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THE EFFECTIVENESS OF A NOVEL, ALGORITHM-BASED DIFFICULT AIRWAY
CURRICULUM FOR AIR MEDICAL CREWS USING HUMAN PATIENT SIMULATORS
Daniel P. Davis, MD, Colleen Buono, MD, Janie Ford, RN, CFRN, Lorien Paulson, BS,
William Koenig, MD, Dale Carrison, MD
blocking agents, leading to the development of rapid sequence intubation (RSI) protocols for air medical crews
and select paramedic agencies.3−7 Reports from various
emergency medical service (EMS) systems incorporating RSI into the prehospital scope of practice have documented improvements in ETI success.6−12 However, recent data suggest that desaturations, hyperventilation,
and ETI failure occur with alarming frequency among
both paramedics and air medical crews.13−15 Furthermore, these airway management difficulties appear to
adversely affect outcome.16,17
Training of prehospital providers appears to be an important factor for successful performance of ETI, with
or without the use of neuromuscular blocking agents.18
Wayne and Friedland document 97% intubation success among a small group of paramedics who undergo
intensive initial and ongoing training.6 This success
rate is comparable to that reported for most emergency
physicians and is substantially higher than reported
by other paramedic agencies.3,19,20 Unfortunately, training opportunities using human cadavers, large animals,
and surgical patients may not be universally available
and may be cost prohibitive.21 In addition, none of these
affords optimal training opportunities for difficult airway scenarios.22,23 This creates a dilemma to provide
adequate training for prehospital personnel expected
to perform RSI in the prehospital environment.
Human patient simulators have emerged as a potential solution to this problem.24−27 The current generation can simulate physiological data, including respirations and vital signs, and combine cognitive and
technical training.22,23,27−33 The ability to manipulate
anatomic structures and vital signs can force the student
to address specific therapeutic decisions. This lends itself well to the instruction and reinforcement of clinical guidelines or critical care algorithms.30,32,34−36 The
anesthesia literature suggests that residents can achieve
competency in performing intubation and managing
complex operating room cases in a shorter amount of
time with fewer actual patient encounters.23,37−43 However, the optimal design of simulator-based EMS curricula has not been studied, and the experience using
simulators to train prehospital crews is limited. We designed a novel, simulator-based curriculum to teach a
difficult airway algorithm to air medical crews. Furthermore, the simulation curriculum was integrated
with existing educational platforms and quality assurance using an original difficulty airway algorithm. The

ABSTRACT
Introduction. Airway management is one of the most important skills possessed by flight crews. However, few data exist about the efficacy of various educational approaches. Traditional models for airway training, including cadaver labs,
operating room exposure, and clinical apprenticeships, are
scarce and offer variable educational quality. The objective of
this analysis was to evaluate the effectiveness of a simulatorbased difficult airway curriculum in a large, aeromedical company. Methods. Simulation training was integrated into existing airway training for all crew members; an original difficult
airway algorithm was used to guide scenarios. To evaluate
its effectiveness, rapid sequence intubation (RSI) success before and after curriculum implementation was determined.
In addition, crew members rated their confidence with various aspects of airway management before and after exposure
to the airway workshops. Results. First attempt and overall ETI success improved from 71.3% and 89.3% before (n =
261) to 87.5% and 94.6% after (n = 504) implementation of
the algorithm and simulation training, whereas the incidence
of hypoxic arrests during RSI decreased from 2.7% to 0.2%
(p < 0.01 for all comparisons). Crew members reported improvements in confidence with regard to all aspects of airway
management following participation in the simulation workshops. Conclusions. A novel, integrated airway management
curriculum using treatment algorithms and simulation appeared to be effective for improving RSI success among air
medical crews in this program. Key words: airmedical; airway management; difficult airway; rapid sequence intubation; simulation; succinylcholine; training.
PREHOSPITAL EMERGENCY CARE 2007;11:72–79

INTRODUCTION
Endotracheal intubation (ETI) has become standard of
care in the prehospital environment to provide airway protection, oxygenation, and ventilatory support
to critically ill and injured patients.1,2 Many patients
cannot be intubated without the use of neuromuscular
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objective of this analysis was to evaluate the effectiveness of this curriculum, focusing on before and after
airway management success and the subjective experience of air medical crews.

Mercy Air Medical Services includes 12 bases in
Southern California and Nevada, with approximately
120 flight nurses and paramedics. Helicopter-based
crews respond to scene calls when requested by ground
providers. Interfacility transports are performed at the
request of the sending facility. Air medical crews can
perform ETI, and flight nurses carry neuromuscular
blocking agents to facilitate laryngoscopy for patients
with intact airway reflexes or clenched jaws or if ETI
without paralysis is unsuccessful. The RSI protocols
during the study period included the use of either etomidate or midazolam with succinylcholine, with additional midazolam and vecuronium administered for
long-term sedation and paralysis following confirmation of tube position. Combitube insertion (CTI), use of
a gum elastic bougie, and performance of cricothyrotomy were the salvage airway management techniques
available throughout the primary study period.

all crew members and served as a treatment guideline, platform for quality assurance, and template for
lectures and simulation scenarios (Figure 1). All crew
members, including both flight nurses and paramedics,
were exposed to the curriculum at the beginning of the
interventional period through the distribution of the algorithm to all employees and a series of difficult airway
workshops. These began with a 1-hour lecture on difficult airway management explaining each of the decisions involved in the algorithm. This was followed
by a 3-hour simulation workshop, using original scenarios that are each designed to emphasize a specific
pathway through the algorithm. After each scenario, a
debriefing session was performed to reinforce critical
components of the algorithm and discuss optimal and
suboptimal performance during the simulation. Crew
members not directly involved in the scenario remain in
the room as observers and participate in the debriefing
sessions. The same individual (DD) ran the simulator
and performed debriefings during the study period.
The scenarios were not preprogrammed but were instead run manually to allow real-time manipulation of
the simulator to emphasize the specific clinical dilemma
or algorithm pathway emphasized by that particular
scenario.
For recurrency training, crews attend an annual 1hour airway lecture and 3-hour simulation session. In
addition, one of the two cadaver skill laboratories has
been replaced by a 3-hour simulator-based skills session. Crew members identified as having clinical difficulties attend additional simulator-based mediation.
In addition, quality assurance personnel are encouraged to perform chart audits and conduct case conferences using the difficult airway algorithm as a template.
New hires undergo more extensive lectures on airway
management as well as participate in both initial and
6-month simulation and technical training workshops.

Airway Training

Data Collection and Analysis

Historically, airway training has consisted of an annual
1- to 2-hour lecture and two 3- to 4-hour cadaver-based
skills laboratories. Some crew members perform ETI in
the operating room as part of their initial training, depending on access and availability. In addition, newly
hired crew members undergo a 2- to 3-month period
of ride alongs with a clinical mentor prior to practicing
independently; airway management is typically incorporated into this mentorship period. Online tutorials
are used for some topics, although not specifically for
airway management.
At the end of 2003, simulation training airway management was implemented across the entire company
and integrated with existing educational platforms and

R
quality assurance. We used a SimMan (Laerdal Corporation, Gatesville, TX) human patient simulator. An
original difficult airway algorithm was distributed to

The effectiveness of this curriculum was evaluated in
two ways. The primary objective was to compare airway management success before and after implementation of this curriculum. The advanced skill form, which
is a quality assurance document completed following
all intubation attempts, was modified to include data
regarding the number of ETI attempts and ultimate airway management strategy. The following data were abstracted from these forms for this analysis: vital signs,
pulse oximetry (SpO2) values, procedure success, number of intubation attempts, and clinical course. Webbased entry of advanced skill form data was made
available in January 2003. Nine bases began entering
data immediately, with all bases entering data electronically by the end of 2003. This was not thought to introduce any significant degree of selection bias, because
crew members staff multiple bases with no measurable

METHODS
Design
The primary analysis was a comparison of airway management success before and after implementation of the
novel difficult airway curriculum. In addition, a selfassessment by air medical crews before and after participation in the simulation sessions was performed.
Approval for this project was granted by our institutional review board.

Setting
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Difficult airway algorithm.

difference in crew experience levels across bases. Historical data regarding airway management were also
available for the years 1997–1999 to confirm airway
success in the presimulator time period. A single individual reviewed all charts and abstracted data for this
analysis.
The primary analysis compared airway management
success in patients undergoing RSI prior to implementation of the difficult airway curriculum (from January
to December 2003) to those undergoing RSI following
implementation (from January 2004 to May 2005). Comparisons were made on the basis of first attempt ETI success, overall ETI success, invasive airway management
success (ETI, CTI, and cricothyrotomy), and the incidence of arrests related to difficulties with the RSI procedure. An arrest was defined as the loss of a measurable blood pressure or palpable pulse and was deemed
related to difficulties with the RSI procedure if desaturation occurred during intubation attempts and prior
to arrest, or if multiple unsuccessful attempts at intubation were made prior to arrest and SpO2 values were
not recorded in the quality assurance documents. In addition, charts for patients who deteriorate prior to hospital delivery undergo quality assurance review by the
county EMS oversight committee to determine potential etiologies for this deterioration. These assessments
were included to help determine whether an arrest was

related to difficulties with the RSI procedure. Odds ratios with 95% confidence intervals were used to quantify all comparisons. To account for possible changes in
the experience level of air medical crew members during the study period, the percentage of new hires was
calculated for each year, with comparisons across years
made by using χ 2 .
Historical data regarding airway management success from 1997 to 1999 were presented descriptively to
serve as a reference for presimulator airway management. In addition, these data were used for a power
calculation regarding the primary comparison between
pre- and postsimulator RSI patients. With the historical
intubation success rate of 89% and a target postintervention ETI success rate of 95%, we determined that
503 postintervention subjects would be required (80%
power, alpha 0.05).
The second objective was to measure confidence with
airway management and the subjective experience of
crew members exposed to the simulation training. At
the beginning of the simulation workshop, each participant completed a self-assessment of their confidence
with airway management in general as well as each
specific component and salvage technique. A 100-mm
visual analog scale (VAS) was used to quantify their responses. Following the simulation session, crew members completed another self-assessment identical to the
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TABLE 1. Airway Management Success Before and After
Implementation of a Novel Difficult Airway Curriculum
Variable

First attempt ETI
success
Overall ETI success
Any invasive airway
Hypoxic arrest
∗

performed by using StatsDirectTM (StatsDirect Software
Inc., Ashwell, UK).

Precurriculum
(n = 261)

Postcurriculum
(n = 504)

Odds ratio
(95% CI)

186 (71.3)

441 (87.5)

2.8 (1.9–4.1)∗∗

RESULTS

233 (89.3)
8 (3.1)
7 (2.7)

477 (94.6)
11 (2.2)
2 (0.4)

2.1 (1.2–3.7)∗
1.4 (0.6–3.6)
6.9 (1.4–33.5)∗

A total of 504 RSI patients were enrolled over 17 months
following implementation of the difficult airway curriculum, for a total of 2.47 intubations/base/month.
This included all 12 bases entering data into the electronic data base. These were compared to 261 patients
undergoing RSI in the 12 months preceding implementation. This resulted in a total of 2.42 intubations/base/month because only 9 bases were entering
data into the electronic database during 2003. The rate
of first attempt and any attempt ETI success was significantly higher and the rate of hypoxic arrests lower
following implementation of the difficult airway curriculum (Table 1). The first attempt (74.0) and overall
ETI (90.9) success rates for the 870 RSI patients in the
historical database (1997–1999) were similar to those
for the precurriculum time period. There were no differences for the new-hire rate over the study period
(p = 0.421).
The first 50 participants in the difficulty airway workshop completed self-assessment surveys, with these
data reported here. Improvements in all aspects of airway management were observed (Figure 2). The regression model indicated an association between fewer
years of prehospital experience and an increased improvement in general ETI confidence and between
more years of prehospital experience and confidence
with use of the bougie and cricothyrotomy (p < 0.05

p < 0.01.
p < 0.001.

∗∗

first; in addition, questions were completed for their
overall opinion as to the utility of simulation compared
with other training platforms and the optimal role for
simulation training. Descriptive analysis of data from
these surveys was performed, with mean and 95% confidence intervals reported for each. In addition, confidence assessment values before and after the workshop
were compared by calculating the mean difference in
scores, with statistical significance achieved if the confidence intervals did not cross zero. This allowed each
patient to serve as his or her own control. Multiple linear regression was used to explore the relationship between the number of years working in the field and
the change in confidence for each component of airway
management. A power calculation was performed to
determine the target sample size. By assuming a mean
pre- and postworkshop difference in confidence with
airway management of 10 mm on the VAS (SD 25 mm),
a total of approximately 51 subjects would be required
(80% power, alpha 0.05). Statistical calculations were

FIGURE 2. Self-reported confidence levels for various aspects of airway management by before and after participation in the airway workshop.
∗ p < 0.05 for all comparisons.
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FIGURE 3. Assessment by airway workshop participants as to the
most effective platform for learning the cognitive aspects, technical components, and overall comfort with airway management. *p <
0.001 for each comparison.

for both). Participants in the difficult airway workshop
regarded each component as valuable: didactic session
(92 mm out of 100 mm), cadaver-based technical training (88 mm), simulator scenarios (94 mm), and overall
airway training curriculum (94 mm). Simulators were
felt to be more effective than either didactics or cadaver
training for the cognitive and technical components as
well as the overall comfort will airway management
(Figure 3). Most participants felt that simulation training should be used regularly (84%) and for new hires
(68%); none felt that simulators should not be used at
all.

DISCUSSION
Early intubation has been advocated with inadequate ventilation, decreased level of consciousness, and
hypoxia.1,2 This philosophy has led to aggressive prehospital airway management protocols, including the
use of neuromuscular blocking agents by prehospital personnel to facilitate laryngoscopy and increase
ETI success.3,6−12 Thus, it has been somewhat surprising that a growing number of studies have failed to
show benefit with early intubation.44−49 One potential
explanation involves suboptimal performance of ETI
and subsequent ventilation, possibly reflecting inadequate training.13−16 This has led to recommendations
that training receive substantial focus for EMS agencies
performing RSI.18
The optimal approach to airway management training remains to be elucidated. Traditional approaches
include lecture-based didactic sessions, technical
training using static manikins or cadavers, and clinical experience in the operating room or prehospital
environment.22,25,26,50,51 None of these provide the essential combination of cognitive and technical training required to develop critical thinking skills. In addition, access may be limited in many EMS systems
because of scarce resources or liability issues.52 Human
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patient simulators have recently emerged as a potential solution, allowing technical and cognitive training to be combined.24,27,29,30,32,35,53 The effectiveness of
simulator-based training and the optimal approach to
curriculum development have not been defined.
Here we demonstrate the effectiveness of this novel
difficult airway curriculum in several ways. Improvement in confidence with various aspects of airway management measured with a VAS was notable. In addition,
participants of various experience levels benefited differently from the workshop. Although the survey tool
was not previously validated, the observed improvements in overall airway management confidence for
novice crew members and in specific skills, such as the
bougie and cricothyrotomy, for experienced crew members seems to validate both the training and the measurement tool. Participants rated each component of the
workshop as valuable and suggested that simulation be
used routinely and for new hires.
It is notable that crew members assessed the simulator as being the most valuable tool for technical
and cognitive training as well as overall airway management comfort. Simulator technology has certainly
advanced in recent years, with more realistic anatomic
features and clinical examination findings. In addition,
this likely reflects the limitations of more traditional
platforms, such as cadaver laboratories and formal didactics. This also underscores the importance of the
debriefing session following each simulation scenario.
This gives the instructor the opportunity to highlight
good and bad decision making, reinforce the airway
algorithm, and make suggestions for subsequent scenarios and clinical practice.
The primary analysis indicated improvements in airway management success following implementation of
the difficult airway simulation training and treatment
algorithm. Both first attempt and overall ETI success
increased and the rate of hypoxic arrests associated
with RSI difficulty decreased. These differences did not
seem to result from differences in the experience level of
crews, because there was no difference in the rate of new
hires during the study period. It is notable that historical airway management success rates were similar to
those in the immediate presimulator period, suggesting
that the relatively modest intubation success observed
in 2003 was not an anomaly.
Our approach to airway management training is
unique for several reasons. First, the curriculum was
based on a clinical treatment guideline or algorithm. Although this may limit flexibility and creative thinking, a
standardized approach may be desirable for critical resuscitations, with Advanced Cardiac Life Support and
Advanced Trauma Life Support as models.30,32,52,54 The
algorithm was used to construct simulator scenarios,
with an optimal path through the algorithm identified
for each. In addition, we integrated the algorithm into
clinical practice and quality assurance as well. Finally,
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the concepts are reinforced through formal didactics
and validated through formal research methodologies.
We specifically avoided programming the simulators
to run a standardized scenario and instead asked the
instructor to operate the simulation “on the fly.” This
is somewhat unique, creating several distinct advantages and disadvantages over more traditional uses of
the simulator. Operating in a manual mode allows the
operator to make immediate adjustments to force the
student into a particular decision or pathway. This prevents the skilled participant from avoiding critical decisions by rapidly assessing and stabilizing the “patient”;
in addition, this approach gives the operator freedom
to deemphasize mistakes made by novice participants
if these do not occur in relation to the specific objectives of a given scenario. For example, if the goal is to
emphasize a “cannot intubate but can ventilate” pathway, then failure to appropriately preoxygenate can be
noted for debriefing but does not produce immediate
decompensation and prevent the true objectives from
being met.
Most of our knowledge about the value of simulation training for airway management comes from the
anesthesia literature.28,50,55−59 The use of human patient
simulators to train anesthesia residents decreases the
number of actual cases required to achieve proficiency,
both with regard to the initial intubation and the management of the case itself.23,37−43 Hall et al. document
the use of simulators to train paramedic students and
observed equivalent ETI success in surgical patients between a group of students undergoing 10 hours of simulation training versus another group performing 15
ETI attempts in the operating room with an instructor.60
Their experience is consistent with our own, although
it is not clear that the ideal conditions present with elective surgical patients is equivalent to the performance
of emergent airway management in the prehospital environment. Clearly, additional experience to document
the utility of simulation training and the optimal curriculum configuration are needed.
There are several limitations to both phases of this
study that must be considered. First, it is unlikely
that the simulation sessions alone explain the improvements in airway management success following the
novel airway curriculum. The algorithm, an emphasis on difficult airway management, the modified quality assurance program, and an enthusiastic instructor
likely all play a role. Alternatively, this can be regarded
as a strength of the study, because integration of the
simulation program with other educational platforms
as well as the clinical and quality assurance missions
is critical. In addition, a single instructor did all of the
teaching, and the results may be different with other
instructors. The annual intubation rate appeared to be
lower in 2003; however, this likely reflects the phasing in of online data entry for several bases. As stated
above, flight crews routinely staff multiple bases, and

there are no differences between bases for experience
levels, so this was not thought to be a significant source
of bias. In addition, historical intubation success rates
were identical to those observed in 2003.
An additional limitation is the absence of individual provider data. It would be preferable to document
airway management improvements for individuals exposed to the curriculum compared with those trained
with more traditional techniques. This would be difficult, given the mobility of crews and the team approach
to RSI, making it likely that a mixture of exposure levels
would exist for any given patient encounter. Ultimately,
the benefits for airway management success must be
weighed against the cost of setting up such a program,
which we do not address here. Finally, we did not attempt to correlate the improvements in airway management success to outcome, although the decrease in
arrests related to difficulty with the RSI procedure certainly affected outcome in these patients.
For the self-assessment survey, participants may have
been influenced by their knowledge that the survey results may affect access to simulation in the future or a
desire to manifest an expected benefit from the training. Participants did not have access to the initial survey when filling out the postworkshop assessment but
may have been able to recall approximately where they
placed the VAS mark. In addition, the minimal clinically significant difference in confidence values is unclear. Finally, air medical providers were exposed to
the curriculum in stages, making it difficult to determine exactly when complete penetration of the airway
curriculum occurred; however, this would be expected
to decrease the apparent impact of the curriculum, because the first several months would represent only partial implementation.

CONCLUSIONS
The integration of simulator training and an original
algorithm into the existing air medical airway training curriculum appeared to result in improvements
in airway management success in this program. Increases in first attempt and overall ETI success as
well as decreases in hypoxic arrests related to RSI
were observed following the curriculum change. Improvements in airway management confidence levels
were reported by simulator session participants, and all
thought it should be a routine part of initial and ongoing
training.
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