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Editor’s key points

† This study addresses the
impact of a comprehensive
airway assessment form,
including all 11 ASA’s
airway risk factors, on
resident education, while
assessing is of
questionable value.

† Completion of this specially
designed airway
assessment form led to
significantly better
documentation; however,
it did not appear to have a
clinically significant
impact.

Background. Assessment of the potentially difficult airway (DA) is a critical aspect of
resident education. We investigated the impact of a new assessment form on airway
prediction and management by anaesthesia residents. We hypothesized that residents
would demonstrate improvement in evaluation of DAs over the study duration.

Methods. After IRB approval, anaesthesia residents were randomized into two groups:
control (existing form) and experimental (new form). Data were collected prospectively
from August 2008 to May 2010 on all non-obstetric adult patients undergoing non-
emergent surgery.

Results. Eight thousand three hundred and sixty-four independent preoperative assessments
were collected and 8075 were analysed. The experimental group had the higher completion
rate than the control group (94.3% vs 84.3%, P¼0.001). DA prediction was higher for the
control group (71.2%) compared with the experimental group (69.1%; P¼0.032).
A significant improvement in prediction rates was found over time for the experimental
group (likelihood estimate¼0.00068, P¼0.031).

Conclusions. The use of a comprehensive airway assessment did not improve resident ability
to predict a DA in an academic, tertiary-based hospital, anaesthesiology residency training
programme.
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Airway management remains one of the most important re-
sponsibilities of an anaesthetist,1 yet documentation of the
clinical assessment, which is a professional requirement,2 is
often incomplete.3 Poor airway management has been
recognized as a serious patient safety concern for almost
three decades,4 – 7 highlighting the need for careful airway
assessment before the induction of anaesthesia.8 – 21 While
improvements in patient monitoring,22 airway devices,23

and clinical protocols and training24 – 30 have reduced the
risk associated with an unpredicted difficult airway (DA),
these changes have not reduced the incidence of unexpect-
ed DAs in clinical practice. Since the consequences of an un-
anticipated DA are potentially catastrophic, proper education
and training are a continued necessity.

This study addresses this gap in knowledge by evaluating
the impact of a comprehensive airway assessment form
on resident education, while assessing is of questionable
value.8 We hypothesized that a new comprehensive airway

assessment form would result in greater resident recognition
of the 11 important airway features recommended by the
ASA.1 Based on this hypothesis, the overall aim of the
present investigation was to document the effect of a
more comprehensive airway assessment form on resident
education.

Methods
This prospective, randomized, single-blind study was con-
ducted from August 2008 to May 2010 at a Level 1 academic
trauma center (Memorial Hermann Hospital, Texas Medical
Center, Houston, TX, USA). After obtaining IRB approval
(HSC-MS-07-0144), adult patients non-obstetric presenting
for elective surgery requiring general anaesthesia, which
did not already have their airway secured, were enrolled in
the study. For patients who received more than one anaes-
thetic during the study period, data were collected independ-
ently for each anaesthetic encounter. Patients were provided
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with a written document describing the study and gave a
verbal consent to participate.

All residents enrolled at the University of Texas Medical
School at Houston anaesthesia residency programme for the
academic year 2008–9 were recruited at the start of the
study. An additional 24 incoming residents were enrolled
during the second academic year (2009–2010) of the study,
giving a total of 91 residents (Fig. 1). Each resident provided a
verbal agreement to be enrolled on the quality improvement
project. One resident joined the programme off-cycle in
March 2008 and was enrolled in the study as a CA 1 (a first
year anesthesia resident) (experimental group) for the remain-
ing 2008–9 academic year and was also enrolled for the
second year. No residents dropped from, or transferred in or
out of the programme. Residents were randomized into two
groups—an experimental group, which used the comprehen-
sive airway assessment form in addition to the existing anaes-
thesia record, and a control group, which only used the existing
anaesthesia record. Randomization was performed after strati-
fication by year of training and based on 1:1 randomization. Ex-
perimental and control residents had a one-on-one tutorial (1
day, 3–4 practice assessments) on how to complete the data
forms, respectively, followed by 1 month of validation at the be-
ginning of each resident’s rotation. Afterward, once a month,
the residents’ assessments were audited for quality control.

The new comprehensive airway assessment form
(Appendix 1) required a detailed assessment of the patient’s
airway history and physical examination compared with the
existing anaesthesia preoperative assessment form (Appen-
dix 2). A common form to the experimental and control
group was used to collect postoperative outcome data (Ap-
pendix 3).

For the purposes of this study, difficult mask ventilation
(DMV) was defined as difficulty in maintaining a mask seal
and obtaining satisfactory capnography (end-tidal CO2 and
tidal volume).2 If mask ventilation was attempted and deter-
mined to be difficult, the severity was graded either mild (re-
quiring oral/nasal airway), moderate (can ventilate with
assistance), severe (cannot ventilate with a facemask), or
extreme (cannot ventilate with the supraglottic device).
However, the use of neuromuscular blocking agent, type,
dosage, time of administration, and use as a rescue were
not included as outcome.

Difficult supraglottic airway (DSGA) was defined as either
inability to physically place a supraglottic device or inad-
equacy of ventilation, oxygenation, or airway protection after
placement that required conversion to an alternative tech-
nique. If placement of a supraglottic device was attempted,
level of difficulty, number of attempts, and type of device
were documented. Difficult direct laryngoscopy (DDL) was
defined as the difficulty in visualizing any portion of the
vocal cords after conventional laryngoscopy requiring more
than one attempt.2 If direct laryngoscopy was attempted,
the type of blade, number of attempts, Cormack–Lehane
grade, and any difficulties encountered were documented. Dif-
ficult intubation (DI) was defined as proper insertion of the
tracheal tube with conventional laryngoscopy requiring

multiple attempts.2 If intubation was attempted, the
number of attempts and the presence of any difficulties
were documented. Difficult surgical airway (DSA) was
defined as a difficult cricothyrotomy or tracheostomy, open
or percutaneous, performed electively or emergently, to
manage a DA due to bleeding, poor orientation and difficult
instrumentation, and defined by the surgeon as technically
difficult. DA was defined as the occurrence of DMV, DSGA,
DDL, DI, or DSA. If a surgical airway was attempted, it was
classified as either emergent or elective and either difficult
or easy, with the number of attempts recorded.

Statistical analysis

Our database includes 9117 postoperative encounters; a
small subset of patients received multiple anaesthetics
(n¼155, 1.7%). Patients who received multiple anaesthetics
were excluded from statistical analysis. All statistical ana-
lyses were conducted using SAS 9.2 (SAS Institute, Cary, NC,
USA). Data on the completeness of documentation were
analysed using a x2 test; accuracy of prediction was
defined as the sum of correct assessments and significance
determined using a x2 test, while the changes of prediction
accuracy over time among groups were analysed by a logistic
regression. A P-value of ,0.05 was considered significant.

Results
A total of 8364 independent preoperative assessments were
completed. Incomplete assessments (.4 risk factors not
completed) were excluded, resulting in a total of 8075
assessments included in our analysis. Three thousand three
hundred and thirty-two (41%) were performed by the experi-
mental group and 4743 by the control group (59%) (Fig. 2). A
total of 1560 (17%) of all postoperative assessments
(n¼9117) were reported as DA.

No difficult surgical or invasive airways were reported. The
frequency of each particular event was similar between all
groups (Fig. 2), and ranged from 7.17% to 8.79% for DMV,
5.59% to 5.64% for DDL, 4.09% to 4.98% for DI, and 1.38%
to 1.43% for DSGA.

Completeness of airway examination documentation

Results are shown in Table 1 and demonstrate significant dif-
ferences between the two groups. The experimental group
had a higher rate of completion than the control group
(94.3% vs 84.3%; P,0.001).

Overall recognition of the DA

The experimental group correctly predicted a DA in 2397 out
of 3471 patients (69.1%). The control group predicted 3551
out of 4984 patients (71.2%) correctly, which was significant-
ly higher (P¼0.032) than the experimental group (Table 2).

Impact on resident education

Prediction accuracy for each day of the study was calculated
and graphed as a 30 day moving average for the entire study
period (Fig. 3). The multiple logistic regression model created
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to analyse the differences in the rates of accuracy between
resident groups showed significant relationships with both
patient factors (age, weight, Mallampati, jaw protrusion,
interincisor distance, thyromental distance, sternomental
distance, and neck circumference) and resident factors (day
of study and cohort). Inclusion in the CA 1–1 cohort was
the largest negative predictor of correctness (likelihood esti-
mate 20.62, P¼0.001) followed by the CA 2–3 cohort (likeli-
hood estimate 20.36, P¼0.0025). Compared with the CA 3
cohort, the odds ratios for both the CA 1–1 (0.267, CI
0.130–0.549) and CA 2–3 (0.347, CI 0.171–0.705) cohorts
were statistically significant. Inclusion in the CA 1–2 cohort

was associated with a positive likelihood estimate (0.28,
P¼0.018), but compared with the CA 3 cohort, the odds
ratio was not significant (0.660, CI 0.330–1.321). A signifi-
cant positive likelihood estimate was also noted when the
day of the study was used as a predictor (0.00068,
P¼0.031), indicating a small improvement in correct predic-
tion during the study period.

Discussion
This study is one of few studies that focus on comprehensive
airway assessment implemented on a large scale for training
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Fig 1 Resident randomization. CA 1, first-year residents during first year of study; CA 2, second-year residents during first year of study; CA 3,
third-year residents during first year of study; CA 1–1, first-year residents during second year of study; CA 1–2, second-year residents during
second year of study; CA 2–3, third-year residents during second year of study.
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purposes. This study demonstrates that a comprehensive
airway assessment form using all 11 of the ASA’s proposed
airway risk predictors did improve documentation of airway
assessment, but not the accuracy of such predictions.

The rates of DDL, intubation, and supraglottic device
placement events reported in our study are similar to those
that have already been reported in the literature.2 – 16 31 32

Our overall rate of DMV (5.8%) is similar to the rates reported
by Langeron and colleagues7 (5%) and Yildiz and collea-
gues33 (7.8%). However, it is significantly higher than the
rate reported by Kheterpal and colleagues5 (1.5%), Asai
and colleagues34 (1.4%), and Rose and Cohen16 (0.9%), but

differences in definitions, institutional practices, provider
mix, and self-reporting may account for this difference.

For example, we did not include the contribution of neuro-
muscular blocking agents in our assessment of DMV and we
did not control for oral airway placement, as it is routine
practice to place an oral airway before any mask ventilation
attempt and also to wait for proper ventilation before the ad-
ministration of neuromuscular blocking agent. We left the
opportunity to comment (open field) on the use of the neuro-
muscular blocking agent as rescue of a DMV, but no com-
ments on such a specific topic were found in the database.
We only included data from residents rather than a mix of

Outcomes Preoperative assessments P-value Postoperative 
eventsExperimental Control

DA 693 20.79% 867 18.28% 0.061 1073 11.97%

DMV 293 8.79% 340 7.17% 0.0091 523 5.84%

DDL 188 5.64% 265 5.59% 0.55 393 4.39%

DI 166 4.98% 194 4.09% 0.16 315 3.51%

DSGA 46 1.38% 68 1.43% 0.13 77 0.86%

Total patient encounters
(n=8364)

Experimental group (n=3460)
Control group (n=4904)

Assessments analysed 
(n=8075)

Experimental group
(n=3332)

Control group
(n=4743)

Fig 2 Assessment distribution. DMV, difficult mask ventilation; DDL, difficult direct laryngoscopy; DI, difficult intubation; DSGA, difficult supra-
glottic airway; DA, difficult airway.

Table 1 Completeness of airway exam documentation. MP, Mallampati. x2 test comparisons of completeness for each variable between control
and experimental were all statistically significant (P¼0.005)

Control % Experimental % P-value

Total records 4882 100.00 3372 100.00

MP complete 4581 93.83 3255 96.53 ,0.00001

Neck mobility complete 4251 87.07 3265 96.83 ,0.00001

Both complete 4114 84.27 3182 94.37 ,0.00001

One complete 4718 96.64 3302 97.92 0.0038
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attending anaesthetists, CRNAs, and AAs, as is presented by
Kheterpal and colleagues.21

Additionally, although other studies have reported a de-
crease in the number of surgical airways in conjunction
with a comprehensive airway education programme,26 no
difficult surgical airway events occurred during the study
period. Because such events are quite rare and because we
excluded emergent cases, we probably lacked the appropri-
ate sample size to address this issue. Despite these differ-
ences, the frequency of DA events in this study is
comparable with other reported literature.

Completeness of airway examination documentation

The experimental form did significantly improve complete-
ness of the airway assessment when compared with the
standard anaesthetic record, although complete documen-
tation was not necessarily equivalent. With respect to com-
paring the completeness of documentation, we only looked
at two fields (Mallampati and neck mobility), as only these
were present on both forms.

Overall recognition of the DA

The accuracy of predicting difficulty was greater for the
control group than the experimental group (71% vs 69%,

P¼0.032). This difference, small and probably not of signifi-
cant clinical impact, may have been related to the additional
work required to complete the form—effort which may have
distracted from the actual assessment; for example, the re-
quirement to perform several measurements, some of
which may have been normal, could actually have directed
attention away from an obviously abnormal appearance. Al-
ternatively, the form may have provided false reassurance
and led to an incorrect prediction (i.e. false negative), under-
scoring the lack of sensitivity of the predictors (more is not
necessarily better).

Impact on resident education

The logistic regression analysis demonstrated significant dif-
ferences in prediction accuracy between cohorts of residents
in the experimental group (Fig. 3); however, considering the
low rate of overall correct prediction, it is questionable in
its clinical value.

In particular, the low rate of correct prediction observed
for the CA 2–3 residents compared with the CA 1–2, particu-
larly at the start of the study, was unexpected. This may
reflect difficulty by the CA 2–3 in adjusting an established
work flow to complete the form, but did not affect the CA
1–2 because they had not established a routine yet. It may
also reflect an intermediate level of expertise in the CA
2–3 where residents are more likely to make errors. The de-
crease in accuracy seen in the CA 1–2 cohort starting in
January 2009 and reaching a zenith in July 2009 is also con-
sistent with this effect. The consistently high rate of correct
prediction seen in the CA 3 might also reflect a different
aspect of this effect, where passage from an intermediate
to a more senior phase of training leads to lower rates of
error. Other possible explanations for observed patterns
may reflect changes in educational emphasis during the
study and the impact of external events on resident perform-

Table 2 Accuracy of difficult airway prediction in the
experimental and control groups. Per x2 test, statistical
significance between the groups is P¼0.032

Correct % Incorrect % Total

Control 3551 71.20 1433 28.80 4984

Experimental 2397 69.10 1074 30.90 3471

Total 5948 2507 8455
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30 day moving average of prediction accuracy
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Fig 3 Thirty day moving average of prediction accuracy over duration of study. CA 1–2 are residents who enrolled as first-year residents when
the study began and were second-year residents at the end of the study; CA 2–3 are residents who enrolled as second-year residents when the
study began and were third-year residents at the end of the study; CA 1–1 are residents who enrolled as first-year residents the second year of
the study; CA 3 are residents who enrolled as third-year residents the first year of the study.
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ance. For example, the difference in initial frequency of
correct prediction between the CA 1–2 class at the start of
the study and the entrance of the CA 1–1 class in August
2009 may reflect the impact of a larger educational effort
at the start of the study than at its mid-point. The decrease
in the rate of correct prediction during the initial months of
the study may be related to the increased demands placed
on residents after hurricane Ike. Similarly, the decrease in
the rate of correct prediction seen in July 2009 may reflect
the annual turnover of residents. Simply being aware that
this type of variability exists may be useful for planning edu-
cational efforts and managing operating theatre resources.
However, we recognize our assertions remain speculative
and require further confirmations.

Although it is encouraging that the considerable effort
required by the residents to complete this study did result
in improved prediction, we had expected to see a larger
effect than was actually observed. It is possible that the edu-
cational effort applied at the beginning of the study resulted
in an early improvement in prediction that lessened some-
what over time, resulting in a smaller improvement by the
end of the study period.

Our form was intended to function as a cognitive aid
analogous to those described by Hutchins35 that supports
pilots while landing an airplane. However, it is possible that
the complexity of the information on our form did not ad-
equately support clinician cognitive processes and could
have actually contributed to poor performance.36 We hy-
pothesize that by fragmenting the provider’s focus, the
form may have distracted residents from the task of inter-
preting the data and performing an integrated assessment.

There are few limitations to this study. Although this study
was large, it reflects only a single institutional experience. A
multicentre trial is necessary to help limit this effect. Add-
itionally, the interobserver variability between assessments
presents a limitation, as does the variability of patients
encountered between groups. The time from study design
to study implementation was significant and the scope was
limited by changes in technology and research findings
that had occurred in the interim. It is possible that changes
in work flow not directly related to airway assessment
impacted resident performance. Although we anticipated
this impact to be small, it is important to consider this
factor to have potential impact on resident performance.

Conclusions
Based on our study, the use of an airway assessment that
includes all 11 ASA’s airway risk factors did not result in clin-
ical improvement of resident prediction. Although comple-
tion of a specially designed airway assessment form led to
significantly better documentation, it did not appear to
have a clinically significant impact. Future studies pertaining
to DA evaluation may benefit from a focus on the interpret-
ation process rather than strictly data-driven prediction.

Acknowledgements
Christian Smallwood is a research assistant in the Depart-
ment of Anesthesiology, The University of Texas Health
Science Center Medical School at Houston, Houston, TX,
USA. The authors acknowledge her for data collection,
team work, effort, and dedication. Yameen Khalil is a re-
search assistant in the Department of Anesthesiology, The
University of Texas Health Science Center Medical School at
Houston, Houston, TX, USA. The authors acknowledge him
for data collection, team work, effort, and dedication. Jon
E. Tyson is a professor and vice dean for Clinical Research
and Health Care Quality in the Department of Anesthesi-
ology, The University of Texas Health Science Center
Medical School at Houston, Houston, TX, USA. The authors ac-
knowledge him as study mentor. Anne Starr is a senior staff
assistant in the Department of Anesthesiology, The Univer-
sity of Texas Health Science Center Medical School at
Houston, Houston, TX, USA. The authors acknowledge her
for writing and editing support.

Declaration of interest
C.A.H. was the recipient of the 2007 Foundation for Anesthesia
Education and Research Grant. She is a consultant for Storz,
Ambu A/S, Aircraft Medical, and serves on the speaker bureau
for Covidien, LMA North America, and Ambu A/S. D.C. is a
paid consultant for Smiths Medical and serves on the speaker
bureau for Cadence. D.C. and C.A.H. equally contributed to
the development of the Airway Assessment Form.

Funding
C.A.H. and D.I. initiated this study through funding by the
Foundation for Anesthesia Education and Research (FAER).
P.V.K. is supported by a training fellowship from the Keck
Center NLM Training Program in Biomedical Informatics of
the Gulf Coast Consortia (NLM grant no. T15LM007093).

References
1 American Society of Anesthesiologists Task Force on Manage-

ment of the Difficult Airway. Practice guidelines for management
of the difficult airway: an updated report by the American Society
of Anesthesiologists Task Force on Management of the Difficult
Airway. Anesthesiology 2003; 98: 1269–77

2 American Society of Anesthesiologists Task Force on Preanesthe-
sia Evaluation: Practice advisory for preanesthesia evaluation. An
updated report by the American Society of Anesthesiologists Task
Force on Preanesthesia Evaluation. Anesthesiology 2012; 116:
522–38

3 Masso E, Valero R, Vila P, Villalonga R, Sabater S. Airway manage-
ment and preoperative assessment: a multicentric prospective
study in Catalonia. Anesthesiology 2010: A185

4 Shiga T, Wajima Z, Inoue T, Sakamoto A. Predicting difficult intub-
ation in apparently normal patients: a meta-analysis of bedside
screening test performance. Anesthesiology 2005; 103: 429–37

5 Kheterpal S, Han R, Tremper KK, et al. Incidence and predictors
of difficult and impossible mask ventilation. Anesthesiology
2006; 105: 885–91

Airway assessment in a training programme BJA

281



6 Cook TM, Woodall N, Frerk C; Fourth National Audit Project. Major
complications of airway management in the UK: results of
the Fourth National Audit Project of the Royal College of Anaes-
thetists and the Difficult Airway Society. Part 1: Anaesthesia. Br
J Anaesth 2011; 106: 617–31

7 Langeron O, Masso E, Huraux C, et al. Prediction of difficult mask
ventilation. Anesthesiology 2000; 92: 1229–36

8 Yentis SM. Predicting difficult intubation—worthwhile exercise or
pointless ritual? Anaesthesia 2002; 57: 105–9

9 Eberhart LH, Arndt C, Aust HJ, Kranke P, Zoremba M, Morin A. A
simplified risk score to predict difficult intubation: development
and prospective evaluation in 3763 patients. Eur J Anaesthesiol
2010; 27: 935–40

10 L’Hermite J, Nouvellon E, Cuvillon P, Fabbro-Peray P, Langeron O,
Ripart J. The simplified predictive intubation difficulty score: a
new weighted score for difficult airway assessment. Eur J Anaes-
thesiol 2009; 26: 1003–9

11 Naguib M, Scamman FL, O’Sullivan C, et al. Predictive performance
of three multivariate difficult tracheal intubation models: a double-
blind, case-controlled study. Anesth Analg 2006; 102: 818–24

12 Karkouti K, Rose DK, Wigglesworth D, Cohen MM. Predicting diffi-
cult intubation: a multivariable analysis. Can J Anaesth 2000; 47:
730–9
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Appendix 1: Experimental group airway
assessment form
This comprehensive airway assessment form was used by the
experimental and research groups to assess patient airways

before operation. The form contains descriptions of all 11 of
the ASA’s recommended DA predictors and requires a predic-
tion as to the expected difficulty of the airway and the an-
aesthetic plan that will be used.
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Appendix 2: Control group airway
assessment form
This form was used by the control group to assess the
expected difficulty of the patient airway before operation.

The physical examination includes Mallampati score and
neck mobility assessments.
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Appendix 3: Postoperative outcome data
form
This form was completed for all patients enrolled in the study
and documented difficulties (if any) experienced with mask

ventilation, supraglottic airway device, direct laryngoscopy,
intubation, and surgical airway. Advanced airway techniques
were documented if alternative devices were used. The
number of attempts for all procedures was documented.
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