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BACKGROUND

‘The most compelling educational effort for the anaesthesia
community should be to reduce the frequency and severity of
complications related to managing the airway’
Jonathan Benumof 1995

The difficult airway

Optimal oxygenation and ventilation of the anaesthetised patient
is a core service for the anaesthesiologist. Undergoing general
anaesthesia, the patient is commonly deprived of spontaneous
breathing following the induction of potent anaesthetic drugs.
Hereafter, the anaesthetist re-establishes sufficient ventilation
and oxygenation. Thus, a period of apnoea occurs while the pro-
vider takes over the breathing. The most commonly applied
methods of oxygenation is ventilation through a tracheal tube, a
laryngeal mask, or a face mask [1, 2]. Usually, establishment of
sufficient ventilation is uncomplicated, reducing the period of
apnoea to a minimum, which is easily tolerated by the patient.
Difficulties with airway management place the patient at risk of a
prolonged period of apnoea and thus, at increased risk of airway
related morbidity and mortality. Deprivation of oxygen may result
in serious adverse events such as anoxic brain damage, heart
ischemia, heart failure and ultimately death [3-5]. However,
airway management difficulties may also cause minor adverse
events such as tooth injury or vocal cord injury, e.g. due to multi-
ple attempts of instrumenting the airway [6].

The aforementioned methods of airway management may serve
as each other’s escape strategies, thus oxygen may still be pro-
vided to the patient if one or even two methods fail. Neverthe-
less, it takes time to acknowledge failed ventilation and subse-
quently change method of airway management, hence increasing
the period of apnoea and the risk of adverse events. The inci-
dence of failed intubation is approximately 1 in 1,000 and the
incidence of cannot intubate, cannot ventilate is approximately 1
in 2,800-20,000 [1, 7]. The incidence of failed laryngeal mask
placement is above 1% and may be even more frequent [8]. Im-
possible mask ventilation is reported in approximately 1 in every
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690 patients [7]. Depending on the definition, 2 to 8% of all intu-
bations turn out to be difficult [9—11]. The incidence of difficult
mask ventilation is approximately 0.5-1.5%, and there is a clear
correlation between difficult intubation and difficult mask ventila-
tion and the combination occurs in approximately 1 in every 250
patients [12, 13].

Thankfully, these cases are rare and general anaesthesia is a safe
and trusted procedure. Nevertheless, when things go wrong the
consequences can be catastrophic and with millions of patients
undergoing general anaesthesia every month around the globe,
this topic — rightly — draws a lot of attention.

Difficult intubation and difficult mask ventilation

There has been many proposals of definitions of difficult intuba-
tion and difficult mask ventilation [7, 14-19]. Unfortunately, no
internationally accepted definitions exist and several studies still
employ the laryngeal view proposed by Cormack and Lehane as a
surrogate for difficult intubation [20]. Through the last decade,
definitions of difficult intubation and difficult mask ventilation
have been programmed into the DAD. The definition of difficult
intubation is in keeping with the Canadian Airway Focus Group
and the definition of mask ventilation difficulty is based on the
definition proposed by Han and colleagues [15, 21]. Throughout
the papers comprised in this thesis we have employed the same
definitions of difficult intubation and difficult mask ventilation as
programmed in the DAD. A change of intubation equipment or
more than 2 intubation attempts was regarded as a difficult intu-
bation. Difficult mask ventilation was defined as impossible, inad-
equate, unstable or requiring two providers

(Figure 4).

Preoperative airway assessment

Prediction of difficult airway management remains a pivotal
challenge in anaesthesia and it is highly prioritized among anaes-
thesia personnel to identify patients at risk of airway manage-
ment difficulties. Unanticipated airway difficulties may cause a
stressful situation in an environment where sufficiently compe-
tent personnel and equipment may not be readily available.
Correct prediction of the difficult airway alters the potentially
dangerous unanticipated airway to an anticipated difficult airway
with, predominantly, ample time for proper preparation. Thus,
accurate prediction of difficult airway management may reduce
potential complications by the allocation of experienced person-
nel and by using relevant equipment and well planned strategies
[22].

In the UK in the late eighties and early nineties the National Con-
fidential Enquiry into Patient Outcome and Death did several
reports on perioperative deaths and pointed out the importance
of a preoperative assessment and identification of patients at risk
of airway difficulties [23]. It has been internationally accepted,
that the preoperative assessment should include a thorough
assessment of the patient’s airway and a subsequent risk assess-
ment of potential airway management problems. All major anaes-
thesia societies, as well as the Danish, recommend preoperative
airway assessment [15, 17, 24]. However, a large British survey
published in 2011 (The National Audit Project 4 (NAP4)) found
133 cases of airway related death or severe complications (e.g.
brain damage) throughout the UK over a one year period in
2008/2009. Only 35 (26%) of these cases had a formal preopera-
tive airway assessment recorded [24]. One of the main recom-
mendations from the NAP4 was to perform thorough preopera-

tive airway assessment on all patients and to have a plan A, B and
C ready for airway management, before instigating anaesthesia.
Though increased attention over the last decades, and a general
agreement about the need and rationale for a preoperative air-
way assessment, it is still unclear as to how this assessment
should be performed. The American Society of Anesthesiologists
(ASA) recommends a preoperative airway assessment based on
eleven anatomical variables [17, 25]. However, they do not elabo-
rate regarding, which factors are mandatory for examination, nor
on how they should be weighted in an overall airway assessment.
The ASA argues that the decision to assess some, or all risk factors
depends on the clinical context [17]. Consequently, it is left to the
discretion of the individual anaesthesiologist. Likewise, the UK
based NAP4 gives no elaboration on the content of airway as-
sessment [2].

Several papers have sought to identify and develop valid tools for
prediction of airway management difficulties. Traditionally, the
diagnostic accuracy of a predictive test is denoted by sensitivity
and specificity. High sensitivity and specificity would indicate a
good predictive test. But, an inherent challenge can arise when
trying to predict rarely occurring events (e.g. difficult intubation =
5%). Despite developing a test with high sensitivity and specificity,
a relatively high number of false positives may be encountered
(since the condition is rare), thereby reducing the positive predic-
tive value of the test [26]. Several predictive tests for difficult
intubation has demonstrated a positive predictive value at ap-
proximately 25-40%, meaning that even amongst the patients
expected to be difficult to intubate, the majority will not pose
difficulties [27-30]. However, if we were to regard anticipation of
intubation difficulties as a ‘disease’ with an effective ‘treatment’
(e.g. change of intubation modus) the number needed to treat
(NNT) would be 3-4 patients in order to avoid one (unanticipated)
difficult intubation [31]. It can be argued, that this is an accepta-
ble number. But then another concern arises: Is it discomforting,
stressful or resource requiring to be (wrongfully) categorised as
expected difficult to intubate? It might be all of the above. None-
theless, it can be argued that the discomfort and resources relat-
ed to, e.g. enhanced focus on positioning; pre-oxygenation; use of
advanced intubation equipment; and allocation of experienced
personnel may be negligible compared to the benefits of avoiding
a potentially life-threatening situation. Thus, the acceptable ratio
of true/false positives always has to be considered in the context
of the severity of the condition (the harm/benefit ratio). The
positive likelihood ratio is an alternative statistic for assessing
diagnostic accuracy and it is defined as the sensitivity/(1-
specificity). It estimates how much the odds of an event (e.g.
difficult intubation) increase in case of a positive test (e.g. antici-
pation of difficult intubation) [32]. If the positive likelihood ratio
of a test is high (generally above 10) the test may be relevant to
perform, even though its sensitivity may just be moderate.
Despite acknowledging the value of current preoperative airway
assessment tests, it may be possible to further improve the pre-
dictive value of airway assessment in general, thereby further
reducing the number needed to treat. The NAP4 recommends
uniformities on airway assessment. It seems reasonable to as-
sume that implementation of a rigorous and systematic airway
assessment approach for all patients undergoing anaesthesia
would be superior to usual standards of care. It would require a
large multicentre trial to compare rigorous and routine use of the
best available standards for airway assessment with usual care [1,
31, 33]. Further, it would involve a firm infrastructure and wide-
spread dedication from the providers [31]. The firm infrastructure
is present in Denmark, as the Danish Anaesthesia Database may
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serve as the registration platform and the Central Civil Registry
(CPR) enables unique identification of individual patients.

Predictive models

No single predictor is sufficiently valid in predicting difficult intu-
bation or difficult airway management in general [9, 11, 34-36].
However, several studies indicate that by combining multiple
predictors of difficult intubation the predictive value of the as-
sessment increase [11]. Many multivariable risk models for pre-
diction of difficult intubation have been proposed [27-30], yet
none have been developed using state of the art methodology.
Therefore, they contain potential risks of systematic error (bias)
and random error i.e. type 1 and 2 errors [33, 37].

As it is often the case with risk—and prognostic models they have
not been sufficiently tested in a relevant clinical setting versus
usual care on the field. [33, 38, 39]. The ‘Simplified Airway Risk
Index’ (SARI) is a multivariable model for airway assessment
described by El-Ganzouri and colleagues [27] (Figure 1). It enables
an estimation of the likelihood of a difficult direct laryngoscopy.

Figure 1. The (modified) Simplified Airway Risk Index used in Paper 4
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The points are summarized into the SARI score.

A score of = 4 indicates difficult direct laryngoscopy
according to the Simplified Airway Risk Index.

The SARI consists of 7 independent risk factors for difficult intuba-
tion. (1) Mouth opening, (2) thyromental distance, (3) Mallampati
grade, (4) neck movement, (5) ability to prognath, (6) weight and
(7) history of difficult intubation. Each risk factor is assigned a
weighted score of 0-1 or 0-2 points. A summarised score (the SARI
score) of > 4 is indicative of difficult direct laryngoscopy in the
original publication. In Denmark a modified Mallampati compris-
ing four classes has been widely accepted, whereas the original
Simplified Airway Risk Index was developed using the original
Mallampati grading, ranging from 1-3 [40, 41] (Figure 2).

We decided to adhere to the known procedure in Denmark and
including the modified Mallampati classification in a slightly modi-
fied SARI model in Paper 4. When the SARI was constructed (as
often opted when constructing predictive models), the authors
chose to dichotomise or otherwise categorise continuous varia-
bles, leading to potential loss of information; an increased risk of
false positives; and concealment of any potentially non-linear
relation between variables and outcome [42]. The SARI model
was developed from a large population, albeit never externally
validated nor internally validated using bootstrapping methods.
This induce risk of overestimating the predictive value of the
model [38]. Though the methodology used in developing the SARI
was not flawless, we found the SARI to be the best suitable avail-
able model, to test in a clinical trial. The SARI has several im-
portant strengths: it was developed from a large study material; it
is quick to perform; and easily learned and implemented in a
clinical setting.

Preoperative airway assessment in Denmark before initiation of
this PhD

The present PhD study was commenced in 2011 and, as in the
USA and the UK, there was no clear recommendation on how to
perform airway assessment in Denmark [43]. Consequently, we
assumed that in daily routine practice, prediction of difficult
intubation was based on the individual anaesthesiologist’s re-
sponse to the following question: do | anticipate a difficult intu-
bation? [13]. The answer to that question may or may not be
based on a diverse array of preoperative airway examinations,
depending on the individual anaesthesiologist and departmental
recommendations.

Figure 2. The original Mallampati grade (top) and the modified classifica-

Il 1l
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Prior to engaging in a trial testing a predictive model it was im-
portant to establish whether preoperative airway assessment was
being performed in Denmark, and if there was any kind of uni-
formity. We investigated departmental recommendations on
airway assessment and found a wide discrepancy between Danish
regions and between departments of anaesthesiology [43]. Also,
we found that preoperative airway assessment, in some form,
was widely practiced in Denmark, and we therefore found it fair
to assume, that the anaesthesiologists preoperative assessments
were based on one, or several known risk factors of difficult air-
way management [13] (Figure 3).

Furthermore, there is reason to believe, that there may be a
certain variance in the performance of the preoperative assess-
ment from patient to patient, and between physicians within
departments. Ultimately, we concluded that prediction of difficult
intubation was based on the anaesthesiologist’s individual re-
sponse to the question: do | anticipate a difficult intubation?
Previous studies have focused on the predictive value of a single
risk factor or the value of combining several risk factors into a
multivariable predictive model. The diagnostic accuracy of the
individual anaesthesiologists’ prediction of airway management
difficulties, pragmatically reflecting daily clinical practice, has
never been investigated.

The Danish Anaesthesia Database

The Danish Anaesthesia Database is a national clinical quality
assurance database containing selected quantifiable indicators,
covering the anaesthetic process from the preoperative assess-
ment, through anaesthesia and surgery, until discharge from the
postanaesthesia care unit. Most variables, and all airway related
variables, are mandatory for registration. Anaesthesiologists have
to tick Yes/No boxes to answer two mandatory questions regard-
ing the anticipation of difficult intubation and difficult mask venti-
lation, following preoperative airway assessment. Additionally,
the scheduled airway management plan is recorded. Immediately
following airway management, an intubation score is registered
based on the actual conditions of the tracheal intubation. An
analogue score for mask ventilation is registered for patients who
undergo attempts of mask ventilation (Figure 4). Information
regarding gender, age, ASA classification, height and weight is
also mandatory for registration. Furthermore, the DAD contains
information on choice of anaesthesia technique and certain use
of drugs.

Figure 3. The number of risk factors printed on anaesthesia records in
departments in Denmark in 2012
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Figure 4. Data registration in the Danish Anaesthesia Database in 2011

Preoperative airway assessment

The anaesthesiologist’s prediction of airway difficulties

Is difficult tracheol intubation by dir copy anficipated?

Is difficult mask ventilation anticipatec

Scheduled airway management plan

or each patient one of the following options is chosen:

None / unknown
Spontaneous breathing
us breathing with oxygen

Stomy under

Already intubated ¢

Actual airway management conditions

Intubation

w options is chosen in succession of

g. video laryngoscape) or

Tracheal intubation by direct laryngoscopy is defined as unproblematic by a score = 1 and difficult by a score

z 2
Mask ventilation
Mask ventilation is graded according to the following score. One of the below options is chosen
0 Not attempted
1 Easy

2 Difficult

Easy mask ventilation is defined as: Ventilated with or without the use of oral or nasal airway adjuvant, with or

without neuromuscular blocking agents

Difficult mask ventilation is defined as: Impossible, inadequate, unstable or requiring two providers, with or

without neuremuscular blocking agents

Each patient is uniquely registered into the database using a
personal identifying number from the Danish Civil Register. The
identifying number enables easy identification of each patient,
thus reducing the risk of duplicates and other wrong samplings.
Using the civil registration number further enables identification
of patients anaesthetised multiple times during a defined period.
In 2011, 37 departments of anaesthesia recorded data to the
Danish Anaesthesia Database. More have joined over the last
years and the DAD now covers approximately 80 percent of all
patients undergoing surgery and anaesthesia in Denmark. All
variables are predefined and links to user manuals are integrated
in the DAD interface for each variable. The airway related varia-
bles are not registered in other registries and they are therefore
not possible to formally cross validate. However, the registration
platform comprises several validation and completion rules,
securing data completeness and preventing obscure data registra-
tion. Most departments use the data for quality assurance and for
registration of their productivity, thus reinforcing follow-up regis-
trations on missing patients. Prior studies have proven the DAD to
have good patient coverage compared to data from the National
Patient Register [44, 45].
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Objectives

The overall objective of this PhD thesis was to reduce the inci-
dence of unanticipated difficult airway management. Difficult
airway management remains the number one reason for anaes-
thesia related serious adverse events and the unanticipated diffi-
cult airway is associated with an increased risk of morbidity and
mortality. It is therefore believed to represent a surrogate for
airway related morbidity and mortality.

In order to achieve the objective of reducing the incidence of
unanticipated difficult airway management the following part
aims were defined:

e  To determine the proportion of unanticipated difficult
intubation and unanticipated difficult mask ventilation.

e  To explore and quantify ‘usual care’ for preoperative
airway assessment in every day practice.

e Toinvestigate and design a trial, based on state of the
art methodology for testing a predictive model in a ran-
domized setting.

e  To test the implementation of a systematic risk model
for preoperative airway assessment versus usual care
on the incidence of unanticipated difficult intubation.

PRESENTATION OF PAPERS
PAPER 1

“Diagnostic accuracy of anaesthesiologists’ prediction of difficult
airway management in daily clinical practice: a cohort study of
188,064 patients registered in the Danish Anaesthesia Data-
base”

Background

All major airway societies recommend preoperative airway as-
sessment [1, 15, 17], yet the choice of content is ultimately at the
discretion of the individual anaesthesiologist. The predictive
accuracy of this assessment has, to our knowledge, never been
evaluated, and the aim of the study was to do so.

Methods

In the Danish Anaesthesia Database we identified 188,064 pa-
tients who had undergone tracheal intubation from June 1st 2008
to June 1st 2011 (Figure 5). The anaesthesiologists’ preoperative
predictions on intubation and mask ventilation difficulties were
compared with actual airway management conditions.

Results

We found a total of 3,383 (1.86%) difficult tracheal intubations, of
which 3,154 (93%) were unanticipated. When difficult intubation
was anticipated, 229 of 929 (25%) had an actual difficult intuba-
tion (positive predictive value). As a consequence of including
patients who were anticipated difficult to intubate, scheduled for
and intubated using advanced techniques, as true positives in a
sensitivity analysis 1, the proportion of difficult intubations that
were unanticipated, reduced to 75%.

Difficult mask ventilation occurred in 857 patients (0.66%). It was
unanticipated in 808 cases (94%).

Conclusion

The proportion of unanticipated difficult tracheal intubation in
daily routine practice, ranging from 75 to 93%, underlines the
existing challenges in predicting airway management difficulties.
There may be ample room for improvement based on a rigorous,
evidence based and systematic approach.

Figure 5. Flow diagram of the study populations of Paper 1

Sensitivity
analysis 2

Primary Sensitivity
analysis analysis 1*

Mask ventilation
population

* First sensitivity analysis: This population includes, in addition to the population in the primary analysis, a group of
patients predefined as correctly identified difficult intubations. These were patients anticipated difficult to intubate,
scheduled for and intubated by more advanced methods than direct laryngoscopy (e.g. video laryngoscopy)

* Second sensitivity analysis: This population includes all tracheal intubated patients. Difficult intubation is defined
as an intubation score >3

PAPER 2

“Incidence of unanticipated difficult airway using an objective
airway score versus a standard clinical airway assessment: the
DIFFICAIR trial - trial protocol for a cluster randomized clinical
trial”

Background

Choice and content of preoperative airway assessment in Den-
mark is ultimately at the discretion of the individual anaesthesiol-
ogist. Systematic, evidence-based and consistent airway assess-
ment may reduce the incidence of unanticipated difficult airway
management. The Simplified Airway Risk Index [27] is a multivar-
iable risk score for predicting difficult intubation.

Objective

To compare the effect of implementing the SARI as a systematic
airway assessment tool with usual standards for airway assess-
ment, on the incidence of unanticipated difficult intubation. We
hypothesised a relative risk reduction of 30%, corresponding to a
number needed to treat of 180 patients.

Methods

We 1:1 cluster randomised 28 Danish departments of anaesthesia
to airway assessment by the SARI or by usual standards of airway
assessment. The primary outcomes were the proportion of partic-
ipants with unanticipated difficult and unanticipated easy intuba-
tion. Main secondary outcomes were 48 hours- and 30 days mor-
tality and statistics for addressing diagnostic accuracy of a test
(e.g. sensitivity and specificity). The intervention was a systematic
education in use of—, and DAD registration of the Simplified Air-
way Risk Index (Figure 6 and 7). The usual care departments
continued preoperative airway assessment and registration in the
DAD as before. To fully address the complexity of the clinical
question, we found it necessary to define two different popula-
tions. Population 1: patients that were attempted intubated, but
not preoperatively scheduled for advanced intubation techniques.
Population 2: patients from Population 1 plus patients anticipated
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Figure 6. Screen dump (in Danish) of the DIFFICAIR registration interface
in DAD on SARI departments
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difficult to intubate, scheduled for, and attempted intubated by
an advanced technique. Outcomes were assessed for both popu-
lations.

Conclusion

In order to enhance transparency of the DIFFICAIR trial the proto-
col (Paper 2) was made public on www.clinicaltrials.gov
(NCT01718561) prior to trial initiation and published in TRIALs.
The protocol was written according to the SPIRIT 2013 statement
[46].

PAPER 3

“Detailed statistical analysis plan for the difficult airway man-
agement (DIFFICAIR) trial”

Background

To prevent outcome reporting bias and data-driven analyses, it is
encouraged to prospectively publish a trial protocol [46, 47]. The
same argument applies for a prospective publication of a statisti-
cal analysis plan.

Method

The statistical analysis plan was written, published on
www.clinicaltrials.gov (NCT01718561), and submitted for publica-
tion before the last data entry of the DIFFICAIR trial and before
any outcome data were extracted.

Figure 7. Preoperative registration in the DAD
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i d card in the patient's temporal region in a way that the long side of the card aligns

a specially de

al line e.g. in a window frame. The position of the card in relation to the head is held fixed while the

patient does a maximum neck flexion. Subsequently, the position of the card is compared with a herizontal line
in the room, for example the window frame

5. Ability to prognath:
Yes - 0 points
No - 1 point

The capacity to bring the lower incisors in front of the upper incisors. Edentulous patients is categorized as Yes

6. Body weight:
90 kg = 0 points
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110 kg - 2 points
Based on medical records or the patient’s own information the weight in kg is recorded.
7. History of difficult intubation:
Definite = 2 points
Questionable - 1 point
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B: The SARI Score

I'he summarized SARI score was calculated in the Danish Anaesthesia Database

C: The anesthesiologist’s prediction of airway difficulties

Is intubation by direct laryngoscopy anticipated to be difficult? Yes / No

General analysis principles

All main analyses will compare the two trial groups using inten-
tion-to-treat (ITT) and, in order to ensure a correct type 1 error
risk, all main analyses will account for the clustered design of the
trial and the stratification variable [48-51]. Sensitivity analyses
will be performed adjusted and unadjusted for potential prede-
fined confounding covariates and on predefined populations.
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Statistical analysis

The primary analyses of the primary outcomes will be adjusted
for the stratification— and the cluster variable in a generalised
estimating equation (GEE). The robustness of the results is tested
by repeating the analyses in a mixed effects model and with a
standard t-test comparing the means of the outcome at depart-
ment level between trial groups.

Conclusion

We intended to increase the transparency and the robustness of
the data analyses by an a priori publication of a statistical analysis
plan.

PAPER 4

“Incidence of unanticipated difficult intubation using

the Simplified Airway Risk Index versus usual airway assessment
— a cluster randomized clinical trial in 64,273 patients — The
DIFFICAIR trial”

Results
A total of 26 clusters were included (15 SARI departments and 11
usual care departments (Figure 8)).

Primary outcomes

In population 1, 59,514 patients, SARI (29,209) and usual care
(30,305), were included. In SARI departments 2.38% (696) of the
patients had an unanticipated difficult intubation versus 2.39%
(723) in usual care departments. Odds ratio (OR) adjusted for
cluster and stratum was 1.03 (95% Cl, 0.77-1.38), P = 0.84. The
proportion of unanticipated easy intubation was 1.42% (415) in
SARI versus 1.00% (302) in usual care departments. Adjusted OR
was 1.26 (0.68-2.34), P = 0.47.

Secondary outcomes

We found no statistical significant differences between the trial
groups in adjusted secondary outcomes. The SARI departments
had a 58% unadjusted increase in patients anticipated difficult to
intubate (4.32% versus 2.73%) and an 84% unadjusted increase in
patients scheduled for advanced intubation techniques (10.33%
versus 5.62%). Adjusted odds ratios did not reach statistical signif-
icance.

Conclusion

Applying the SARI compared to usual airway assessment for pre-
diction of difficult intubation did not result in a statistically signifi-
cant change in the incidence of unanticipated difficult or easy
intubation. However, using the SARI may increase the anticipation
of intubation difficulties and may change practice towards using
advanced intubation techniques.

Figure 8. Flow diagram of the DIFFICAIR trial

egisiration

‘ eprogramming [r

Jepartments allocated to SARI ainway assessment ‘ | Departments allocated fo usual airwoy asssssment ‘

s lost fo follow-up (n=0)

s failing fo inifiate D

Tt included in primary analysis (n=15) Depariment included in primo

1ses included in total (n=37,801) Patient cases included in fof

DISCUSSION

Paper 1 presents a novel and previously unpublished estimate of
the diagnostic accuracy of prediction of difficult airway manage-
ment in daily clinical practice. The primary outcome was the
proportion of difficult intubations being unanticipated. As a con-
sequence of including a group of patients predefined as true
positives, the proportion of unanticipated difficult intubation was
reduced from 93% in the primary analysis to 75% in the first
sensitivity analysis. The ‘true’ accuracy of the anaesthesiologists’
predictions of intubation difficulties is probably somewhere be-
tween the predictive values found in the primary analysis and the
sensitivity analysis. The primary analysis may have a tendency to
underestimate the predictive accuracy and could be regarded as a
‘worst case’ scenario, whereas the sensitivity analysis may be
regarded as a ‘best case’ scenario, tending to overestimate the
predictive accuracy. We found a similar high proportion of 94% of
unanticipated difficult mask ventilation, and Paper 1 further
underlines the clear association between difficult mask ventila-
tion and difficult intubation reported in previous studies [7, 10].
Furthermore, the proportion of combined difficult mask ventila-
tion and difficult intubation is in perfect alignment with prior
findings [1, 10].

We assumed that the anaesthesiologists’ predictions were based
on one or several known predictors of difficult intubation. How-
ever, the diagnostic accuracy of the anaesthesiologists’ predic-
tions was poor compared to studies on stand-alone tests and
multivariable risk scores [11, 27, 35]. While prior studies have
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been conducted under rigorous settings Paper 1, in contrast,
reflects everyday clinical practice. Comparisons should therefore
be made with caution. The findings underline the importance of
always being prepared for unanticipated airway management
difficulties in daily clinical practice, and that prediction of difficul-
ties remains a challenging task. We therefore speculated that
there might be room for improvement, based on a rigorous,
evidence-based and systematic approach.

The DIFFICAIR trial

In Paper 2 we described the innovative use of a national clinical
database as the basis for a randomised clinical trial (RCT). In order
to present the optimal transparency, the protocol was written
according to the SPIRIT 2013 recommendations and published
prior to trial commencement [46]. We presented ‘state of the art’
study methodology for testing the implementation of a multifac-
etted recommendation [33, 52, 53].

To avoid potential outcome reporting bias and data-driven results
paper 3 presents a detailed statistical analysis plan for the intuba-
tion part of the DIFFICAIR trial. In order to eliminate falsely low
type 1 error rates due to the trial design, our primary outcome
analyses were adjusted for the design variables, such as clustering
and stratification [54]. We choose to compare the intervention
effect using a generalised estimating equation with an exchange-
able correlation matrix, in order to account for intra cluster corre-
lation [55, 56].

The value of a diagnostic test is usually presented as sensitivity
and specificity. We found it clinically more relevant to present the
diagnostic accuracy of the test as 1 - total accuracy. Hence, focus-
ing on the proportion of unanticipated difficult intubations (false
negative) and unanticipated easy intubations (false positive).
Patients being ‘false negative’ are at increased risk of hypoxia,
airway related morbidity and even death. Although less severe,
the ‘false positive’ patients are at risk of being imposed unneces-
sary stress and discomfort by for example awake intubation.
Furthermore, both categories take up a large amount of poten-
tially unnecessary resources. Since both sensitivity and specificity
may be difficult to interpret intuitively, we chose to present more
transparent primary outcomes. Additionally, using the proportion
of unanticipated difficult intubation allowed us to perform a
baseline cohort study, on which we based our sample size estima-
tion in due consideration of the between and within cluster varia-
tion of the primary outcome before initiation of the trial. By pre-
specifying our methods and analyses, we hope that the results
from the DIFFICAIR trial will be as transparent and robust as pos-
sible.

The intervention in the DIFFICAIR trial was a combination of sys-
tematic application of the SARI for all patients, thorough educa-
tion of physicians and nurses, and mandatory registration of the
SARI variables in the DAD. This intervention did not lead to a
significant reduction in the proportion of unanticipated difficult or
easy intubation. Albeit not reaching adjusted statistical signifi-
cance, the anaesthesiologists’ behaviour tended to change on
SARI departments towards an increase in the number of patients
predicted difficult to intubate and an increase in the number of
patients scheduled for advanced intubation techniques.

General discussion

Throughout this thesis the proportions of difficult intubation and
difficult mask ventilation were relatively low compared to previ-
ous studies [11, 12, 34, 57]. Since there is no international con-

sensus on how to define difficult intubation or difficult mask
ventilation these variables are hard to directly compare between
studies [16, 26]. Furthermore, difficult intubation is often equated
with, and described by the laryngoscopic view classified by Cor-
mack and Lehane, which is merely a surrogate for difficult intuba-
tion [20]. The definitions of difficult intubation and difficult mask
ventilation predefined in the DAD have been employed consist-
ently throughout this thesis. To test the robustness of our results,
sensitivity analyses using a more rigorous definition of difficult
intubation were also performed. Likewise, we found it necessary
to perform additional sensitivity analyses on different patient
populations in order to fully disclose the complexity of the data.

In Paper 1, the proportion of difficult intubation in the population
was 1.86% and in the DIFFICAIR trial the proportion of difficult
intubation was 2.66% and 2.62%, respectively (SARI and usual
care). A major concern of the DIFFICAIR trial was to enhance focus
on correct registration in the DAD. Furthermore, minor revisions
were made to the DAD prior to initiation of the DIFFICAIR trial,
making the registration of airway related variables easier and
more reliable (see below). The increased frequency of difficult
intubations from Paper 1 to 4 is most likely attributed to success-
fully enhancing the quality of the data in the database, rather
than an actual increase in difficulties. The increased frequency of
events enhanced the power in Paper 4 compared to the sample
size estimation based on 2011 data.

In Paper 1, only 47.5% of the patients were scheduled for ad-
vanced intubation techniques when intubation difficulties were
expected. This number increased substantially in the DIFFICAIR
trial to 58.2% in usual care departments and 65.6% in SARI de-
partments. The main aim of predicting a difficult intubation is to
avoid airway related morbidity, ranging from simple tooth injury
to anoxic brain damage or even death. Increased allocation of
patients to advanced intubation techniques may require more
resources, e.g. more personnel and use of costly equipment,
however it was undoubtedly the right approach for some pa-
tients. It is debatable to which ratio the patient related benefits
outweigh the harms, especially when harm includes potential
major adverse events [31, 58]. Some of these adverse event
measures were not accessible in the database, and we cannot
rule out that the systematic use of the SARI may have had a bene-
ficial (or harmful) impact on other outcomes when the ones rec-
orded.

As in Paper 1, the predictive accuracies found in the DIFFICAIR
trial are not readily comparable with previous study findings. The
original SARI was developed from an observational study material
and tested on the same material, thus never prospectively vali-
dated. The DIFFICAIR trial on the other hand is a randomised trial,
testing the implementation of a multi faceted recommendation,
affecting every day clinical practice. In alignment with the original
SARI publication, prior observational studies on risk factors or risk
models for difficult intubation have demonstrated moderate to
good predictive accuracy of the examined models. However, they
have been conducted under rigorous settings and some even
validated on the same population. This induces a substantial risk
of exaggerating the prognostic value and an element of publica-
tion bias may also exist. Comparison on prediction rates from this
cluster randomised trial with prior observational studies should
therefore be made with caution.

The Danish Anaesthesia Database
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This thesis is based on data from the Danish Anaesthesia Data-
base from 2008 through 2013. The DAD is the largest clinical
quality insurance database in Denmark. Its coverage and volume
have provided the basis for several observational studies, includ-
ing Paper 1, and its scale enables research on rare outcomes as
difficult airway management. The solid implementation through-
out Danish anaesthesia departments made it feasible to use the
DAD as the registration platform for the ‘case report forms’ in a
multicentre randomised trial setting (Paper 4). However, no
research — observational or randomised — is better than the quali-
ty of the recorded data. Thus, a lot of effort has been put into the
task of heightening the data quality of the database. In 2011, the
database included a few inexpediencies regarding the registration
of airway variables, e.g. unfortunate default settings and poten-
tial delays for registration of a difficult airway. Therefore, a minor
revision was undertaken in conjunction with the programming of
the new registration page for the DIFFICAIR trial, and the help
interface was updated. Furthermore, a large educational effort
was conducted on enhancing focus on correct DAD registration,
comprising email distributed tutorials and personal education.

As prior mentioned the definition of difficult intubation is not
internationally uniformed and consequently the same applies for
the definition of unanticipated difficult intubation. The database
does not contain data on the preparations made before intuba-
tion, such as having a more advanced intubation device available,
and/or having a specialist in anaesthesiology present. Further-
more, the difficult airway is a continuum from minor difficulties to
the worst imaginable scenario, the ‘cannot intubate, cannot
ventilate’ situation. The DAD simply allows a dichotomised an-
swer of ‘Yes’ or ‘No’ to the questions of anticipation of intuba-
tion—and mask ventilation difficulties. Additionally, the intuba-
tion score is categorised in the DAD, and in the outcome
measures dichotomised, inducing potential loss of information
[59, 60]. It would have been preferable to have had more differ-
entiated information on the anticipated and actual difficulties.
However, being a clinical tool, the database inevitably has a
pragmatic limitation to the extend of data being recorded. When
encountering difficult airway management, it is mandatory to fill
out the difficult airway management details. Personal vanity, or
the reluctance of further registration, may have created an incen-
tive in some personnel to register airway difficulties as less severe
than they actually were.

Strengths and limitations

Study 1 was an observational study on patients prospectively
entered in the DAD. The study was conducted on a large cohort,
reflecting daily clinical practice throughout Denmark from a wide-
spread population of surgical patients, and with a broad span of
seniority among anaesthetists. This minimizes the risk of selection
bias and increases the external validity, allowing the results to be
interpreted in a ‘real life’ clinical context. Over the 3-year period
the proportions of airway difficulties were very stable, reflecting
consistent registration practice throughout the study period. The
data registrants were unaware of the study being conducted, thus
having no direct connection to the investigator group.

By applying a prospective and randomised design, the result of
the DIFFICAIR trial would gain a higher level of evidence than
results from observational cohort studies [61] (Figure 9).

The DIFFICAIR trial has a number of strengths: 1) Application of
state of the art methodology for testing the clinical impact of a
predictive model [33, 37], 2) prospective planning and reporting
of the trial methodology in a published protocol and statistical

analysis plan [62, 63], 3) the applied methodology reduced the
risk of systematic error (bias) [64], 4) the risk of random error
were limited by including a large number of patients [65], 5)
adequate statistical methods were used to account for the clus-
tered nature of the data (GEE) and the robustness of the results
was tested in multiple statistical models and through sensitivity
analyses and 6) a post hoc analysis on the primary outcome in
2011 data found a perfect baseline balance between the two trial
groups.

The main limitation of study 1 is inherent in its observational
nature. No certain indication exists for the incentive to allocate
patients to a particular airway management technique. For ex-
ample, it could be for educational reasons; more convenient/less
time consuming for the physician; due to tradition; due to lack of
other relevant equipment; or because the anaesthetist predicts
difficulties with airway management with a certain device. Intui-
tively, there should be an association between anticipating a
difficult airway and scheduling the patient for advanced intuba-
tion techniques; allocating experienced personnel to the airway
management; or even striving to avoid general anaesthesia.
Hence, the indication itself can alter the outcome, e.g. making an
otherwise difficult intubation easy, or perhaps instigating another
way of handling the airway, not involving intubation of the pa-
tient. Moreover, when no difficulties are expected, an otherwise
easy intubation may turn out to be difficult, e.g. if least experi-
enced intubator is assigned to the job.

These considerations also apply for the patients in the DIFFICAIR
trial. However, the aim of good randomization is random and
even distribution of confounders between groups, and when
using stratification, evenly distribution of confounders within
strata. Furthermore, an effort was made to adjust for any pre-
assumed confounding in the best suitable statistical models and
baseline data revealed good pre-trial balance between groups on
the primary outcome. Nevertheless, presence of some form of
residual confounding can never be entirely ruled out.

Since no other registry records these data, it was not possible to
externally validate the airway related data registered in the DAD.
Thus, potential unrecognised registration errors are possible.
Most departments monitor the registration of patients and do
follow-up registrations on missing patients. But, we cannot rule
out that some patients, who underwent anaesthesia, were never
registered in the database, potentially resulting in an unknown
number of missing patients. Since the outcome assessors could
not be blinded the person doing the preoperative assessment
could potentially also perform the ‘assessment’ of actual difficul-
ties.

In Paper 4, the enhanced level of education and attention on
airway difficulties may have led to an increased awareness and
registration of difficult intubations in SARI departments, poten-
tially muddling an effect of the intervention. It was impossible to
conduct the trial unnoticed in Denmark and a change of behav-
iour towards airway assessment resembling the SARI might have
happened as a spill over effect on usual care departments. Fur-
ther, there is a minor risk of contamination bias from the SARI to
the usual care departments, e.g. if anaesthesiologists changed
work place. Some patients were impossible to assess with the
SARI and some anaesthesiologists undoubtedly either forgot or
deliberately avoided the use of the SARI. Moreover, we could not
ethically dictate the anaesthesiologists to abide by the predictions
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of the SARI score. These matters may in some way have obscured
a true intervention effect of the SARI.

The risks of error

The reliability of evidence-based medical research is influenced by
the risk of three generally accepted levels of error: systematic
error (‘bias’); random error (‘play of chance’); and design error
(‘wrong design to answer the right question’) [66, 67]. Even
though we have sought to minimize all levels of error in the DIF-
FICAIR trial, some dimensions of risk could not be alleviated and a
risk of potential error exists on all levels. The risk of systematic
error predominantly adheres to the fact that we could not blind
the outcome assessors. Random error refers to the risk of type 1
and type 2 errors. The trial met the required sample size estima-
tion both in regard to individuals and clusters. The large individual
sample size dramatically reduces the risk of random error, how-
ever the number of clusters is equally important in a cluster ran-
domised trial (CRT) and we just met the required number of
clusters. The risk of design error primarily corresponds to the fact
that it was not ethically feasible to dictate compliance with the
predictions of the SARI model, i.e. the anaesthesiologist could
chose to disregard the prediction comprised in the risk model.
Moreover, the clustered design poses challenges in regards to
unit of analysis and statistical adjustments. Finally, the primary
outcome ‘unanticipated difficult intubation’ is merely a surrogate
for morbidity and mortality, and even though 48 hours- and 30
days mortality were assessed they were secondary outcomes.
However, we have strived to address the ‘hardest’ outcomes
possible and believe that the primary outcome is in concordance
with the GRADE category of outcomes, ‘critical for decision mak-
ing’ [68].

CONCLUSION

The proportion of unanticipated difficult airway management is
high in Denmark. From 2008 to 2011, 75 to 93% of all difficult
intubations were unanticipated and a similar pattern was found
for difficult mask ventilation.

We were not able to induce a reduction in our primary outcome,
the incidence of unanticipated difficult intubations, by undertak-
ing a large randomised multicentre trial and implementing pre-
operative use of the SARI compared to usual care. Although the
unadjusted sensitivity and positive predictive value did increase in
SARI departments compared to usual care departments in popu-
lation 2, no statistical significant difference was found when
adjusting for cluster and stratum affiliation. In comparison to
Paper 1 (75-93%) the crude percentage of unanticipated difficul-
ties in all difficult intubations, reduced in the DIFFICAIR trial to 45-
89% in SARI departments and 60-91% in usual care departments.
Although indications of improvement, these are predominantly
found in population 2 (named sensitivity analysis 1 in Paper 1)
and the extensive implementation of advanced equipment (e.g.
video laryngoscopes) probably accounts for the majority of this
effect. Nevertheless, the proportions of unanticipated airway
difficulties found in this thesis, underline the continued challenge
anaesthesiologists’ face in predicting these events.

Clinical implications and perspectives

No other adequately powered randomised clinical trial has pro-
spectively compared two different strategies for preoperative
airway assessment and this thesis contributes to enhancing the
understanding of airway related risks and difficulties. Over the

time of this thesis, the attention to preoperative airway assess-
ment has been heightened in Denmark. Our data may indicate a
small increase in the predictive accuracy and a tendency towards
enhanced allocation of resources to potential risk patients from
Paper 1 to Paper 4. The level of airway assessment, for example
the number of preoperative tests, appears to be quite good in
Denmark, although no formal comparison has been made across
borders. The intervention in Paper 4, did not prove to be efficient
compared with the existing level of airway assessment in Den-
mark. However, this does not mean that every kind of airway
assessment is equally good (or bad), nor that the intervention
could not have potential benefits if compared to a ‘usual care
level’ different than the Danish. Nevertheless, we have no well-
founded reason to recommend the SARI model as a compulsory
and superior approach to preoperative airway assessment com-
pared to usual care based on the DIFFICAIR trial.

The SARI has now become recommended for preoperative airway
assessment in several departments; introduced in the chapter on
preoperative assessment in a textbook on basis anaesthesia; and
incorporated in the formal education of anaesthesia specialists in
the capital region [69]. This is based on the assumption that the
SARI is a superior tool for airway assessment, something we were
not able to demonstrate. However, one can hope that the ten-
dency towards national systemisation and uniformity may have a
positive impact for future patients.

METHODOLOGICAL PERSPECTIVES

Criteria for recommending the implementation of a predictive
model in clinical practice

The desire to predict a future outcome from one or several pa-
tient related prognostic factors is fundamental in medicine. Good
outcome prediction can alter and stratify the treatment for the
individual patient and potentially improve the outcome. Good
prediction of an outcome is rarely derived from a single factor
and multiple factors build into a predictive model is often re-
quired in order to get adequate diagnostic accuracy. Optimally,
the model produces an absolute risk of a certain outcome, how-
ever most commonly a model will estimate a relative risk. Good
development and implementation of a predictive model is under-
taken in four steps: 1) Estimation and quantification of a baseline
risk or potential problem, e.g. finding a high proportion of unan-
ticipated difficult airway management (Paper 1), 2) identification
of potential risk factors and model development, e.g. building the
SARI model [27], 3) Validation of the model in a external cohort,
e.g. re-testing the diagnostic accuracy of the SARI in an independ-
ent cohort other than the one it was developed from, and ulti-
mately 4) testing the clinical impact of the model in a comparative
study versus usual care practice, e.g. testing the SARI in a ran-
domised setting versus usual care (Paper 4).

Many predictive tools have been proposed for preoperative iden-
tification of patients at risk of a difficult intubation [27-30, 70].
Some of these tools may have been implemented in clinical prac-
tice and are therefore accepted as good predictive tools [43].
Unfortunately, none have been sufficiently validated or prospec-
tively tested in a relevant clinical setting. Premature implementa-
tion of predictive or diagnostic tools is common and by no means
an isolated anaesthesiological issue. It is not rare that a predictive
tool finds its way into clinical practice based on step 2) develop-
ment of a new model, showing promising good prediction. Inter-
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nal bootstrap validation has become increasingly employed, but
rarely is a predictive model tested in a independent cohort and
comparative clinical impact studies is almost non-existent [33, 39,
71]. There are several potential pitfalls related to implementing
predictive models into clinical practice without prior external
validation or test of the clinical impact. Most importantly is the
risk of overestimating the diagnostic accuracy of the model [33,
72]. Furthermore, there is a risk of extrapolating the model to a
wider or deferent patient population than the one the model was
developed in, without knowing the potential of the model in the
new population [39, 72, 73].

In 2013 the UK based PROGRESS group proposed a guideline for
developing, validating and testing the clinical impact of prognostic
models [33, 37, 60, 74]. One of the conclusions from the PRO-
GRESS groups was that “researchers should shift to validation,
updating, and impact studies of existing models”. The SARI model
has never been externally validated, however the individual risk
factors and various combinations of the risk factors comprising
the SARI has been validated in different cohorts [11]. The PRO-
GRESS group further concluded that “clinical practice guideline
recommendations relating to the use of prognostic models should
be based on such impact studies” [33]. With the papers constitut-
ing this thesis we wanted to bring research on prediction of diffi-
cult airway management one step further by assessing the clinical
impact of a predictive model.

The cluster randomised trial

The methodological advances of applying at well conducted ran-
domised trial setting on reducing the risk of systematic error and
confounding has been acknowledged for decades. The random-
ised clinical trial (RCT) therefore stands as the gold standard when
comparing healthcare interventions [61]. However, it can be a
challenging and costly task to conduct a well-powered RCT. Espe-
cially when the trial is addressing important severe adverse out-
comes with a low event rate, requiring large numbers of patients.
Observational studies can be conducted on large cohorts of pa-
tients, thus allowing detection of associations between an expo-
sure and a rare, but severe adverse outcome. However, inherent
in the observational design is the risk of several types of con-
founding [75]. Nevertheless, the limited feasibility of some RCTs
have resulted in clinical recommendations based on lower levels
of evidence, e.g. observational cohort studies.

When assessing the clinical impact of a predictive model on a
relevant patient outcome, a comparative study is required. Two
groups need to be compared: one using usual care and one using
the model to guide treatment decisions. The scientifically strong-
est design for this comparison is the (cluster) randomised trial
[33]. That being said, the cluster randomised trial has some
methodological challenges. It is more prone to baseline imbal-
ance, and thus residual confounding, compared to the individually
low biased randomised clinical trial. The reliability of conclusions
from a CRT probably range somewhere between the reliability of
conclusions from a cohort study and the individually randomised
clinical trial (Figure 9). There are several key arguments for ran-
domisation by clusters [76, 77]: 1) the intervention is intended
and delivered to all — or a large portion of — the people in a par-
ticular cluster of people (e.g. a new strategy for airway assess-
ment), 2) the intervention is targeted at health professionals in
order to improve a certain patient related outcome (e.g. educa-
tion in the use of the SARI),

Figure 9. Quality of evidence (Source: www.ctu.dk)
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3) the intervention is assessed at individual level, but the risk of
contamination from the intervention to the control group is inevi-
table within the cluster. For example, it is impossible to dictate
the anaesthesiologists to forget the SARI model when facing a
patient randomised to receive usual airway assessment. Testing
the implementation of a new guideline is therefore preferably
done at a departmental (cluster) level in a CRT [33, 77]. Addition-
ally, the CRT may have the advantage of potentially including a
larger number of patients, thus making the trial logistically feasi-
ble and providing sufficient power in order to address low fre-
quency outcomes in a randomised a ‘low biased’ setting. Having
decided on randomisation at a higher level than the individual
patient, e.g. at physician or departmental level, several considera-
tions must be addressed in the design of the trial, and the analysis
of data. The individuals within each cluster will inevitably be more
correlated on outcome than individuals from different clusters.
This may be due to patient demographics; differences in treat-
ment standards; differences in adjuvant interventions; individual
provider preferences etc. When performing the sample size
estimation, it is therefore imperative to consider the within and
between cluster variation [78—-81]. It can be very difficult to quan-
tify such a priori variations on the primary outcome between
patients within the same cluster and between clusters. Optimally,
baseline data from a period close to trial initiation are available
on the primary outcome from the relevant clusters. In this thesis
baseline DAD data (from Paper 1) allowed for appropriate sample
size estimation prior to randomisation for the CRT (Paper 2).
When performing a sample size estimation, it is a valid rule of
thumb that increasing the number of clusters is far more potent
in increasing power than an increment in the number of individu-
als within clusters, since the latter approaches a ceiling effect
rather fast [79]. Due to intra cluster correlation and since the unit
of randomisation is the cluster, whereas the unit of measurement
is the individual patient, risk of imbalances is greater in the CRT
than in the traditional RCT — especially when number of clusters
are limited [77]. It is generally recommended to use some form of
stratification in order to alleviate this potential imbalance and
enhance power [37, 77, 79]. Clusters can be divided into different
strata based on predefined baseline characteristics associated
with the outcome (confounders); cluster size (when this is une-
ven); or/and (optimally) the primary outcome at baseline. Adher-
ence to strata is then evenly balanced between the intervention
groups striving for a good and even randomisation (Figure 8).

It is generally accepted that analyses of RCTs must be adjusted for
potentially confounding covariates [82]. This is also applicable for
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CRTs. However, the analyses of CRTs comprise further complexity,
since it is difficult to estimate and adjust for the effect of the
clustering. Nonetheless, it is important to employ statistical mod-
elling that enables an adjustment for the cluster variable, and
several models has been proposed, depending of the nature of
the clustering [49, 83]. Likewise, adjustment for a stratification
variable can be preferable. In the DIFFICAIR trial the odds ratios
on the primary outcomes were adjusted for the cluster variable
and stratum in a generalised estimating equation [49, 54, 84, 85].

Ethical concerns have been raised with regard to informed con-
sent in cluster randomised trials. Since there are two levels of
inclusion (the cluster level and the individual patient level), yet
one level of randomisation (the cluster level), the administrating
authority (e.g. the department Head) accepts trial participation
on behalf of all individuals in the cluster (e.g. the patients) [76,
86]. This may in some trial settings interfere with the ethics of
individual patient consent for participating in a clinical trial. In the
DIFFICAIR trial we did not dictate a certain approach for airway
management of the patients and The Committee on Health Re-
search Ethics of the Capital Region of Denmark therefore regard-
ed the implementation of the intervention as a quality insurance
project. Thus, individual patient consent was exempted.

Methodology of the PhD in the context of medical research

We sought to employ state of the art methodology for testing the
implementation of a recommendation, when conducting the work
comprised in this thesis. Initially, we conducted a baseline study
on the proportion of unanticipated difficult intubation in Den-
mark. Using these data, we were able to identify a clinical prob-
lem and a potential for improvement. Further, baseline data
allowed for appropriate sample size estimation for a cluster ran-
domised trial. Sample size estimations were adjusted for between
cluster variance on the primary outcome and this data additional-
ly allowed for stratification on the primary outcome. Data anal-
yses were conducted using appropriate statistical modelling and
adjustment.

More and more prognostic models are being developed, yet they
are scarcely tested on their impact in clinical practice. In a sys-
tematic review made by the PROGRESS group they identified only
two published analyses from 2006 to 2009 on the impact of a
prognostic model and when including previous reviews only ten
such publications were identified [33]. These papers were not
necessarily on perioperative or in-hospital predictive or prognos-
tic models. We found it interesting to elucidate, whether state of
the art methodology for testing the clinical impact of a prognostic
model or recommendation had been applied before in a periop-
erative setting. A systematic MEDLINE search was conducted
including all publications addressing new recommendations or
guidelines in a cluster randomised setting. Inclusion criteria were
cluster randomised trials testing a recommendation or prognostic
model in a perioperative setting on a patient related outcome.
The search strategy included all spellings and combinations of
“cluster randomised trial” and was combined with terms regard-
ing recommendations, guidelines or usual care/standards. Papers
with titles referring to trial protocols were excluded in the search.
The search resulted in 217 hits. The number was brought down to
50 papers after a read-through of the titles. Five papers were left
for full text read after reading the 50 abstracts. None of the pa-
pers fulfilled the inclusion criteria after reading the final five
papers (Figure 10). The vast majority of the excluded trials were

Figure 10. Inclusion strategy for the review on papers employing cluster
randomised methodology and testing implementation of a recommen-
dation

Papers meeting search inclusions (n = 217)
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or Asia

*  Primary care settings
Patient educational tools
Trial protocols

Papers for abstract reading (n=50)

Papers excluded on abstract (n= 45)

Reasons for exclusion:

*  Primary care settings. Predominantly GPs
Rural/village settings. Predominanily in Africa
or Asia

* Nofi patient related outcomes (e.g. number of
blood pressure measurements)

Wrong unit of measurement (e.g. pre and
post randomisation comparison within
intervention groups)

Papers for full text reading (n=35)

Papers excluded on full text (n=5)

Reasons for exclusion
Primary care settings, GPs
Patient assessed subjective outcome in a not
perioperative setting
The outcome was adherence to guidelines in
a not perioperative setting
Wrong unit of measurement (e.g. pre and
post randomisation comparison within
intervention groups)

Papers fulfilling inclusion criteria (n=0)

conducted in rural settings, e.g. having villages in Africa as the
level of clustering, or conducted in primary care with the general
practitioner as the most common level of clustering. Some trials
investigated patients’ educational tools, e.g. cell phone applica-
tions for diabetic control, and several did not measure patient
related outcome, but merely tested the level of registration of the
recommendation. Albeit, the search strategy may not have been
completely exhaustive, the DIFFICAIR trial appear to be the first
cluster randomised trial testing the implementation of a guideline
in a perioperative setting.

The 50 abstracts were further investigated in order to quantify if
any of the trials, regardless of cluster settings, had been able to
demonstrate an effect of the intervention on a patient related
outcome. Several trials had been able to show that the interven-
tion led to better adherence to guidelines; changes in ‘risk pro-
file’; reduction in prescription of antibiotics; or enhanced use of
testing.

It was encouraging to observe that several trials demonstrated
better adherence to guidelines when the providers where taught
and encouraged in the use of the intervention. This may support
the assumed value of developing educational tools (e.g. a video
and a white coat aid) and doing repeated teaching of the SARI in
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the DIFFICAIR trial. However, very few trials were able to demon-
strate effects of the intervention on patient related outcomes
such as mortality, adverse events or even surrogates as e.g. blood
pressure levels. Only one paper was able to present an interven-
tion effect on a patient relevant outcome, reducing hospital ad-
missions and mortality through the use of telehealth devices
versus usual care [87].

Implications for future research

The DIFFICAIR trial provided information on more than one hun-
dred thousand patients, and this information needs to be ex-
plored further. More than 22,000 patients were intubated follow-
ing a complete SARI registration, and to aim for external
validation and updating of the SARI model seems reasonable.
Denmark is world renowned for its many comprehensive and high
quality registries and databases. Valuable patient information
(e.g. from perioperative or intensive care settings) and important
patient related outcomes are recorded. As predictive models are
becoming abundant in medical literature, still very few are tested
for real clinical impact. To use a national clinical database as the
platform for testing the implementation of a new recommenda-
tion in a randomised trial setting is innovative and may prove
useful to others. This thesis poses an example of, how to test the
implementation of a predictive model using a cluster randomised
design. It is our hope that the methodology can serve as a prece-
dent for testing and facilitating implementation of evidence-
based recommendations.

Likewise, variables or potential risk factors registered in clinical
databases need to be based on evidence, and improved method-
ology for CRTs may contribute to evidencebased development
and evolvement of clinical databases.

ABBREVIATIONS

ASA American Society of Anesthesiologists

BMI Body Mass Index

Cl Confidence Interval

CRT Cluster Randomised Trial

DAD Danish Anaesthesia Database

GEE Generalised Estimating Equation

ITT Intention To Treat

NA Not Applicable

NAP4 Fourth National Audit Project

NNT Number Needed to Treat

OR Odds Ratio

RCT Randomised Clinical Trial

SARI Simplified Airway Risk Index

UK United Kingdom

DEFINITIONS

Advanced intubation In DAD, and in this thesis, defined
techniques as techniques for tracheal

intubation that are more advanced
than a conventional laryngoscope,
e.g. video laryngoscope or fibre
optic scope.

The variance in means, rates or
proportions of an outcome
between clusters.

Between cluster variance

Design error

Generalised estimating
equation

False positives

Intention to treat analysis

Intra cluster correlation

Multiple Imputation

Negative likelihood ratio

Negative predictive value

P value

Positive likelihood ratio

Error resulting from applying the
wrong design to answer a given
clinical question (or vice versa).

A statistical model used to adjust
for clustering in the data (certain
observations being more
correlated than others). The model
accounts for intra cluster
correlations on the outcome using
a correlation matrix. In the
DIFFICAIR trial (as recommended
for this type of trial) we used an
exchangeable correlation matrix,
assuming equal correlation
between any pair of observations
within a cluster.

Patients who tested (incorrectly)
positive, but did not experience
the event.

Analysis based on the initial
‘treatment’ assignment (e.g.
receiving SARI assessment), not
the actual ‘treatment’ received
(e.g. receiving complete or
incomplete SARI assessment).
There is no good consensus on
handling of missing data in
intention to treat analysis. In the
DIFFICAIR trial we applied multiple
imputation on missing values of
the SARI score.

The ratio of between cluster
variance to the total variance
(Between cluster variation/
(Between cluster variation +
Within cluster variation)). It ranges
between 0 and 1; 0 meaning no
variation between clusters.
Statistical method for estimating
missing values for any variable. The
missing values are replaced with
imputed values that are generated
based on existing values from
other variables. This results in a full
data set (imputed dataset).
Multiple imputed datasets are
generated and are then combined
to produce a pooled analysis
result.

Estimates how much the odds of
experiencing the event decrease
when the test is negative.

The proportion of patients who
tested negative and who were
correctly diagnosed as such.

The probability of obtaining a
result equal to, or even more
extreme, than the one observed,
under the assumption of the null
hypothesis being true.

Estimates how much the odds of
experiencing the event increase
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when the test is positive.

The proportion of patients who
tested positive and who were
correctly diagnosed as such.
Error resulting from ‘play of
chance’ i.e. drawing a false
conclusion based on sparse data.
Two types of false conclusions
(errors) exist: type 1 and type 2
errors.

Positive predictive value

Random error

Sensitivity The proportion of positives
(patients experiencing an event),
correctly identified by the test.

Specificity The proportion of negatives

(patients not experiencing an
event), correctly identified by the
test.

Error resulting from
methodological conduct causing an
increase in the risk of drawing an
erroneous conclusion. Also called
bias.

Patients who tested (correctly)
positive, and subsequently
experienced the event.

Incorrect rejection of the null
hypothesis.

Incorrect rejection of an
alternative hypothesis.

The variance of an outcome
between individuals within a
cluster.

Systematic error

True positives

Type 1 error
Type 2 error

Within cluster variation

SUMMARY

Difficulties with airway management in relation to general anaes-
thesia have been a challenge for the anaesthesiologist since the
birth of anaesthesia. Massive landmark improvements have been
made and general anaesthesia is now regarded as a safe proce-
dure. However rare, difficult airway management still occurs and
it prompts increased risk of morbidity and mortality — especially
when not anticipated. Several preoperative risk factors for airway
difficulties have been identified, yet none have convincing diag-
nostic accuracy as stand alone tests. Combining several risk fac-
tors increase the predictive value of the test and multivariable
risk models have been developed. The ‘Simplified Airway Risk
Index’ (SARI) is a predictive model developed for anticipation of a
difficult direct laryngoscopy. However, neither the diagnostic
accuracy of the SARI nor of any other model has been tested
prospectively and compared with existing practice for airway
assessment in a randomised trial setting.

The first objective of this thesis was to quantify the proportion of
unanticipated difficult intubation and difficult mask ventilation in
Denmark.

The second objective was to design a cluster randomised trial,
using state of the art methodology, in order to test the clinical
impact of using the SARI for preoperative airway assessment
compared with a clinical judgement based on usual practice for
airway assessment.

Finally, to test if implementation of the SARI would reduce the
proportion of unanticipated difficult intubation compared with
usual care for airway assessment.

This thesis is based on data from the Danish Anaesthesia Data-
base (DAD). Paper 1 presents an observational cohort study on
188,064 patients who underwent tracheal intubation from 2008
to 2011. Data on the anaesthesiologists’ preoperative anticipa-
tions of airway difficulties was compared with actual airway man-
agement conditions, thus enabling an estimation of the propor-
tion of unanticipated difficulties with intubation and mask
ventilation.

Papers 2 and 3 outline the methodology and the pre-trial calcula-
tions and considerations leading to the DIFFICAIR trial described
in Paper 4. The trial was designed to randomise anaesthesia
department to either thorough education in, and subsequent use
of the SARI for preoperative airway assessment or to continue
usual care. Registration of the SARI in DAD was made mandatory
in SARI departments and impossible in usual care departments.
Conditions regarding anticipation of difficulties and actual airway
managements were recorded as for Paper 1. DAD data made it
possible to estimate an appropriate sample size, considering the
between cluster variation, and to construct a stratification varia-
ble based on 2011 baseline values of the primary outcome used in
the DIFFICAIR trial.

Paper 1 revealed that 1.86% of all patients who were intubated,
but not planned for advanced intubation techniques (e.g. video
laryngoscopy), were unanticipated difficult to intubate. However,
75 to 93% of all difficult intubations were unanticipated. Fur-
thermore, 94% of all difficult mask ventilations were unanticipat-
ed. In Paper 4, 59,514 patients were included in the primary
analyses. The proportion of unanticipated difficult intubations
was 2.38% (696/29,209) in SARI departments and 2.39%
(723/30,305) in usual care departments. The adjusted odds ratio
was 1.03 (95% Cl: 0.77-1.38), P = 0.84. No significant differences
were detected in other adjusted outcome measures and neither a
58% increase in patients anticipated to have intubation difficulties
nor an 84% increase in patients scheduled for advanced intuba-
tion techniques in SARI departments reached statistical signifi-
cance, P =0.29 and P = 0.06 respectively.

The papers constituting this thesis demonstrate that at high pro-
portion of airway management difficulties are unanticipated. In a
cluster randomised trial it was not possible to reduce the propor-
tion of unanticipated difficult intubation in daily clinical practice
by implementing a systematic approach for airway assessment
compared with usual care. However, implementation of the SARI
may increase the anticipation of intubation difficulties and it may
change practice towards advanced intubation techniques. This
thesis underlines the continued challenge anaesthesiologists face
in predicting airway management related difficulties.
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