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Definitions 

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

techniques for tracheal intubation that are 

more advanced than a conventional laryn-

goscope, e.g. video laryngoscope or fibre 

optic scope. 

Between cluster variance The variance in means, rates or propor-

tions of an outcome between clusters. 

Design error Error resulting from applying the wrong 

design to answer a given clinical question 

(or vice versa). 

Generalised estimating equation A statistical model used to adjust for clus-

tering in the data (certain observations be-

ing more correlated than others). The 

model accounts for intra cluster correla-

tions on the outcome using a correlation 

matrix. In the DIFFICAIR trial (as recom-

mended for this type of trial) we used an 

exchangeable correlation matrix, assuming 

equal correlation between any pair of ob-

servations within a cluster. 

False positives Patients who tested (incorrectly) positive, 

but did not experience the event. 

Intention to treat analysis Analysis based on the initial ‘treatment’ 

assignment (e.g. receiving SARI assess-

ment), not the actual ‘treatment’ received 

(e.g. receiving complete or incomplete SA-
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RI assessment). There is no good consen-

sus on handling of missing data in inten-

tion to treat analysis. In the DIFFICAIR 

trial we applied multiple imputation on 

missing values of the SARI score. 

Intra cluster correlation 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. 

Multiple Imputation 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 com-

bined to produce a pooled analysis result. 

Negative likelihood ratio Estimates how much the odds of experi-

encing the event decrease when the test is 

negative. 

Negative predictive value The proportion of patients who tested neg-

ative and who were correctly diagnosed as 

such. 

P value The probability of obtaining a result equal 

to, or even more extreme, than the one ob-

served, under the assumption of the null 

hypothesis being true. 
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Positive likelihood ratio Estimates how much the odds of experien-

cing the event increase when the test is 

positive. 

Positive predictive value The proportion of patients who tested pos-

itive and who were correctly diagnosed as 

such. 

Random error Error resulting from ‘play of chance’ i.e. 

drawing a false conclusion based on sparse 

data. Two types of false conclusions (er-

rors) exist: type 1 and type 2 errors. 

Sensitivity The proportion of positives (patients ex-

periencing an event), correctly identified 

by the test. 

Specificity The proportion of negatives (patients not 

experiencing an event), correctly identified 

by the test. 

Systematic error Error resulting from methodological con-

duct causing an increase in the risk of 

drawing an erroneous conclusion. Also 

called bias. 

True positives Patients who tested (correctly) positive, 

and subsequently experienced the event. 

Type 1 error Incorrect rejection of the null hypothesis. 

Type 2 error Incorrect rejection of an alternative hy-

pothesis. 

Within cluster variation The variance of an outcome between indi-

viduals within a cluster. 
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Summary 

Background 

Difficulties with airway management in relation to general anaesthesia have 

been a challenge for the anaesthesiologist since the birth of anaesthesia. Massive 

landmark improvements have been made and general anaesthesia is now re-

garded as a safe procedure. However rare, difficult airway management still 

occurs and it prompts increased risk of morbidity and mortality - especially 

when not anticipated. Several pre-operative risk factors for airway difficulties 

have been identified, yet none have convincing diagnostic accuracy as stand 

alone tests. Combining several risk factors increase the predictive value of the 

test and multivariable risk models have been developed. The ‘Simplified Air-

way 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.   

Objectives 

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 pre-

operative airway assessment compared with a clinical judgement based on usu-

al 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 assess-

ment. 
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Methods 

This thesis is based on data from the Danish Anaesthesia Database (DAD). Pa-

per 1 presents an observational cohort study on 188,064 patients who under-

went tracheal intubation from 2008 to 2011. Data on the anaesthesiologists’ pre-

operative anticipations of airway difficulties was compared with actual airway 

management conditions, thus enabling an estimation of the proportion of unan-

ticipated difficulties with intubation and mask ventilation. 

Papers 2 and 3 outline the methodology and the pre-trial calculations and con-

siderations 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 pre-operative airway assessment or to con-

tinue usual care.  Registration of the SARI in DAD was made mandatory in SA-

RI departments and impossible in usual care departments. Conditions regard-

ing 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 

variable based on 2011 baseline values of the primary outcome used in the DIF-

FICAIR trial. 

Results 

Paper 1 revealed that 1.86% of all patients who were intubated, but not planned 

for advanced intubation techniques (e.g. video laryngoscopy), were unantici-

pated difficult to intubate. However, 75 to 93% of all difficult intubations were 

unanticipated. Furthermore, 94% of all difficult mask ventilations were unantic-

ipated. 

In Paper 4, 59,514 patients were included in the primary analyses. The propor-

tion of unanticipated difficult intubations was 2.38% (696/29,209) in SARI de-

partments and 2.39% (723/30,305) in usual care departments.  The adjusted odds 
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ratio was 1.03 (95% CI: 0.77–1.38), P = 0.84. No significant differences were de-

tected in other adjusted outcome measures and neither a 58% increase in pa-

tients anticipated to have intubation difficulties nor an 84% increase in patients 

scheduled for advanced intubation techniques in SARI departments reached 

statistical significance, P = 0.29 and P = 0.06 respectively. 

Conclusion 

The papers constituting this thesis demonstrate that at high proportion of air-

way management difficulties are unanticipated. In a cluster randomised trial it 

was not possible to reduce the proportion of unanticipated difficult intubation 

in daily clinical practice by implementing a systematic approach for airway as-

sessment compared with usual care. However, implementation of the SARI 

may increase the anticipation of intubation difficulties and it may change prac-

tice towards advanced intubation techniques. This thesis underlines the contin-

ued challenge anaesthesiologists face in predicting airway management related 

difficulties.   
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Dansk resumé 

Baggrund 

Vanskelig luftvejshåndtering i forbindelse med generel anæstesi har udfordret 

anæstesilægen så længe generel anæstesi har eksisteret. Fra den spæde begyn-

delse og til nu er der sket massive og skelsættende forbedringer og generel 

anæstesi betragtes nu som en sikker procedure. Omend sjældent, så opstår van-

skelig luftvejshåndtering dog stadig og det øger risikoen for morbiditet og mor-

talitet - især når det ikke er forventet. Selvom adskillige risikofaktorer for van-

skelig luftvejshåndtering er blevet identificeret, har ingen dog vist overbevisen-

de diagnostisk præcision som enkeltstående test. Ved at kombinere flere risiko-

faktorer øges den prædiktive værdi af testen og flere multivariable risikomodel-

ler er derfor blevet udviklet.  ”The Simplified Airway Risk Index" (SARI) er en 

prædiktiv model, der er udviklet til at forudsige vanskelig direkte laryngosko-

pi. Imidlertid er hverken den diagnostiske præcision af SARI modellen eller af 

nogen anden model blevet eftertestet prospektivt i en sammenligning med 

gængs praksis for luftvejsvurdering i et randomiseret forsøg. 

Formål 

Første formål med denne afhandling var at opgøre andelen af uventet vanskelig 

intubation og uventet vanskelig maskeventilation. 

Det andet formål var at designe et cluster randomiseret forsøg, der byggede på 

”state of the art” metodologi til at teste den kliniske effekt af at implementere 

SARI modellen som instruks for præoperativ luftvejsvurdering mod en klinisk 

vurdering baseret på vanlig praksis på området (”Usual care”). 

Det endelige formål var at teste, om andelen af uventet vanskelig intubation 

kunne nedbringes ved at implementere SARI modellen som instruks for luft-

vejsvurdering i sammenligning med vanlig praksis. 
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Metode 

Denne afhandling er baseret på data fra Dansk Anæstesi Database (DAD). Arti-

kel (Paper) 1 præsenterer et observationelt kohorte studie på 188.064 patienter, 

som blev trakealt intuberet fra 2008 til 2011. Anæstesilægens præoperative for-

ventning om luftvejsproblemer er sammenlignet med de faktiske luftvejshånd-

teringsforhold. Andelen af uventet vanskelig intubation og uventet vanskelig 

maskeventilation kunne hermed opgøres. 

I Artikel 2 og 3 beskrives metoden, samt de beregninger og overvejelser, der 

førte til DIFFICAIR forsøget, som er beskrevet i Artikel 4. Forsøget var designet 

til at randomisere anæstesiafdelinger til enten: grundig undervisning i- og brug 

af SARI modellen til præoperativ luftvejsvurdering eller til at fortsætte med 

vanlig procedure. Registrering af SARI blev gjort obligatorisk i DAD på SARI 

afdelingerne, men skjult og ikke mulig at registrere på ”Usual care” afdelinger. 

Forventninger om luftvejsproblemer og faktiske luftvejshåndterings forhold 

blev registreret som for Artikel 1. DAD data gjorde det muligt at foretage en 

sample size estimation, der bl.a. tog højde for ”between cluster” variation, samt 

at konstruere en stratifikationsvariabel baseret på 2011 baseline værdier af det 

primære effektmål, der anvendes i DIFFICAIR forsøget. 

Resultater 

Artikel 1 viste, at 1,86% af alle intuberede patienter, der ikke var planlagt til 

avanceret intubationsteknik (f.eks. videolaryngoskopi), var uventet vanskelige 

at intubere. 75 til 93% af alle vanskelige intubationer var imidlertid ikke forud-

set. Endvidere var 94% af alle vanskelige maskeventilationstilfælde uventet 

vanskelige. I Artikel 4 blev 59.514 patienter inkluderet i de primære analyser. Af 

alle intuberede patienter var 2,38% (696/29.209) uventet vanskelige at intubere 

på SARI afdelingerne mod 2,39% (723/30.305) på ”Usual care” afdelingerne. 

Den justerede odds ratio var 1,03 (95% CI: 0,77-1,38), P = 0,84. Vi kunne ej heller 
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påvise signifikante forskelle på andre justerede effektmål og hverken en 58% 

stigning i antallet af patienter, der var forventet vanskelige at intubere eller en 

84% stigning i patienter planlagt til avanceret intubationsteknik på SARI afde-

lingerne nåede et statistisk signifikant niveau, P = 0,29 og P = 0,06, henholdsvis. 

Konklusion 

Artiklerne der udgør denne ph.d. afhandling tydeliggør, at en høj andel af alle 

situationer med vanskelig luftvejshåndtering opstår uventet. I et cluster rando-

miseret forsøg var det ikke muligt at nedbringe andelen af uventet vanskelig 

intubation i en klinisk dagligdag gennem en systematisk tilgang til luftvejsvur-

dering i sammenligning med vanlig praksis. Indførelse af SARI modellen kan 

muligvis øge forventningen om intubationsvanskeligheder og kan muligvis 

påvirke klinisk praksis i retning af, at flere patienter bliver allokeret til intubati-

on ved hjælp af avanceret udstyr. Denne afhandling understreger de fortsatte 

udfordringer, som anæstesilægen dagligt møder i bestræbelserne på at forudsi-

ge luftvejsrelaterede problemer. 
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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 ser-

vice for the anaesthesiologist. Undergoing general anaesthesia, the patient is 

commonly deprived of spontaneous breathing following the induction of po-

tent anaesthetic drugs. Hereafter, sufficient ventilation and oxygenation is re-

established by the anaesthetist. Thus, a period of apnoea occurs while the pro-

vider takes over the breathing. The most commonly applied methods of oxy-

genation is ventilation through a tracheal tube, a laryngeal mask, or a face mask 

[1, 2]. Usually, establishment of sufficient ventilation is uncomplicated, reduc-

ing 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 multiple attempts of in-

strumenting the airway [6]. 

The aforementioned methods of airway management may serve as each other’s 

escape strategies, thus oxygen may still be provided to the patient if one or even 

two methods fail. Nevertheless, it takes time to acknowledge failed ventilation 

and subsequently change method of airway management, hence increasing the 

period of apnoea and the risk of adverse events. The incidence of failed intuba-

tion is approximately 1 in 1,000 and the incidence of cannot intubate, cannot 
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ventilate is approximately 1 in 2,800-20,000 [1, 7]. The incidence of failed laryn-

geal mask placement is above 1% and may be even more frequent [8]. Impossi-

ble mask ventilation is reported in approximately 1 in every 690 patients [7]. 

Depending on the definition, 2 to 8% of all intubations 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 

ventilation 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 cata-

strophic 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 intubation and diffi-

cult mask ventilation [7, 14–19].  Unfortunately, no internationally accepted def-

initions 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 pro-

grammed in the DAD. A change of intubation equipment or more than 2 intu-

bation attempts was regarded as a difficult intubation. Difficult mask ventila-

tion was defined as impossible, inadequate, unstable or requiring two providers 

(Figure 4).  
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Pre-operative airway assessment  

Prediction of difficult airway management remains a pivotal challenge in anaes-

thesia and it is highly prioritized among anaesthesia personnel to identify pa-

tients at risk of airway management difficulties. Unanticipated airway difficul-

ties 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 re-

duce potential complications by the allocation of experienced personnel and by 

using relevant equipment and well planned strategies [22].  

In the UK in the late eighties and early nineties the National Confidential En-

quiry into Patient Outcome and Death did several reports on perioperative 

deaths and pointed out the importance of a pre-operative assessment and iden-

tification of patients at risk of airway difficulties [23]. It has been internationally 

accepted, that the pre-operative assessment should include a thorough assess-

ment of the patient’s airway and a subsequent risk assessment of potential air-

way management problems. All major anaesthesia societies, as well as the Dan-

ish, recommend pre-operative 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 pre-operative airway assessment recorded [24]. One of the 

main recommendations from the NAP4 was to perform thorough pre-operative 

airway assessment on all patients and to have a plan A, B and C ready for air-

way management, before instigating anaesthesia.  

Though increased attention over the last decades, and a general agreement 

about the need and rationale for a pre-operative airway assessment, it is still 
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unclear as to how this assessment should be performed. The American Society 

of Anesthesiologists (ASA) recommends a pre-operative airway assessment 

based on eleven anatomical variables [17, 25]. However, they do not elaborate 

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 

assessment [2]. 

Several papers have sought to identify and develop valid tools for prediction of 

airway management difficulties. Traditionally, the diagnostic accuracy of a pre-

dictive test is denoted by sensitivity and specificity. High sensitivity and speci-

ficity 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 predictive 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 acceptable number. But then an-

other 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. Nonetheless, it can be argued that the discomfort and resources related 

to, e.g. enhanced focus on positioning; pre-oxygenation; use of advanced intu-
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bation 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. anticipa-

tion 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 sensi-

tivity may just be moderate. 

Despite acknowledging the value of current pre-operative airway assessment 

tests, it may be possible to further improve the predictive value of airway as-

sessment in general, thereby further reducing the number needed to treat. The 

NAP4 recommends uniformities on airway assessment. It seems reasonable to 

assume 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 usu-

al 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 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 intubation or dif-

ficult airway management in general [9, 11, 34–36]. However, several studies 

indicate that by combining multiple predictors of difficult intubation the predic-
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tive value of the assessment increase [11]. Many multivariable risk models for 

prediction of difficult intubation have been proposed [27–30], yet none have 

been developed using state of the art methodology. Therefore, they contain po-

tential 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 suf-

ficiently 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 SARI consists of 7 independent risk factors for difficult intubation.  

1) Mouth opening, 2) thyromental distance, 3) Mallampati grade, 4) neck 

movement, 5) ability to prognath, 6) weight and 7) history of difficult intuba-

tion. Each risk factor is assigned a weighted score of 0-1 or 0-2 points. A sum-

marised score (the SARI score) of ≥ 4 is indicative of difficult direct laryngosco-

py in the original publication. 

In Denmark a modified Mallampati comprising 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).  

 

Figure 2. The original Mallampati grade (top) and the modified classification (buttom) 

 

 

 

 

 

   

 

 

We decided to adhere to the known procedure in Denmark and including the 

modified Mallampati classification in a slightly modified 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 
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variables, leading to potential loss of information; an increased risk of false pos-

itives; and concealment of any potentially non-linear relation between variables 

and outcome [42]. The SARI model was developed from a large population, al-

beit 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 available model, to test in a clinical 

trial. The SARI has several important strengths: it was developed from a large 

study material; it is quick to perform; and easily learned and implemented in a 

clinical setting. 

Pre-operative 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, predic-

tion of difficult intubation was based on the individual anaesthesiologist’s re-

sponse to the following question:  do I anticipate a difficult intubation? [13]. The 

answer to that question may or may not be based on a diverse array of pre-

operative airway examinations, depending on the individual anaesthesiologist 

and departmental recommendations. 

Prior to engaging in a trial testing a predictive model it was important to estab-

lish whether pre-operative airway assessment was being performed in Den-

mark, and if there was any kind of uniformity. We investigated departmental 

recommendations on airway assessment and found a wide discrepancy be-

tween Danish regions and between departments of anaesthesiology [43]. Also, 

we found that pre-operative airway assessment, in some form, was widely 

practiced in Denmark, and we therefore found it fair to assume, that the anaes-
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thesiologists pre-operative assessments were based on one, or several known 

risk factors of difficult airway management [13] (Figure 3). 

 

Figure 3. The number of risk factors printed on anaesthesia records in departments in Den-

mark in 2012  

  

 

 

Furthermore, there is reason to believe, that there may be a certain variance in 

the performance of the pre-operative assessment from patient to patient, and 

between physicians within departments. Ultimately, we concluded that predic-

tion of difficult intubation was based on the anaesthesiologist’s individual re-

sponse to the question:  do I 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 mod-

el. The diagnostic accuracy of the individual anaesthesiologists’ prediction of 

airway management difficulties, pragmatically reflecting daily clinical practice, 

has never been investigated.  
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The Danish Anaesthesia Database 

The Danish Anaesthesia Database is a national clinical quality assurance data-

base containing selected quantifiable indicators, covering the anaesthetic pro-

cess from the pre-operative assessment, through anaesthesia and surgery, until 

discharge from the post-anaesthesia 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 regarding the anticipation of 

difficult intubation and difficult mask ventilation, following pre-operative air-

way assessment. Additionally, the scheduled airway management plan is rec-

orded. Immediately following airway management, an intubation score is regis-

tered 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 classifica-

tion, height and weight is also mandatory for registration. Furthermore, the 

DAD contains information on choice of anaesthesia technique and certain use of 

drugs. 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 ap-

proximately 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 variables are not reg-

istered 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 re-
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gistration. Most departments use the data for quality assurance and for registra-

tion of their productivity, thus reinforcing follow-up registrations on missing 

patients. Prior studies have proven the DAD to have good patient coverage 

compared to data from the National Patient Register [44, 45].  

Figure 4. Data registration in the Danish Anaesthesia Database in 2011 
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Objectives 

The overall objective of this PhD thesis was to reduce the incidence of unantici-

pated difficult airway management. Difficult airway management remains the 

number one reason for anaesthesia related serious adverse events and the unan-

ticipated difficult 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 dif-

ficult airway management the following part aims were defined: 

 To determine the proportion of unanticipated difficult intubation and 

unanticipated difficult mask ventilation. 

 To explore and quantify ‘usual care’ for pre-operative airway assessment 

in every day practice. 

 To investigate and design a trial, based on state of the art methodology 

for testing a predictive model in a randomized setting. 

 To test the implementation of a systematic risk model for pre-operative 

airway assessment versus usual care on the incidence of unanticipated 

difficult intubation. 
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Presentation of papers 

Paper 1 

“Diagnostic accuracy of anaesthesiologists’ prediction of difficult airway 

management in daily clinical practice: a cohort study of 188,064 pa-

tients registered in the Danish Anaesthesia Database” 

Background 

All major airway societies recommend pre-operative airway assessment [1, 15, 

17], yet the choice of content is ultimately at the discretion of the individual an-

aesthesiologist. 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 patients who had 

undergone tracheal intubation from June 1st 2008 to June 1st 2011 (Figure 5). 

The anaesthesiologists’ pre-operative predictions on intubation and mask venti-

lation 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 intubation (positive predictive value). As a conse-

quence of including patients who were anticipated difficult to intubate, sched-

uled for and intubated using advanced techniques, as true positives in a sensi-

tivity 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%).  
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Figure 5. Flow diagram of the study populations of Paper 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

The proportion of unanticipated difficult tracheal intubation in daily routine 

practice, ranging from 75 to 93%, underlines the existing challenges in predict-

ing airway management difficulties. There may be ample room for improve-

ment based on a rigorous, evidence based and systematic approach. 
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Paper 2 

“Incidence of unanticipated difficult airway using an objective airway score 

versus a standard clinical airway assessment: the DIFFICAIR trial – trial proto-

col for a cluster randomized clinical trial” 

 

Background  

Choice and content of pre-operative airway assessment in Denmark is ultimate-

ly at the discretion of the individual anaesthesiologist. Systematic, evidence-

based and consistent airway assessment may reduce the incidence of unantici-

pated difficult airway management. The Simplified Airway Risk Index  [27] is a 

multivariable risk score for predicting difficult intubation.  

Objective 

To compare the effect of implementing the SARI as a systematic airway assess-

ment tool with usual standards for airway assessment, on the incidence of un-

anticipated 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 as-

sessment by the SARI or by usual standards of airway assessment. The primary 

outcomes were the proportion of participants with unanticipated difficult and 

unanticipated easy intubation. Main secondary outcomes were 48 hours- and 30 

days mortality 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 Airway Risk Index (Figure 6 and 7). 

The usual care departments continued pre-operative airway assessment and 

registration in the DAD as before. To fully address the complexity of the clinical 
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question, we found it necessary to define two different populations. Population 

1: patients that were attempted intubated, but not pre-operatively scheduled for 

advanced intubation techniques. Population 2: patients from Population 1 plus 

patients anticipated difficult to intubate, scheduled for, and attempted intubat-

ed by an advanced technique. Outcomes were assessed for both populations. 

 

Figure 6. Screen dump (in Danish) of the DIFFICAIR registration interface in DAD on SARI 

departments 
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Figure 7. Pre-operative registration in the DAD 

 

 



38 

Conclusion 

In order to enhance transparency of the DIFFICAIR trial the protocol (Paper 2) 

was made public on www.clinicaltrials.gov (NCT01718561) prior to trial initia-

tion and published in TRIALs. The protocol was written according to the SPIR-

IT 2013 statement [46].  

http://www.clinicaltrials.gov/
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Paper 3 

“Detailed statistical analysis plan for the difficult airway management (DIFFI-

CAIR) 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 statistical analysis plan.  

 

Method 

The statistical analysis plan was written, published on www.clinicaltrials.gov 

(NCT01718561), and submitted for publication before the last data entry of the 

DIFFICAIR trial and before any outcome data were extracted.  

General analysis principles 

All main analyses will compare the two trial groups using intention-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 poten-

tial predefined confounding covariates and on predefined populations. 

Statistical analysis 

The primary analyses of the primary outcomes will be adjusted for the stratifi-

cation- 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 de-

partment level between trial groups.   

http://www.clinicaltrials.gov/
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Conclusion  

We intended to increase the transparency and the robustness of the data anal-

yses by an a priori publication of a statistical analysis plan. 
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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 in-

cluded. 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% CI, 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 ad-

justed secondary outcomes. The SARI departments had a 58% unadjusted in-

crease in patients anticipated difficult to intubate (4.32% versus 2.73%) and an 

84% unadjusted increase in patients scheduled for advanced intubation tech-

niques (10.33% versus 5.62%). Adjusted odds ratios did not reach statistical sig-

nificance. 
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Figure 8. Flow diagram of the DIFFICAIR trial 

 

Conclusion 

Applying the SARI compared to usual airway assessment for prediction of dif-

ficult intubation did not result in a statistically significant change in the inci-

dence 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. 
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Discussion 

Paper 1 presents a novel and previously unpublished estimate of the diagnostic 

accuracy of prediction of difficult airway management in daily clinical practice. 

The primary outcome was the proportion of difficult intubations being unanti-

cipated. As a consequence 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 prob-

ably somewhere between the predictive values found in the primary analysis 

and the sensitivity analysis. The primary analysis may have a tendency to un-

derestimate the predictive accuracy and could be regarded as a ‘worst case’ 

scenario, whereas the sensitivity analysis may be regarded as a ‘best case’ sce-

nario, tending to overestimate the predictive accuracy. We found a similar high 

proportion of 94% of unanticipated difficult mask ventilation, and Paper 1 fur-

ther underlines the clear association between difficult mask ventilation and dif-

ficult intubation reported in previous studies [7, 10]. Furthermore, the propor-

tion of combined difficult mask ventilation and difficult intubation is in perfect 

alignment with prior findings [1, 10]. 

 

We assumed that the anaesthesiologists’ predictions were based on one or sev-

eral known predictors of difficult intubation. However, the diagnostic accuracy 

of the anaesthesiologists’ predictions was poor compared to studies on stand-

alone tests and multivariable risk scores [11, 27, 35]. While prior studies have 

been conducted under rigorous settings Paper 1, in contrast, reflects everyday 

clinical practice. Comparisons should therefore be made with caution. The fin-

dings underline the importance of always being prepared for unanticipated 

airway management difficulties in daily clinical practice, and that prediction of 

difficulties remains a challenging task. We therefore speculated that there might 
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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 recom-

mendations and published prior to trial commencement [46]. We presented 

‘state of the art’ study methodology for testing the implementation of a multi-

facetted recommendation [33, 52, 53]. 

To avoid potential outcome reporting bias and data-driven results paper 3 pre-

sents a detailed statistical analysis plan for the intubation 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 exchangeable correlation ma-

trix, in order to account for intra cluster correlation [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, focusing 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’ pa-

tients are at risk of being imposed unnecessary stress and discomfort by for ex-

ample awake intubation. Furthermore, both categories take up a large amount 

of potentially unnecessary resources. Since both sensitivity and specificity may 

be difficult to interpret intuitively, we chose to present more transparent prima-
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ry outcomes. Additionally, using the proportion of unanticipated difficult intu-

bation allowed us to perform a baseline cohort study, on which we based our 

sample size estimation in due consideration of the between and within cluster 

variation 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 possible. 

 

The intervention in the DIFFICAIR trial was a combination of systematic appli-

cation of the SARI for all patients, thorough education 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 diffi-

cult or easy intubation. Albeit not reaching adjusted statistical significance, the 

anaesthesiologists’ behaviour tended to change on SARI departments towards 

an increase in the number of patients predicted difficult to intubate and an in-

crease 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 previous studies [11, 12, 34, 57]. 

Since there is no international consensus 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 de-

scribed by the laryngoscopic view classified by Cormack and Lehane, which is 

merely a surrogate for difficult intubation [20]. The definitions of difficult intu-

bation and difficult mask ventilation pre-defined in the DAD have been em-

ployed consistently 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 sensitivi-
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ty analyses on different patient populations in order to fully disclose the com-

plexity 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, mi-

nor 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 successfully 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 estima-

tion based on 2011 data. 

 

In Paper 1, only 47.5% of the patients were scheduled for advanced 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 departments. 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 intu-

bation techniques may require more resources, e.g. more personnel and use of 

costly equipment, however it was undoubtedly the right approach for some 

patients. 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 benefi-

cial (or harmful) impact on other outcomes when the ones recorded.  
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As in Paper 1, the predictive accuracies found in the DIFFICAIR trial are not 

readily comparable with previous study findings. The original SARI was devel-

oped from an observational study material and tested on the same material, 

thus never prospectively validated. The DIFFICAIR trial on the other hand is a 

randomised trial, testing the implementation of a multi faceted recommenda-

tion, affecting every day clinical practice. In alignment with the original SARI 

publication, prior observational studies on risk factors or risk models for diffi-

cult 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 publication 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 

This thesis is based on data from the Danish Anaesthesia Database 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 observa-

tional studies, including Paper 1, and its scale enables research on rare out-

comes as difficult airway management. The solid implementation throughout 

Danish anaesthesia departments made it feasible to use the DAD as the registra-

tion platform for the ‘case report forms’ in a multicentre randomised trial set-

ting (Paper 4).  However, no research – observational or randomised - is better 

than the quality 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 in-

cluded a few inexpediencies regarding the registration of airway variables, e.g. 

unfortunate default settings and potential delays for registration of a difficult 

airway. Therefore, a minor revision was undertaken in conjunction with the 
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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 unanticipat-

ed difficult intubation. The database does not contain data on the preparations 

made before intubation, such as having a more advanced intubation device 

available, and/or having a specialist in anaesthesiology present. Furthermore, 

the difficult airway is a continuum from minor difficulties to the worst imagi-

nable scenario, the ‘cannot intubate’, ‘cannot ventilate’ situation. The DAD 

simply allows a dichotomised answer of ‘Yes’ or ‘No’ to the questions of antici-

pation of intubation- and mask ventilation difficulties. Additionally, the intuba-

tion score is categorised in the DAD, and in the outcome measures dichoto-

mised, inducing potential loss of information [59, 60]. It would have been pref-

erable to have had more differentiated information on the anticipated and actu-

al 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 incentive 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 prac-

tice throughout Denmark from a widespread population of surgical patients, 
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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 propor-

tions 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 co-

hort 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 pro-

tocol 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 clustered nature of the data (GEE) and the robust-

ness of the results was tested in multiple statistical models and through sensi-

tivity 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 example, 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. Intuitively, there should be an 

association between anticipating a difficult airway and scheduling the patient 



50 

for advanced intubation 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 intuba-

tion easy, or perhaps instigating another way of handling the airway, not in-

volving intubation of the patient. 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. How-

ever, the aim of good randomization is random and even distribution of con-

founders 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 en-

tirely ruled out. 

 

Since no other registry records these data, it was not possible to externally vali-

date the airway related data registered in the DAD. Thus, potential unrecog-

nised registration errors are possible. Most departments monitor the registra-

tion of patients and do follow-up registrations on missing patients. But, we 

cannot rule out that some patients who underwent anaesthesia, were never reg-

istered in the database, potentially resulting in an unknown number of missing 

patients. Since the outcome assessors could not be blinded the person doing the 

pre-operative assessment could potentially also perform the ‘assessment’ of ac-

tual difficulties. 

 

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 
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in SARI departments, potentially muddling an effect of the intervention. It was 

impossible to conduct the trial unnoticed in Denmark and a change of beha-

viour towards airway assessment resembling the SARI might have happened as 

a spill over effect on usual care departments. Further, there is a minor risk of 

contamination bias from the SARI to the usual care departments, e.g. if anaes-

thesiologists 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 an-

aesthesiologists to abide by the predictions 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 ques-

tion’) [66, 67]. Even though we have sought to minimize all levels of error in the 

DIFFICAIR 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 estimation both in regard to individuals and clusters. The large individual 

sample size dramatically reduces the risk of random error, however the number 

of clusters is equally important in a cluster randomised trial (CRT) and we just 

met the required number of clusters. The risk of design error primarily corre-

sponds 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 dis-

regard the prediction comprised in the risk model. Moreover, the clustered de-

sign poses challenges in regards to unit of analysis and statistical adjustments. 
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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 making’ [68].  
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Conclusion 

The proportion of unanticipated difficult airway management is high in Den-

mark. From 2008 to 2011, 75 to 93% of all difficult intubations were unanticipat-

ed 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 undertaking a large randomised mul-

ticentre trial and implementing pre-operative use of the SARI compared to usu-

al care. Although the unadjusted sensitivity and positive predictive value did 

increase in SARI departments compared to usual care departments in popula-

tion 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 difficulties in all difficult intubations, reduced in the DIFFI-

CAIR trial to 45-89% in SARI departments and 60-91% in usual care depart-

ments. Although indications of improvement, these are predominantly found in 

population 2 (named sensitivity analysis 1 in Paper 1) and the extensive imple-

mentation 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 anaes-

thesiologists’ face in predicting these events.  

Clinical implications and perspectives 

No other adequately powered randomised clinical trial has prospectively com-

pared two different strategies for pre-operative airway assessment and this the-

sis contributes to enhancing the understanding of airway related risks and diffi-

culties. Over the time of this thesis, the attention to pre-operative airway as-

sessment has been heightened in Denmark. Our data may indicate a small in-

crease 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 air-
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way assessment, for example the number of pre-operative 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 Denmark. 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 pre-operative airway assessment compared to usual care based on the DIF-

FICAIR trial. 

 

The SARI has now become recommended for pre-operative airway assessment 

in several departments; introduced in the chapter on pre-operative 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 assump-

tion that the SARI is a superior tool for airway assessment, something we were 

not able to demonstrate. However, one can hope that the tendency towards na-

tional systemisation and uniformity may have a positive impact for future pa-

tients.    
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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 patient related prog-

nostic 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 required in order to 

get adequate diagnostic accuracy. Optimally, the model produces an absolute 

risk of a certain outcome, however most commonly a model will estimate a rela-

tive risk. Good development and implementation of a predictive model is un-

dertaken in four steps: 1) Estimation and quantification of a baseline risk or po-

tential problem, e.g. finding a high proportion of unanticipated difficult airway 

management (Paper 1), 2) identification of potential risk factors and model de-

velopment, 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 inde-

pendent cohort other than the one it was developed from, and ultimately 4) 

testing the clinical impact of the model in a comparative study versus usual care 

practice, e.g. testing the SARI in a randomised setting versus usual care (Paper 

4).  

Many predictive tools have been proposed for pre-operative identification of 

patients at risk of a difficult intubation [27–30, 70]. Some of these tools may 

have been implemented in clinical practice and are therefore accepted as good 

predictive tools [43]. Unfortunately, none have been sufficiently validated or 

prospectively tested in a relevant clinical setting. Premature implementation of 

predictive or diagnostic tools is common and by no means an isolated anaesthe-

siological issue. It is not rare that a predictive tool finds its way into clinical 

practice based on step 2) development of a new model, showing promising 
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good prediction. Internal bootstrap validation has become increasingly em-

ployed, 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 PROGRESS 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 PROGRESS group further con-

cluded that “clinical practice guideline recommendations relating to the use of 

prognostic models should be based on such impact studies” [33]. With the pa-

pers constituting 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 randomised trial 

setting on reducing the risk of systematic error and confounding has been 

acknowledged for decades. The randomised 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. Especially 
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when the trial is addressing important severe adverse outcomes with a low 

event rate, requiring large numbers of patients. Observational studies can be 

conducted on large cohorts of patients, thus allowing detection of associations 

between an exposure and a rare, but severe adverse outcome. However, inher-

ent in the observational design is the risk of several types of confounding [75]. 

Nevertheless, the limited feasibility of some RCTs have resulted in clinical rec-

ommendations 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 strongest 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 imbalance, and thus residual confound-

ing, compared to the individually low biased randomised clinical trial. The reli-

ability of conclusions from a CRT probably range somewhere between the reli-

ability of conclusions from a cohort study and the individually randomised 

clinical trial (Figure 9). 

Figure 9. Quality of evidence (Source: www.ctu.dk) 

 

 
  

http://www.ctu.dk/
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There are several key arguments for randomisation by clusters [76, 77]: 1) the 

intervention is intended and delivered to all - or a large portion of - the people 

in a particular cluster of people (e.g. a new strategy for airway assessment), 2) 

the intervention is targeted at health professionals in order to improve a certain 

patient related outcome (e.g. education in the use of the SARI), 3) the interven-

tion is assessed at individual level, but the risk of contamination from the inter-

vention to the control group is inevitable within the cluster. For example, it is 

impossible to dictate the anaesthesiologists to forget the SARI model when fac-

ing a patient randomised to receive usual airway assessment. Testing the im-

plementation of a new guideline is therefore preferably done at a departmental 

(cluster) level in a CRT [33, 77]. Additionally, the CRT may have the advantage 

of potentially including a larger number of patients, thus making the trial logis-

tically feasible and providing sufficient power in order to address low frequen-

cy outcomes in a randomised a ‘low biased’ setting. Having decided on ran-

domisation at a higher level than the individual patient, e.g. at physician or de-

partmental level, several considerations must be addressed in the design of the 

trial, and the analysis of data. The individuals within each cluster will inevita-

bly be more correlated on outcome than individuals from different clusters. 

This may be due to patient demographics; differences in treatment standards; 

differences in adjuvant interventions; individual provider preferences etc. 

When performing the  sample size estimation, it is therefore imperative to con-

sider the within and between cluster variation [78–81]. It can be very difficult to 

quantify such a priori variations on the primary outcome between patients with-

in the same cluster and between clusters. Optimally, baseline data from a peri-

od close to trial initiation are available on the primary outcome from the rele-

vant clusters. In this thesis baseline DAD data (from Paper 1) allowed for ap-

propriate 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 in-
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creasing the number of clusters is far more potent in increasing power than an 

increment in the number of individuals within clusters, since the latter ap-

proaches 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 gen-

erally 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 uneven); or/and (optimal-

ly) the primary outcome at baseline. Adherence to strata is then evenly bal-

anced between the intervention groups striving for a good and even randomisa-

tion (Figure 8).  

 

It is generally accepted that analyses of RCTs must be adjusted for potentially 

confounding covariates [82]. This is also applicable for 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 modelling 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 consent 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), 
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the administrating authority (e.g. the department Head) accepts trial participa-

tion 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 Research Ethics of the Capital Region of Denmark therefore regarded 

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 implementa-

tion of a recommendation, when conducting the work comprised in this thesis. 

Initially, we conducted a baseline study on the proportion of unanticipated dif-

ficult intubation in Denmark. Using these data, we were able to identify a clini-

cal problem and a potential for improvement. Further, baseline data allowed for 

appropriate sample size estimation for a cluster randomised trial. Sample size 

estimations were adjusted for between cluster variance on the primary outcome 

and this data additionally allowed for stratification on the primary outcome. 

Data analyses were conducted using appropriate statistical modelling and ad-

justment. 

 

More and more prognostic models are being developed, yet they are scarcely 

tested on their impact in clinical practice. In a systematic 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 neces-

sarily on peri-operative or in-hospital predictive or prognostic models. We 

found it interesting to elucidate, whether state of the art methodology for test-



61 

ing the clinical impact of a prognostic model or recommendation had been ap-

plied before in a peri-operative setting. A systematic MEDLINE search was 

conducted including all publications addressing new recommendations or 

guidelines in a cluster randomised setting. Inclusion criteria were cluster ran-

domised trials testing a recommendation or prognostic model in a peri-

operative setting on a patient related outcome. The search strategy included all 

spellings and combinations of “cluster randomised trial” and was combined 

with terms regarding 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 papers fulfilled the inclusion criteria after reading 

the final five papers (Figure 10). The vast majority of the excluded trials were 

conducted in rural settings, e.g. having villages in Africa as the level of cluster-

ing, 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 applications for diabetic control, and several did not measure 

patient related outcome, but merely tested the level of registration of the re-

commendation. Albeit, the search strategy may not have been completely ex-

haustive, the DIFFICAIR trial appear to be the first cluster randomised trial test-

ing the implementation of a guideline in a peri-operative setting. 
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Figure 10. Inclusion strategy for the review on papers employing cluster randomised metho-

dology and testing implementation of a recommendation 

 

  

  

The 50 abstracts were further investigated in order to quantify if any of the tri-

als, 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 intervention led to better adherence to guidelines; changes in ‘risk pro-

file’; reduction in prescription of antibiotics; or enhanced use of testing.  
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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 educa-

tional tools (e.g. a video and a white coat aid) and doing repeated teaching of 

the SARI in 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 intervention effect on a patient relevant outcome, reduc-

ing hospital admissions and mortality through the use of telehealth devices ver-

sus usual care [87].  

Implications for future research 

The DIFFICAIR trial provided information on more than one hundred thou-

sand patients, and this information needs to be explored further. More than 

22,000 patients were intubated following 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 re-

gistries and databases. Valuable patient information (e.g. from peri-operative 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 recommendation in a random-

ised 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 

precedent for testing and facilitating implementation of evidence-based re-

commendations.  
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Likewise, variables or potential risk factors registered in clinical databases need 

to be based on evidence, and improved methodology for CRTs may contribute 

to evidence-based development and evolvement of clinical databases.  
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Summary
Both the American Society of Anesthesiologists and the UK NAP4 project recommend that an unspecified pre-opera-

tive airway assessment be made. However, the choice of assessment is ultimately at the discretion of the individual

anaesthesiologist. We retrieved a cohort of 188 064 cases from the Danish Anaesthesia Database, and investigated

the diagnostic accuracy of the anaesthesiologists’ predictions of difficult tracheal intubation and difficult mask venti-

lation. Of 3391 difficult intubations, 3154 (93%) were unanticipated. When difficult intubation was anticipated, 229

of 929 (25%) had an actual difficult intubation. Likewise, difficult mask ventilation was unanticipated in 808 of 857

(94%) cases, and when anticipated (218 cases), difficult mask ventilation actually occurred in 49 (22%) cases. We

present a previously unpublished estimate of the accuracy of anaesthesiologists’ prediction of airway management dif-

ficulties in daily routine practice. Prediction of airway difficulties remains a challenging task, and our results under-

line the importance of being constantly prepared for unexpected difficulties.
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Introduction
Unanticipated difficult mask ventilation and difficult

intubation may cause serious complications [1–4].

Accurate prediction of difficult airway management

may reduce potential complications by allowing the

allocation of experienced personnel and the use of rel-

evant equipment [5]. No single predictor of difficult

intubation is sufficiently reliable [6–11], and meta-

analyses have found either none, or only sparse

evidence, for a pre-operative assessment based on a

single risk factor [6, 7, 11].

Difficult mask ventilation is associated with difficult

intubation [12], and a situation with both difficult mask

ventilation and difficult intubation is potentially life-

threatening. Few studies have examined predictors for,

as well as the proportions of, difficult mask ventilation
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[13, 14]. The American Society of Anesthesiologists

(ASA) recommends a pre-operative assessment of the

patient’s airway, based on eleven anatomical variables

[15, 16], but without any elaboration 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. Conse-

quently, it is left to the discretion of the individual ana-

esthesiologist [15, 16]. Likewise, in the UK, the recently

published NAP4 project also recommends an unspeci-

fied pre-operative airway assessment [17].

Just as in the UK and USA, there are no specific

national recommendations for pre-operative airway

assessment in Denmark. Consequently, in daily routine

practice, prediction of airway management difficulties is

based on the individual anaesthesiologist’s subjective

answers to the following questions: (1) Do I anticipate

difficult tracheal intubation? (2) Do I anticipate difficult

mask ventilation? The answers to these questions may

or may not be based on a diverse array of pre-operative

airway examinations, depending on the individual ana-

esthesiologist and/or departmental recommendations.

Pre-operative airway assessment, in some form, is

widely practised in Denmark, and it is likely that the

subjective predictions are based on the examination of

one or several known predictors of difficult airway

management [18]. Previously published studies on this

topic have focused on the predictive value of a single

risk factor, or the value of combining several known

risk factors into a multivariable predictive model. This

study allows a novel estimate of the diagnostic

accuracy of anaesthesiologists’ subjective prediction of

airway management difficulties, pragmatically reflecting

daily clinical practice.

The Danish Anaesthesia Database (DAD), a

national clinical quality assurance database, requires

mandatory answers to questions (1) and (2) on antici-

pation of difficult tracheal intubation and mask venti-

lation, and is filled in pre-operatively by the

anaesthesiologists. In addition, details regarding the

patient’s actual airway management conditions are

registered, enabling comparisons between predictions

and actual events. We hypothesised that the anaesthe-

siologists’ subjective predictions would confirm prior

predictive tools and risk factors, showing poor to

moderate sensitivity and positive predictive value, and

high specificity and negative predictive value [19].

Using this pragmatic approach, which reflects the

heterogeneous nature of everyday clinical practice, we

aimed to estimate the accuracy with which subjective

anticipation of airway difficulties predicts difficult tra-

cheal intubation, and difficult mask ventilation.

Methods
This was an observational cohort study, and the Scien-

tific Ethics Committee of Copenhagen County therefore

waived the need for individual patient consent. Data

extraction was approved by the Danish Data Protection

Agency, and by the steering committee of DAD. In

2011, approximately 75% of all departments of anaes-

thesia in Denmark recorded data into the DAD. Pro-

spective and consecutive data from all 37 Danish

departments of anaesthesia recording in the DAD was

extracted between 1 June 2008 and 1 June 2011.

The DAD is a national clinical quality assurance

database containing selected quantifiable indicators,

covering the anaesthetic process from the pre-operative

assessment, through anaesthesia and surgery, until the

end of the postoperative recovery period. Anaesthesiol-

ogists have to tick Y/N boxes to answer two manda-

tory questions regarding the anticipation of difficult

tracheal intubation and difficult mask ventilation, fol-

lowing pre-operative airway assessment. In addition, a

scheduled airway management plan is recorded. Imme-

diately 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 on whom mask

ventilation was attempted (Fig. 1). The National Board

of Health and the Data Protection Agency approved

the registration of all patients for anaesthesia.

We included all patients undergoing attempted

intubation of their tracheas, and all patients in whom

mask ventilation was attempted, in the study. The pri-

mary analysis was undertaken on patients who

underwent attempted tracheal intubation initially with

direct laryngoscopy. We then undertook two sensitivity

analyses. The first (sensitivity analysis 1) included

patients defined in the primary analysis, plus patients

predicted by the anaesthesiologist as having tracheas dif-

ficult to intubate, who were scheduled for and under-
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went attempted tracheal intubation by an advanced intu-

bation technique (e.g. videolaryngoscopy). The second

(sensitivity analysis 2) was of all patients undergoing

attempted tracheal intubation, regardless of technique.

These are expanded upon below. In order to prevent

bias, all patients were included with only one entry [20].

Patients having more than one episode of surgery in the

recruitment period were included with their last data

entry. We did not study children under the age of

15 years.

We investigated the following outcomes and

analyses. Primary outcome measure: unanticipated

difficult intubations [false negative]/all difficult

intubations ([false negative] + [true positive]) =

Figure 1 Data registered in the Danish Anaesthesia Database.
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1 � sensitivity. Secondary outcome measures included:

(1) sensitivity = all correctly predicted difficult intuba-

tions [true positive]/all difficult intubations ([true

positive] + [false negative]); (2) specificity = all

correctly predicted easy intubations [true negative]/all

easy intubations ([true negative] + [false positive]); (3)

positive predictive value = all correctly predicted diffi-

cult intubations [true positive]/all intubations pre-

dicted difficult ([true positive] + [false positive]); (4)

negative predictive value = all correctly predicted easy

intubations [true negative]/all intubations predicted

easy ([true negative] + [false negative]); (5) positive

likelihood ratio = (sensitivity/(1 � specificity)); (6)

negative likelihood ratio ((1 � sensitivity)/specificity);

(7) odds ratio = ([true positive]/[false positive])/([false

negative]/[true negative]).

We had two exploratory outcome measures: (i) the

proportion of patients with anticipated difficult intuba-

tion scheduled for airway management by direct laryn-

goscopy; (ii) all-cause 30-day mortality in patients

whose tracheas were intubated. Equivalent outcomes

were measured for the mask ventilation population,

and where appropriate, for the population of patients

with both difficult tracheal intubation and difficult

mask ventilation.

We used the definition of difficult intubation

and difficult mask ventilation predefined in the DAD

(Fig. 1). The intubation score was based on the number

of intubation attempts, and the use of specialized airway

equipment. The mask ventilation score was based on a

simplified dichotomous version of Kheterpal and

colleagues’ definition of difficult mask ventilation [13,

21]. Patients whose tracheas were intubated by a more

advanced technique than direct laryngoscopy were,

according to the intubation score in DAD, categorised

as having an airway that was difficult to intubate,

regardless of the reason behind this choice (e.g. educa-

tional purposes). In the primary analysis we therefore

excluded patients who were scheduled for intubation by

advanced techniques before the operation. If a patient’s

trachea was subsequently intubated using advanced

techniques, we assumed that the change of intubation

equipment was due to difficulties with direct laryngos-

copy, thus representing a difficult intubation (Fig. 2).

In order to avoid the erroneous exclusion of cor-

rectly identified difficult tracheal intubations, we con-

ducted a first sensitivity analysis. We assumed that if

the anaesthesiologist had predicted a difficult intuba-

tion, this was the reason for choosing an advanced

technique. Consequently, we identified a group of

patients who were predicted to have a difficult intuba-

tion, and who were scheduled for and underwent an

advanced intubation technique. We assumed that these

patients were correctly identified as difficult to intu-

bate, and they were included as true positives, in addi-

tion to the patients in the primary analysis.

To explore if the accuracy of the predictions

would improve when the severity of the intubation

difficulties increased, we performed a second sensitiv-

ity analysis. We chose a more rigorous definition of

difficult intubation than the predefined definition in

DAD, thus defining difficult intubation as an intuba-

tion score ≥ 3. We included all patients who under-

went attempted tracheal intubation.

As the study was an observational cohort study on

a fixed available sample (DAD data 2008–2011), pre-

senting frequencies of events, the number of patient

cases entered into the DAD during the study period

determined the sample size. The diagnostic accuracy of

a subjective prediction of a difficult intubation, difficult

mask ventilation, and the combination of both, was

measured by: sensitivity; specificity; positive and nega-

tive predictive values; positive and negative likelihood

ratios; and diagnostic odds ratio with 95% CI [22, 23].

A multivariable logistic regression analysis was used to

adjust the odds ratios for potential confounders. The

adjusted analysis included the following potential con-

founders: sex; age; body mass index; ASA physical sta-

tus; use of neuromuscular blocking agents; and

surgical priority (elective/emergency) [8, 9]. For all sta-

tistical analysis, we used SPSS v.22.0.0 (IBM Corp., Ar-

monk, NY, USA). The variables used in this study

were all mandatory for registration in the DAD, and

thus we believe that the dataset was complete, with no

missing variables. We reported the study according to

the STROBE criteria [24].

Results
We found a total of 3383 (1.86%) difficult tracheal intu-

bations registered. The number of unanticipated diffi-

cult intubations was 3154 (1.73%), and the primary

outcome measure, the fraction of difficult intubations
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that were not predicted pre-operatively, was 93% per

cent (Table 1). In 25% of the cases where the anaesthe-

siologist anticipated difficult tracheal intubation, a diffi-

cult intubation actually occurred (the positive predictive

value). The positive likelihood ratio was 17.28, reflecting

how much the probability of difficult intubation

increases if the patient tests positive (difficult intubation

is anticipated). The adjusted odds ratio for a difficult

intubation, when anticipated, was 17.04.

In sensitivity analysis 1, we categorised a group of

patients as true positive cases. As a consequence, the

number of correctly identified difficult tracheal

intubation increased to 1060, corresponding to 75% of

all difficult intubations’ being unanticipated. The posi-

tive predictive value was 60%, and the positive likeli-

hood ratio was 65.19. The adjusted odds ratio was

85.85 (Table 2).

In sensitivity analysis 2, tightening the definition

of difficult intubation, there were 2657 difficult tra-

cheal intubations. There were 2422 unanticipated diffi-

cult intubations, equalling 91% of all difficult

intubations (Table 3).

The all-cause 30-day mortality for all patients

whose tracheas were intubated was 3.1%.

We found 857 (0.66%) cases of difficult mask ven-

tilation (Table 4). The number of cases of unantici-

pated difficult mask ventilation was 808 (0.62%),

equivalent to 94% of all cases of difficult mask ventila-

tion. The positive predictive value was 22%, and the

positive likelihood ratio was 43.68. The adjusted odds

ratio was 32.91 (Table 4). The all-cause 30-day mortal-

ity for mask-ventilated patients was 1.9%.

Of 857 patients with difficult mask ventilation,

424 (49.5%) patients were also registered with a

Primary 
analysis

Cases excluded  

Scheduled for advanced 
intubation methods 

(n = 54 900) 

(n = 9640)

Cases with multiple airway  
management episodes 
(n = 45 260)

Sensitivity 
analysis 1

Patients included in primary 
analysis (n = 182 050)

Patients included in sensitivity 
analysis 1 (n = 182 701)

Cases excluded  
(n = 54 249) 

Scheduled for advanced 
intubation methods 
despite no anticipation 
of intubation difficulties
(n = 8591) 
Cases with
multiple airway 
management episodes 
(n = 45 658) 

Mask ventilation 
population

Cases undergoing general 
anaesthesia (n = 554 229)

Attempted tracheal intubation
(n = 236 950)

*
Sensitivity 
analysis 2^

Cases excluded (n = 317 279)
Under the age of 15 years (n = 54 583)
Tracheal intubation not attempted, e.g. laryngeal 
mask airway management  (n = 262 696) 

Patients included in sensitivity 
analysis 2 (n = 188 064)

Cases excluded 
(n = 48 866)

Tracheostomy scheduled 
or trachea already
intubated (n = 111)
Cases with 
multiple airway 
management episodes 
(n = 48 775) 

Patients included in mask 
ventilation population (n = 129 962)

Cases excluded  
(n = 106 988) 

Tracheostomy scheduled
or trachea already 
intubated (n = 111) 
Cases with 
multiple airway 
management episodes 
(n = 48 775) 
Mask ventilation
not attempted 
(n = 58 102)

Figure 2 Flow diagram of the study populations. *First sensitivity analysis: this population includes, in addition to
the population in the primary analysis, a group of patients predefined as having correctly identified difficult intuba-
tion, in whom intubation was anticipated to be difficult, and scheduled for and performed by more advanced meth-
ods than direct laryngoscopy (e.g. videolaryngoscopy). ^Second sensitivity analysis: this population includes all
patients undergoing attempted tracheal intubation. Difficult intubation is defined as an intubation score ≥ 3.
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difficult tracheal intubation. Thus, difficult mask

ventilation was associated with difficult intubation,

with an odds ratio of 45.77 (95% CI 39.83–52.61). In

29 of the 424 patients (6.8%), either difficult intuba-

tion or difficult mask ventilation was anticipated. In

16 cases (3.8%), both difficult intubation and difficult

mask ventilation were correctly anticipated, illustrat-

ing that in 89.4% of the patients whose lungs proved

difficult to ventilate, no airway management difficul-

ties were predicted (Table 5). Failed tracheal intuba-

tion occurred in 3.7% of cases of difficult mask

ventilation, compared with 0.1% where mask ventila-

tion was not difficult. Thus, failed intubation was

associated with difficult mask ventilation, with an OR

of 38.48 (25.98–57.00).

We identified 1757 patients in whom difficult tra-

cheal intubation was predicted. Of these patients,

47.5% were scheduled for tracheal intubation by an

advanced method, and 48.4% were scheduled for intu-

bation by direct laryngoscopy. A total of 4.1% were

not scheduled for intubation, but subsequently had

their tracheas intubated (Table 5).

Discussion
This study presents a novel, and previously unpublished,

estimate of the diagnostic accuracy of predictions of

difficult airway management in daily clinical practice.

The high positive likelihood ratio indicates that the

anaesthesiologists’ predictions of anticipated difficult

airways are a strong diagnostic test. However, the high

proportion of unanticipated difficult tracheal intubation,

and the low positive predictive values, considerably

reduces its value as a reliable diagnostic test in a clinical

context.

Table 1 Diagnostic accuracy of the anaesthesiologists’
prediction of difficult intubation for patients under-
going attempted intubation with direct laryngoscopy
initially (primary analysis). Values are number (pro-
portion and/or 95% CI).

Difficult
intubation

Yes No Total

Anticipated difficult intubation
Yes 229 700 929
No 3154 177 967 181 121
Total 3383 178 667 182 050

Difficult intubation 3383 (1.86% (1.80–1.92%))
Unanticipated
difficult intubation

3154 (1.73% (1.67–1.79%))

Primary outcome
Unanticipated

difficult intubation
(1 � sensitivity)

0.93 (0.92–0.94)

Secondary outcomes
Sensitivity 0.07 (0.06–0.08)
Specificity 1.00 (1.00–1.00)
Positive predictive value 0.25 (0.22–0.28)
Negative predictive value 0.98 (0.98–0.98)
Positive likelihood ratio 17.28 (14.94–19.98)
Negative likelihood ratio 0.94 (0.93–0.94)
Odds ratio 18.46 (15.84–21.52)
Adjusted odds ratio 17.04 (14.59–19.96)

Table 2 Diagnostic accuracy of the anaesthesiologists’
prediction of difficult intubation for patients with
anticipated difficult intubation, scheduled for and per-
formed by an advanced method, categorised as true
positives (sensitivity analysis 1). Values are number
(proportion and/or 95% CI).

Difficult
intubation

Yes No Total

Anticipated difficult intubation
Yes 1060* 697† 1757
No 3105† 177 839† 180 944
Total 4165 178 536 182 701

Difficult intubation 4165 (2.28% (2.21–2.35%))
Unanticipated
difficult intubation

3105 (1.70% (1.64–1.76%))

Primary outcome
Unanticipated difficult

intubation
(1 � sensitivity)

0.75 (0.73–0.76)

Secondary outcomes
Sensitivity 0.25 (0.24–0.27)
Specificity 1.00 (1.00–1.00)
Positive predictive value 0.60 (0.58–0.63)
Negative predictive value 0.98 (0.98–0.98)
Positive likelihood ratio 65.19 (59.55–71.37)
Negative likelihood ratio 0.75 (0.74–0.76)
Odds ratio 87.10 (78.66–96.45)
Adjusted odds ratio 85.85 (77.23–95.42)

*The 1060 patients include those in whom intubation was
initially attempted by direct laryngoscopy and those in whom
intubation was anticipated to be difficult, and planned for
and intubated by an advanced method.
†The subtotals vary slightly from those in the primary analy-
sis after including additional patients and checking that each
patient was included only once in the analysis.
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In the first sensitivity analysis, the diagnostic

accuracy of the prediction increased noticeably, as a

result of defining potentially true positive cases as

such. When these cases were included, the number of

difficult tracheal intubations that were not predicted

pre-operatively reduced from 93% to approximately

75%. The ‘true’ accuracy of the anaesthesiologists’ pre-

dictions of intubation difficulties probably lies some-

where between the predictive values found in the two

populations, with a tendency in the primary analysis

to underestimate the predictive power, and a tendency

in the sensitivity analysis to overestimate it. The pre-

dictive accuracy did not improve when we employed a

more rigorous definition of difficult intubation, as in

the second sensitivity analysis. In situations comprising

both difficult intubation and difficult mask ventilation,

the predictive accuracy rose. Nevertheless, 89.4% of

combined difficult intubation and difficult mask venti-

lation were unanticipated in the primary population.

Remarkably, almost half of the patients with antic-

ipated tracheal intubation difficulties were still sched-

uled for direct laryngoscopy. Furthermore, when both

difficult intubation and difficult mask ventilation were

anticipated, 42.9% of patients were scheduled for air-

way management by direct laryngoscopy. Our findings

further underline the clear association between difficult

mask ventilation and difficult intubation reported in

previous studies [14].

The group of patients whose tracheas were intubat-

ed had a higher 30-day mortality compared with the

group of patients who underwent mask ventilation.

Many patients were included in both groups, as they

underwent both mask ventilation and intubation. How-

ever, this finding illustrates that patients whose tracheas

were intubated, and particularly the ones not also mask

ventilated (e.g. undergoing rapid sequence induction),

were more likely to have a bad outcome, possibly due

to more severe underlying co-morbidity that might

have influenced their management and outcome.

The proportions of difficult tracheal intubation

and difficult mask ventilation were low compared with

previous studies [8, 11, 13, 25]. This may partly be

due to the fact that there is no international consensus

on how to define difficult intubation, and it is often

Table 3 Diagnostic accuracy of the anaesthesiologists’
prediction of difficult intubation for all patients under-
going attempted tracheal intubation; difficulty defined
as an intubation score ≥ 3. Values are number (pro-
portion and/or 95% CI).

Difficult
intubation

Yes No Total

Anticipated difficult intubation
Yes 235 1487 1722
No 2422 183 920 186 342
Total 2657 185 407 188 064

Difficult intubation 2657 (1.41% (1.36–1.47%))
Unanticipated
difficult intubation

2422 (1.29% (1.24–1.34%))

Primary outcome
Unanticipated difficult

intubation (1 � sensitivity)
0.91 (0.90–0.92)

Secondary outcomes
Sensitivity 0.09 (0.08–0.10)
Specificity 0.99 (0.99–0.99)
Positive predictive value 0.14 (0.12–0.15)
Negative predictive value 0.99 (0.99–0.99)
Positive likelihood ratio 11.03 (9.66–12.59)
Negative likelihood ratio 0.92 (0.91–0.93)
Odds ratio 12.00 (10.40–13.85)
Adjusted odds ratio 11.27 (9.74–13.05)

Table 4 Diagnostic accuracy of the anaesthesiologists’
prediction of difficult mask ventilation. Values are
number (proportion and/or 95% CI).

Difficult mask
ventilation

Yes No Total

Anticipated difficult mask ventilation
Yes 49 169 218
No 808 128 936 129 744
Total 857 129 105 129 962

Difficult intubation 857 (0.66% (0.62–0.70%))
Unanticipated
difficult intubation

808 (0.62% (0.58–0.66%))

Primary outcome
Unanticipated difficult

mask ventilation
(1 � sensitivity)

0.94 (0.92–0.96)

Secondary outcomes
Sensitivity 0.06 (0.04–0.08)
Specificity 1.00 (1.00–1.00)
Positive predictive value 0.22 (0.17–0.29)
Negative predictive value 0.99 (0.99–0.99)
Positive likelihood ratio 43.68 (32.01–59.60)
Negative likelihood ratio 0.94 (0.93–0.96)
Odds ratio 46.27 (33.41–64.06)
Adjusted odds ratio 32.91 (23.26–46.55)
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equated with, and described by, the laryngoscopic view

classified by Cormack and Lehane [26].

We assume that anaesthesiologists’ subjective

predictions were based on one or several known predic-

tors of difficult intubation. However, the diagnostic

accuracy of these predictions were poor, compared with

reported studies on stand-alone tests, and with objective

risk scores combining several predictors of difficult intu-

bation [6, 11, 27]. Prior studies have been conducted

under rigorous trial settings, and some even validated

on the same study population, in contrast to our study,

which reflects everyday clinical practice. Comparisons

should therefore be made with caution.

The database does not contain data on the prepara-

tions made before intubation, such as having a more

advanced intubation device available, and/or having a

specialist in anaesthesiology present. Furthermore, the

difficult airway is a continuum, from minor difficulties

to the worst possible scenario, where intubation and

mask ventilation are impossible. The DAD only allows

answers of ‘Yes’ or ‘No’ to the questions ‘Anticipation

of difficult intubation’ and ‘Anticipation of difficult

mask ventilation’. It would have been preferable to have

more differentiated information on the anticipated dif-

ficulties, to allow some insight into the airway planning

made before induction of anaesthesia. This information

gap may, to some extent, explain why we found that

direct laryngoscopy was planned for such a high pro-

portion of patients despite anticipation of difficulties.

This study has a number of possible limitations.

The trial was conducted on a large cohort, reflecting

daily clinical practice throughout Denmark, from a

widespread population of surgical patients, and with a

broad span of seniority among anaesthetists. The pro-

portions of difficult intubation and difficult mask ven-

tilation were very stable over the three-year period, but

the data were not externally validated through other

productivity logs or databases, and thus potentially

unrecognised registration errors are possible. Most

departments monitor the registrations of their patients,

and do follow-up registrations on missing patients.

However, we cannot rule out that some patients

undergoing anaesthesia were never registered in the

database, potentially resulting in an unknown number

of missing data points.

Registrants in the DAD were unaware that the

study was being conducted, and had no direct connec-

tion with the investigator group. However, each

department providing data to the DAD could get

access to pre-calculated data on the proportions of

unanticipated intubation from their own department

during the study period. The departments were not

given specific data on the outcome, but data acquisi-

tion was in fact possible, if requested.

The conditions regarding tracheal intubation and

mask ventilation were registered in the DAD following

actual airway management. In case of an intubation

score of ≥ 2 or difficult mask ventilation, it was man-

Table 5 Predicted and actual outcomes in airway management. Values are number (95% CI).

Combined intubation and mask ventilation
All intubated and mask ventilated 129 962 (100%)

Difficult intubation and difficult mask ventilation 424 (0.33% (0.30–0.36%))
Failed intubation and difficult mask ventilation 32 (0.02% (0.02–0.03%))

Difficult intubation and difficult mask ventilation 424 (100%)
Anticipated one or both of difficult intubation and difficult mask ventilation 45 (10.61% (7.68–13.54%))
Anticipated both difficult intubation and difficult mask ventilation 16 (3.77% (1.96–5.59%))

Failed intubation and difficult mask ventilation 32 (100%)
Anticipated one or both of difficult intubation or difficult mask ventilation 6 (18.75% (5.23–32.27%))

Anticipated difficult airway management
Anticipated difficult intubation 1757 (100%)

Scheduled for intubation by an advanced method 835 (47.52% 45.19–49.86%))
Scheduled for intubation by direct laryngoscopy 850 (48.38% (46.04–50.71%))
Not scheduled for intubation, but subsequently intubated 72 (4.10% (3.17–5.02%))

Anticipated difficult intubation and difficult mask ventilation 387 (100%)
Scheduled for intubation by an advanced method 200 (51.68% (46.70–56.66%))
Scheduled for intubation by direct laryngoscopy 162 (41.86% (36.95–46.78%))
Not scheduled for intubation, but subsequently intubated 25 (6.46% (4.01–8.91%))
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datory to fill out difficult airway management details.

The database was programmed so that it was impossi-

ble to record difficult airway management parameters

before other mandatory anaesthesia variables, includ-

ing finishing time of the anaesthesia. Unfortunately,

this programming was not ideal, and may have created

an incentive to register intubation scores < 2, in order

to avoid the extra registration burden. Ideally, registra-

tion of airway management difficulties ought to take

place in real time, i.e. immediately following airway

management. The airway manager would thus be

encouraged to register correctly, instead of leaving the

registration to be completed, potentially by another an-

aesthetist, at a later time. This may have led to und-

erreporting of difficult airway management.

We found a surprisingly high percentage of unan-

ticipated difficult airway management. This may partly

be explained by the fact that the DAD registration

frame was set by default to ‘No’ regarding anticipated

difficult intubation and difficult mask ventilation.

Though it is continuously reinforced in the depart-

ments that the anaesthesiologists should register cor-

rectly, as well as record their anticipation of a difficult

airway management, we cannot exclude that the default

settings may have affected the registrations, thereby

creating a higher proportion of unanticipated difficult

airway managements. Furthermore, it may be a mis-

conception to assume that every practitioner performed

an airway assessment, every time.

The reported proportion of unanticipated difficult

tracheal intubation in daily routine practice, ranging

from 75 to 93%, underlines the importance of always

being prepared for unexpected airway management

difficulties. Prediction of difficulties remains a chal-

lenging task. There may be ample room for improve-

ment, based on a rigorous, evidence based and

systematic approach [28].
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STUDY PROTOCOL Open Access
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
Anders Kehlet Nørskov1,2*, Charlotte Valentin Rosenstock1, Jørn Wetterslev2 and Lars Hyldborg Lundstrøm1
Abstract

Background: Pre-operative airway assessment in Denmark is based on a non-specific clinical assessment. Systematic,
evidence-based and consistent airway assessment may reduce the incidence of unanticipated difficult airway
management. By assessing multiple predictors for difficult airway management, the predictive value of the assessment
increases. The Simplified Airway Risk Index (SARI) is a multivariate risk score for predicting difficult intubation.
This study aims to compare the use of the SARI with a non-specified clinical airway assessment on predicting difficult
intubation. Further, to compare the examination and registration of predictors for difficult mask ventilation with a
non-specified clinical airway assessment on prediction of difficult mask ventilation.

Method/Design: We cluster-randomized 28 Danish departments of anaesthesia to airway assessment either by the
SARI or by usual non-specific assessment. Data from patients’ pre-operative airway assessment are registered in the
Danish Anaesthesia Database. Objective scores for intubation and mask ventilation grade the severity of airway
managements. The accuracy of predicting difficult intubation and mask ventilation is measured for each group. The
primary outcome measure is the fraction of unanticipated difficult and easy intubation.
The fraction of unanticipated difficult intubation in Denmark is 1.87%. With a stratified randomization, type 1 error risk
of 5% and a power of 80%, 30 departments are required to detect or reject a 30% relative risk reduction equalling a
number needed to treat of 180. Sample size estimation is adjusted for the study design and based on standards for
randomization on cluster-level. With an average cluster size of 2,500 patients, 70,000 patients will be enrolled over a
1-year trial period. The database is programmed so that registration of the SARI and predictors for difficult mask
ventilation are mandatory for the intervention group but invisible to controls.

Discussion: It is innovative to use a national clinical database as the basis for a randomized clinical trial. The method
can serve as a precedent for implementation of evidence-based recommendations and database registration.
The trial will forward understanding of how to predict and reduce unanticipated difficult airways and how to produce
evidence-based recommendations for airway assessment and clinical database development.

Trial registration: (NCT01718561).

Keywords: Airway management, Cluster analysis, Difficult intubation, Randomized controlled trials, Sensitivity,
Specificity
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Background
Unanticipated difficult airways are dreaded amongst
anaesthesiologists and difficult tracheal intubation and
difficult mask ventilation (DMV) can cause serious patient
complications [1-4]. Better prediction of unanticipated
difficult airways may reduce morbidity and mortality by
allocating experienced personnel and relevant equipment.
There is no single predictor that is sufficiently valid in
predicting difficult tracheal intubation [5-10]. However,
several studies show that by combining multiple predictors
of difficult tracheal intubation, the positive and the negative
predictive value of the assessment increases [10].
Mask ventilation is an essential component of airway

management during general anaesthesia. In the event of
failed intubation, establishing successful mask ventilation
and thus oxygenation of the patient can be a life-saving
procedure; DMV is correlated with difficult tracheal
intubation [11,12]. A situation with both DMV and diffi-
cult tracheal intubation may place the patient at serious
risk of complications or even death. Few studies have
examined predictors for DMV and the frequency of the
event [11,12]. There are no clear recommendations for
when a patient should be considered at risk of DMV.
The American Society of Anesthesiologists (ASA) rec-

ommends a preoperative assessment of the patient’s airway
based on 11 anatomical parameters [13,14]. Despite the
ASA recommendation, there is no defined recommenda-
tion on which factors are mandatory for examination, nor
on how these should be weighted in an overall airway as-
sessment, and some of the critical cut-off values for the
factors are not clearly defined. The ASA argues that the
decision to assess some or all risk factors depends on
the clinical context and it is left to the discretion of the in-
dividual anaesthesiologist [13,14]. In the UK, the Difficult
Airway Society guidelines for management of the un-
anticipated difficult intubation [15] does not recommend
preoperative airway assessment because of disputes about
its value. However, the recently published Fourth National
Audit Project [16] is opening up for a recommendation of
a preoperative airway assessment although it has not been
further defined.
The Danish Anaesthesia Database (DAD) is a clinical

database that contains selected quantifiable indicators, cov-
ering the anaesthetic process from the preoperative assess-
ment through anaesthesia and surgery to the post-operative
recovery period. At present, all patient records in the data-
base include the anaesthesiologist’s unspecified assessment
of potential airway difficulties as well as a scheduled airway
management plan. For all patients receiving general anaes-
thesia with an attempted intubation, an airway manage-
ment score is registered based on the conditions of the
(attempted) intubation. Likewise, in patients with attempted
mask ventilation, an airway management score is registered
for (attempted) mask ventilation.
In agreement with the ASA recommendations, the pre-
operative airway assessment in DAD is currently based
exclusively on the individual anaesthesiologist’s preopera-
tive clinical assessment, which is more or less based on
various known, unknown, or less verified predictors of a
difficult airway. Based on this assessment, whether mask
ventilation and/or tracheal intubation by direct laryngos-
copy is expected to be difficult is recorded as yes or no.
Subsequently, the strategy for airway management is
planned and recorded. There is little documentation of
how accurately this preoperative clinical assessment pre-
dicts actual airway management conditions.
The Simplified Airway Risk Index (SARI) is a multivari-

ate model for airway assessment described by El-Ganzouri
et al., enabling an estimation of the likelihood of a difficult
direct laryngoscopy [17]. The SARI contains seven indi-
vidual predictors for difficult direct laryngoscopy, each
given a weighted score 0–1 or 0–2. A summed value of
the SARI score >3 indicates a future direct laryngoscopy
to become difficult (Figure 1). It is unknown whether the
SARI score predicts difficult intubation better or worse
than a clinical assessment. We will compare the effect of
using the SARI with an unspecified clinical airway assess-
ment on the prediction of difficult intubation by direct
laryngoscopy in a randomized clinical trial. Further, we
want to record known risk factors for DMV and to investi-
gate whether systematic registration of these risk factors
leads to a reduction in DMV. During the DIFFICAIR trial,
an internet page in the DAD will enable pre-operative
registration of risk factors comprised in the SARI model.
Kheterpal et al. described several risk factors associated
with DMV [11,12]. Predictors for DMV will be a part of
the data assessed and recorded in DAD in addition to the
SARI score.

Null hypothesis

� There is no difference in the proportion of
unanticipated difficult intubations when the
preoperative airway assessment is based on the SARI
score compared with a preoperative airway
assessment based on the individual
anaesthesiologist’s assessment.

� There is no difference in the proportion of
unanticipated DMV when the preoperative airway
assessment includes systematic examination and
registration of known predictors for DMV compared
with an unstructured examination.

Methods/Design
The trial is a cluster (cluster = department) and paral-
lel group randomized trial stratified for the proportion
of unanticipated difficult intubation. A total of 28
Danish departments of anaesthesia participate in the



Figure 1 Supplementary registration form for the SARI group. This form, or a similar sticker, is attached to the anaesthesia record in the
SARI group.
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DIFFICAIR trial. They are randomized 1:1 as interven-
tion departments with systematic airway assessment
according to the SARI score and registration in the
DAD or as control departments with preoperative air-
way assessment based on the individual anaesthesio-
logists’ assessment.

Randomization
We conducted a baseline study in 2011 using data from
the DAD version 3 and determined the proportion of un-
anticipated difficult intubation for each department of
anaesthesia. The departments were then stratified
according to whether the proportion of unanticipated dif-
ficult intubation was above or below 2%.
With appropriate use of allocation concealment, the

heads of departments provided written informed consent
before the departments were randomized. Thereafter,
according to a computer-generated list of the allocation
sequence, the departments were randomly assigned to
one of two groups. In one group, anaesthesio-logists are
trained in preoperative use of the SARI score (the SARI
group) and in a control group the preoperative airway
assessments of the anaesthesiologists are based solely
on a clinical assessment (CA group). The SARI group
is thus included in a trial branch in which each pa-
tient has a preoperative airway assessment and a
matching DAD registration consisting of a fixed panel
of predetermined predictors for difficult intubation. In
the SARI group four additional variables, which may
be associated with DMV, are also recorded in DAD.
Departments in the CA group continue to use an indi-
vidual assessment of each patient regarding on
whether the airway management will become difficult
or not; this is preoperatively registered in DAD.
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Cluster randomization vs. individual randomization
Anaesthesiologists taught the use of the SARI score will
inevitably and unintentionally use this knowledge during
airway assessments also when assessing patients random-
ized for a “clinical assessment” only [18,19]. Therefore, a
trial design using individual randomization of anaesthesio-
logists and patients is prone to yield incorrect results for
the comparison of the two assessment methods. This is
due to a “spill-over” effect between the trial branches
within departments. Accordingly, we chose to randomize
patients clustered on a departmental level [19].

Inclusion
Departments registering patients in the DAD with an
expected minimum of 200 intubations annually are eli-
gible for inclusion.
Three populations of randomized patients are identi-

fied: Population 1: All patients primarily (attempted)
intubated by direct laryngoscopy; Population 2: All pa-
tients primarily (attempted) intubated by direct laryn-
goscopy plus patients that are expected to be difficult to
intubate by direct laryngoscopy and are therefore sched-
uled for intubation with an advanced method (e.g., video
laryngoscopic or fibre-optic intubation); Population 3:
All patients undergoing mask ventilation.

Exclusion
Children <15 years old.

Primary outcome measures
The following are measured regardless of randomization:
i)Fraction of unanticipated difficult intubations = intuba-
tions with unanticipated difficulties [False negative]/all
patients primarily (attempted) intubated by direct laryn-
goscopy; ii) Fraction of unanticipated easy intubations =
intubations with anticipated difficulties that were easy
[False Positive]/all patients primarily (attempted) intubated
by direct laryngoscopy. Simultaneous low fractions of the
primary outcome measures are desirable for good predic-
tion of difficult intubation.

Secondary outcome measures

� 48-hour mortality
� 30-day mortality
� Fraction = intubations anticipated to be difficult,

thus planned for, and intubated by, an advanced
method/all patients (attempted) intubated

� Fraction = unanticipated difficult intubations [False
Negative]/true difficult intubations ([False negative] +
[True Positive])

� Sensitivity
� Specificity
� Positive predictive value
� Negative predictive value
� Positive Likelihood Ratio = (Sensitivity/

(1-Specificity))
� Negative Likelihood Ratio = ((1-Sensitivity)/

Specificity)
� The Receiver Operating Characteristic curve. A

graphical representation of sensitivity as a function
of (1-Specificity). Applicable for comparison of
predictive models.

An analogue outcome measurement will be done for
mask ventilation.

The simplified airway risk index (SARI)
The SARI model consists of seven predictors for difficult
direct laryngoscopy:

1. Mouth opening
2. Thyromental distance
3. Mallampati class
4. Neck movement
5. Ability to prognath
6. Weight
7. History of difficult intubation

The SARI uses the original Mallampati grade, whereas
for data entry in DAD a modified Mallampati class [20]
will be used (Figure 2 and Figure 3). The Mallampati
grades contribute to the SARI score as follows: Grade III
→ 2 points; Grade II → 1 point; Grade I → 0 points.
The original Mallampati grade I approximately corre-

sponds to the modified Mallampati classes I and II, the ori-
ginal Mallampati grade II approximately corresponds to the
modified Mallampati class III, and the original Mallampati
grade III corresponds to the modified Mallampati class IV
(Figure 4).

Predictors of difficult and impossible mask ventilation
The following parameters that correlate to difficult/impos-
sible mask ventilation are registered in the SARI group:

1. Changes in the neck due to radiation
2. Presence of beard
3. BMI ≥30 kg/m2

4. Age ≥57 years
5. Modified Mallampati score III or IV
6. Severely limited jaw protrusion
7. Snoring
8. Sleep apnoea

The predictors for DMV are already recorded in the
DAD and the SARI except for the four listed below.
Consequently, departments allocated to the SARI group
also record:



Figure 2 Original Mallampati grades.
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1. Changes in the neck due to radiation
2. Presence of beard
3. Snoring
4. Sleep apnoea
Definition of difficult intubation and difficult mask
ventilation
El-Ganzouri et al. classified laryngoscopy view after
Cormack and Lehane’s Class I to IV grading system [21]
and used it as a surrogate measure for difficult intubation.
In the DIFFICAIR trial, an intubation score is pro-
grammed in the DAD based on numbers of attempts and
use of equipment (Figure 5). Thus describing the actual
circumstances regarding the intubation. An equivalent
score is programmed for mask ventilation.
Data registration on the anaesthesia record
The variables in the SARI model are recorded on an ap-
pendix to the anaesthesia record either on a pre-printed
label adhered to the record form or on a pre-printed
Figure 3 Modified Mallampati classification.
supplementary form that is stapled on to the anaesthesia
record.
Data registration in the DAD
For all patients the following variables are recorded: i)
Preoperative airway assessment (Figure 6); ii) Scheduled
airway management (Figure 7); iii) Actual airway man-
agement (Figure 5).
The registration of the preoperative airway assessment

differs according to group.
SARI group:

A. Predictors included in the SARI model
B. The SARI score
C. Predictors of difficult mask ventilation
D. The anaesthetist’s assessment:

Is intubation by direct laryngoscopy anticipated to be
difficult? Yes/No.
Is mask ventilation anticipated to be difficult? Yes/No.
CA group:



Figure 4 Mallampati comparison. The original Mallampati uses three grades of visualisation and the modified Mallampati uses four classes.
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The CA group uses variables that are already regis-
tered in the DAD.

A. The anaesthetist’s assessment:

Is intubation by direct laryngoscopy anticipated to be
difficult? Yes/No.
Is mask ventilation anticipated to be difficult? Yes/No.
The seven predictors of difficult intubation contained

in the SARI model are registered in the database. Based
on these data, the DAD auto-generates a SARI score. In
addition, the values of the four predictors of DMV are
registered. Despite knowing the SARI score at the pre-
operative assessment, the anaesthetist’s assessment of
anticipated difficulties can differ from the SARI score.
Hence, the score is only meant to be indicative of intub-
ation difficulties or not. Following airway management,
the actual airway management conditions are finally
recorded (Figure 5).
Figure 5 Actual airway management conditions. Intubation and mask v
Estimation of sample size
The required number of patients for the detection or re-
jection of a given effect of the intervention in a cluster
randomized trial is calculated by adjusting the required
number of patients in a corresponding individually ran-
domized trial with the degree of variation between the
clusters (between-cluster variance) [22]. This method is
analogue to adjustment with the intra-cluster correlation
coefficient [22]. Deviations from the individual sample size
estimation are necessary [18] and the calculation can be
based on comparison between the groups at cluster level,
if the following four conditions are met: i) the intervention
is used strictly on cluster level; ii) patients and
anaesthetists (intubators) do not migrate between clusters;
iii) patients/anaesthetists (intubators) cannot be selected
for, or by themselves select/deselect, the intervention; iv)
all patients in each cluster are exposed to the intervention
and no patient chooses a cluster based on preference for
one type of airway assessment.
entilation score in the Danish Anaesthesia Database.



Figure 6 Preoperative airway assessment. Registration of the preoperative airway assessment in the Danish Anaesthesia Database is
dependent on the randomization and group allocation.
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The estimated number of departments required for in-
clusion in the trial is based on data extraction from the
DAD on patients who had unanticipated difficult tra-
cheal intubations.
There were no previous records of the trial’s primary

outcome measure, “unanticipated difficult intubation”. A
baseline study was conducted using data from the DAD
generated between 1 January and 1 June 2011. A total of
29 departments met the requirements of cluster size and
registration of unanticipated difficult intubations. There
were a total of 31,268 intubations or intubation at-
tempts, of which 584 were unanticipated difficult, corre-
sponding to a proportion of 1.87%. We calculated the
cluster size and proportions of unanticipated difficult in-
tubation for each department and used this to calculate
the “between-cluster variance”.
The sample size estimation was further adjusted for the

stratification of departments according to their propor-
tions of unanticipated difficult intubation. The estimation
was also adjusted according to sample size adjustments in
matched cluster trials. We assume that the coefficient of
variation, k, is similar in both the CA and SARI groups.
Thus, the sample size estimation based on the baseline
study data led to k = 0.25, corresponding to an intra-
cluster correlation coefficient of 0.002, and an adjusted
average cluster size of 1,611 patients.



Figure 7 Scheduled airway management. The scheduled airway management plan entered into the Danish Anaesthesia Database.
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In the stratified randomization, choosing a power of
80% (power = 1-β, with β being the maximal risk of type
2 error) and a maximal risk of type 1 error of 5% (α =
0.05, two-sided), we intend to be able to detect or reject
a 30% relative risk reduction from 1.87% to 1.31%. Given
these assumptions, approximately 30 departments are
required for the trial: 15 in the SARI group and 15 in
the CA group. In this case, it is possible to show that
number needed to treat (NNT) is 180 or less. Therefore,
we will be able to avoid one unanticipated difficult in-
tubation for every 180 airways assessed by the SARI
score instead of a non-specified preoperative airway as-
sessment, if the trial detects a statistically significant
difference.
The trial period will be 15 months. We have included

28 departments, randomized and stratified by a propor-
tion of unanticipated difficult intubation less or greater
than 2%. The departments are expected to have an aver-
age cluster size of approximately 2,500 patients, equal-
ling allocation of approximately 35,000 patients for each
trial group.

Statistical analysis
The observed risk factors provide the basis for calculat-
ing the SARI score and for preoperative anticipation of a
difficult intubation or not. Comparisons between the
outcomes of the trial groups will be done on an individ-
ual level according to our sample size estimation. In the
primary adjusted analysis, the number of patients having
an unanticipated difficult (easy) intubation will be com-
pared between the two trial groups with a logistic re-
gression analysis adjusted for stratification variable of
baseline proportions of unanticipated difficult (easy) in-
tubation and clustering [23]. The OR for unanticipated
difficult (easy) intubation comparing the SARI group
with the CA group, and its 95% confidence limits, will
be estimated [23]. In an unadjusted analysis, the number
of patients having an unanticipated difficult (easy) intub-
ation will be compared between the two trial groups
with a χ2 test. The difference in proportions of unantici-
pated difficult (easy) intubation will be given with 95%
confidence limits. Finally, an adjusted analysis using both
stratification variables, the clustering, elective/acute, sex,
age, use of neuromuscular blocking agents, and BMI will
be performed [7,24].
The accuracy of the SARI score will be compared with

the accuracy of the clinical assessment in the CA group
on predicting difficult intubation. Additionally, the clin-
ical assessment of the CA group will be compared with
the clinical assessment of the SARI group based on the
SARI score. That is, anticipations of intubation difficulties
based on a clinical assessment only versus anticipations of
intubation difficulties based on a clinical assessment while
knowing the SARI score. In all analyses, a P value less
than 0.05 will be considered statistically significant.

Implementing and sustaining the experimental
intervention
Before initiation of the trial, anaesthetists, in departments
randomized for the use of the SARI model, were systemat-
ically trained in the performance of proper airway assess-
ment according to the SARI score. This ensures uniform
and high quality airway assessments [25]. A tutorial film,
describing the trial and the preoperative SARI airway
assessment in detail, has been produced and was shown to
all anaesthetists. In each department, a principal investiga-
tor was appointed to ensure individual training of
anaesthesiologists in correct airway assessment at trial
start and again after 6 months. All new employees also
receive this training. A short description of the
DIFFICAIR trial is included in the introduction material
for new physicians and nurses on intervention depart-
ments. Posters were placed and flyers made available
describing the SARI model. A card that fits uniform
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pockets was produced. The card includes a ruler and a
protractor to facilite airway assessment.
A website, www.difficair.com, containing all informa-

tion including the tutorial film, PowerPoint presenta-
tions and other tools for education, was programmed.
Different material is available on the website for the
SARI- and the CA group. Different access is granted via
different passwords.
Implementing and sustaining the control intervention
For the departments randomized to the CA group, there
will be no changes in registration of data in the DAD
compared to usual standards. On the anaesthesia record
(or directly into the DAD), the preoperative airway as-
sessment and the scheduled airway management are
recorded before the anaesthesia and actual airway man-
agement begins.
For both groups, a mask ventilation and/or an intub-

ation score (Figure 5) is registered on the anaesthesia
record or directly in the DAD during anaesthesia and
immediately after airway management.
Regardless of trial group, the DAD registration is

performed during or immediately after the end of anaesthe-
sia. Data is entered via a computer workstation with an
Internet connection to DAD. The anaesthetist who per-
formed the airway management or the anaesthetist who
completed the anaesthesia performs the registration.
In case of technical problems with the DAD, e.g., loss of

Internet connection, a paper form corresponding to the
electronic interface in DAD is used. Relevant personnel,
e.g., a secretary, subsequently enter data from the form
into the DAD at restoration of Internet connection.
After trial completion, data will be retrieved from the

DAD, guarantying patients’ anonymity, following the
rules of the Danish data protection agency. Anonymous
data will be made accessible by other researchers
through the Danish Data Archive.
Data monitoring
Through the trial period, the degree of data complete-
ness will be continuously monitored for each depart-
ment. In case of a declining percentage of registration
the principal investigator in the corresponding depart-
ment will be contacted in order to restore the registra-
tion rate. The investigator group is blinded for all
outcome measures during the trial period.
Handling of incomplete data
Missing data exceeding a rate of 5% and with a statistical
significant Little’s test, precluding analyses on the data
set of complete cases, will be handled statistically
through multiple imputation [26-28].
Trial registration and ethics
The trial is a database research project involving regis-
tration of variables that are already being observed in
the involved departments to varying degrees. The trial is
without risks, side effects or inconvenience for the pa-
tient, and the trial protocol includes no specific dictation
on airway management.
The Scientific Ethics Committee of Copenhagen County

consents that the protocol should not be reported to the
committee system (Journal No.: H-3-2012-FSP2). Individ-
ual informed consent from the patients is not necessary,
which is essential for the feasibility. However, informed
consent from every participating department by the Head
of Department was acquired. The trial is approved by The
Danish Data Protection Agency (j.nr.: 2007-58-0015/
HIH-2011-10, I-Suite nr: 02079) and is registered at
http://www.clinicaltrials.gov (NCT01718561).
Publications
The protocol is written according to the SPIRIT 2013
recommendations [29]. Results of the trial will be
reported according to the CONSORT statement for clus-
ter randomized trials [18] and the STROBE criteria [30].
Manuscripts are written for publication in international

peer reviewed journals. First author is Anders K. Nørskov,
MD, Department of Anaesthesiology, Nordsjællands
Hospital – Hillerød. Additional authors are Jørn Wetterslev,
Chief Physician, MD, PhD, Copenhagen Trial Unit,
Rigshospitalet; Charlotte V. Rosenstock, Consultant, MD,
PhD and Lars H. Lundstrøm, MD, PhD, both from the
Department of Anaesthesiology, Nordsjællands Hospital –
Hillerød. The DIFFICAIR steering committee will grant
additional authorship in accordance with the Vancouver
rules and all trial site investigators are acknowledged with
co-authorships.
Based on the trial results and international litera-

ture we hope to contribute to a national recommen-
dation for preoperative airway assessment and its
subsequent implementation.
The method used in the study is “state of the art” for

testing an implementation of a recommendation [31,32].
All manuscripts will be submitted for publication to
international peer-reviewed journals, published in annual
reports from the DAD, and presented at national and
international congresses.
Side studies will be allowed in accordance with the

steering committee.
Timeline
2011: Applications for funding. Acceptance from ethical
committee. Baseline study and sample size calculation.
2012: Applications for funding. Written consent to

randomization from 28 departments of anaesthesia.

http://www.difficair.com
http://www.clinicaltrials.gov
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Revision and programming of the DAD. Education of
intervention departments.
End 2012: First patient inclusion.
End 2013: Last patient inclusion.
Early 2014: Data analysis. Writing and submission of

main manuscripts for publication.

Collaborations and finances
The trial is done in collaboration between the Danish
Anaesthesia Database; Department of Anaesthesiology,
Copenhagen University Hospital, Nordsjællands Hospital –
Hillerød; Copenhagen Trial Unit, Centre for Clinical
Intervention Research, Copenhagen University Hospital,
Rigshospitalet; and 28 Danish departments of anaesthesia.
All participating departments provided written consent
for inclusion and randomization for the trial. The DAD
steering committee supports the DIFFICAIR trial and the
data extraction is done in agreement with the committee.
The investigators have no financial ties to private com-

panies or foundations and no potentially conflicting in-
terests in the project.
The study is fully funded by the Tryg Foundation; the

Research foundation at Copenhagen University Hospital,
Nordsjællands Hospital – Hillerød; DASAIMs fund; and re-
sources at local trial sites. None of the funding sources has
any influence on protocols, data handling or publications.

Discussion and perspective
It is innovative to use a national clinical database as the
basis for a randomized clinical trial. The method can serve
as a precedent for implementation of evidence-based rec-
ommendations and database registrations.
The trial will forward understanding of how to predict

and reduce the unanticipated difficult intubation and
mask ventilation and how to produce evidence-based
recommendations for airway assessment nationally and
internationally.

Trial status
The trial was initiated on October 1, 2012 through DAD
recording in all intervention and control departments.
Two control departments still await connection to the
DAD registry. Nevertheless, they are expected to meet
the minimum inclusion criteria before trial termination.
Patient recruitment was ongoing at time of submission

of the manuscript.
The trial ends at the end of 2013.
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Detailed statistical analysis plan for the difficult
airway management (DIFFICAIR) trial
Anders Kehlet Nørskov1,2*, Lars Hyldborg Lundstrøm1, Charlotte Vallentin Rosenstock1 and Jørn Wetterslev2
Abstract

Background: Preoperative airway assessment in Denmark is based on a non-specific clinical assessment left to the
discretion of the responsible anesthesiologist. The DIFFICAIR trial compares the effect of using a systematic and
consistent airway assessment versus a non-specific clinical assessment on the frequency of unanticipated difficult airway
management.
To prevent outcome bias and selective reporting, we hereby present a detailed statistical analysis plan as an amendment
(update) to the previously published protocol for the DIFFICAIR trial.

Method/Design: The DIFFICAIR trial is a stratified, parallel group, cluster (cluster = department) randomized multicenter trial
involving 28 departments of anesthesia in Denmark randomized to airway assessment either by the Simplified Airway Risk
Index (SARI) or by a usual non-specific assessment. Data from patients’ preoperative airway assessment are registered in the
Danish Anesthesia Database. An objective score for intubation grading the severity, that is the severity of the intubations, as
well as the frequency of unanticipated difficult intubation, is measured for each group.
Primary outcome measures are the fraction of unanticipated difficult and easy intubations.
The database is programmed so that the registration of the SARI is mandatory for the intervention group but invisible to
controls.
Data recruitment was commenced in October 2012 and ended in ultimo December 2013.

Conclusion: We intend to increase the transparency of the data analyses regarding the DIFFICAIR trial by an a priori
publication of a statistical analysis plan.

Trial registration: ClinicalTrials.gov: NCT01718561.

Keywords: Statistical analysis plan, Cluster randomized trial, Airway management, Cluster analysis, Difficult intubation
Introduction
The difficult airway management trial (DIFFICAIR) is a
stratified, parallel group, cluster (cluster = department)
randomized and multicenter trial involving 28 depart-
ments of anesthesia in Denmark. The DIFFICAIR trial
compares the effect of two regimens of preoperative
airway assessment on the frequency of unanticipated
difficult airway management.
Prediction of difficult airway management remains a

pivotal challenge in anesthesia. Difficult tracheal intubation
and difficult mask ventilation may cause serious patient
complications [1-6]. By allocating experienced personnel
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and relevant equipment, better prediction of difficult airway
management may reduce complications and, thereby, asso-
ciated morbidity and mortality. There is no single predictor
that is sufficiently valid in predicting difficult tracheal intub-
ation [7-12]. However, several studies show that by combin-
ing multiple predictors of difficult tracheal intubation, the
positive and the negative predictive value of the assessment
increases [12]. In Denmark as well as internationally, there
is no clear recommendation on how to perform airway
assessment. Consequently, airway assessment in Denmark
is based exclusively on the individual anesthesiologist’s
preoperative clinical assessment. However, it is poorly doc-
umented how accurately this clinical assessment predicts
actual airway management conditions.
The ‘Simplified Airway Risk Index’ (SARI) [13] is based

on a multivariable model for airway assessment described
l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,

http://clinicaltrial.gov/ct2/show/NCT01718561?term=nct01718561&rank=1
mailto:anderskehlet@hotmail.com
http://creativecommons.org/licenses/by/2.0
http://creativecommons.org/publicdomain/zero/1.0/
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by El-Ganzouri and colleagues enabling an estimation of
the likelihood of a difficult direct laryngoscopy. The SARI
contains seven individual predictors for a difficult direct
laryngoscopy, each given a weighted score of 0 to 1 or 0 to
2. A summarized value of the SARI score > 3 indicates that
a future direct laryngoscopy will be difficult. It is unknown,
whether the SARI score predicts difficult intubation better
or worse than a clinical assessment. The rationale for this
trial was to prospectively compare the effect of the SARI
with an non-specified clinical airway assessment on the fre-
quency of unanticipated difficult airway management.
The target population was adult patients undergoing

anesthesia. Twenty-eight departments of anesthesia were
randomized to one of two groups. Intervention depart-
ments used the SARI score for preoperative airway as-
sessment. The intervention group additionally did an
assessment of risk factors for difficult mask ventilation
as described by Kheterpal and colleagues [14-16]. Depart-
ments in the control group continued normal practice of
preoperative airway assessment. All data were registered in
the Danish Anesthesia Database (DAD). A more detailed
trial protocol describing background, design and rationale
has been published in Trials [17].
In order to prevent outcome reporting bias and results

based on data-driven analysis, it is encouraged to pro-
spectively publish a trial protocol [18,19]. The same argu-
ment applies for a prospective publication of a statistical
analysis plan. Concordantly, the International Conference
on Harmonization (ICH) of Good Clinical Practice (GCP)
recommends that clinical trials are analyzed according
to a pre-specified plan [19].

Objective
The primary aim of the DIFFICAIR trial is to compare
the effect of using a systematic airway assessment with a
standard clinical airway assessment on the frequency
of unanticipated difficult airway management. The null
hypothesis is:

� There is no difference in the proportion of
unanticipated difficult intubations when the
preoperative airway assessment is based on the SARI
score compared with a preoperative airway
assessment based on the individual anesthesiologist’s
assessment.

The alternative hypothesis is:

� The use of a systematic SARI airway assessment,
registration of the SARI and risk factors for difficult
mask ventilation, and continuous education in
airway assessment will reduce the relative risk of a
difficult intubation with 30%, corresponding to a
number needed to treat (NNT) of 180 patients.
Methods
This analysis plan has been written while the data collec-
tion from the DIFFICAIR trial was on-going and trial
data non-accessible. The data analysis of the main publi-
cation will follow this plan. The statistical analysis was
approved by the DIFFICAIR steering committee on 29
December 2013. The last day of data collection was 31
December 2013. The involved departments were given
one additional month to ensure registration of all patients
in the Danish Anesthesia Database. On 31 January 2014,
the database was locked and data extracted. The statistical
analysis plan was published on (www.clinicaltrials.gov)
before the last data entry and before data was extracted
and data management commenced.
The DIFFICAIR trial protocol has been written according

to the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) guidelines and has been
public on (www.difficair.com) since the beginning of
the trial and is registered at (www.clinicaltrials.gov)
(NCT01718561). The Danish Anesthesia Database and
the Danish Society of Anaesthesiology and Intensive
care Medicine (DASAIM) endorsed the trial.
The trial is carried out in accordance with the Helsinki

declaration. The Scientific Ethics Committee of Copenhagen
County has declared that it is regarded as a quality assur-
ance project and thus should not be reported to the com-
mittee system (Journal number: H-3-2012-FSP2). Further,
the need for individual patient consent was waived.
The trial is approved by The Danish Data Protection
Agency (Journal number: 2007-58-0015/HIH-2011-10,
I-Suite number: 02079). The reporting of the trial will
be in accordance with the CONSORT 2010 statement:
extension to cluster randomised trials [20].

Randomization and sample size
Our sample size calculation was based on an adjustment
for the stratification and the cluster randomized design
[21,22]. Since there are no previous records of the trial’s
primary outcome measure, ‘unanticipated difficult in-
tubation’ a baseline study was conducted based on data
from the DAD. In order to reject or detect a 30% rela-
tive risk reduction in the proportions of unanticipated
difficult intubation between the intervention group and
the control group approximately 30 departments were
required in a 15 months period. Calculations were based
on a maximum risk of type 1 error of 5% and risk of type
2 error of maximum 20% (80% power).
A total of 28 departments were included and randomized

1:1 using a computer generated list. The sample size
calculation was based on an average cluster size of
1,611 patients. We estimated the average cluster size
in the DIFFICAIR trial to approximately 2,500 patients,
giving a total of 70,000 included patients during the trial
period. The enhanced sample size allows for a potentially

http://www.difficair.com
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slight loss of clusters according to the power calculation,
from 30 to potentially 26. Our sample size estimation
may be of a conservative nature, calling for more clus-
ters than necessary [23].

Populations
The DIFFICAIR trial focuses on two essential elements
of airway management which are tracheal intubation by
direct laryngoscopy and mask ventilation. This statis-
tical analysis plan will address analysis of the data re-
garding tracheal intubation. Data analysis regarding
prediction of difficult mask ventilation will be handled
in an analogous way, but will not be further elaborated
in the present paper.
The part of the DIFFICAIR trial regarding prediction

of difficult intubation comprises two populations; 1) pa-
tients that were primarily attempted intubated by direct
laryngoscopy; 2) patients that were primarily attempted
intubated by direct laryngoscopy (population 1) plus pa-
tients anticipated to be difficult to intubate and therefore
scheduled for and intubated with an advanced method
(for example, video laryngoscopic or fiber optic intubation).
The results of population 1 and 2 will be presented in

one publication. Due to the extent of data, further publi-
cations presenting data from the DIFFICAIR trial will
follow, but further elaboration on data analysis exceeds
the content frame of this paper.

Adjusting and stratification variables
Each cluster (department) was randomized to a control
or intervention group, making this the intervention group
indicator. The trial site may account for further intervention
heterogeneity and will be used for adjustment in the analysis
of the intervention effect. Further, a stratification vari-
able that grouped the departments according to whether
the proportion of unanticipated difficult intubation at
baseline was ≥ or < 2% will be used for adjustment ac-
cording to recent evidence of increased power in the
analysis of stratified trials [22].

Assumed confounding covariates
We define age; gender; ASA classification; emergency/
elective procedure; Body Mass Index (BMI); and use of
neuromuscular blocking agents as covariates that are
possible confounders, necessitating adjusted analyses of the
primary outcome and pre-defined subgroup analyses.

Primary outcomes
The primary outcome measures are:

1. The fraction of unanticipated difficult
intubations = all intubations with unanticipated
difficulties (False negative)/all patients primarily
(attempted) intubated by direct laryngoscopy.
2. The fraction of unanticipated easy intubations = all
intubations with anticipated difficulties that were
easy (False Positive)/all patients primarily
(attempted) intubated by direct laryngoscopy.

The two primary outcomes are linked and simultaneous
low fractions are desirable for the optimal prediction of a
difficult intubation.

Secondary outcomes

1. 48-hour mortality.
2. 30-day mortality.
3. The fraction of anticipated difficult intubations

planned for, and intubated by an advanced
method/all patients (attempted) intubated.

4. The fraction of unanticipated difficult intubations
(False Negative)/all difficult intubations
((False negative) + (True Positive)).

5. Sensitivity of the prediction of a difficult/easy intubation.
6. Specificity of the prediction a difficult/easy intubation.
7. Predictive value of a positive prediction of

difficult/easy intubation.
8. Predictive value of a negative prediction of

difficult/easy intubation.
9. Positive Likelihood Ratio = (Sensitivity/(1-Specificity)).
10. Negative Likelihood Ratio = ((1-Sensitivity)/Specificity).
11. The Receiver Operating Characteristic (ROC)

curve. A graphical representation of sensitivity as a
function of (1-Specificity).

Outcomes 5 to 10 are measured for both interven-
tion groups.
Outcome 11 will be measured on relevant non-binary

predictors.

Datapoints
Baseline covariates
Individual level:

1. Sex
2. Age
3. Height
4. Weight
5. BMI
6. American Society of Anesthesiologists (ASA)

Classification
7. Use of neuromuscular blocking agents
8. Hospital unit
9. Region
10. Anticipated difficult tracheal intubation
11. Anticipated difficult mask ventilation
12. Scheduled airway
13. Priority: emergency/elective
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14. Surgical procedure codes
15. Intubation score
16. Mask ventilation score.

Intervention covariates

1. Mouth opening
2. Thyro-mental distance
3. Modified Mallampati classification
4. Jaw protrusion
5. Neck mobility
6. Previous difficult airway management
7. Number of completed risk factors
8. The calculated SARI score
9. Dichotomized SARI score (<or ≥ 4)
10. Snoring
11. Sleep apnoea
12. Presence of beard
13. Changes in the neck due to radiation.

Cluster level summaries

1. Mean cluster size
2. Mean number of intubated patients
3. Fraction of private hospitals
4. Mean fraction of unanticipated difficult intubation
5. Mean fraction of unanticipated easy intubation
6. Age
7. BMI
8. ASA classification.

Definition of difficult intubation
In the DAD, an intubation score is programmed based on
numbers of intubation attempts and use of equipment.

1. A maximum of two intubation attempts - only by
direct laryngoscopy.

2. A maximum of two intubation attempts in which other
intubation equipment or assistive devices for direct
laryngoscopy is used (for example, video laryngoscope).

3. Three intubation attempts or more - regardless of
intubation method.

4. Intubation failed despite attempting.

Tracheal intubation by direct laryngoscopy is pre-defined
in the DAD as easy by a score = 1 and difficult by a
score ≥ 2. In our primary analyses and sample size cal-
culation we employ the same definition.

General analysis principles

1. Unless otherwise stated, all main analyses will
compare the two intervention groups using
intention-to-treat (ITT) [24].
2. 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 [25-27].
Analyses will be based on individual patient level
data but clustering of patients and the stratification
variable will be accounted for in a generalized
estimating equation.

3. In all analyses, a maximum level of 5% (two-sided)
type 1 error will be regarded as statistically
significant unless otherwise stated.

4. Main analyses will be according to ITT adjusted for
cluster and stratification variables. Sensitivity
analyses will be performed adjusted and unadjusted
for the prior listed potential confounding covariates.
We will discuss if results differ from the main
analyses. The conclusion of the trial will be based on
the primary analyses.

5. Test of interaction will be applied for subgroup
analyses.

6. Risks are reported as relative risks and odds ratios.
When relative risks are calculated from odds ratios
with 95% confidence interval (CI) it will be done
according to Zhang and Yu [28].

7. For missing data exceeding a rate of 5%, and with a
statistical significant Little’s test, indicating that the
missing data is not a completely random sample of
the total data, point estimates with 95% CI will be
calculated using a worst/best case scenario
imputation on the missing values. If the imputation
of a worst/best case scenario implies different
conclusions, multiple imputations will be performed
on the missing values assuming missingness at
random [29]. Unadjusted and complete case analyses
will also be presented.

8. In order to avoid rejecting a true null hypothesis we
will address the problem of multiplicity by
Bonferroni adjustments on the secondary outcome
measures. If unadjusted analyses are insignificant
(P > 0.05), Bonferroni adjustments will not be
applied. In case the adjustment changes an
unadjusted significant P-value to a non-significant
P-value, this will be discussed.

9. To ensure complete objectivity, the author (AN) will
be blinded for the intervention group in the primary
outcome analysis and, as far as this is possible, for
analyses of secondary outcomes. However, analyses
of the predictive properties of the SARI will require
un-blinding of AN. After data collection, a third
party data manager will generate a complete dataset
with blinded coding of the intervention groups and
other variables possibly revealing the intervention.
The statistician performs the primary outcome
analysis on this data set. If the primary outcome
differs between groups, we will construct different
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conclusions reflecting the results, considering that
significant differences of the intervention could both be
of benefit or harm. After writing the conclusions, we
will uncover the code of the blinding, and subsequently
the correct conclusion will be employed [30].

Statistical analyses
Trial profile
The flow of study participants will be displayed in a
Consolidated Standards of Reporting Trials (CONSORT)
diagram at a cluster level and at individual level. The
number of clusters fulfilling the inclusion criteria, and
the number of clusters included in primary and sec-
ondary analyses, will be presented. The number of pa-
tients who fulfilled study inclusion criteria as well as
the number included in the primary and secondary
analyses will be reported. Reasons for exclusions of
clusters and patients in the primary and secondary
analyses will be reported.

Primary outcome
Frequencies and percentages per group will be reported
with a 95% CI. The primary outcome is presented as odds
ratios and relative risk ratios.
The primary analysis of the primary outcome will be

adjusted for the stratification- and the cluster-variable
performed according to the ITT principle including
patients that met the inclusion- and not the exclusion-
criteria. A generalized estimating equation will be
used. Intervention group and stratification variable are
regarded as fixed effects and trial site is regarded as
random effects in the model. We will test the robust-
ness of the results by repeating the analyses with a
mixed effects model and finally with a standard t-test
comparing the means of the outcome at department
level in each intervention group.
The first sensitivity analysis of the primary outcome

will be adjusted for the stratification- and cluster-variables
as well as baseline covariates assumed as confounders
incorporated in a generalized estimating equation.
In the second sensitivity analysis of the primary out-

come, we will employ a different cut-off value for difficult
intubation using ≥ 3 instead of ≥ 2 as the definition of
difficult intubation.
Further sensitivity analyses of the primary outcome

will compare the patients in the control group that
met the inclusion- and not the exclusion-criteria with
patients in the intervention group who received the
protocoled intervention. That is, a per protocol ana-
lysis of control group versus the subgroup in the inter-
vention group that had a sufficiently registered SARI.
Interaction test will be performed in the intervention
group between patients receiving sufficient/insufficient
SARI registration.
Secondary outcomes
Frequencies, proportions, percentages, odds and risk ratios
are presented with a 95% CI for each group. A chi-squared
test is used to assess the effect of the intervention on binary
outcomes. For categorical outcomes and the adjusted ana-
lyses, logistic regression analysis or generalized estimating
equations will be performed.

Baseline comparisons of patient characteristics
Baseline characteristics are presented for each intervention
group. Frequencies, proportions and percentages will be
used to summarize discrete variables. In case of missing
values, percentages are presented with the actual denom-
inator and otherwise calculated according to the number
of participating patients. Continuous variables are sum-
marized using standard measures of central tendency
and dispersion using either mean ± SD for data with
normal distribution or median and interquartile range
for non-normally distributed data.

Baseline comparisons of cluster characteristics
Cluster characteristics are presented for each group, control
and intervention. Unless otherwise stated, data will be
presented as means with SD for data with normal dis-
tribution or median and interquartile range for non-
normally distributed data.

Outline of figures and tables
The first figure will be a CONSORT flow chart on indi-
vidual patient level and cluster level. A second figure
will illustrate the SARI score and tutorial instruments.
A third figure will demonstrate the registration in the
DAD, including the intubation score. A fourth figure
will present baseline data from each intervention group on
individual and cluster level and a fifth figure will be outlin-
ing the main outcome results for each intervention group.

Discussion
In order to avoid outcome reporting bias and data-driven
results this paper presents the detailed statistical analysis
plan for the main publication of the DIFFICAIR trial.
The DIFFICAIR trial raises two important questions,
which are: is it possible via the intervention to reduce
the frequencies of difficult intubation and/or difficult
mask ventilation? This plan only addresses the statistical
analyses of the population of intubated patients because
our sample size calculations were based on this popula-
tion. Secondly, the SARI was developed as a prediction
tool for difficult intubation. Finally, the extent of data ne-
cessitates several publications.
By adjusting our primary outcome analysis for different

design variables, such as clustering and stratification,
we strive to eliminate inflated type 1 error rates as a
consequence of the trial design. A generalized estimating
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equation is applied based on an evaluation of each variable
as having random or fixed effects [31,32].
When multiple comparisons are performed between

two groups, you may risk accepting an intervention effect
erroneously (type 1 error). There are several approaches
that deal with multiple testing. We will employ Bonferroni
adjustments on the secondary outcome measures in order
to evaluate, identify and discuss dubious significant out-
comes that may be due to statistical multiplicity.
The value of a diagnostic test is usually presented as sen-

sitivity and specificity. We have chosen (1 - total accuracy),
that is the proportion of unanticipated difficult intubations
(False Negative, FN) and the proportion of unanticipated
easy intubations (False Positive, FP). Both scenarios are of
clinical relevance since the FNs are at risk of hypoxia, in-
creased morbidity and even death, while the FPs are at risk
of being imposed unnecessary discomfort by, for example,
awake intubation. At the same time, both the FNs and FPs
can take up unnecessary resources. Sensitivity and specifi-
city are more difficult to interpret intuitively. Consequently,
we chose to present more transparent primary outcomes.
Using proportions of unanticipated difficult intubation
allowed us to perform a baseline cohort study, on which
we based our sample size and power calculations.
By publishing this paper, where we pre-specify our

methods and analyses, it is our hope that the results
from the DIFFICAIR trial will be as transparent and
robust as possible.

Conclusion
This paper presents the principles of analyses of the
main outcomes in the DIFFICAIR trial for the first pub-
lication based on patients who underwent intubation.
Our approach aims to minimize the risk of data-driven
results and outcome reporting bias.
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Abstract 
 
Background 

Unanticipated difficult intubation remains a pivotal challenge in anesthesia. The Simplified Airway 

Risk Index (SARI) is a risk model for prediction of difficult laryngoscopy. 

Our aim was to compare airway assessment based on the SARI with usual care. 

Methods 

From 01.10.2012 to 31.12.2013, 26 departments were cluster-randomized to either apply the SARI 

model or usual care for airway assessment. The pre-operative prediction of difficult intubation was 

registered in the Danish Anaesthesia Database. Actual intubation difficulties were recorded. The 

primary outcomes were the proportions of unanticipated difficult and unanticipated easy intubation. 

Results 

In the primary analyses 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 was 1.03 (95% CI: 0.77–

1.38), P=0.84. The proportion of unanticipated easy intubation was 1.42% (415) in SARI departments 

versus 1.00% (302) in usual care departments. Adjusted OR was 1.26 (0.68–2.34), P=0.47. 

In SARI departments neither a 58% increase in patients anticipated to have intubation difficulties nor 

an 84% increase in patients scheduled for advanced intubation techniques reached adjusted statistical 

significance, P = 0.29 and P = 0.06 respectively. 

Conclusions 

Applying the SARI compared to usual airway assessment for prediction of difficult intubation did not 

result in a statistically significant change in the incidence of unanticipated difficult or easy intubation. 

However, it may increase the anticipation of intubation difficulties and change practice towards 

advanced intubation techniques. 
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Introduction 

Prediction of difficult airway management remains a pivotal challenge in anesthesia. Unanticipated 

difficult tracheal intubation can cause serious patient complications and identification of at risk 

patients is highly prioritized among anesthesia personnel. Accurate prediction of difficult intubation 

may reduce potential complications by the allocation of experienced personnel and by using relevant 

equipment [1]. No single predictor is sufficiently valid in predicting difficult intubation [2–6]. 

However, several studies indicate that combining multiple predictors of difficult intubation will 

increase the predictive value of the assessment [6]. All major anesthesia societies recommend pre-

operative airway assessment[7–9]. Despite a general agreement about the need and rationale for a pre-

operative airway assessment, it still remains unclear how this assessment should be performed. The 

American Society of Anesthesiologists (ASA) recommends a pre-operative airway assessment based 

on eleven anatomical variables. However, they do not elaborate on which factors are considered 

mandatory for examination nor on how they should be weighted in an overall assessment, but argues 

that it depends on the clinical context[8]. Likewise, in the UK, the NAP4 gives no elaboration on the 

content of the airway assessment[10]. Consequently the choice of airway assessment is left to the 

discretion of the individual anesthesiologist and prediction of difficult intubation is based on the 

response to the question:  do I anticipate a difficult intubation? [11]. This anticipation may or may not 

be based on a wide array of pre-operative airway examinations, depending on the individual 

anesthesiologist and various department recommendations. Pre-operative airway assessment is widely 

implemented in Denmark and we find it fair to assume that it is based on patient examinations for one 

or several known predictors of difficult intubation [12]. Previously, we have reported the diagnostic 

accuracy of the individual anesthesiologist to be low to moderate, with 75 to 93% of alle difficult 

intubations being unanticipated difficult[11]. The "Simplified Airway Risk Index" (SARI) is a 

multivariable model for airway assessment [13]. It enables an estimation of the likelihood of a difficult 
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direct laryngoscopy. The clinical impact of most predictive models are not assessed before being 

introduced into a clinical setting[14]. This induces risks of over-estimating the predictive potential of 

the model[14, 15]. Assessment of the impact of introducing a new model requires a comparative 

design and is optimally done in a (cluster) randomized trial, compared with usual care[15, 14]. No 

randomized clinical trial has compared using a predictive model for airway difficulties with usual care.  

We aimed to compare the SARI as a systematic airway assessment tool with usual care on the 

proportion of unanticipated difficult intubation. We hypothesized that a systematic use and registration 

of the SARI, combined with continuous education, could reduce the relative risk of an unanticipated 

difficult intubation with 30% compared with usual care. We considered a relative risk reduction of 

30% to be  clinically important. Based on data from 2011, detection of such an intervention effect 

would correspond to a number needed to treat (NNT) of 180. Meaning, prevention of one 

unanticipated difficult intubation for every 180 airway assessed.
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Methods 

Trial design 

The DIFFICAIR trial is a cluster randomized trial, stratified according to the proportion of 

unanticipated difficult intubation at department level in 2011. A total of 28 Danish departments of 

anesthesia were randomized 1:1 to SARI airway assessment (SARI departments) or usual care (usual 

care departments). The trial was conducted from 01.10.2012 to 31.12.2013. Assessing the impact of a 

new strategy implementation, on a departmental level, makes individual patient randomization 

impossible, since the anesthesiologists would face difficulties in distinguishing different methods for 

airway assessment for different patients. Thus, a clustered trial design was required. Prior to data 

extraction, a trial protocol describing the trial design, as well as a detailed statistical analysis plan, 

were published and made available on http://www.clinicaltrials.gov (NCT01718561) [16, 17]. 

 

SARI departments 

In the intervention group (SARI departments) anesthesiologists were repeatedly trained in pre-

operative use of the SARI score in order to ensure uniform and high quality airway assessments [18]. 

All adult patients were planned to be airway assessed, using the following fixed panel of 

predetermined predictors for difficult intubation: 1) mouth opening, 2) thyromental distance, 3) 

modified Mallampati classification, 4) neck movement, 5) ability to prognath, 6) weight and 7) history 

of difficult intubation. Each predictor represents a weighted score of 0-1 or 0-2 points. A summarized 

score (the SARI score) of ≥ 4 was indicative of difficult direct laryngoscopy [13] (Figure 1).The 

original SARI uses the original Mallampati grade, whereas a modified Mallampati class was used in 

the DIFFICAIR trial[16, 19]. To help implement and sustain the intervention, continuous education in 

correct use of the SARI was conducted throughout the trial period, and an array of tutorial aids (a 

video, posters, white coat aids etc.) was produced and distributed before trial initiation (Figure 2). 
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Usual care departments 

The departments in the control group continued their existing recommendation on pre-operative 

airway assessment. All potential airway-related variables were recorded as previously on the 

anesthesia record. 

 

Data registration in the Danish Anaesthesia Database 

Assessment of all outcomes was based on data recorded in the DAD. The database contains 

quantifiable indicators, covering the peri-operative period. Regardless of trial group, all 

anesthesiologists had to tick a Y/N box to answer a mandatory question regarding anticipation of 

difficult intubation by direct laryngoscopy. Furthermore, a scheduled airway management plan was 

recorded pre-operatively. Immediately following the airway management an intubation score was 

registered (Figure 3). The usual care departments continued to record what was already implemented 

and mandatory in the DAD. The SARI departments recorded a more elaborate pre-operative airway 

assessment consisting of ‘the individual variables included in the SARI model’ and ‘the SARI score’. 

The anesthesiologist’s anticipation of intubation difficulties (Y/N) was also recorded on the SARI 

departments. The DAD auto-generated a SARI score based on the variables registered in the SARI 

model. The SARI score was merely meant to guide and supplement the prediction of intubation 

difficulties. Thus, the anesthesiologist’s prediction of intubation difficulties could differ from the 

prediction contained in the SARI score. The outcome measures were based on the anesthesiologist’s 

predictions and not the SARI score, hence being comparable between trial groups. 

 

Definition of difficult intubation  

An intubation score based on the numbers of intubation attempts and the use of equipment is an 

integrated part of the DAD while adhering to the Canadian Airway Focus Group definition of difficult 
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intubation[9](Figure 3). Thus, the score used in the DIFFICAIR trial represents the conditions in 

relation to intubation instead of the mere laryngoscopic view used as a surrogate measure for difficult 

intubation defined by El-Ganzouri et al[13, 20]. We found it clinically more relevant to use an 

intubation score based on presence or absence of actual intubation difficulties. 

 

Data monitoring  

A local investigator was appointed at all departments. During the trial period, the degree of data 

completeness was monitored on a monthly basis for each department. In case of a declining 

registration of the SARI, the local investigator was approached in order to restore the registration rate.  

Data were retrieved from the DAD, securing patient anonymity in accordance to regulations by the 

Danish Data Protection Agency. 

 

Participants 

Eligibility on cluster level 

All departments that were expected to include a minimum of 200 intubated patients in the trial period 

based on their previous data recording in the DAD during 2011. 

 

Eligibility on patient level 

Adult patients (≥15 years) that were attempted intubated, regardless of scheduled airway management 

plan. Patients registered with more than one episode of surgery and airway management during the 

trial period were included with their first entry [21]. 

 

Outcomes 

All outcomes were measured on an individual participant level. 
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Primary outcome 1 was ‘the proportion of participants with an unanticipated difficult intubation’. 

Primary outcome 2 was ‘the proportion of participants with an unanticipated easy intubation’. 

Secondary outcome 1 was 48 hours mortality. Secondary outcome 2 was 30 days mortality. Secondary 

outcome 3 was ‘the proportion of participants anticipated difficult to intubate, scheduled for and 

attempted intubated by an advanced method’. Secondary outcome 4 was 1-sensitivity. Secondary 

outcome 5 was sensitivity. Secondary outcome 6 was specificity. Secondary outcome 7 was positive 

predictive value. Secondary outcome 8 was negative predictive value. Secondary outcome 9 was 

positive likelihood ratio. Secondary outcome 10 was negative likelihood ratio. 

 

Primary analyses (Figure 4) 

Population 1: Patients that were attempted intubated but not pre-operatively scheduled for advanced 

intubation methods 

According to the intubation score (Figure 3), patients were categorized as difficult to intubate if they 

were intubated using a more advanced technique than direct laryngoscopy (e.g. video laryngoscopic 

intubation), regardless of the reason behind this choice (e.g. educational purposes).  

Therefore, we excluded patients who were pre-operatively scheduled for intubation by advanced 

techniques. If a patient was intubated with an advanced technique despite being scheduled for 

conventional laryngoscopy, we assumed that the change of intubation equipment was due to 

difficulties with direct laryngoscopy, thus representing a difficult intubation. 

Population 2: Patients that were attempted intubated but not pre-operatively scheduled for advanced 

intubation methods plus patients anticipated difficult to intubate, scheduled for, and attempted 

intubated by an advanced method 

In order to avoid an erroneous exclusion of correctly identified difficult intubations, we defined 

population 2. We assumed that if the anesthesiologist had predicted a difficult intubation, this was 

indeed the reason for choosing an advanced technique. Consequently, we identified a group of patients 
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who were predicted difficult to intubate, scheduled for and intubated by an advanced intubation 

technique. Accordingly, the assumption for population 2 was that these patients were correctly 

identified as difficult to intubate, and they were included as such in addition to the patients from 

population 1.  

 

Sensitivity analyses (Figure 4) 

Sensitivity analysis 1 

To explore whether the accuracy of the predictions improves with increasing severity of intubation 

difficulties, we performed a sensitivity analysis choosing a more rigorous definition of difficult 

intubation (intubation score ≥ 3) than the predefined definition in DAD (intubation score ≥ 2) (Figure 

3).  

Sensitivity analysis 2 

We performed a sensitivity analysis comparing the SARI model’s predictive accuracy from patients in 

the SARI departments with the anesthesiologists’ predictions of difficult intubation in the usual care 

departments. We defined a SARI score ≥ 4 as anticipation of difficult intubation in SARI departments.  

 

Randomization and blinding  

According to a computer-generated allocation sequence, the departments were randomly assigned to 

SARI or usual care. The departments were stratified into two strata, based on the proportion of 

patients registered as unanticipated difficult to intubate, from data registered during 2011 in DAD, the 

strata being < 2% or ≥ 2%.  

With appropriate use of allocation concealment, all the heads of departments provided written 

informed consent to trial participation prior to randomization of the departments.  

The trial design made it impossible to blind the patients and the participating anesthesiologists. The 

authors were blinded for the allocation of departments to SARI- or usual care when performing the 
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initial analyses on the primary outcomes. Two different blinded manuscripts were written considering 

the SARI departments being in one or the other of the two groups. After having agreed on both 

manuscripts, including conclusions, the steering committee unveiled the blinding, and the 

corresponding conclusion was employed [22]. 

 

Statistics 

Sample size  

Sample size estimation was performed prior to randomization using proper adjustment for the cluster 

randomized trial design. We adjusted the required individual sample size for the intra cluster 

correlation by calculating the between and within cluster variances on 2011 data for the included 

clusters [23]. 

A minimum of 26 departments with an average cluster size of approximately 2,500 patients was 

required to detect or reject a relative risk reduction of 30% assuming a usual care event proportion of 

the primary outcome of 1.87%, a risk of type I error of 5% and a risk of type II error of 20%. 

Comparisons between the outcomes of the trial groups were done on an individual participant level 

according to our sample size estimation. Results were presented by frequencies, proportions, 

percentages, odds ratios, risk ratios, and 95% confidence intervals (CI). The primary analyses of the 

primary outcomes were done according to the ITT principle and adjusted for design variables (the 

stratification- and the cluster variable) using generalized estimating equations (GEE). The GEE 

analysis method was used to account for within cluster correlation [24–26]. 

We tested the robustness of the results by repeating the analyses in a mixed effects model and with a 

standard t-test on means at departmental level. Further, we tested the primary outcome using GEE 

adjusting for design variables and the pre-defined assumed confounders age; gender; ASA 

classification; emergency/elective procedure; body mass index (BMI); and use of neuromuscular 

blocking agents. 
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A chi-squared test was used to assess the effect of the intervention on binary secondary outcomes. For 

the adjusted analyses, GEE were performed. 

Handling of incomplete data  

We used multiple imputation for handling of missing data exceeding a rate of 5% and with a statistical 

significant Little’s test precluding analyses of complete cases[27–30]. The imputation was made 

assuming data missing at random. We imputed the dichotomised variable SARI score less than or ≥ 4 

and only for patients in SARI departments having missing values. Using logistic regression, we 

imputed from patients within the same cluster to account for between cluster variance. The following 

variables were used: age; BMI; unanticipated difficult intubation; SARI score less than or ≥ 4. Based 

on the imputed variable we constructed the outcome variable ‘difficult intubation and SARI < 4’. We 

did 10 imputations and compared them with the usual care departments in a cumulated GEE using 

STATA version 13.  

 

Trial registration and Ethics 

The Committee on Health Research Ethics of the Capital Region of Denmark declared that the 

DIFFICAIR trial was regarded as a quality assurance project without risk, side effects 

or inconvenience for the patients, as the trial protocol included no specific dictation on airway 

management. Thus, the trial was exempted from the committee system (H-3-2012-FSP2). Further, the 

need for individual patient consent was waived. However, informed consent from every participating 

department by the Head of Department was acquired before randomization. The trial was approved by 

The Danish Data Protection Agency (2007-58- 0015/HIH-2011-10, I-Suite nr: 02079) and is registered 

at http://www.clinicaltrials.gov (NCT01718561). Reporting of the trial was done according to the 

CONSORT statement: extension to cluster randomized trials [31].
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Results  

Two usual care departments never initiated DAD registration and were excluded giving a total number 

of 26 clusters (15 SARI clusters and 11 usual care clusters (Figure 4)).  

We retrieved a total of 75,799 entries of intubation attempts. The SARI departments registered 37,801 

and the usual care departments 37,998 patients. When including the first entry for each patient 32,358 

patients were attempted intubated in SARI departments and 31,915 patients in usual care departments. 

In SARI departments, 78.4% had a registration sufficient enough to classify the SARI score as ≥4 or 

below 4. Hence, 21.6% of the patients in these departments did not have a SARI registration sufficient 

enough to classify the score as ≥4 or below 4.  

Baseline characteristics of patients and clusters are shown in Tables 1 and 2. 

Primary outcomes:  

Population 1 (patients that were attempted intubated but not pre-operatively scheduled for advanced 

intubation methods) 

Primary outcomes were measured on 59,514 patients not scheduled for advanced intubation (Figure 

4). There were 29,209 patients in SARI departments and 30,305 the usual care departments. The 

incidence of difficult intubation was 2.66% (778) in SARI departments and 2.62% (794) in usual care 

departments.  

There were 2.38% (696) unanticipated difficult intubations in SARI departments and 2.39% (723) in 

the usual care departments. OR adjusted for stratification and cluster in a GEE model was 1.03 (0.77–

1.38), P=0.84. By further adjusting for the assumed confounders age; gender; ASA classification; 

emergency/elective procedure; BMI; and use of neuromuscular blocking agents in a GEE the OR was 

1.17 (0.81-1.67), P=0.40. 
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The proportion of unanticipated easy intubation was 1.42% (415) in the SARI versus 1.00% (302) in 

usual care departments. Adjusted OR was 1.26 (0.68–2.34), P=0.47. Mixed model analysis and 

student’s t-test yielded similar results.  

Population 2 (patients that were attempted intubated but not pre-operatively scheduled for advanced 

intubation methods plus patients anticipated difficult to intubate, scheduled for, and attempted 

intubated by an advanced method) 

This analysis included 60,609 patients (29,934 in the SARI versus 30,675 in usual care departments). 

The proportion of unanticipated difficult intubations in SARI departments was 2.32% (694) versus 

2.36% (723) in usual care departments. Adjusted OR was 1.02 (0.77-1.35), P=0.89. 

 

Sensitivity analysis 1 (all patients included and difficult intubation defined as an intubation score ≥ 3) 

In this analysis, we applied a more rigorous definition of difficult intubation including 32,358 in the 

SARI and 31,915 in usual care departments. In SARI departments 1.16% (375) was unanticipated 

difficult to intubate in comparison with 1.21% (385) in usual care departments. Adjusted OR was 1.01 

(0.73-1.39), P=0.96. 

 

Sensitivity analysis 2 (the diagnostic accuracy of the SARI score compared with usual care 

departments) 

We used a SARI score ≥ 4 as the definition of anticipation of difficult intubation. In a per protocol 

analysis of the patients having a sufficient SARI score (n=22,826) the proportion of unanticipated 

difficult intubation was 2.17% (496) in SARI departments compared with 2.39% (723) in usual care 

departments. Adjusted OR was 0.95 (0.70-1.28), P=0.72. Using multiple imputation to handle missing 

data on the SARI score, the adjusted OR was 0.93 (0.68-1.26), P=0.63. 

 

Secondary outcomes: 
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Mortality 

We found no statistically significant difference between the two groups on 48 hour or 30 day mortality. 

Adjusted OR was 1.27 (0.63-2.59), P=0.51 for 48 hour mortality and 0.69 (0.37-1.78), P=0.24 for 30 

days mortality. 

 

The proportion of participants anticipated difficult to intubate, scheduled for and attempted intubated 

by an advanced method 

The number of patients anticipated difficult to intubate, scheduled for and intubated by an advanced 

method was 2.21% (714) in SARI departments versus 1.18% (378) in usual care departments. 

Adjusted OR was 1.31 (0.54-3.17), P=0.55. 

 

Diagnostic accuracy 

Of all difficult intubations in population 1, the fraction of unanticipated difficult intubation was 89.5 

% (696/778) in SARI departments and 91.1 % (723/794) in usual care departments; adjusted OR = 

1.02 (0.59-1.78), P=0.93. Further, no adjusted analyses yielded statistical significant differences in 

sensitivity, specificity, positive and negative predictive values or positive and negative likelihood 

ratios between the trial groups. 

 

Scheduled airway management 

In SARI departments there was an 84% increase in the proportion of patients scheduled for an 

advanced intubation methods compared with usual care departments, 10.33% (3,342/32,358) versus 

5.62% (1,794/31,915). Adjusted OR was 2.50 (0.98-6.37), P=0.06. 

Concordantly, we found a 58% increase in the proportion of patients anticipated difficult to intubate in 

SARI departments compared with usual care departments (4.32% (1,397/32,358) versus 2.73% 

(871/31,915)). Adjusted OR was 1.35 (0.77-2.38), P=0.29.
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Discussion 

Education in the use of the SARI, implementation of the SARI as a new guideline and its registration 

in DAD did not lead to a significant reduction in the proportion of unanticipated difficult and easy 

intubation.  Our conclusions remain similar regardless of the choice of population or performed 

sensitivity analyses. If the intervention did improve the diagnostic accuracy this should consequently 

lead to a lower number of unanticipated difficult intubations in SARI departments. While this was not 

the case, the behavior of the anesthesiologists did tend to change in SARI departments, leading to an 

increase in the point estimates of the number of patients predicted difficult to intubate and in the 

number of patients scheduled for advanced intubation techniques. 

  Prior to the DIFFICAIR trial we conducted a baseline cohort study on DAD data from 

2008-2011[11]. The frequency of difficult intubation was 1.86% in this study. In the DIFFICAIR trial 

the frequency of difficult intubation was 2.66 % and 2.62 % (SARI versus usual care). The enhanced 

focus on correct registration during the DIFFICAIR trial might explain the increased frequency of 

difficult intubation compared to baseline registration, rather than an actual increase in intubation 

difficulties. The increased frequency of intubation difficulties enhanced the power of our trial 

compared to the estimated sample size calculations that were based on data from the DAD in 2011. 

Prior observational studies on prediction of difficult intubation have been conducted under rigorous 

study settings and have demonstrated average to good predictive accuracy of the examined models. 

The DIFFICAIR trial on the other hand is a cluster randomized clinical trial comparing the clinical 

impact of implementing a systematic strategy for pre-operative airway assessment in daily clinical 

practice with usual care[14, 15]. Furthermore, data reflects daily practice from a widespread 

population of surgical patients and a heterogeneous group of anesthesia providers, and thus outcome 

assessers. Comparison on prediction rates from this RCT with prior observational studies should be 

made with caution.  



 

 

 
 

17 

Our trial has a number of strengths: 1) We applied state of the art methodology for testing the clinical 

impact of a predictive model [14, 15, 32],  2) the trial methodology was prospectively planned and 

reported in a published protocol and a statistical analysis plan [16, 17], 3) the applied methodology 

reduced the risk of systematic error (‘bias’) [33], 4) the large number of participants reduced the risk 

of random error (‘play of chance’) [34], and 5) adequate statistical methods were used to account for 

the clustered nature of the data (GEE) and for missing data (multiple imputation). 5) In order to 

explore a potential baseline imbalance, we performed a post hoc cluster adjusted GEE analysis, 

analogue to the one used on the present data, on 2011 baseline data comparing the departments later 

randomized to SARI departments with departments later randomized to usual care departments. We 

found no baseline difference between the two groups on the proportion of unanticipated difficult 

intubation, implicating no baseline imbalance on the primary outcome before trial initiation (OR 0.98, 

(95% CI: 0.72-1.35), P=0.88).  

Our trial design has a number of limitations. 1) Since the outcome assessor could not be blinded, the 

same person conducting the pre-operative assessment could theoretically also perform the outcome 

assessment. It was not possible to externally validate the data registered in the DAD, since no other 

registry records these data in Denmark. Most departments do follow up registration on missing 

patients, but we cannot rule out, that some undergoing anesthesia were never registered. 2) A local 

investigator was appointed on each department. Prior to trial commencement, the personnel on 

interventional departments were educated in using the SARI and in how to register airway assessment 

and management correctly in the DAD. Local investigators in the usual care departments were 

required to teach correct registration in the DAD and written instructions were distributed to all 

relevant personnel. The different level of attention and education may have led to an increased 

awareness and registration of difficult intubations in the SARI departments. 

3) In the design of the trial we sought to minimize the risk of contamination bias from the SARI to the 

usual care departments. But we could not prohibit the anesthesiologists in the usual care departments 
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from using the SARI score. Further, some anesthesiologists have unarguably changed employment, 

moving from SARI departments to usual care departments, potentially inducing minor contamination 

bias. It was impossible to conduct the trial unnoticed in Denmark. Therefore, a change of behavior 

towards using airway assessment resembling the SARI departments’ might have happened as a 

spillover effect on usual care departments. Additionally, some patients were impossible to SARI 

assess and some anesthesiologists unquestionably either forgot or deliberately avoided the use of the 

SARI. The fact that not all patients in the SARI departments were completely assessed by the SARI 

may have obscured a true intervention effect. Further, we could not ethically dictate the 

anesthesiologists to abide by the predictions of the SARI score and we found a discrepancy between 

the individual predictions of the anesthesiologists and the cut off value for anticipating a difficult 

intubation comprised in the SARI (SARI ≥ 4). However, in our analyses using this cut off value for 

distinguishing the anticipation of difficult intubation, we found no statistical significant difference on 

the primary outcome. 

4) The cluster randomized trial is inherently more prone to risk of baseline imbalance than the 

individually randomized trial and results should be interpreted baring this in mind. Even though the 

number of patients in each trial group was almost perfectly balanced, the case-mix was slightly 

uneven. The patients in usual care departments were slightly older and with a tendency of having a 

higher ASA classification. On the other hand more patients in SARI departments were intubated 

without the use of neuromuscular blocking agents. These variables are all potentially associated with 

difficult intubation[35]. Therefore adjusted analyses were pre-planned in the protocol and performed 

accordingly. However, we cannot rule out potentially unknown residual confounding. 

No other randomized clinical trial has prospectively compared two different strategies 

for pre-operative airway assessment. Although the trial was completed successfully from both a 

methodological and practical point of view, our results may not be easily reproduced. The trial settings 
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involved a national clinical database and 26 departments accepting to implement a new guideline for 

pre-operative airway assessment before randomization.  

The intervention in the DIFFICAIR trial was a combination of systematically applying the SARI for 

all patients, and a thorough education of physicians and nurses in using this tool. Based on this 

training, and the use of the tool, we hypothesized that the anesthesiologists would improve their ability 

to predict difficult intubation. In this trial the ‘true’ accuracy of the anesthesiologists’ predictions of 

intubation difficulties probably lies somewhere between the predictive values found in population 1 

and 2; with population 1 representing a ‘worst case’ scenario and population 2 representing a ‘best 

case’ scenario. Our results do not support that a pre-operative use of the SARI, leads to a reduction in 

the incidence of unanticipated difficult intubations. 

The main aim of predicting difficult intubations is to avoid airway management related morbidity, 

ranging from simple tooth injuries to anoxic brain damage or even death. The SARI departments 

seemingly categorized more patients at risk of intubation difficulties and allocated a larger number of 

patients to advanced intubation methods. Allocation to advanced intubation methods was undoubtedly 

the correct approach for some patients. However, it may equally have been superfluous for others, 

resulting in unnecessary use of resources and potential patient discomfort [36]. It is debatable, which 

ratio of false versus true predictions is to be considered acceptable, and our data do not allow us to 

exactly estimate such ratio [14, 37]. 

Based on the present trial we cannot recommend the SARI model as a superior approach to pre-

operative airway assessment compared with usual care. The proportions of unanticipated difficult 

intubation found in the DIFFICAIR trial underline the continued challenge anesthesiologists’ face in 

predicting these events.  
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Conclusion 

Implementation of a systematic use and registration of the SARI as a strategy for pre-operative airway 

assessment could not be demonstrated to reduce the incidence of unanticipated difficult or easy 

intubation. In SARI departments a larger number of patients may have been anticipated difficult to 

intubate, and a change in practice towards using more advanced intubation techniques may have 

occurred. 
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Figure legends 

Figure 1: 

Pre-operative airway assessment for each trial group 

Figure 2: 

White coat aid 

Figure 3:  

Data registered in the Danish Anaesthesia Database 

Figure 4: 

Flow diagram of cluster and patient allocation  

 

Table legends 

Table 1: 

Cluster level summaries 

Table 2: 

Individual patient level summaries 

Table 3: 

Diagnostic accuracy for different populations and sensitivity analyses 



Figure 1  

Pre-operative airway assessment for each trial group 

 



 

Figure 2 

White coat aid 

 



 

Figure 3  

Data registered in the Danish Anaesthesia Database 

 



 

Figure 4 

 

Flow diagram of cluster and patient allocation  

 



 

 SARI 
departments 
(15 clusters) 

Usual care 
departments 
(11 clusters) 

Mean cluster size (All patients in general anesthesia) 4977 6900 
   
Mean number of intubated patients 2157 2901 
   
Mean fraction of unanticipated difficult intubations in per cent 
(Population 1) 

2.02 1.93 

   
Mean fraction of unanticipated easy intubations in per cent 
(Population 1) 

1.85 1.05 

   
Mean Age 53.2 54.4 
   
Mean BMI 26.4 26.4 
   
Mean fraction ASA I 41.4 35.3 
Mean fraction ASA II 45.1 42.3 
Mean fraction ASA III 11.3 19.5 
Mean fraction ASA IV 1.0 2.5 
Mean fraction ASA V 0.1 0.1 
Mean fraction Unknown ASA class 1.3 0.3 
   
Fraction of private hospitals 0.27 0.18 
   
Fraction of stratum ’high’ (≥ 2% unanticipated difficult intubations 
at baseline, 2011) 

0.40 0.45 

	
  

Table 1 

Cluster level summaries 



 

 



Table 3 
Diagnostic accuracy for different populations and sensitivity analyses 
 

 

 

 
 
 
 

SARI departments 

     
 Difficult intubation  
  
 Yes No  

 
Anticipated difficult 

intubation 

Yes 82 415 497 

No 696 28016 28712 

 778 28431 29209 
      

Sensitivity = 0.11 (0.09-0.13) 
Specificity = 0.99 (0.98-0.99) 
Positive predictive value = 0.16 (0.13-0.20) 
Negative predictive value = 0.98 (0.97-0.98) 
Positive likelihood ratio = 7.2 (5.8-9.1) 
Negative likelihood ratio = 0.9 (0.9-0.9) 

 

 

 

 
 

Usual care departments 

       
   Difficult intubation  
    
   Yes No  

 
Anticipated difficult 

intubation 

Yes 71 302 373 

No 723 29209 29932 

   794 29511 30305 
      

Sensitivity = 0.09 (0.07-0.11) 
Specificity = 0.99 (0.99-0.99) 
Positive predictive value = 0.19 (0.15-0.23) 
Negative predictive value = 0.98 (0.97-0.98) 
Positive likelihood ratio = 8.7 (6.8-11.2) 
Negative likelihood ratio = 0.9 (0.9-0.9) 

 

  

The diagnostic accuracy of the anesthesiologists’ prediction of difficult intubation 
Population 1 

- Patients that were attempted intubated but not pre-operatively scheduled for advanced intubation methods 



 

 

 

 

 

 

SARI departments 

     
 Difficult intubation  
  
 Yes No  

 
Anticipated difficult 

intubation 

Yes 852 413 1265 

No 694 27975 28669 

 1546 28388 29934 
      

Sensitivity = 0.55 (0.53-0.58) 
Specificity = 0.99 (0.98-0.99) 
Positive predictive value = 0.67 (0.65-0.70) 
Negative predictive value = 0.98 (0.97-0.98) 
Positive likelihood ratio = 37.9 (33.1-42.1) 
Negative likelihood ratio = 0.5 (0.4-0.5) 

 

 

 

 

 

 

Usual care departments 

       
   Difficult intubation  
    
   Yes No  

 
Anticipated difficult 

intubation 

Yes 474 300 774 

No 723 29178 29901 

   1197 29478 30675 
      

Sensitivity = 0.40 (0.37-0.42) 
Specificity = 0.99 (0.99-0.99) 
Positive predictive value = 0.61 (0.58-0.65) 
Negative predictive value = 0.98 (0.97-0.98) 
Positive likelihood ratio = 38.9  (34.1-44.4) 
Negative likelihood ratio = 0.6 (0.6-0.6) 

 

  

The diagnostic accuracy of the anesthesiologists’ prediction of difficult intubation 
Population 2 

- Patients included as true positive if they were anticipated difficult to intubate, scheduled for and intubated 
by an advanced technique 



 

 

 

 

 

 

SARI departments 

     
 Difficult intubation  
  
 Yes No  

 
Anticipated difficult 

intubation 

Yes 73 1324 1397 

No 375 30586 30961 

 448 31910 32358 
      

Sensitivity = 0.16 (0.13-0.20) 
Specificity = 0.96 (0.96-0.96) 
Positive predictive value = 0.05 (0.04-0.07) 
Negative predictive value = 0.99 (0.99-0.99) 
Positive likelihood ratio = 3.9 (3.2-4.9) 
Negative likelihood ratio = 0.9 (0.8-0.9) 

 

 

 

 

 

 

Usual care departments 

       
   Difficult intubation  
    
   Yes No  

 
Anticipated difficult 

intubation 

Yes 53 818 871 

No 385 30659 31044 

   438 31477 31915 
      

Sensitivity = 0.12 (0.09-0.16) 
Specificity = 0.97 (0.97-0.98) 
Positive predictive value = 0.06 (0.05-0.08) 
Negative predictive value = 0.99 (0.99-0.99) 
Positive likelihood ratio = 4.7 (3.6-6.1) 
Negative likelihood ratio = 0.9 (0.9-0.9) 

 

  

The diagnostic accuracy of the anesthesiologists’ prediction of difficult intubation 
Sensitivity analysis 1 

- All patients included and difficult intubation defined as an intubation score ≥ 3 



 

 

 

 

 

 

SARI departments 

     
 Difficult intubation  
  
 Yes No  

 
             SARI score ≥ 4her star 

noget mere 

Yes 138 1139 1277 

No 496 21053 21549 

 634 22192 22826 
      

Sensitivity = 0.22 (0.19-0.25) 
Specificity = 0.95 (0.95-0.95) 
Positive predictive value = 0.11 (0.09-0.13) 
Negative predictive value = 0.98 (0.97-0.98) 
Positive likelihood ratio = 4.2 (3.6-5.0) 
Negative likelihood ratio = 0.8 (0.8-0.9) 

 

 

 

 

 

 

Usual care departments 

       
   Difficult intubation  
    
   Yes No  

 
Anticipated difficult 

intubation 

Yes 71 302 373 

No 723 29209 29932 

   794 29511 30305 

      
Sensitivity = 0.09 (0.07-0.11) 
Specificity = 0.99 (0.99-0.99) 
Positive predictive value = 0.19 (0.15-0.23) 
Negative predictive value = 0.98 (0.97-0.98) 
Positive likelihood ratio = 8.7 (6.8-11.2) 
Negative likelihood ratio = 0.9 (0.9-0.9) 

 

The diagnostic accuracy of the SARI versus the anesthesiologists’ prediction of difficult intubation 
Sensitivity analysis 2 

- Per protocol analysis. The diagnostic accuracy of the SARI score compared with usual care departments. A SARI ≥4 

represents anticipation of a difficult intubation in the SARI group. 
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