative
period. In everyday practice, these emergencies are
usually unforeseen and, when they do occur, patient
safety must supersede any concern about evaluating a

practitioner’s performance and skill. Previous studies
have described how simulation technology can be
used to evaluate anesthesia residents’ and anesthesi-
ologists’ ability to recognize the signs of a critical
event and to initiate therapy to resolve crises.1–5 In this
study, we selected and designed simulated perioper-
ative complications for events that occur infrequently
(e.g., intraoperative pneumothorax) and conditions
that are rarely encountered in clinical practice (e.g.,
malignant hyperthermia [MH]).5 These scenarios re-
quire participants to recognize and treat an acute crisis
situation, regardless of whether the situation could
have been anticipated or averted by preemptive plan-
ning. With the current practice model in the United
States, anesthesia care is often provided by a team
comprised of anesthesiologists and certified registered
nurse anesthetists (CRNAs). There are periods when
CRNAs or anesthesiologists are the sole anesthesia
practitioners in the operating room. There have been
no published studies assessing whether there is any
demonstrable differences between anesthesiologists
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and CRNAs in their ability to diagnose and treat
simulated emergencies in a timely manner.

Previous studies indicate that a multiple scenario
format is required to reliably measure acute care
skills.4 This approach to evaluation is similar to the
clinical skills assessments administered by the Na-
tional Board of Medical Examiners and Educational
Commission for Foreign Medical Graduates to license
and certify physicians.6,7 The goal in developing a set
of intraoperative simulation exercises for anesthesia
specialists is to provide reliable and valid ability
estimates and to clearly demark individual as well as
general areas of strength and weakness in acute care
management.

Physician and nurse anesthesia educators describe
similar perioperative training exercises that anesthesia
residents and student CRNAs manage in simulated
operating room settings.8–15 Of particular relevance to
the present investigation is the similarity between
exercises designed for training CRNAs and physician
anesthesiologists. This overlap suggests that a com-
mon set of skills is expected, at least in some practice
domains. In a previous study, we compared the skills
of anesthesia residents with those of experienced
board-certified anesthesiologists using exercises cre-
ated to measure acute intraoperative skills.5 Our as-
sessment battery included simulated intraoperative
events that tap relevant and expected skills of anes-
thesiologists.5 Not surprisingly, these skill sets are also
expected of CRNAs. Using a similar methodology, a
simulation-based evaluation can be used to measure
skills expected of both CRNAs and anesthesiologists.

The study design was chosen to allow for the
collection of quantitative measures of CRNA and
anesthesiologist performance in managing a set of
simulated intraoperative acute emergencies. Training
in crisis management has historically been an informal
component of both anesthesiology and nurse anesthe-
sia training. It is possible that dissimilarities in this
training have resulted in appreciably different skill
levels. The purpose of this investigation was to deter-
mine whether experienced anesthesiologists and
CRNAs have comparable skill levels in managing
acute conditions. This detailed information about the
character and range of skills that exist among physi-
cians and nurses could be used to assess specialists’
current skill levels and to develop a strategy for
designing future investigations aimed at improving
patient management skills.

METHODS
For this project, 12 randomly selected, scripted,

intraoperative simulated events were developed to
measure essential skills in intraoperative acute care
management (Table 1). The 12 intraoperative events
were selected from a list of intraoperative conditions
created by the investigative team of anesthesia faculty
and staff. The list was then rank ordered according to

importance by a group of 10 anesthesiologists and 10
CRNAs from the Department of Anesthesiology at
Washington University. All of the conditions selected
were included in the American Board of Anesthesiol-
ogy Content Outline for residents in specialty training
and the Council on Accreditation of Nurse Anesthesia
Educational Programs Outline for nurse anesthesia
students in training.16,17 The 12 events that were most
frequently selected by both groups included (in alpha-
betic order) 1) acute hemorrhage, 2) anaphylaxis, 3)
blocked endotracheal tube, 4) bronchospasm, 5) hy-
perkalemia, 6) loss of pipeline oxygen, 7) MH, 8)
myocardial ischemia, 9) pneumothorax, 10) right main
stem intubation, 11) total spinal, and 12) ventricular
tachycardia.

Twelve scenarios were designed in a similar man-
ner to that used for earlier studies. These scenarios
were identical to those used by the same group in a
previous study, in which they were shown to have
good reliability and validity.5 The scenario content
required individual practitioners to recognize and
manage a critical event in a 5-min time period. For
many of the events, the diagnosis and treatment could
be effectively accomplished in the 5-min period (main-
stem intubation, pneumothorax, obstructed endotra-
cheal tube, and bronchospasm). For conditions such as
acute blood loss, anaphylaxis, hyperkalemia, MH,
myocardial ischemia, total spinal, and ventricular
tachycardia, participants were simply required to rec-
ognize and initiate therapy for a condition that would
require continued or additional management in the
period after the scenario (Table 1).

After receiving institutional review board’s ap-
proval for the protocol (Washington University School
of Medicine, St. Louis, MO), we obtained informed
written consent from a variety of practice locations
around the St. Louis area (Table 2). Six hundred
solicitation letters were sent to a random selection of
300 anesthesiologists and 300 CRNAs in the St. Louis
metropolitan area. It was predetermined that all re-
spondents would be included in the study to a maxi-
mum of 50 in each group. No respondents were
excluded, and 35 anesthesiologists and 26 CRNAs
were enrolled. These specialists received an hono-
rarium of $500.00 to compensate them for their time
and travel during the study period. Participants were
at the simulation center for approximately 4 h. Ninety-
four percent of the anesthesiologists and 96% of the
CRNAs worked in a team setting. The anesthesiolo-
gists recruited to participate in the study were in-
cluded in a companion study designed to assess
reliability and validity of the scenario content and
determine whether experience in practice was related
to skill level.5

The CRNAs and anesthesiologists who participated
received a standardized orientation that included re-
viewing a 17-min videotape. This orientation included
details about the Ohmeda! (Madison, WI) anesthesia
machine, Marquette! (Piscataway, NJ) monitor, and
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contents in the five-drawer anesthesia cart. Partici-
pants then completed an anesthesia induction using
the Ohmeda (Madison, WI) machine, the MedSim
Eagle! simulator, IV drugs, and airway equipment.
Before beginning the individual assessment session,
participants prepared their anesthesia equipment and
medications in the manner they were accustomed to in
clinical practice. Participants were given a copy of a

preoperative assessment, an anesthesia record, and
brief details about the case to review for a 10-min
period before each scenario. There was no debriefing
between scenarios.

Each participant managed a set of 8 of 12 possible
exercises. These exercises were selected and presented
in random order (determined by a random number
generation). The motivation for this approach was to

Table 1. Description of Events and Scoring Items for 12 Scenarios

Scenarios Scoring items
Bronchospasm

One minute after beginning the simulation, the oxygen saturation
level decreases to 85% and heart rate increases to 120. The
blood pressure remains at 105/60. Bilateral wheezing was
detectable on auscultation. Elevated peak airway pressures
were seen on the Bourdon gauge.

Listen to chest, increase inspired oxygen, state
diagnosis, administer beta agonist/
epinephrine.

Anaphylaxis
At 1 min, blood pressure decreases to 80/50, heart rate increases

from 64 to 115, and oxygen saturation decreases to 88%. At 3
min, a skin rash clue is given.

Increase inspired oxygen, auscultate lungs,
check blood pressure, state diagnosis, stop
antibiotic infusion, administer epinephrine.

Unstable ventricular tachycardia
Thirty seconds after entering simulation, wide-complex

tachycardia with decreased blood pressure. Heart rate increases
from 70 to 170, blood pressure decreases from 120/70 to 80/60.

State diagnosis, increase inspired oxygen,
deliver shock, deliver synchronized
cardioversion, give/request antiarrhythmic.

Myocardial ischemia
Electrocardiogram indicates ST segment depression is at 3 mm.

Heart rate increases to 125, and blood pressure is 170/90.
State diagnosis, check or order 12-lead

electrocardiogram, administer narcotic or
beta blocker therapy to decrease heart rate,
request nitroglycerin drip or apply paste.

Right bronchial intubation
At the beginning of the simulation, the vital signs are stable

except the oxygen saturation is 91%. There is no chest wall
movement on the left side of the chest.

Auscultation or inspection of chest, increase
inspired oxygen, state diagnosis, reposition
endotracheal tube.

Tension pneumothorax
Puemothorax is present from beginning of scenario, 60 s after

beginning the scenario, the blood pressure decreases to 85/55,
heart rate increases to 120, oxygen saturation continues to
decrease to 85%.

Auscultation of chest, increase inspired
oxygen, state diagnosis, relieve with needle,
or place chest tube.

Malignant hyperthermia
Within 1 min of beginning the scenario, the heart rate and blood

pressure increase to 115 and 180/90, respectively. Increased
end-tidal carbon dioxide level.

State diagnosis, turn-off agent, call for
Dantrolene! or malignant hyperthermia
cart.

Blocked endotracheal tube
At the beginning of the scenario vital signs are stable, except

oxygen saturation is 90%. Breath sounds are distant, elevated
airway pressures during controlled ventilation.

Auscultate, increase inspired oxygen,
recognize increased airway pressures, pass
suction catheter, state diagnosis, remove
blocked endotracheal tube.

Total spinal
The patient had a combined neuraxial/general anesthetic. Within

1 min of starting the simulation, the blood pressure starts
decreasing to 60/40, heart rate decreases to 40.

Increase inspired oxygen, check blood
pressure, turn-off agent, increase fluids,
state diagnosis, give epinephrine.

Loss of pipeline oxygen
Fifteen seconds after beginning the simulation, the pipeline

oxygen is turned off. At 30 s, the alarm sounds. Vital signs
remain stable. The first oxygen tank is empty.

State diagnosis, open oxygen tank #1, open
oxygen tank #2.

Hyperkalemia
At the beginning of the simulation, the blood pressure is 170/90,

the heart rate is 75. The heart rate increases, ventricular
irritability increases, and peaked T-waves are evident on
electrocardiogram.

Order or check electrolytes or arterial blood
gas or potassium, state diagnosis, institute
appropriate treatment.

Acute hemorrhage
One minute after the simulation starts the blood pressure begins

to decrease to 85/50, heart rate increases to 115. One liter of
“blood” is in the suction canister.

Ask about blood loss or evaluate for excessive
blood loss (check suction canister), increase
intravenous fluids. state diagnosis, request
hemoglobin or hematocrit or blood product.

Vol. 108, No. 1, January 2009 © 2008 International Anesthesia Research Society 257



prevent participants from disseminating information
about the scenarios. Participants were told that the
same scenarios would not be duplicated from partici-
pant to participant. The same random number assign-
ment was used for each practitioner group in an effort
to assure similar scenario exposure in the anesthesi-
ologist and CRNAs groups. Based on this protocol, the
groups were exposed equally to each of the exercises
(!2

11 # 1.25, P # 1.00). Therefore, it is reasonable to
conclude that the two practitioner groups received,
on average, assessments of equivalent scope and
difficulty.

The simulated event occurred approximately 20–30
min after induction. The participants were instructed
to assume care for the mannequin after entry into the
simulation laboratory. No one else was present in the
room. A faculty member was in an adjacent control
room behind a one-way mirror. Participants were
given clear instructions to state what the diagnosis of
the emergency was and what treatments they were
instituting. The faculty members conducted the simula-
tion and ensured that the vital signs of the mannequin
responded appropriately according to the interventions
of the participants. The initial simulated signs matched
the anesthetic record. The intraoperative crisis and sum-
mary of the signs present and scoring measures are
presented in Table 1. Audiovisual recordings were made
of each scenario to facilitate scoring and to allow inde-
pendent review and further analyses.

Two trained raters, a research nurse and a physi-
cian, who were blinded to the identity and prior
training of the participants, reviewed the videotaped
performances. They were formally trained in assessing
each of the scenarios and were given specific instruc-
tions on scoring. The raters were not anesthesia prac-
titioners and did not know any of the participants. If
the two raters disagreed or had differences of more
than 30 s regarding when the action occurred, a third
rater reviewed the scenario and provided scores. For
scenarios with scoring discrepancies, the participant
was given the score for the key action based on modal
rating (where two of the three raters agreed that the
action was or was not completed). Although timing
data were collected, they were not explicitly used in
the scoring process. Instead, a point was given if the

key action was completed any time in the 5-min
period; otherwise, no point was given. The score on
each exercise was based on the sum of the key actions.
The number of key actions ranged from 3 to 6,
depending on the specific scenario. In addition, a
percent score based on the number of key actions
credited out of the possible key actions was computed.
A total score for each participant was computed as the
average of percentage encounter scores across the
eight scenarios that he/she encountered.

To investigate potential performance differences,
by group, a two-way analysis of variance (ANOVA)
was used. The dependent variable was the key
action score. The independent variables were en-
counter and group (practicing physician, CRNA).
For any significant interactions and main effects,
appropriate follow-up analyses (e.g., one-way ANOVA)
were used. To provide a measure of scenario discrimi-
nation, the overall assessment scores (the average of each
participant’s eight scenario scores) were correlated with
each of the 12 individual scenario scores. This provides a
measure of whether performance on an individual sce-
nario can be used to predict overall performance.

The overall reliability of the participant scores (both
anesthesiologists and CRNAs combined) were deter-
mined using the generalizability theory.18,19 This anal-
ysis is used to estimate and quantify the sources of
variability in the participant scores, including those
connected with the raters, the specific scenarios, the
participants, and the associated interactions. Interrater
reliability was estimated by correlating the key action
scores for two primary raters. This was performed
overall and by encounter. Descriptive statistics (means
and standard deviation) were used to summarize
participant performance, by scenario.

RESULTS
Thirty-five anesthesiologists and 26 CRNAs man-

aged 8 of 12 exercises during an individual assessment
session. Two primary raters scored 488 simulation
exercises (61 participants ! 8 simulated events) (Table
3). The results for the performances of the anesthesi-
ologists are also reported in a companion manuscript.5

The two-way ANOVA yielded a significant group
effect (F1 # 7.8, P $ 0.01). The significant group effect
indicates that, averaged over their eight encounters,
the anesthesiologists (mean 66.6% " 11.7; range #
41.7%–86.7%) received higher overall scores than the
CRNAs (59.9% " 10.2; range # 38.3%–80.4%) (Fig. 1).
There was no significant group by scenario interaction
suggesting that the overall difference in performance,
by group, was reasonably consistent from scenario to
scenario (Fig. 2). There was a significant effect attrib-
utable to scenario (F11 # 60.7, P $ 0.01). This indicates
that the combined average of anesthesiologists’ and
CRNAs’ mean scores varied considerably as a func-
tion of the clinical content of the scenario (Fig. 2).
Performance did not improve as individuals pro-
gressed through each of the eight scenarios.

Table 2. Anesthesiologists and Certified Registered Nurse
Anesthetists—Demographic Profile

Practicing
physicians CRNAs

Mean age 43 (33–57) 45.4 (38–55)
Number of females/male 6/29 15/11
Practice setting: community 22 20
Practice setting: teaching 9 4
Average years in practice 11.9 (2–26) 11.1 (3–32)
Type of practice: team 26 24
Type of practice: individual 6 1
Type of practice: both team

and individual
3 1
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The generalizability coefficient (reliability estimate)
for the simulation scores, based on eight scenarios and
two raters, was 0.80. The main sources of variance in
participant scores could be attributed to differences
in scenario difficulty and to the resultant fluctua-
tions in individual performance from one encounter
to the next (task sampling variability). The variation in
participants mean score among the scenarios is illus-
trated in the percentage of actions completed in Figure
2. The majority of participants achieved more than
80% of the key action items for bronchospasm, right
mainstem intubation, pneumothorax, and loss of pipe-
line oxygen (Fig. 2). In contrast, fewer than half the
participants were able to accomplish any of the key
actions in the MH (mean key action score # 0.44) or
the hyperkalemia (mean key action score # 0.36)
scenarios. These scenarios also produced some of the
most variable key action scores, with 0% (no key items
credited) and 100% (all items credited) being observed
among participants. The scenario difficulties (number
of key items attained) and scenario discriminations
(scenario-total correlations) are presented in Table 3.
The discrimination values ranged from a low of 0.20
(right mainstem intubation) to 0.65 (acute hemorrhage
and myocardial ischemia). All values were positive
indicating that the modeled scenarios are effective in
differentiating between participants of low and high
ability.

As part of the variance components analysis de-
scribed earlier, we found that the choice of rater, and
associated rater interactions, had little impact on the
reproducibility of the simulation scores. As a result,
interrater reliability, based on the 488 double scored
encounters, was quite high (r # 0.88). Interrater reli-
ability was lowest for loss of pipeline oxygen (r # 0.38)
and highest for MH (r # 0.98). Using only the two
primary raters, and comparing their individual key

Table 3. Key-Action Scores/Scenario Discrimination for Certified Registered Nurse Anesthetists (CRNAs) and Anesthesiologists

Individual scenarios
(n ! 488)

No. of
key actions
in scenario

CRNA key action
score,

mean " SD (n)

Anesthesiologist
key action score
mean " SD (n)

Scenario
discrimination

(case-total correlation)
Bronchospasm (participants # 38) 4 3.73 " 0.46 (n # 15) 3.78 " 0.42 (n # 23) 0.26
Anaphylaxis (participants # 38) 6 3.76 " 0.97 (n # 17) 3.81 " 1.21 (n # 21) 0.34
Vent tachycardia (participants # 41) 5 3.89 " 0.81 (n # 19) 3.73 " 1.03 (n # 22) 0.52
Myocardial ischemia

(participants # 43)
4 3.18 " 1.59 (n # 17) 3.69 " 1.33 (n # 26) 0.65

Right main intubation
(participants # 41)

4 3.71 " 0.47 (n # 17) 3.63 " 0.58 (n # 24) 0.20

Tension pneumothorax
(participants # 39)

4 3.94 " 1.00 (n # 16) 4.17 " 1.03 (n # 23) 0.28

Malignant hyperthermia
(participants # 41)

3 0.31 " 0.87 (n # 19) 0.56 " 1.00 (n # 22) 0.27

Blocked endotracheal tube
(participants # 43)

6 2.35 " 1.06 (n # 17) 3.04 " 1.18 (n # 26) 0.49

Total spinal (participants # 41) 6 2.82 " 1.01 (n # 17) 3.30 " 1.18 (n # 24) 0.43
O2 failure (participants # 42) 3 2.66 " 0.47 (n # 19) 2.70 " 0.63 (n # 23) 0.40
Hyperkalemia (participants # 41) 3 0.11 " 0.32 (n # 18) 0.52 " 0.85 (n # 23) 0.48
Acute hemorrhage

(participants # 40)
4 1.94 " 1.48 (n # 17) 2.57 " 1.44 (n # 23) 0.65

Total no. of scenarios 2.70 " 0.65 (n # 208) 3.02 " 0.57 (n # 280)

Figure 1. Overall scores. The columns represent the mean for
the overall scores of all eight scenarios by individuals in
both groups. The error bars represent standard deviations.
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action scoring, the scenario discrepancies ranged from
one disagreement (bronchospasm, n # 38 participants,
152 scored actions, n # 4 key actions) to 10 disagree-
ments (acute hemorrhage, n # 40 participants, 160
scored actions, n # 4 key actions). Overall, there were
only 66 total instances in which documented rater
discrepancies for key actions required the review by a
third expert.

DISCUSSION
On average, the anesthesiologists received mod-

estly higher scores than the CRNAs. This overall
difference, although statistically significant, was small
in magnitude. There were individuals in both groups
who, across most of the scenarios, made the correct
diagnoses and instituted appropriate treatment within
the 5-min time limit. Anesthesiologists and CRNAs
were variably adept in the initial diagnosis and man-
agement of simulated intraoperative emergencies.
When an emergency situation arises, our study sug-
gests that some anesthesiologists and CRNAs could
effectively recognize the condition and initiate therapy
in a simulation. Worryingly, our study also suggests
that some may not respond effectively.

This study exposes a potential intraoperative pa-
tient care concern. In both groups, there were indi-
vidual anesthesia practitioners who in many instances

failed to diagnose and treat appropriately simulated,
life-threatening emergencies within a 5-min period.
This suggests that if the 5-min scenarios used in this
study represent performance in real clinical care, there
may be a need for continuing education and improve-
ment of anesthesia practitioners’ abilities to diagnose
and manage simulated life-threatening emergencies.
Patient simulators may be useful in assessing practi-
tioners’ skills in this regard and, perhaps more impor-
tantly, for providing training in the management of
both rare and common intraoperative emergencies
that may directly result in improving patient safety.

CRNAs and anesthesiologists achieved maximum
scores on exercises, such as the bronchospasm and loss
of pipeline oxygen, thus providing evidence that the
required skill sets are common and well managed by
both practitioner groups. Participants had difficulty in
recognizing and managing MH and hyperkalemia
exercises. The scores varied on these difficult exer-
cises, but those who effectively recognized and man-
aged these events were likely to obtain higher overall
scores. This suggests that the content of the MH and
hyperkalemia events, although clearly more difficult
and challenging, provides useful information to dis-
criminate between low- and high-ability practitioners.
Follow-up investigations that determine specialty-
specific performance expectations for these events

Figure 2. Percentage of key actions
accomplished. The columns indicate
the mean percentage of key actions
accomplished by anesthesiologists
(MD) and certified registered nurse
Anesthetists (CRNA) groups for each
scenario. The error bars represent
standard deviations.
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would indicate whether the participants’ scores repre-
sent a skill deficit in recognizing these conditions or,
alternatively, that the design, content, or scoring of
these scenarios was not appropriate.

The fact that there was a wide range of performance
in both groups suggests that certification and experi-
ence as either a CRNA or as an anesthesiologist does
not lead to a common, defined practice standard for
this type of skill measure within a specialty. Most
experts, including those recruited from our programs,
agree that the selected exercises represent conditions
that are essential to anesthesia practice.20 Our findings
support previous studies that have reported perfor-
mance shortfalls among board-certified anesthesiolo-
gists in academic and community practice.9–13 It is
notable, however, that the scores measured in this
study were worse than the technical scores measured
in another study.8

If targeted remediation of practitioners who re-
ceived lower scores, especially for specific types of
scenarios, was available, then practice standards could
be elevated.

Going forward, follow-up studies could be used to
establish skill-based competency standards for anes-
thesia practice. Ultimately, this approach could lead to
one of the first specialty-specific skills courses, akin to
the widely applied advanced cardiac life support or
pediatric advanced life support skills training pro-
grams, in which abilities can be measured and com-
pared with defined performance standards.

Although we were able to reliably evaluate acute
care skills with a multistation assessment, there are a
number of limitations of our findings. First, relatively
few, self-selected practitioners agreed to participate.
To the extent that these individuals are not represen-
tative of the population of anesthesiologists and
CRNAs, our results may not be generalizable. Second,
although the participants were compensated for their
time, factors such as motivation, assessment anxiety,
familiarity with the simulator, and anesthesia equip-
ment may have affected their performance. As a
result, there may be some systematic error in our
derived ability estimates. Third, our study focused
more on technical skills, individual performance, and
crisis management than on core knowledge and team-
work. Fourth, the practitioners who participated in
this study overwhelmingly work in team-based prac-
tices; skill sets of solo practitioners may be different.
Fifth, the 5-min scenario represents an artificial con-
struct, which is different from the actual way anesthe-
sia is delivered. Finally, the findings are based on
performance in a simulated environment. Even though
the fidelity is quite good, performance with real patients,
especially when there are other health care practitioners
present, may be better or worse. To address these
limitations, studies involving larger groups of spe-
cialists, including those from more diverse geo-
graphic areas and practice settings, are required.

This study was intentionally limited in its scope.
The methodology used simulated events that were
selected and designed to measure and compare skills
that are common to both groups rather than address
the entire range of skills expected of CRNAs and
anesthesiologists. Anesthesia practitioners have a va-
riety of skills and roles, ranging from preoperative
assessment to postoperative care. In most situations,
anesthesiologists and CRNAs have clearly demarcated
roles and functions and work together as a team.
Therefore, assessing individual practitioners will not
fully capture some aspects of patient care, including
team work and professionalism. Moreover, the results
may not generalize to areas outside of the intraopera-
tive emergency domain.

This study provides a methodology for achieving
a reproducible measure of acute care skills. The
reliability estimate of 0.80 is similar to that achieved
for performance-based examinations of comparable
length.21,22 This level of consistency was achieved by
using eight acute exercises, a key action scoring
method, and two independent raters. From a measure-
ment perspective, we found that choice of rater con-
tributed relatively little to the precision of the scores.
This finding is consistent with what has been reported
in the performance assessment domain.19,21

In this simulation-based skill assessment, anesthe-
siologists achieved modestly higher overall scores
than CRNAs. However, the similar broad range in
both groups indicates that certification and clinical
practice alone are not sufficient guarantees of univer-
sal satisfactory performance. Systematic crisis skill
training with a high-fidelity simulator or with other
methods should be incorporated into the formal cur-
riculum of both anesthesiology and CRNA trainees.
Clinical simulation can provide anesthesia practitioners
with useful training in the recognition and management
of life-threatening intraoperative emergencies. If all prac-
titioners could effectively manage these critical events,
the standard of patient care and ultimately patient safety
could be improved.
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