
SPECIAL ARTICLE

Innovations in anesthesia education: the development
and implementation of a resident rotation for advanced
airway management

Nouveautés dans la formation en anesthésie: le développement
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Abstract

Purpose This article incorporates the following objec-

tives: to review the current evidence regarding the

occurrence and management of difficult airways, to outline

the role for alternative technology in the management of

the difficult airway, to provide a rationale for structured

airway rotations in anesthesia residency training, to dis-

cuss the barriers to establishing the rotations, to outline

issues that must be considered and resolved to enhance

these rotations, and to share the experience we have gained

over the last decade of offering an airway rotation in the

Department of Anesthesiology at the University of Ottawa.

Principal findings The incidence of difficult laryngos-

copy and intubation has not changed in recent times.

Persistent attempts at direct laryngoscopy are associated

with low success rates and patient complications. The early

use of alternative devices improves the likelihood of suc-

cess in airway management and reduces the potential for

patient injury. Alternative airway management devices are

increasingly available to Canadian anesthesiologists, and

there is an expectation that anesthesiologists will possess

the necessary skills to safely manage the difficult airway

with these alternative devices.

Conclusions Anesthesia training programs must provide

residents with the skill sets necessary for safe independent

practice in airway management. The changes in the scope

and reality of residency training have exposed limitations

in the traditional mentoring model of residency training;

consequently, many programs have responded by offering

sub-specialty rotations. In particular, advanced airway

management rotations are being offered increasingly to

residents in the Canadian training programs. Considera-

tions and strategies to develop and implement a structured

airway management program during anesthesia residency

are discussed.

Résumé

Objectif Cet article intègre les objectifs suivants : passer

en revue les données probantes actuelles concernant

l’incidence et la prise en charge des voies aériennes dif-

ficiles, résumer le rôle des technologies alternatives dans la

prise en charge des voies aériennes difficiles, proposer une

justification pour la mise en œuvre de stages structurés

pour la prise en charge des voies aériennes durant la

résidence en anesthésie, présenter les obstacles à la mise

en place de stages, exposer les questions à prendre en

compte et à régler pour améliorer les stages, et faire part

de l’expérience que nous avons acquise au cours des dix

dernières années dans le cadre d’un système de stages pour

la prise en charge des voies aériennes au sein du départ-

ement d’anesthésiologie de l’Université d’Ottawa.

Constatations principales L’incidence de cas de laryn-

goscopie et d’intubation difficiles n’a pas changé récemment.

Des tentatives répétées de laryngoscopie directes sont as-

sociées à des taux faibles de réussite et à des complications

pour les patients. L’utilisation précoce d’appareils alterna-

tifs améliore la probabilité de réussite de la prise en charge

des voies aériennes et réduit le potentiel de lésions chez le

patient. Les anesthésiologistes canadiens ont de plus en plus

accès à des dispositifs alternatifs de prise en charge des voies
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aériennes, et il est attendu que les anesthésiologistes auront

les compétences nécessaires pour prendre en charge de fa-

çon sécuritaire les voies aériennes difficiles à l’aide de ces

dispositifs alternatifs.

Conclusion Les programmes de formation en anesthésie

doivent permettre aux résidents d’acquérir les ensembles

de compétences nécessaires à prendre en charge de façon

sécuritaire et indépendante les voies aériennes. Les modi-

fications des objectifs et de la réalité de la résidence en

anesthésie ont rendu manifestes les limites du modèle

traditionnel de mentorat de la résidence; pour cette raison,

nombre de programmes offrent désormais des stages dans

les sous-spécialités. En particulier, des stages en prise en

charge avancée des voies aériennes sont de plus en plus

souvent offerts aux résidents dans les programmes

de formation canadiens. Les considérations et stratégies

nécessaires à développer et mettre en œuvre un programme

structuré de prise en charge des voies aériennes pendant la

résidence en anesthésie sont présentées.

Introduction

The method traditionally used to train anesthesia residents

in Canada was based on the apprenticeship model. It

evolved and was adapted from that model first proposed for

the training of surgical residents by William Osler to the

Board of Trustees of the Johns Hopkins Hospital which

was then enthusiastically adopted and promoted by Wil-

liam Halsted.1,2 The traditional teaching method evolved

from that proposed by Osler, Osler did not propose the

adapted or evolved model. In the adapted apprenticeship

model, the resident learned the principles and performance

of anesthesia both in the operating room and in the clinical

examination setting by observing and then imitating the

actions of a skilled mentor. This process was supported to a

varying degree by didactic lectures and independent read-

ing. Though it has evolved over the intervening years, the

apprenticeship model is still viewed by many as the current

standard for both surgical and anesthesia training.

University-directed residency programs afforded this

model the structure, standardization, and stability it

required to train current residents.

There have been recent changes in the scope and reality

of Canadian residency training that have exposed the lim-

itations in the apprenticeship model. First, resident duty

hour reductions were imposed resulting in fewer working

and on-call hours in both the hospital and the operating

room. It is possible that pressure will be exerted on training

programs in the near future to further limit duty hours. In

the United States, the Institute of Medicine has recently

proposed further reductions to the resident duty hour limits

than those previously imposed in 2003 by the Accreditation

Council for Graduate Medical Education.3 Even though

some have argued that the benefit to training and safety has

been unconfirmed with the reductions imposed to date and

the merit of further reductions is open to question, never-

theless, it is possible that reductions will be imposed in

some jurisdictions.4 To address current shortages of phy-

sician manpower, training programs in many Canadian

centres have also increased significantly in size. In all

likelihood, the larger number of residents in the programs

coupled with the reduced number of training hours has

reduced their exposure to clinical experiences, sub-spe-

cialist mentors, and training opportunities.

To coincide with the reduction in the number of training

hours, there has been an enormous increase in training

expectations. Residents are not only expected to learn a

multitude of new technologies (ultrasound for central lines,

advanced airway management, regional anesthesia), but

now they are also expected to fulfill an increased number of

roles on completion of training (the CanMEDS roles).

Further, efficiency initiatives in the operating room have

put considerable pressure on hospitals to maximize oper-

ating room throughput at the least cost, and this impacts on

technical skills training for residents. The operating room is

now a less tolerant and less supportive training environ-

ment. Finally, patient safety initiatives and public

expectations have advanced the notion that patient injury

should not result as residents acquire and practice skills on

real patients. The public expectation is that outcomes will

be uniformly good, and there is little tolerance for novice

errors.

Issues related to the teaching of residents by the men-

toring staff also impact the quality of training. Innovations

are slowly integrated into practice, and their implementa-

tion varies both over time and in different centres.5

Residents may be exposed to the newest technologies and

practices in one centre and completely miss similar

opportunities in another. Clinical teaching has been

described as variable, unpredictable, immediate, and lack-

ing in continuity.6 What is learned one day is not

necessarily supported or reinforced the next. The percep-

tion of their mentoring role is inconsistent amongst

different staff; some staff may have less interest in resident

training than others. Finally, formal faculty development

initiatives are relatively new in many programs and non-

existent in others; as a result, staff mentors who wish to

enhance their own technical or teaching skills may face

significant barriers.

In response to the issues outlined above, the structure

inherent in many Canadian anesthesia training programs

has been increased. Sub-specialty rotations have been

instituted for many domains to ensure the residents are at

least exposed to the patients, techniques, and sub-
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specialists practicing in those domains. In this way, there is

increased expectation that the residents will make contact

with the sub-specialist mentors who possess the new

knowledge and innovative skills of these domains. These

days, advanced airway management rotations are being

offered progressively more to residents in the Canadian

training programs. The Department of Anesthesiology of

the University of Ottawa has offered a rotation in airway

management to its residents since 1998. Despite the dura-

tion of its offering, the rotation continues to evolve and

very much remains a work in progress. In the following

article, we include a review of the current evidence

regarding the occurrence and management of difficult air-

ways, an outline of the role for newer technology in the

management of the difficult airway, a rationale for resident

airway rotations, a discussion regarding the barriers to

establishing airway rotations, an outline of some of the

issues to consider and resolve to enhance the efficacy of

these rotations, and an account of some observations we

made and experience we gained throughout the last decade.

Residency training and the difficult airway:

the environmental scan

Does the difficult airway persist as a problem in clinical

anesthesia practice?

In all probability, there has been little change in the recent

past in the incidence of difficult laryngoscopy and intuba-

tion when using a direct laryngoscope. More than a decade

ago, Rose and Cohen reviewed the experience of 18,205

patients undergoing general anesthesia with endotracheal

intubation and reported that difficult laryngoscopy (defined

as tracheal intubation requiring [2 attempts at direct lar-

yngoscopy) occurred in 1.8% of patients and intubation

failed in 0.3%.7 More recently, a number of authors have

reported that the occurrence of failed intubations was from

0.26 to 0.9% of all anesthetics when direct laryngoscopy

was the primary technology employed to facilitate intu-

bation.8–10 If direct laryngoscopy fails at the outset, often

persistent further attempts are also unsuccessful. A decade

apart, Rose and Mort reported that persistent attempts at

direct laryngoscopy to secure tracheal intubation were

associated with incrementally lower rates of success,

higher rates of patient morbidity, and a significant increase

in the complications when more than two attempts were

made.7,11 In similar eras, Hung and Connelly respectively

reported that early use of alternative devices improved the

success of airway interventions and reduced the likelihood

of patient injury compared with persistent efforts with the

direct laryngoscope.8,12

Our ability to predict difficult intubation using bedside

screening is poor.13 Unanticipated difficult and failed

intubation will occur with the direct laryngoscope, and the

evidence suggests that it is best managed by alternative

strategies in order to enhance the likelihood of success and

reduce patient injury. Persistent efforts with the direct

laryngoscope in the setting of failed direct laryngoscopy

are consistently associated with both a low expectation of

success and increased patient injury. When unanticipated

difficulties do occur, anesthesiologists must be prepared to

intervene with practiced alternatives to the direct

laryngoscope.

Salvage of the difficult airway: what is the role

for alternative technologies?

Hung et al. reported on the salvage effectiveness of the

TrachlightTM (Laerdal Medical, Toronto, Canada) in 206

patients with a documented history of difficult intubation or

anticipated difficult airways (Group 1) and in 59 anesthe-

tized patients with an unanticipated failed laryngoscopic

intubation (Group 2).12 Tracheal intubation was successful

in all but two of the Group 1 patients and in all of the Group

2 patients; the tracheas of the two Group 1 TrachlightTM

failures were intubated successfully using a fibreoptic

bronchoscope. Connelly et al. retrospectively reviewed the

experience of managing unanticipated difficult airways in

447 patients.8 Four airway management techniques were

utilized by care-providers to manage the airway: persistence

with direct laryngoscopy; a laryngeal mask airway (LMA);

BullardTM (Olympus Canada Inc, Markham, Canada) laryn-

goscopy; or fibreoptic bronchoscopy (FOB). The success

rates were: repeat direct laryngoscopy, 22%; LMA, 87%;

BullardTM 84%; and FOB, 90%.

Heidegger et al. reported an assessment of a simple

algorithm for response to unanticipated difficulties in

13,248 patients undergoing tracheal intubation at an acute

care hospital.14 If intubation was planned with direct lar-

yngoscopy, a maximum of two attempts at intubation were

permitted; if these attempts were unsuccessful, oral fibre-

optic intubation was then attempted. Intubation failed with

both direct and fibreoptic laryngoscopy in only six patients

(0.045%; 95% confidence interval 0.02–0.11%). Burkle

et al. retrospectively reviewed the experience of 37,482

patients who underwent general anesthesia with attempted

direct laryngoscopy.9 The tracheas of 161 patients (0.43%)

could not be intubated by direct laryngoscopy alone. The

most commonly used alternative airway device, the fibre-

optic bronchoscope, was successful in 92 of the 99 (92.9%)

patients in whom it was attempted. In one institution,

Combes et al. undertook a prospective evaluation of a

predefined algorithm for unanticipated difficult airway

management.10 Difficult or impossible ventilation was
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managed with the intubating laryngeal mask airway

(ILMA). In the event of difficult intubation, the Esch-

mann� Tracheal Tube Introducer (Smiths Medical Int Ltd,

Kent, UK) (gum elastic bougie) was used. Six difficult-

ventilation patients required the ILMA before completion

of the first intubation step. One hundred cases of unex-

pected difficult airway were recorded (0.9%) among 11,257

intubations. The tracheas of 80 patients were intubated

using the gum elastic bougie, and the tracheas of 13

patients underwent a blind intubation through the ILMA.

Existing and emerging data suggest that using alterna-

tives to the direct laryngoscope may be more effective and

safer than persistent efforts with the direct laryngoscope

when an unanticipated difficult airway is experienced. The

evidence also would support the conclusion that similar

good outcomes may be achieved with different alternative

technology. In most instances, experience with the alter-

native technique is likely of greater importance than the

actual technique chosen.

Evaluation of new and alternative technologies

for difficult airway management

The technique employed by most anesthesiologists to

facilitate routine tracheal intubation involves the use of the

direct laryngoscope. It is effective even in many difficult

intubation scenarios. It is also the standard against which

both existing and new alternative devices should be mea-

sured. If we are to propose that the application of a new

alternative airway technology should be encouraged in

clinical practice, we should be able to demonstrate an

advantage of that technology over the direct laryngoscope

to justify both the cost of acquisition and the requirement to

learn new techniques. Although the accumulating experi-

ence with alternative devices for the salvage of difficult

airway continues to be very encouraging, further study is

required both to confirm the utility of these devices for this

purpose and to support strong recommendations that they

be employed in preference to the direct laryngoscope.

Further studies large enough to yield meaningful data are

required to compare the outcomes of the various innovative

technologies with both the direct laryngoscope and with

other forms of innovative technology. To encourage

adoption of these new technologies, the results of these

studies should demonstrate an advantage or benefit either

to the patient or to the system, particularly in higher-risk

populations.

Mihai et al. performed a quantitative review to assess

the outcomes of studies evaluating rigid fibreoptic laryn-

goscopy systems.15 Only the BonfilsTM (Karl Storz Co,

Tuttlingen, Germany) and CTrachTM (The Laryngeal Mask

Company Ltd, Jersey, Channel Islands) had homogenous

data and first-time intubation success rates above 90% in

normal patients. The BonfilsTM, CTrachTM and Glide-

scopeTM (Verathon Medical ULC, Burnaby, Canada) had

first-time success rates above 90% in patients predicted or

known to be difficult to intubate. Mihai et al. concluded

that the currently available data did not provide strong

evidence that these devices should supersede standard

direct laryngoscopy for routine or difficult intubation and

further high-quality research studying relevant patients

needed to be done to create such evidence. Actually, some

of the required evidence is now becoming available and

continues to be both encouraging and increasingly

convincing.

Sun et al. randomized 200 patients to tracheal intubation

by either direct laryngoscopy or the GlidescopeTM after the

best glottic view (Cormack and Lehane) was obtained for

all patients by a different anesthetist using a direct laryn-

goscope.16 In the GlidescopeTM group (GS), the assessed

laryngoscopy grade was improved in the majority of

patients with an initial grade [1 and in all but one of the

patients who were grade 3. The mean time to intubate was

30 sec in the direct laryngoscopy (DL) group and 46 sec in

the GS group, but the mean time to intubate in grade 3

patients was 47 sec for the DL group and 50 sec for the GS

group. In most patients, the GS provided a glottis view

equal to or better than that of direct laryngoscopy, but

tracheal intubation took somewhat longer (16 sec). In

patients with difficult laryngoscopy, tracheal intubation

time was the same.

In a randomized controlled clinical trial, Maharaj et al.

compared the ease of intubation using the AirtraqTM (AT)

(King Systems Corp, Noblesville, USA) with the Macintosh

laryngoscope (DL) in patients at increased risk for difficult

tracheal intubation.17 Forty patients who possessed C3

characteristics indicating an increased risk for difficult

intubation were randomly assigned to undergo intubation

using a DL (n = 20) or AT (n = 20) laryngoscope. Intu-

bation was performed by anesthetists experienced in the use

of both laryngoscopes. The tracheas of all patients in the AT

group were successfully intubated; however, tracheal intu-

bation with the direct laryngoscope was unsuccessful in

four patients in the DL group, but successful with the AT.

Compared with the DL, the AT reduced the duration of

intubation attempts, the need for additional maneuvres, the

intubation difficulty score, the degree of hemodynamic

stimulation, and the occurrence of minor trauma.

Jungbauer et al. prospectively compared the outcome of

tracheal intubation in 200 patients with a Mallampati score

of III or IV using either a Berci–KaplanTM (Karl Storz)

video laryngoscope (VL) or a DL.18 The VL provided a

better view of the cords, a higher success rate, faster

intubations, and less need for optimizing maneuvres. Also,

Marrel et al. evaluated the role of a VL and that of direct

laryngoscopy in 80 morbidly obese patients by comparing

942 E. Crosby, A. Lane

123



the view at laryngoscopy, the duration of intubation, the

number of attempts needed, and the minimal oxygen sat-

uration reached during the intubation process.19 The view

achieved with the VL was significantly better in 28 patients

and the duration of intubation was shorter.

High-quality studies are emerging that support and

encourage the routine use of alternatives to the direct

laryngoscope in the setting of anticipated difficult intuba-

tion. If failure rates are considered, the odds ratio for

failure with the direct laryngoscope in the setting of diffi-

cult intubation is significantly higher than that experienced

with the alternatives. As well and as noted, published data

supports the conclusion that salvage interventions in the

setting of an unanticipated difficult intubation with a

practiced alternative are likely to be associated with better

outcomes than those achieved with persistent use of a

direct laryngoscope. In both anticipated and unanticipated

difficult intubation, residents entering practice should be

trained and equipped with the skills necessary to intervene

with alternatives to the direct laryngoscope.

What is the current status of alternate airway

technology use in Canada?

There are no current data regarding the availability of

alternate airway technology, but Canadian anesthesiolo-

gists have been surveyed regarding this issue on two

occasions in the last decade. In 2000, Jenkins et al. sur-

veyed active members of the Canadian Anesthesiologists’

Society, and the survey results indicated that a wide range

of alternate devices were available to anesthesiologists in

the centres where they practiced.20 Wong surveyed the

same group in 2003 and received a similar pattern of

responses.21 On this latter survey, the respondents were

also asked to indicate their comfort level with the alternate

airway devices available to them. With the exception of the

BullardTM laryngoscope and retrograde techniques, self-

reported comfort levels ranged from 72 to 93.5%. Of par-

ticular interest was the finding that resident physicians

often reported being as comfortable as staff physicians with

many devices, and they reported being more comfortable

than staff physicians with the lighted stylet. Although we

do not have data on technology released to the market

subsequent to these surveys, it is likely that these are also

increasingly widely distributed and available.

Alternative devices are commonly if not yet uniformly

available to anesthesiologists in Canada, and many prac-

titioners who have access to the devices indicate they are

comfortable using them. Whether they are as competent as

they are comfortable with the devices has not been deter-

mined in any objective fashion. Sparse as it is, the

preponderance of evidence suggests that clinicians have

limited ability to accurately self-assess their own

performance. This inability to accurately self-assess is

prevalent and occurs at all points in the performance

spectrum.22 Although most clinicians are inclined to hold

an overly favourable view of their own ability, in fact it is

reported that estimates of skill levels may be inversely

related to performance actually measured by objective

testing.23 Also, when allowed to compare their own per-

formance with more expert practitioners, more skilled

performers tend to assess their skill deficiencies more

capably than less skilled performers.24 Attempts to evalu-

ate performance or competence based on responses to a

survey may be of limited value, as it is likely that accuracy

in such assessments will be provided only with objective

assessments.

Residents in Canadian training programs will be

exposed to a variable range of new airway technology, and

the training elements will vary from program to program.

As well, the staff skill sets are likely to be non-homogenous,

with some staff being considerably skilled with alternative

technologies and others being less accomplished. It is

unreasonable to expect the residents to achieve competency

in the entire range of airway technology available to them;

therefore, some consideration should be given to estab-

lishing a minimal competency kit during training. The

competency kit could be consistent for all residents rotating

through the airway rotation or consideration could be given

for flexibility in the curriculum to allow for individualizing

the skills kit.

The minimal competency kit during training

Physicians providing airway care to patients should be

familiar with and practiced in alternative techniques to face

mask and bag for ventilating the lungs and direct laryn-

goscopy for intubating the trachea. It cannot reasonably be

expected that residents will receive instruction in the full

extent of alternative technology available for airway

management. However, they should receive instruction

across a range of technology. It is our view that a minimal

skills set during training should include instruction with the

following devices: direct laryngoscope and adjuncts to the

direct laryngoscope (stylets, introducers, and bougies), an

extraglottic device (including supraglottic devices, such as

the laryngeal mask airways and retroglottic devices, such

as laryngeal tubes), a rigid fibreoptic or video laryngo-

scope, and a flexible fibreoptic or video intubating system.

As well, it is our opinion that a lighted stylet provides value

in many difficult airway scenarios and may be arguably

included in the minimal skills set. Training in the perfor-

mance of invasive airway maneuvres must be provided

during anesthesia residency, and it is our view that this may

be reasonably provided in a laboratory, workshop, or

simulator setting.
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Background considerations for a structured rotation

in airway management

What are the expectations regarding training and care

in airway management?

None of the following organizations delineates specific

objectives or expectations regarding airway training during

education and training in anesthesiology: Anesthesiology

Education Committee of the Royal College of Physicians

and Surgeons of Canada; the American Board of Anes-

thesiology; or the European Board of Anaesthesiology,

Reanimation and Intensive Care.,1,2,25 Outlined as a spe-

cific objective under the CanMeds ‘‘Medical Expert Role’’

by the Royal College Committee is the expectation that the

resident will demonstrate competence in all technical

procedures, including airway management, by the com-

pletion of training; no more explicit guidance is offered.

Although the European Board suggests minimum target

numbers for a number of technical procedures, such as

spinal anesthesia, epidural anesthesia, arterial catheteriza-

tion, and central venous catheterization, no mention is

made of either basic or advanced airway techniques.25

Despite the fact that the authorities responsible for gov-

erning and assessing training of anesthesia providers have

yet to explicitly provide direct recommendations regarding

instruction in airway management during training, a number

of national societies or consensus groups have advocated for

such a role by the anesthesia training programs.26–29 Other

societies or consensus groups, while not advocating for the

training role, clearly expect that practitioners will possess

the necessary skills to safely manage the difficult air-

way.30,31 As well, experts reviewing both open and closed

claims expect practitioners to have the necessary skills to

manage the difficult airway and are critical if they do not. In

the most recent evaluation of closed airway claims in the

American Society of Anesthesiologists Closed Claims

database, care was judged to be less than appropriate in

nearly half of the difficult airway claims.32 Failure to

intervene effectively and in a timely fashion in both antici-

pated and unanticipated difficult airways resulted in a

significant proportion of the successful claims registered.

To meet the expectations of practice, instruction in

advanced airway management should be offered during

anesthesia training, with residents being assigned to dedi-

cated airway rotations.33,34 Hung and Kim surveyed

Canadian anesthesia program directors and reported that

four of 15 programs had a mandatory airway rotation in

1996. A follow-up survey in 2002 determined again that

four of 14 responding programs offered an airway rota-

tion.35 An e-mail survey of program directors was carried

out in the winter of 2008–2009 by the one of the authors

(ETC) to ascertain the current status of advanced airway

training in the Canadian programs. Nine of the 17 anes-

thesia training programs in Canada offered a rotation in

advanced airway training (residents from the Northern

Ontario medical school are assigned to the rotation in

Ottawa); one of the remaining eight anticipated com-

mencing a program in the 2009–2010 academic cycle. It is

encouraging that more programs are providing residents

the opportunity to participate in structured airway rotations.

Unfortunately, since there is no curriculum guidance, each

program must resolve to establish its own course outline

and training strategies.

The rationale for an airway rotation during anesthesia

training

In all likelihood, the incidence of the difficult airway will

continue to be a relatively infrequent event in the experi-

ence of most anesthesia providers. In order to prevent or

limit harm to the patients involved, responding to such an

occurrence requires a response that is appropriate and

timely and delivered with technical facility. Residents

entering practice will be expected to emerge from training

with the knowledge and skill set to manage both the

anticipated and the unanticipated difficult airway with

integrated response schema. In the past, it was assumed

that airway management skills and knowledge would be

largely acquired on the job whenever a training opportunity

arose. It was expected that most trainees would be guided

by mentors over the course of a residency as they were

exposed to a sufficient number of cases that would afford

them the opportunity to learn and practice advanced airway

techniques and achieve competency in the management of

the difficult airway. As has been discussed, perhaps this

assumption was never true, and now it is certainly viewed

more pessimistically.36

Learning new techniques is a daunting task for all, and

residents are no exception; to try new things is to risk

failure and failure is ego deflating.37 The operating room is

also a challenging learning environment, and through

necessity there are countless distractions for the residents.

Some residents may find the operating room to be an

uncomfortable, stressful, or even hostile educational envi-

ronment. There has been considerable work studying the

effects of stress on learning potential, and it appears that an

environment that is moderately stressful supports the

greatest potential for learning and performance. However,

in situations requiring fine motor control and complex

1 Objectives of Training and Specialty Training in Anesthesiology.

Anesthesiology Education Committee, Royal College of Physicians

and Surgeons of Canada, Ottawa, Ontario, 2000.
2 Booklet of Information. Certification, Subspecialty Certification,

Recertification, Maintenance of Certification. American Board of

Anesthesiology, Raleigh, North Carolina, March 2008.
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cognition, even lower stress levels may be necessary to

support training and teaching. A number of factors con-

tribute to a high level of stress in the operating room and

these may impact negatively on learning. Another issue for

trainees is the need to satisfy the idiosyncratic demands of

multiple consultants, which makes it difficult to establish a

consistent approach to a technical task. Finally, it must be

acknowledged that the operating room is a very expensive

classroom. The cost of teaching complex tasks to anes-

thesia residents in the operating room is significant, and

there may be considerable cost savings with the use of

skills labs, workshops, and simulators to teach both basic

and advanced skills.38

If we accept that there is an imperative to ensure that

residents are provided with at least basic skills in advanced

airway management, and we are willing to acknowledge

the significant barriers that they face in achieving this goal,

then an approach must be found to foster the development

of these skills while limiting the impact of the barriers on

the resident. Assigning the residents to a rotation in airway

management under the guidance of interested and skilled

mentors ensures that they will have an opportunity to learn

and practice advanced airway skills in an environment

which is supportive of that activity.

The University of Ottawa airway rotation

In 1998, to comply with the recommendations of a national

consensus group and at the insistence of the residents, the

Department of Anesthesiology of the University of Ottawa

first began offering an airway rotation to residents in its

training program. Residents in their second to fourth year

of training are assigned to a one-month rotation. There are

two co-directors, and the clinical instructors who volunteer

to participate are asked to indicate the airway techniques

they would be comfortable teaching the residents. Both

residents and instructors are given a compact disc that

includes an extensive library of published materials that

present the scientific foundations for airway management.

The curriculum is flexible and the residents are encouraged

to self-direct the rotation so as to receive skills training in

an assortment of technologies available to them. The res-

idents are not expected to become expert in the range of

technologies during their one-month rotation; rather, they

will be provided with useful guidance on the use of the

technologies by clinical instructors who are interested and

experienced in their use. Over the course of their training,

the residents will be afforded opportunities to continue to

develop their skill sets. The level of instruction will vary

depending on the experience of the resident. More

advanced residents are expected to function at a higher

skills level, and the rotation will be more likely to provide

them with skill enhancement rather than acquisition. Lists

are assigned to maximize the opportunities for applying the

alternate technologies, and an attempt is made to limit the

complexity of the cases to help the resident concentrate on

the airway skills. If patients with anticipated difficult air-

ways are recognized on the operating room list, the airway

resident is more apt to be assigned to that list. The residents

are assessed on a daily basis by the supervising staff, and

their performance appraisal during the rotation is compiled

from these evaluations by the resident site director. The

residents are asked to evaluate the rotation, and these

evaluations are returned to the program director. A com-

posite summary of these evaluations is shared with the co-

directors of the rotation annually.

The rotation has evolved during its offering and is still a

work in progress as there are a number of deficiencies and

limitations. Although the involved staff are volunteers and

believed to be interested and competent in the use of the

technologies, the mentors’ skills are not objectively asses-

sed. The residents may receive conflicting advice on the use

of some of the technologies by different mentors, and while

that divergence of opinion may occasionally be valuable, it

may also prove to be confusing to a novice learning a new

technique. No attempts are made to log the number or range

of interventions made by the residents, and there is no

objective pre- and post-rotation skills evaluation. Finally,

although there is an assortment of mannequins available to

the residents for skills training during the rotation and they

are encouraged to practice with them, there is no organized

skills lab conducted during the rotation.

The acquisition, development, and assessment

of technical skills

Achieving competence in anesthesiology entails develop-

ing a combination of knowledge, technical skills, decision

making, communication skills, and leadership skills.

Acquisition and refinement of basic and advanced technical

skills by the resident are central to the process of training as

an anesthesiologist. Although much of what is required to

become a competent anesthesiologist must be learned

inside the operating room, some basic technical skills may

be taught, practised, and even evaluated outside the oper-

ating room. Basic training in skills labs allows for more

rapid development of skill sets and permits focus on

higher-level training in the operating room. Also, a less

stressful environment that is more conducive to learning

will make it easier for the novice to acquire the necessary

skills. Although staff teachers should likely play a role in

the initial instruction in a basic skills lab, afterwards, much

of the practice may occur without staff present.39 Staff

guidance is likely most useful when the basic skills are

transferred to the clinical environment and incorporated
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into more complex tasks in the operating room. Direct staff

mentoring is also of considerable value when the skills and

techniques move beyond the basic to the advanced. At this

point, the quality of the staff skills influences the devel-

opment of the trainee’s skills.40

Technical skills are learned in three phases: cognitive,

integrative, and automatic.41 The first phase, the cognitive

phase, consists of watching and then making initial attempts

to duplicate what was observed. At this stage, performance

tends to be erratic and procedures are carried out in distinct

steps. Individuals who are given a clear description and

demonstration of the task may be more likely to master the

new skill with fewer repetitions; multimedia presentations

may assist in this regard.42 Innovations in teaching, such at

the use of video-enabled technology may also provide

additional benefit during the early phases of skills acquisi-

tion. With practice and feedback, the learner can integrate

knowledge of the task into the appropriate motor behav-

iours, and the resulting performance becomes more fluid

with fewer interruptions (integrative phase). In the final

automatic stage, repetitive practice results in a smooth and

autonomous performance of the procedure without the need

for continuous cognitive input. It is now possible to focus on

other aspects of the intervention with less distraction from

the demands of the technical task.

The role of video-enabled technology in airway

technical skills training

Video-enabled airway technology includes both the inte-

gration of existing intubation equipment (typically viewed

through an eyepiece) with video systems allowing the

image to be viewed on a monitor as well as the more

recently developed video and optical intubation tools. This

technology has provided us with enormous advantages

while teaching and training residents in the airway rotation,

and it has enhanced the ability of staff to assist trainees

while they clinically manage difficult airway situations. By

coupling OlympusTM (Olympus) flexible fibreoptic bron-

choscopes and the BullardTM rigid laryngoscope with

standard surgical cameras and video monitors, we achieved

video-endoscopy capability before integrated video sys-

tems were available (Fig. 1a, b) The resulting systems,

although effective, were more cumbersome and demanding

in terms of setup and application than the newer integrated

systems. However, it is our view that the limitations of the

systems themselves were more than offset by the advan-

tages that they conferred on both teaching and clinical

management.

A welcome innovation over the last several years has

been the development of both rigid and flexible airway

management systems with integrated video capabilities;

narrative reviews of such systems have now been

published.43,44 A defining characteristic of the video-

laryngoscopic techniques is the indirect view of the glottic

opening rather than the direct line-of-sight from the eye to

the target using direct laryngoscopy. Some of the video-

laryngoscopic techniques require an unobstructed line-of-

sight from the tip of the device to the target for optimal

function, whereas others can bypass obstructions in the

airway lumen. An adequate glottic view is generally easily

obtained by these systems, and it is frequently superior to

Fig. 1 a An OlympusTM

fibreoptic bronchoscope is

attached to a Storz surgical

camera (Karl Storz) to create a

video-enabled bronchoscope.

b A BullardTM laryngoscope is

attached to a Storz surgical

camera to create a video-

enabled laryngoscope. In this

instance, it was used to place a

double-lumen tube in a patient

with a difficult airway for the

purpose of lung isolation
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that obtained by direct laryngoscopy. However, endotra-

cheal tube insertion is occasionally problematic and may

occasionally represent a greater challenge than obtaining an

adequate view. Both novice and experienced intubators

seem to learn these systems easily, and a number of authors

have reported rapid acquisition of skills among trainees.45,46

Howard-Quijano et al. compared the experiences of

novices in a prospective randomized crossover study using

a video laryngoscope or a direct laryngoscope.47 During

video-assisted intubation, 69% of intubation attempts were

successful compared with 55% of attempts with direct

laryngoscopy. Esophageal intubations occurred in 3% of

video-assisted intubation attempts and in 17% of the intu-

bation attempts using a direct laryngoscope. Similarly, in a

simulated difficult airway, Low et al. reported that novice

intubators demonstrated a reduction in intubation attempts,

number of required repositioning maneuvres, and dental

trauma when they were taught to use a video laryngoscope

compared with being taught to use a direct laryngoscope.48

Shulman et al. assessed the role of a video system on the

process of learning the use of the BullardTM laryngoscope

in experienced anesthesia providers who had no previous

experience with the BullardTM.49 The providers were

divided into two groups; subjects in the first group per-

formed 15 intubations while looking directly through the

eyepiece, while those in the second group used a camera to

display the view on a video monitor. Both groups then

performed a further 15 intubations looking directly through

the eyepiece. When the first 15 intubations were consid-

ered, the laryngoscopy time was shorter in the video group;

there were more successful first attempts at intubation, and

there were fewer failed intubations than in the non-video

group. There were no differences between the groups

during the second 15 intubations. The authors concluded

that the use of a video camera improved performance when

the BullardTM laryngoscope is first being taught; however,

once basic facility with the instrument was achieved, the

video camera seemed to provide less benefit.

Smith et al. compared the rate of progress of experi-

enced anesthesia providers (trainees and consultants) who

were taught flexible fibreoptic nasotracheal intubation with

the aid of either a video-enabled system or a view-through-

the-eyepiece bronchoscope.50 Although all trainees even-

tually achieved similar rates of success, those using video-

enabled systems did so after half the number of training

exercises and intubation attempts; they took one-third the

amount of time overall and experienced a quarter of the

number of failures. The authors concluded that the use of

video doubled the rate of skills acquisition by allowing

more effective feedback from the mentor and more rapid

development of effective movement patterns. Similarly,

Wheeler et al. compared the impact of a video-assisted

technique with traditional eyepiece fibreoptic intubation on

the performance of second year residents learning fibre-

optic intubation in pediatric patients.51 Compared with the

residents in the traditional group, the residents in the video

group achieved intubation more quickly; they were three

times more likely to successfully intubate the trachea at

any given time during an attempt, and they required fewer

attempts per patient.

Video-enabled airway systems support the teaching of

advanced airway management by permitting both mentor

and trainee to share the same view of anatomy and to

follow the progress of the airway intervention. As they are

afforded this view, the mentor is able to provide explicit

guidance relevant to the technique. Anatomic perspectives

may be achieved with some of these technologies that

would not be obtained with the direct laryngoscope, and

the mentor is able to provide orientation and guidance to

the trainee. We consider the use of video-enabled systems

as being integral to any success we achieved during airway

rotations with the systems compatible with video technol-

ogy. We advocate their use.

The role of simulators in airway management training

There are a number of advantages to using models and

simulators to teach airway management (Table 1). The

value of simulator skills training relates to the notion of

isoperformance. This notion implies that trainees may

replace some training time performing the actual task in

patients by spending time training on a model or a simu-

lator. The total training time is similar, but a proportion of

the time may be spent away from the clinical environment.

This allows for skills training outside of the operating

room. As well, it limits contact with patients at a time when

the novice has only rudimentary skills, and it may also

reduce the potential for patient injury. Naik et al. have

Table 1 Advantages of simulators in airway management training

No risk of patient exposure to injury

Interventions may be repeated often and in quick succession

Practice can be scheduled to suit timetables of mentors and students

Errors may be permitted without risk to patients

Technical tasks may be broken into elements without concerns about

elapsing time

Interventions may be stopped to allow for feedback

Interventions may be repeated immediately after feedback to

reinforce teaching

Uncommon scenarios may be modelled

Alternative devices and strategies may be compared for similar

scenarios

Tasks of incremental difficulty may be constructed

Training exercises may be constructed to limit cognitive loading and

distractions.
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reported that skills acquired from a simple training model

are transferable to the clinical environment.52 A simple

‘‘choose the hole model’’ was used to teach residents fi-

breoptic bronchoscope manipulation skills. When

subsequently assessed with anesthetized patients, model-

trained residents demonstrated a faster time to intubation,

improved intubation success rate, and better technique

compared with those who received only didactic training.

A range of models and simulators exist which may be

used for airway management training. They differ in terms

of both construct and fidelity. Many mannequins are

designed for resuscitation training rather than airway

management training, and the anatomical airway construct

may be somewhat deficient. Rosenthal assessed small

desktop mannequins used for teaching basic airway man-

agement and found the main limitations concerned the

artificial look and feel of the mannequins as well as the

failure to simulate an obstructed airway that responds

appropriately to basic airway maneuvres.53 Some models

may be designed specifically for certain aspects of airway

training (flexible fibreoptic intubation, surgical airways)

and may be less useful for other technical training roles.

Fidelity refers to the degree to which a model approxi-

mates reality; it is not always necessary to employ a high

fidelity model. Friedmann et al. reported that residents

acquiring cricothyrotomy skills may be trained to a similar

degree with either a low fidelity (corrugated tubing) or high

fidelity simulator (full scale simulator with anatomically

correct larynx).54 They suggested that novices may benefit

from a simple model as it allows them to better focus on the

basic steps in the process. Studies among trainee surgeons

acquiring both endo-urological and microsurgical skills

have also shown that low fidelity and high fidelity models

confer the same degree of benefit to basic skills training,

and both are significantly superior to didactic sessions.55,56

As long as the key constructs of the task are faithful to

reality, the model should offer potential for practice and

training of the most relevant aspects of the skill.

Model training may be useful for tasks which are likely

to be required relatively infrequently and for which there

may not be frequent opportunities for training on patients.

Kory et al. compared the basic airway management skills

of a group of senior medical residents trained during their

first year using scenario-based training with a computer-

ized patient simulator with a group trained conventionally

(experience accumulated as clinical opportunities arose).57

The groups were tested during their PGY3 year with a

standardized respiratory arrest scenario. The group trained

in the simulator performed significantly better. The authors

concluded that 2 years of traditional training was not suf-

ficient to achieve the same proficiency in basic airway

skills as could be achieved with simulator training. This

may have been due to the relatively low frequency of the

event and the resulting limited opportunities to practice the

techniques.

Although simulators may be less useful if trainees are

going to be performing multiple interventions in a rela-

tively short period, they may be useful for initial training in

advanced and complex skills or if the procedure is partic-

ularly high risk or consumes rare or valuable resources.

Seymour et al. randomized surgical residents to virtual

reality (VR) laparoscopic training or to control, non-VR

training until they had achieved expert criterion levels.58

All subjects then performed laparoscopic cholecystectomy

supervised by a staff surgeon who was blinded to training

status. VR-trained residents performed the test maneuvres

faster and more effectively, and they were less likely to

require guidance to make progress. Similar studies have

demonstrated the benefit of training with VR airway sim-

ulators for novice fibreoptic intubators. Residents who

receive training on a VR airway simulator acquire skills

more rapidly and perform at a higher level compared with

those who receive didactic training alone.59–61

In order to support airway skills development, anesthe-

sia trainees should have access to mannequins that are

suitable for training. During initial skills acquisition, basic

models and trainers are likely to be sufficient; however, as

goals and objectives become more detailed and advanced,

the use of higher fidelity models and simulators may be

useful. The significant differences between available

trainers may have an impact on the effectiveness of train-

ing. Some training exercises with special requirements call

for task-specific models and they are optimal for some

training purposes.52 Model fidelity is of less importance for

devices where the focus of the ‘‘training’’ is on the

acquisition of skills related to the device itself (broncho-

scope) than it is for those where a more lifelike mannequin

is important to the technique (laryngeal mask airways).

Departments considering the purchase of mannequins and

simulators should conduct a training needs analysis. It is

likely that at least two models will be necessary to teach a

range of alternate strategies for airway management.

Impact of the student on the manner, rate, and level

of skills acquisition

There are a number of publications that address the process

of learning a new skill, the impact the process has on the

type of trainee (novice resident learning basic skills vs

more experienced resident learning advanced skills), and

the struggle some trainees experience when acquiring new

technical skills. Plummer and Owen observed that novice

subjects undergoing endotracheal intubation training gen-

erally demonstrated rapid early learning, but the rate of

learning then reached a plateau. They speculated that

specific educational interventions at that point may more
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effectively restore the rate of skill acquisition than simply

having the trainee repeat attempts.62 Additionally, when

the trainees shifted their efforts from one airway trainer to

another, the odds of success were significantly reduced in

the initial attempts on the new trainer. The authors

hypothesized that rudimentary skills developed by a novice

on a trainer may be trainer-specific; in effect the novice

trainee becomes adept at intubating the model rather than

adept at the skill of intubation. These trainer-specific skills

may not translate readily to other environments, including

clinical scenarios. In the formative phase of new skill

development, there may be value in working with a number

of models.

Residents appear to acquire airway skills at different rates

even when placed in similar circumstances. De Oliviera

Filho analyzed the outcomes of 895 endotracheal intuba-

tions performed by seven novice anesthesia residents to

determine the number of interventions necessary to be per-

formed before attaining an acceptable (20%) failure rate.63

Four of the seven residents reached the acceptable failure

rate after an average of 43 ± 33.49 attempts; the other three

did not achieve the acceptable failure rate even after[100

attempts. Some novices will struggle considerably with the

challenges of endoscopy despite amassing considerable

experience. Grantcharov and Funch-Jensen assessed the

learning curve patterns in novice surgical residents with

limited laparoscopic experience as they performed multiple

task repetitions of basic laparoscopic skills on a virtual

reality trainer.64 A small number (5.4%) demonstrated

proficiency from the beginning; the majority (70.3%)

achieved predefined expert criteria after two to nine task

repetitions; some (16.2%) demonstrated improvement in

performance but were unable to achieve proficiency even

after ten repetitions. The last group (8.1%) consistently

underperformed and showed no tendency for skills

improvement.

Although most trainees achieve success in the devel-

opment of their technical skills, a small group will struggle

to reach proficiency with both basic and advanced skills

within the experience frame required by their peers. Some

will continue to experience difficulty long after their peers

have successfully met the challenge of the new techniques.

If such a struggle were apparent to the mentors during

assignment to an airway rotation, possibly these trainees

could benefit from more intensive mentoring and further

practice. It is also possible that the objectives of the rota-

tion could be revised in this instance to focus on the

development of a more limited skill set. Kenton advanced

the notion of a ‘‘struggling’’ algorithm, suggesting that

there may be value in explicitly and repetitively reminding

trainees of the need to re-evaluate their performance when

they are experiencing difficulty with technical interven-

tions.65 Specific suggestions from the observing mentor

may prove exceptionally valuable to the struggling trainee

who possesses the insight to listen.

Estimating the requisite number of airway interventions

to achieve competence

Wang et al. evaluated the effects of endotracheal intubation

experience on paramedic student proficiency using longi-

tudinal, multi-centre data.66 Although the majority of the

students actually performed fewer than ten intubations

each, the authors estimated that proficiency should be

obtained after about 30 interventions. This estimate was

outside of the range of the data collected and did not

account for the plateau which typically emerges after rapid

early improvements in skills. Tatiyanupunwong deter-

mined the minimum number of cases of endotracheal

intubations that medical students must perform in order to

achieve an acceptable level of competence.67 A 90%

probability of successful intubation required at least 16

attempts, with an upper estimate of 33 attempts. A 95%

probability required at least 22 attempts at intubation with

an upper estimate of 49. Mulcaster et al. also determined

the number of tracheal intubations that novices were

required to perform before achieving acceptable levels of

competence.68 Statistical modelling indicated that a 90%

probability of success required 47 ± 11.2 attempts. Once

again, this estimate was outside of the range of data col-

lected, and the model assumed that the same learning

process continued from trials 35–50.

Konrad constructed a group learning curve to describe

the performance of first-year anesthesia residents during

their initial attempts at intubation.69 Although there was a

marked improvement in skill and outcomes after 20

attempts, the group reached the 90% success rate only after

a mean of 57 attempts; even after 80 attempts, 18% of the

residents required assistance with subsequent attempts.

This is consistent with the report of De Oliviera Filho who

determined the number of intubation events that novice

anesthesia residents needed to perform before attaining an

acceptable (20%) failure rate.63 Half of the residents

achieved the acceptable failure rate after an average of

43 ± 33.49 procedures; the rest failed to do so even after

[100 attempts. Smith et al. assessed the skills acquisition

of 12 anesthetic trainees as they performed 20 nasotracheal

intubations on anesthetized patients.70 The half-life of the

curve for the trainees was nine endoscopic intubations. The

model inferred that the trainees would achieve successful

intubations within the estimated expert time after five half-

lives (45 repetitions).

There is variation in the reports that provide estimates of

the accumulated experience required by novice learners to

achieve proficiency with intubation by direct laryngoscopy.

In general, the reports from modelling exercises using the
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data from a limited number of novice intubations calculate

smaller experiences than those reports collecting data from

a larger number of novice intubations. It may be that the

smaller evaluation series are biased by the rapid early skills

acquisition phase and de-emphasize the fact that the rate of

skills acquisition slows as experience accumulates. The

larger evaluation series may more accurately represent the

actual learning curves. It is likely that about 50 event

repetitions are necessary before competence with tracheal

intubation using a direct laryngoscope is achieved, and it is

probable that a similar level of experience is necessary to

attain competence with alternative devices.

Developing a statistical approach for measuring the

competence of anesthesia trainees at airway procedures

We currently use the same assessment mechanism for

residents in the airway rotation as that used for residents in

other rotations in our training program. The supervising

staff member completes a daily evaluation which is

returned to the program site director’s office for compila-

tion into an aggregated assessment that is both qualitative

and subjective. As airway rotations mature, ideally

assessments will move to a more objective competency-

based standard. It is preferable that the resident’s perfor-

mance evaluation during the rotation be structured to allow

for educational interventions to address skills deficits

identified in the process. Similarly, the final evaluation for

the rotation should optimally measure the resident’s skill

set against a competency standard. We believe that the

current daily evaluations allow for some measure of edu-

cational intervention during the rotation to address

perceived deficiencies; however, this opportunity is

diminished by the reality that the resident is assigned to

multiple mentors. To allow for correction of skills deficits,

the resident must receive timely feedback as to the nature

of the deficit and carry that assessment forward to the next

mentor and practice opportunity. The goal of a compe-

tency-based final assessment is difficult since no such

standard has been described for Canadian training pro-

grams. Also, residents of highly variable experience

currently are assigned to the rotation, and it is unreasonable

to assume that a second-year resident will achieve skills

and competence comparable to a fourth-year resident by

rotation end.

A number of different strategies may be used to track

and measure the rate that trainees acquire new airway

skills. Most of these strategies measure outcomes against

the number of interventions performed and compare the

result with a standard of competency or expertise to

determine the experience required by the average novice. If

assessment of the individual trainee is ongoing during the

skills acquisition phase, these analyses may provide the

following feedback: reassurance that the trainee is on-track

and performing within the range expected; recognition that

the trainee is exceeding expectations and may be offered

more challenging cases; or forewarning that remedial

instruction may be warranted.

The number of technical interventions and their out-

comes (success or failure) may be recorded in simple log

books kept during the rotation. They provide residents with

an objective measure of their experience and may highlight

issues and deficiencies that may be addressed through

subsequent training. The value of the log books beyond

these strategic training imperatives is uncertain. A com-

monly reported analytic strategy for evaluating the

acquisition of new skills is generating a learning curve.71,72

A learning curve has four phases. The starting coordinate

represents commencement of training and defines where

the performance of an individual practitioner begins. The

curve then ascends and the gradient of this ascent (slope of

the line) indicates how quickly the individual’s perfor-

mance improves. A steep learning curve implies a rapid

uptake of the skill. Increments in performance improve-

ment typically tend to be largest early in the experience and

then become smaller as the degree of improvement with

each event repetition is reduced and as the technique is

refined. Assuming adequate aptitude on the part of the

novice, a point is reached when the procedure can be

performed independently and competently, and the rate of

rise of the learning curve is significantly diminished. From

this point, additional experience typically improves per-

formance by very small increments and a plateau, or

asymptote, is reached. The asymptote indicates the level at

which the practitioner’s performance has stabilized, and

this likely indicates the performance level achieved by

most experienced practitioners. Individual learning curves

may be constructed during training and compared with a

peer group learning curve to determine how skills acqui-

sition is progressing relative to the comparator group

(Table 2 and Fig. 2).

Cumulative sum (cusum) analysis is another statistical

technique that is useful for distinguishing deviations from

an acceptable failure rate.73 The cusum starts at zero and

positive or negative increments are added to a cumulative

score with each successive failure or success at a proce-

dure. The cusum increases with failure and decreases with

success; thus, success is indicated by a declining trend of

the cusum, and failure by an increasing trend of the cusum.

Acceptable and unacceptable failure rates are determined,

and two boundary limits to the cusum are calculated. When

the cusum declines below the lower boundary limit, then

the true failure rate is not statistically different from the

acceptable rate; if the cusum ascends to exceed the upper

boundary limit, then the true failure rate is statistically

significantly higher than the acceptable rate. If the cusum
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stays between the two boundaries, then observations must

be continued before a conclusion regarding performance

can be confidently made. The advantage of plotting the

cusum is that periods of acceptable (declining cusum) and

unacceptable (ascending cusum) performance and trends in

the performance of the trainee are obvious to both the

trainee and the trainer.

Learning curves and cusum analysis set a realistic target

for the number of interventions that must be completed

before competency can be achieved and assumed by the

average novice. They also allow for the estimation of

acceptable failure rates. The disadvantage of both is that

relatively large numbers of observations are required for

meaningful accuracy. In many training situations, there is a

desire for some early indication that the trainee’s progress

in the process of skills acquisition is satisfactory. This can

allow for timely and remedial intervention and may result

in improvement in skill acquisition. Harrison described

grid analysis, i.e., a form of sequential analysis to track

performance of tracheal intubation by novice intubators

who individually performed relatively few interventions.74

Grid analysis allows for the assessment of an individual’s

progress during the process of skills acquisition and does so

after a smaller number of events than required for either

learning curves or cusum analysis. However, the literature

on this form of analysis is very limited.

Non-technical skills training in anesthesia and

airway management

Residency training places emphasis on the acquisition of

the necessary knowledge and technical skills to ensure

competent practice in anesthesia. However, satisfactory

patient outcomes are more likely to occur if knowledge and

technical skills are integrated into appropriately organized

plans. Effective execution of these plans requires the

development of a particular set of skills, including deci-

sion-making, communication, and team-work. These skills

are sometimes described under the general heading as

human factors, but they have also been described as non-

technical skills.75 It was once anticipated that these skills

would develop somewhat spontaneously as residents pro-

gressed through training. However, it is now generally

acknowledged that such is not the case, and training in this

domain is as necessary and important as it is for technical

skills training.

Table 2 Record of successful fibreoptic intubation in \60 sec by

novice learner

Trial # Success Y/N Cumulative success rate

1 N 0

2 N 0

3 Y 33

4 Y 50

5 Y 66

6 N 50

7 Y 57

8 Y 63

9 Y 66

10 N 60

11 Y 64

12 Y 66

13 Y 69

14 Y 71

15 N 66

16 Y 69

17 Y 71

18 Y 72

19 Y 74

20 Y 75

21 Y 76

22 N 73

23 Y 74

24 Y 75

25 Y 76

26 Y 77

27 Y 78

28 Y 79

29 Y 80

30 Y 80

Fig. 2 An example of an individual learning curve (solid line) has

been constructed for a hypothetical novice learner. The data in

Table 2 are used to measure the cumulative success rate for fibreoptic

intubation in \60 sec (competency grade) in the first 30 trials, and

they are depicted against the group learning curve (dashed line)

constructed from the experience of the peer group
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Anesthesia has much in common with other risk-averse,

high-reliability domains, such as aviation. Analyses of

many aviation accidents revealed that unsafe flight condi-

tions were frequently related to failures in pilots’ non-

technical skills, rather than a lack of technical knowledge

or flying ability.76 Specialist training programs labelled

Crew Resource Management were designed to develop the

use of non-technical skills to improve safety-critical

behaviours on the flight deck. Concepts taught in Crew

Resource Management include those relating to making

inquiries, seeking relevant data, advocating actions, com-

municating proposed action plans, resolving conflicts, and

decision-making.77 These concepts are especially relevant

to training anesthesia residents and particularly useful in

constructing approaches to managing the difficult airway.

Effective communication is integral to the successful

resolution of both anticipated and unanticipated problems in

anesthesia such as the difficult airway. Coordinating

responses may be challenging in stressful environments and

may break down when it is necessary to initiate unexpected

non-routine procedures. Responses to critical situations may

be more effectively delivered within the framework of a

structured practised response (‘‘salvage strategy’’). Fletcher

et al. have described an example of such a system that pro-

vides a structure for the discussion of potential airway

scenarios during training and allows for either the develop-

ment of personal response algorithms when difficult airways

are encountered or, alternatively, the appropriate application

of published difficult airway management plans.78

Our method of addressing the non-technical aspects of

difficult airway management during the airway rotation has

not been entirely adequate or satisfactory to date. Although

we have generally made an effort to review difficult sce-

narios, potential responses, and the role of the alternative

technologies with the residents during the airway rotation,

we have yet to establish a core curriculum. Consequently,

the teaching in this regard is fragmented and inconsistent

from resident to resident.

Considerations for the design and implementation

of an airway rotation

Guidance and governance issues

No Canadian national organization responsible either for

training assessment or for setting standards in anesthesia

practice is currently providing explicit guidance to direct

the provision of airway management training during

anesthesia residency. However, there is an expectation that

anesthesia residents will emerge from training with com-

petence in the domain of airway management and possess

the knowledge, technical and non-technical skill sets to

effectively and efficiently manage both the anticipated and

unanticipated difficult airway. More than half of the

Canadian training programs currently offer a mandatory

airway rotation, typically during the PGY2–PGY4 years,

and in the absence of a national curriculum, each program

is responsible for generating its own course outlines.

Overcoming the barriers to establishing sub-specialty

rotations

Despite the recent emphasis on the role of sub-specialty

rotations to enhance anesthesia resident training, there has

not been universal acceptance of the value of these rota-

tions. Smith et al. reported on their efforts to design and

implement a comprehensive learner-centred regional

anesthesia curriculum at their institution.79 Implementation

of the redesigned curriculum was initially met with barriers

and logistical challenges, the most significant being over-

coming the status quo, as faculty members were not

consistently supportive of the initiative. A second chal-

lenge was convincing faculty to embrace newer styles of

teaching, moving away from the traditional apprenticeship

model toward learner-centred models of education. The

provision of faculty development initiatives was a critical

step to overcoming this obstacle. Our experience with

respect to faculty perceptions was similar at the outset, but

it is our impression that the concept of the airway rotation

is now embraced by both the tutors involved and the

department in general. Evaluations from the residents have

consistently acknowledged their perception that there is

solid support for the rotation from both anesthesia and

surgical faculty. This support creates a positive learning

environment in the operating room. Although there is an

open offer of tutor support to all faculty members who wish

to upgrade skills with any of the newer airway technology,

we have not offered formal department-wide faculty

development initiatives related to the airway rotation. This

situation will change in 2009 as all faculty members will be

offered formal in-training support at their request. There

will also be department-wide updates beginning with a

review of the content and set-up of all elements of our

difficult airway carts.

The lack of availability of models and mannequins may

provide an obstacle to skills training outside of the operating

room. Internal funding and financial support from the

Department of Anesthesiology at the University of Ottawa

have assisted our airway rotation by funding the purchase of

three task-specific mannequins, one each for general airway,

fibreoptic bronchoscopy, and surgical airway (cricothyrot-

omy) training. Although the mannequins have provided

opportunities for practice and skills development, they have

been used to a variable degree by individual residents. They

have afforded an opportunity for some residents to engage in
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remedial practice and have allowed for reinforcement

training of some aspects of different skill sets.

An airway rotation needs a champion among the faculty,

ideally a core group of champions. Depending on the

environment, there may be inertia or even resistance to

establishing the rotation that may not be short-lived. The

department must be brought onside, as it will be very dif-

ficult for the rotation to succeed in the absence of such

support. Departmental support will demonstrate to the other

care-providers in the operating room that this is a funda-

mental aspect of anesthesia training and care. It is our

perception that the majority of surgeons and nurses have

come to accept that routine use of alternate airway tech-

nology is ‘‘just what we do’’. As well, some surgical groups,

in particular the ear, nose, and throat (ENT) surgeons, have

been very supportive of the concept of advanced skills

training to the point of offering anesthesia residents the

opportunity to attend their clinics for endoscopy training.

The rotation director must establish a basic rotation

curriculum, set up infrastructure, secure training resources,

enrol mentors, work to develop and preserve a supportive

environment in the operating room, and respond to the

evaluations of the residents. Providing the rotation director

non-clinical time at the outset is an important resource

imperative necessary to support the rotation and allow the

fundamental requirements to be met.

Establishing the knowledge and technical objectives

of the rotation curriculum

At the outset, consideration should be given to defining

both the goals and objectives of the rotation and estab-

lishing a curriculum. Appendix 1 provides the general and

specific objectives of the Ottawa rotation, which were

formulated in a manner consistent with the CanMEDS

roles (2007).

An extensive electronic library is provided to the resi-

dents (and mentors) at the beginning of the airway rotation,

and the content is reviewed and updated about twice a year

(Table 3). It is not intended that the articles be read in their

entirety during the rotation, but it is expected that case and

technique-directed reading will be done. As well, Ben-

umof’s Airway Management, 2nd edition, edited by

Hagberg and Management of the Difficult and Failed Air-

way, edited by Hung and Murphy are available to the

residents during the rotation.

Although there are general and specific technical

objectives for the rotations, there can be some flexibility;

for instance, in Ottawa the technical objectives for the

rotation are resident-specific. A minimum skill set to be

developed, enhanced, and assessed during the rotation

typically would include instruction in the use of the lar-

yngeal mask airways, adjuncts to the direct laryngoscope, a

highly portable alternative (TrachlightTM), and both rigid

and flexible endoscopes. Table 4 lists the techniques and

examples of the technologies that might be included in the

minimal skills sets. There will obviously be a degree of

program or institutional preference in the selection of the

individual technologies. Video-enabled endoscopes are

employed during the rotation. As well, a Berman-type in-

tubating airway is typically used to facilitate the use of the

flexible fibreoptic bronchoscopes, both in asleep and awake

settings.

It is not expected that all of the residents will achieve the

degree of competency to support independent use of all the

Table 3 Content of electronic library (folders included)

Airway anatomy and physiology

Assessment

Best practices

Complications of airway management

Epiglottis

Gases, flows, and volumes

Guidelines for airway management

Obstructive sleep apnea and narcolepsy

Oxygen

Salvage of the difficult airway

Special populations

Surveys

Techniques

Table 4 Minimal skill set for resident airway rotation

Direct laryngoscopy and aids to intubation

Endotracheal tube introducers/bougies/stylets

Levering or flex tip laryngoscope blade

Extraglottic airways

Supraglottic airways, e.g., laryngeal mask airways

Retroglottic airways, e.g., laryngeal tubeTM

Rigid fibreoptic devices/video laryngoscopes/optical intubation

devices

AirtraqTM

BonfilsTM retromolar fibrescope

BullardTM laryngoscope

GlidescopeTM

McGrathTM (Aircraft Medical Ltd, Edinburgh, UK) laryngoscope

Pentax AWSTM (Pentax Medical Comp, Montvale, USA)

Optical stylet (ShikaniTM (Clarus Medical LLC, Minneapolis, USA)

or LevitanTM (Clarus))

TrachlightTM

Flexible fibreoptic or video intubating system (fibreoptic

bronchoscope)

Infraglottic technique (laboratory, workshop, or simulator training)

Cricothyrotomy

Retrograde wire technique
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technologies that they are exposed to during the airway

rotation. Studies assessing competencies with airway

techniques suggest that at least 30 and often 50 or more

repetitions are necessary to achieve greater than a 90%

likelihood of success on subsequent repetitions. It is

expected that the residents will receive the following:

detailed instruction on the indications for use of the dif-

ferent technologies, including the proper setup and check-

out of all the equipment used; instruction and supervision

as to the use of the equipment; an opportunity to practise on

models and use the equipment in clinical settings; feedback

on their technical applications; and additional opportunities

to employ the technology after feedback has been provided.

The evaluations from the residents affirm that they have

achieved most of these objectives in the majority of

experiences and that they perceive themselves better able

to set up and deploy the advanced airway technology after

completion of the rotation. As noted, there is no objective

evaluation of the skills developed by the residents during

the rotation, and the subjective self-evaluations that we are

relying on are prone to error.

What are the requirements for the mentors participating

in the airway rotation?

The initial requirement for the mentors was, and remains,

enthusiasm. At the outset, support for the rotation was not

universal among the faculty, and the need to ensure a

supportive learning environment for the residents was

deemed absolute. Interested faculty members are asked to

self-nominate and, although mentor skills are not assessed,

they are asked to consider their own experience before

identifying the techniques they feel comfortable teaching.

Interested faculty are expected to have performed the air-

way technique at least 50 times, and they should be

continuing to perform the technique on a regular basis. To

develop and implement a technical skills training program

effectively, it is our view that mentors must be able to

identify the fundamental technical skills to be learned and

must be able to teach and model perfect execution of the

skills as well as create opportunities for supervised prac-

tice. To do this successfully, mentors must be competent

with the technology and use it on a regular basis. Residents

are provided with the list of mentors and mentor-approved

techniques; accordingly, when they are assigned to a list

with a staff supervisor, they are able to select from a

number of appropriate techniques and prepare in advance.

At what stage in training should the residents be

assigned to the airway rotation?

The majority of Canadian programs offering an airway

rotation assign residents to the program when they are in

their PGY2–PGY4 clinical years; this has been our practice

as well. There are advantages and disadvantages of both

the early and late rotations. The early rotation may be

daunting for some of the more junior residents (early

PGY2) with limited airway management skill sets,

although most have handled it extremely well. Since the

alternative techniques are often sufficiently different in

their elements and execution, the early start in their

advanced airway training may provide them with abundant

opportunities for practice in the years ahead. Occasionally,

it may be necessary to revise expectations during the

rotation and concentrate on a more limited range of tech-

nical skills, but that adjustment seems to have been more

resident-dependent than related to the year of training.

Deferring the rotation until later in training may allow for

considerable fine-tuning of already established skill sets,

but it may also defer the opportunity to develop certain

skills until late in the residency.

It is our view that the rotation can be scheduled at any

point in the PGY2–PGY4 years, but, in most instances,

there is probably no particular advantage to deferring it

until late in the training cycle. Ultimately, the timing may

depend on the ability of the program director to schedule it

among the resident’s many other rotations and the similar

needs of the other residents in the program. We have

contemplated offering both an early and a late rotation, but

we would have to significantly enhance the resources

already deployed to the rotation to achieve this goal, and

the scheduling of the two rotations would not be without its

challenges for the program director.

Should specific patient consent be obtained?

If the airway technique is part of a physician’s routine

practice, it has been our pattern not to seek specific patient

consent for an intervention when it is being taught to res-

idents. For example, if the staff physician is routinely using

a GlidescopeTM or a TrachlightTM as part of his/her prac-

tice, then seeking specific consent for its use is no more

required than it would be for direct laryngoscopy, assuming

that was the planned procedure. However, if the interven-

tion is indicated but outside the range of experience that

patients normally encounter (e.g., awake intubation), spe-

cific consent is obtained for the intervention.

Lessons learned over the first decade of the airway

rotation

There are barriers to changing the status quo. In our case,

the status quo was the traditional mentoring model of air-

way management training for residents. There was a

concern that teaching was opportunistic, variable, and

inconsistent and that some residents might experience
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exceptional educational opportunities while others might

have severely deficient experiences. The initial proposal for

an airway rotation was not accepted at the program level,

and it was the residents themselves and the chief resident,

in particular, who took it upon himself to ensure that the

proposal was accepted at the second presentation. The

residents have been the strongest advocates for the rotation

from the very beginning. The enthusiasm of the rotation

director(s) and the individual mentors was, and still is,

extremely important. Initially, the enthusiasm helped to

ensure that the rotation implementation was successful,

even if support was not consistent at all levels. The

enthusiasm has continued to be important because learning

new techniques is difficult and failure is common. There

can be reluctance even to try new techniques and tech-

nologies because the ego can withstand only so much

deflation on some days. We believe that an experienced

and enthusiastic mentor increases the rate of skill acquisi-

tion and adds perspective to the failed attempts (‘‘You’re

learning, you’re going to occasionally struggle, it happens

to everyone.’’). Although it might be argued that a uniform

and consistent approach is most helpful, we have not

limited the number of mentors because we have come to

recognize that different techniques are acceptable, that

flexibility is indispensable, and enthusiasm is paramount. It

has also been our experience that everybody wins with the

rotation. Without fail, the mentors involved have been of

the opinion that their involvement in the rotation has forced

an increased exposure to the alternative devices and

enhanced their familiarity and skills sets beyond what they

likely would be otherwise. Others have published similar

sentiments in the literature.

We have been challenged both internally and externally

to demonstrate that the rotation is worth both the effort and

resource expenditure. It is abundantly clear that the inte-

gration of new technology and techniques into anesthesia

practice has had the potential to reduce patient injury and

increase safety. It is our view that the more structured the

educational initiative, the more experience and education is

achieved across the ranks of the residents; the more edu-

cated and experienced the residents become with the

technology and techniques, the better they will deal with

future events as independent practitioners. Feedback from

the residents has been consistent and positive over the

years, whether it has been in the form of rotation evalua-

tions or in the form of an anecdote that was shared after

participating in an event that was successfully resolved

because of a lesson or technique learned during the

rotation.

We acknowledge the difficulty in applying specific

metrics to the actual benefit of the rotation to the residents

overall and to the individual residents based on their par-

ticipation. With respect to assessment, the rotation is part

of a larger organism—the teaching program in the

Department of Anesthesiology, and assessments are based

on the program model, which we believe has considerable

merit. However, innovation and evolution are inherent in

what we do, whether it is the practice of patient care, the

education and assessment of our junior colleagues, or the

organization of feedback that is provided to them. We do

expect that future assessment techniques in medicine in

general and anesthesia in particular will be more compe-

tency-based and objective in structure than they are at

present; however, we have progressed significantly towards

that goal in the last decade.

The next steps in the evolution of the airway rotation

As we contemplate the future direction of the airway

rotation, a number of issues arise. The first and most

obvious is the absence of a national curriculum for

advanced airway training for anesthesia residents. If we

accept that such experience is a necessary component of

anesthesia residency training, it would seem obvious and

intuitive that guidance regarding the curriculum to consider

should be provided to programs as rotations are established

and operated. Consideration should be given to faculty

development initiatives to support the rotations as well as

to encourage a wider dissemination of advanced skill sets

among faculty who did not have the opportunity to par-

ticipate in airway rotations and who may be interested in

further developing their own skill sets. The use of regular

labs and workshops is encouraged to allow for optimal

skills acquisition and development. The integration of low

fidelity (partial task trainers) with full scale simulators

would support the objectives of the airway rotation to a

considerable degree. Small models can be used to teach

basic and advanced technical skills, while full scale

simulation will allow for integration and evaluation of

cognitive, psychomotor, and non-technical skills. The use

of simulators may also be useful to reinforce and assess

skill retention for infrequently performed procedures like

surgical airways. Although we offer such workshops as a

regular feature of our Continuing Medical Education

events, so far we have not included them in a similar

fashion in the airway rotation. It also makes sense to move

to competency-based assessments and better methods to

evaluate post-rotation skills to ensure that the rotations are

meeting their objectives. These assessments cannot be

completed in isolation from those at the program level, and

consideration of competency-based training assessments in

anesthesia is encouraged.

The provision of fellowship training in airway man-

agement would be the logical extension of an airway

rotation. The end-product of such a fellowship would

presumably be individuals with the knowledge base and
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technical and non-technical skill sets that would allow

them to: function as experts in the clinical management of

patients with difficult airways; provide for the education

of anesthesiologists in the assessment and management of

difficult or failed airways; engage in the evaluation and use

of alternatives to the direct laryngoscope; and serve as the

resources for local and national initiatives in the domain of

airway management. Three anesthesia training programs in

Canada currently advertise such a fellowship; University of

Ottawa, University of Toronto, and Dalhousie University.

Summary

Difficult airways, whether they are anticipated or unantic-

ipated, continue to be a clinical fact of life for anesthesia

providers, and the available evidence clearly supports a

role for alternative devices in the management of these

occurrences. Technological advances over the last decade,

in particular, have provided anesthesiologists with an

impressive array of devices that may be deployed in the

care of patients with a difficult airway. Anesthesiologists

must be provided with the skill sets to provide safe care to

these patients using these technologies, and an opportunity

to develop these skills sets needs to be offered during

residency training in an organized and systematic way. We

have provided the background considerations, rationale,

and goals and objectives for establishing and operating an

airway rotation. Based on our decade of experience offer-

ing an airway rotation at the University of Ottawa, we have

also shared our understanding of the barriers likely to be

encountered when initiating a rotation as well as the

operational realities of managing the program. In our view,

the increasing challenges to resident training imposed by

work hour restrictions and the expanding expectations

residents encounter when they enter practice support

establishing sub-specialty rotations in the anesthesia

training program. Residents are well-served by them.
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University of Ottawa. No considerations were received from the

manufacturers, distributors, or vendors of the technologies discussed

in this paper.
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Appendix 1: goals and objectives of the advanced

airway rotation

The Advanced Airway Management rotation consists of

one month of training in the sub-specialty area of advanced

airway management.

General objective

To provide the resident the opportunity to acquire the

technical and non-technical skills necessary to provide safe

and effective independent care to patients with challenging

airways.

Methods of learning

When they begin the airway rotation, all residents will

receive a CD that includes a number of folders with liter-

ature presenting the scientific basis for advance airway

management.

Residents will gain clinical experience in the assessment

and provision of care to patients under the supervision of

consultant anesthesiologists.

Residents will be assigned lists under the supervision of

consultant anesthesiologists who have volunteered to par-

ticipate in the airway rotation. The volunteer consultants

have specified the techniques and technologies that they

will be comfortable teaching, and a spreadsheet with the

particulars will be provided to the residents.

Residents will be encouraged to collaborate with con-

sultants in ENT, thoracic surgery, general surgery, plastic

surgery, and other such relevant disciplines to gain addi-

tional perspective on the management of high-risk patients.

Three mannequins are available in the departmental

library for independent practice.

Evaluation

Using the daily evaluations generated by the supervising

staff members, the site director will develop a compilation

of the general and specific objectives achieved by the

residents.

Specific objectives

The resident will be provided assistance and clinical

experience in evaluating and managing patients with a

difficult airway who are undergoing anesthesia and inten-

sive care.

The resident will be provided technical training with the

advanced technology utilized in managing patients with

difficult airways, including

– flexible endoscopes and video-endoscopes;

– rigid video laryngoscopes including the GlidescopeTM;

– lighted stylets and optical intubating stylets;

– laryngeal masks;

– retrograde intubation techniques (optional mannequin

training);
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– percutaneous surgical management of the airway

(optional mannequin training).

Role Key competencies

Medical

expert

The resident will acquire knowledge of the following

topics:

1) Identification of the patient at increased

perioperative risk of morbidity and mortality by

reason of airway management issues.

2) Predictive value of preoperative airway

assessment.

3) Identification of the difficult airway.

4) Specific evaluation strategies useful in high-risk

populations.

5) The role of diagnostic imaging to facilitate

evaluation of the airway.

6) Laboratory techniques useful in the evaluation of

airway compromise.

7) Generation of an appropriate management plan in

complex patients so as to optimize care and

minimize the potential for adverse outcomes.

Communicator 1) Establish a professional relationship with peers,

nursing and paramedical personnel, and patients

and their families:

a) Demonstrate appropriate consideration and

compassion.

b) Provide accurate information appropriate to

the situation.

c) Ensure informed consent when necessary.

2) Effectively communicate with all members of the

Perioperative Medicine Team:

a) Use effective verbal communication skills to

ensure clear direction to the operating room

support staff as to specific needs for optimal

patient management.

b) Use clear and concise written communication

skills to document patient assessments,

consultations, interventions, postoperative

management strategies, and progress notes.

Collaborator 1) Function effectively as an integral member of the

Operating Room Team.

2) Consult effectively as required for optimal

preoperative patient evaluation, optimization, and

postoperative care, especially as it relates to

airway management.

3) Utilize the abilities of all team members, including

the ability to resolve conflicts, provide feedback,

and assume a leadership role where appropriate.

4) Provide support and assistance to other staff and

trainees regarding the appropriate indications and

use of advanced airway technology.

5) Assist in generating appropriate postoperative

plans designed to encourage optimal care and

outcomes, while limiting the potential for adverse

airway outcomes.

Appendix continued

Role Key competencies

Manager 1) Utilize resources effectively to ensure timely and

thorough patient preparation for surgery and

optimal assessment.

2) Practice according to national standards for

evaluation and care of patients.

3) Work to ensure the appropriate technical and

personnel support is provided for advanced airway

training and the necessary resources are available

to ensure optimal patient care.

Health

advocate

1) Provide expertise and leadership in maintaining

and improving the standards of training and

provision of care in the domain of airway

management.

2) Act as an advocate for the provision of the

resources and support necessary to ensure optimal

patient airway care.

Scholar 1) Demonstrate the ability to critically review the

literature to understand and evaluate new

information and research.

2) Contribute to the learning of others.

3) Contribute to new knowledge, when possible.

Professional 1) Deliver the highest quality care with integrity,

honesty, and compassion.

Demonstrate appropriate respect for the opinions of

patients and team members in the provision of

care.
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