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abstRact
IntroductIon: Difficult airway management is associated 
with an increased risk of morbidity and mortality. Several 
preoperative risk factors associated with airway manage-
ment difficulties have been proposed; however, no clear 
guideline for airway assessments exists. We therefore hy-
pothesised that Danish airway assessment was lacking uni-
formity. We aimed to examine whether multivariable risk 
assessment tools and predictors for difficult intubation and 
mask ventilation were used systematically.
Methods: Heads of anaesthesia departments were sent a 
six-question survey at the beginning of 2012. We asked if 
systematic risk assessment tools, particularly the Simplified 
Airway Risk Index (SARI), and predictors for difficult intuba-
tion and mask ventilation were used. Additionally, we asked 
if any risk factors were pre-printed on the anaesthesia re-
cord.
results: In all, 29 of 31 (94%) departments responded. The 
SARI was implemented in 8 of 29 (28%, 95% confidence in-
terval (CI): 15-46%) departments with major regional differ-
ences. There was no significant association between using 
the SARI and a reduced number of unanticipated difficult in-
tubation (p = 0.06). Mallampati classification (95.2%, 95% 
CI: 77.3-99.2%), history of airway management difficulties 
(85.7%, 95% CI: 65.4-95.0%), ability to prognath (81.0%, 
95% CI: 60.0-92.3%) and neck mobility (81.0%, 95% CI: 60.0-
92.3%) were the main predictors registered. 
conclusIon: We found considerable inter-departmental 
variance in the standards employed for airway assessment 
and no uniform pattern in the registration of risk factors for 
airway management difficulties. Better prediction of diffi-
cult intubation could not be detected in departments that 
used the SARI. 
FundIng: none.
trIal regIstratIon: not relevant.

Difficult airway management is associated with in-
creased patient risks [1, 2]. Improved prediction of diffi-
cult tracheal intubation and mask ventilation may re-
duce adverse events due to allocation of experienced 
personnel and correct use of equipment [3-5]. However, 
accurate prediction remains a pivotal challenge in anaes-
thesia, and numerous studies have sought to find reli-
able predictors for difficult intubation and difficult mask 
ventilation [6–9]. No single risk factor sufficiently pre-

dicts difficult airway management, but by combining 
several risk factors the diagnostic accuracy may improve 
[6-8]. Multivariable risk assessment models have been 
proposed as reliable tools for prediction of tracheal intu-
bation difficulties [6, 7, 9]. The American Society of An-
esthesiologists (ASA) recommends a preoperative as-
sessment of the patient’s airway based on 11 anatomical 
variables [3] and the UK-based 4th National Audit Pro-
ject (NAP4) also emphasises the importance of perform-
ing a preoperative airway assessment including bedside 
tests [5]. The NAP4 summarises that adverse events may 
arise when a preoperative airway assessment is not per-
formed or when its prediction is imperfect. 

Nevertheless, no elaboration is given on mandatory 
factors for examination, or on how they should be 
weighted in an overall assessment. The ASA argues that 
the decision to assess some or all risk factors depends 
on the clinical context. Like in the UK and USA, there is 
no specific national recommendation for preoperative 
airway assessment in Denmark [10, 11].

Consequently, airway assessment is ultimately left 
at the discretion of the individual anaesthesiologist and, 
if available, local departmental recommendations.

We therefore hypothesised that Danish airway as-
sessment was of a non-uniform character across depart-
ments of anaesthesia.

The aim of this study was to examine guidelines for 
preoperative airway assessment in Danish departments 
of anaesthesia and to examine whether multivariable 
risk assessment tools were used systematically, in par-
ticular the Simplified Airway Risk Index (SARI) [6]. We 
also aimed to examine whether risk factors for difficult 
intubation and difficult mask ventilation were used and 
registered consistently. Finally, we wanted to explore 
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whether departments using systematic risk assessment 
tools performed better in predicting airway manage-
ment difficulties.

mEthOds
A simple six-question form was sent to 31 heads of de-
partment at the beginning 2012. The inclusion criterion 
for receiving the survey was that the department was 
reporting data to the Danish Anaesthesia Database 
(DAD). In the DAD it is mandatory to record anticipations 
of difficulties with airway management for all patients 
scheduled for general anaesthesia.

The maximum response time was approximately six 
months and consequently the survey concluded by mid 
2012. We asked whether the SARI was a mandatory tool 
for airway assessment of adult patients undergoing sur-
gery, and if affirmed, whether the original cut-off value 
of the SARI sum score was used as a standard for antici-
pation of difficult intubation [6]. If the SARI was not 

used, we asked if another systematic risk assessment 
tool was implemented. The SARI was our initial focus 
point since we perceived that this multivariable risk 
model might be implemented at some departments. 
Furthermore, we inquired whether the following risk 
factors for difficult intubation were pre-printed on the 
anaesthesia record: mouth opening, thyromental dis-
tance, Mallampati classification, neck movement, ability 
to prognath, body weight and history of difficult intuba-
tion. Additionally, we asked the respondents to specify 
these in case other variables were recorded. Finally, we 
inquired whether any of the following risk factors were 
being used systematically, specifically for prediction of 
difficult mask ventilation: age > 55 years, Mallampati III/
IV, gender, beard, body mass index (BMI) > 26, tooth-
lessness, snoring, sleep apnoea and neck radiation 
changes [9, 12, 13]. 

In addition to collecting the survey forms, a copy of 
the anaesthesia record from each department was re-
trieved in order to validate any pre-printed risk factors.

Primary outcome: The proportion of departments 
using the SARI as a standard for preoperative airway as-
sessment.

Secondary outcomes: Whether using the SARI (or 
other risk models) was associated with a better predic-
tion of difficult intubation, whether registration of add-
itional risk factors was associated with better prediction 
of intubation difficulties, use of other risk assessment 
tools, regional differences in the use of the SARI, and 
use of risk factors for difficult intubation and difficult 
mask ventilation.

Data: We emphasised the importance of a high re-
sponse rate in order to ensure good data quality and re-
liable results. The survey was sent by email and accom-
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panied by an explanatory letter. If the survey was not 
returned within a month, an email reminder was sent. In 
case of no reply, the head of the department was finally 
contacted by telephone. The individual questions of the 
survey were validated by seven independent consultants 
of anaesthesia who were interviewed face to face about 
their perception of the individual questions [14]. A co-
hort from 2008 to 2011 counting 188,064 patients was 
extracted from the Danish Anaesthesia Database (DAD). 
In the DAD, it is mandatory to record anticipation of in-
tubation difficulties and the actual conditions regarding 
intubation. Sensitivity and the fraction of unanticipated 
difficult intubation were calculated for each depart-
ment. 

Statistics: Percentages with 95% confidence inter-
vals were used to present descriptive statistics. Com-
parison of means between dichotomous predictors was 
performed using independent t-test statistics, and one-
way ANOVA was performed for categorical predictors 
with more than two categories. p-values ≤ 0.05 were 
considered statistically significant.

Trial registration: not relevant.

REsUlts
The questionnaire was sent to 31 departments and 29 
had returned it by mid 2012, leaving two non-respond-
ing departments.

Eight of 29 departments answered that the SARI 
had been implemented as a standard for preoperative 
airway assessment, corresponding to 27.6% (95% CI: 
14.7-45.7%) of the departments. One department had 
the full SARI model pre-printed on the anaesthesia re-
cord, but stated that it was not used as a standard. 
Regional differences were detected, i.e. in two out of 
five regions, the SARI was already implemented (six de-
partments) or under implementation (three depart-
ments) as a mandatory tool for preoperative airway  
assessment. In the remaining parts of Denmark (20 de-
partments), two departments had introduced the SARI 
(10.0%).

No departments had implemented other multivari-
able risk models for prediction of airway management 
difficulties aside from the SARI model.

The mean proportion of unanticipated difficult intu-
bation was 1.2% (standard error (SE): 0.17) in depart-
ments using the SARI and 1.8% (SE: 0.16) in departments 
not using the SARI. T-test statistics revealed a mean dif-
ference of -0.55% (CI: -1.11 to 0.01), p = 0.06 (Figure 1).

The mean sensitivity for prediction of difficult intu-
bation was 11.1% (SE: 2.96) in departments using the 
SARI and 8.4% (SEM: 1.06) in departments not using the 
SARI. The mean difference was 2.67% (CI: -2.49 to 7.84), 
p = 0.30 (Figure 2).

We found no linear correlation between the num-
ber of risk factors registered on the anaesthesia record 
and a better sensitivity of predicting difficult intubation 
(p = 0.41).

When excluding the eight departments that had al-
ready implemented the SARI, all but one department 
had the Mallampati classification pre-printed on the an-
aesthesia record (95.2%, CI: 77.3-99.2%). A history of 
airway management difficulties (85.7%, CI: 65.4-95.0%), 
neck movement (81.0%, CI: 60.0-92.3%) and jaw protru-
sion (81.0%, CI: 60.0-92.3%) were also frequently pre-
printed risk factors. Mouth opening and thyromental 
distance were recorded in three (14.3%, CI: 5.0-34.6%) 
and two (9.5%, CI: 2.7-28.9%) departments, respectively 
(Figure 3).

No departments stated that they had explicit stand-
ards for preoperative assessment for mask ventilation 
difficulties or specific risk factors for this purpose pre-
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printed on their anaesthesia record. However, several 
risk factors for difficult intubation are also risk factors 
for difficult mask ventilation and were therefore to 
some extent recorded. Although this was not exclusively 
a predictor for difficult mask ventilation, 55.2% (CI: 37.6-
71.6%) of the departments stated that they examined 
the patients for toothlessness preoperatively. The pa-
tients’ weight was registered routinely in all depart-
ments. The median number of risk factors pre-printed 
on the anaesthesia records (weight excluded) was four, 
ranging from one to six (table 1). No other risk factors 
than the ones comprised in the SARI were pre-printed 
on anaesthesia records in any department.

discUssiOn
The scope of this paper was to elucidate whether there 
was national consensus on preoperative airway assess-
ment in Denmark. The SARI model was under implemen-
tation in two out of five regions in Denmark. In the re-
maining parts of the country, two departments had 
implemented the SARI. Although, the point-estimates 
were in favour of departments using the SARI, we found 
no statistically significant difference in the accuracy of 
predicting difficult intubation in departments using the 
SARI compared with departments not using the SARI. 
Nor was registration of additional risk factors correlated 
with better prediction.

We found a considerable discrepancy in the stand-
ards for assessment of risk factors for difficult airway 
management and a great variation in the number of risk 
factors printed on the anaesthesia records. No depart-
ment had explicit standards for assessing risk factors for 
difficult mask ventilation. However certain risk factors 
for difficult intubation are also predictive of mask venti-
lation difficulties [9, 15].

Few studies elucidate the topic of consensus on  
airway assessment. A study on individual anaesthesi-
ologists’ routines on airway assessment showed similar 
patterns of favoured risk factors and discrepancies [16]. 
It seems that the Mallampati test is well incorporated in 

practice in Denmark and throughout Europe and North 
America [16, 17]. However, there is no evidence of the 
Mallampati test being a superior tool for prediction of 
difficult intubation compared with other known risk fac-
tors. Like most other bedside tests, the Mallampati test 
has a poor-to-moderate sensitivity and a moderate-to-
good specificity [8, 18]. The general application of the 
Mallampati test may be due to tradition and the fact 
that it  was introduced as one of the first risk assess-
ments for difficult intubation.

Examination of mouth opening was only done in 
14.3% of the departments in Denmark that did not use 
the SARI. This is surprising compared with data from 
Europe, where mouth opening is the most commonly  
assessed risk factor [16].

Studies have shown that by combining risk factors 
for difficult intubation, the diagnostic accuracy increases 
[6, 8]. Therefore, it was not surprising to discover that 
most departments had more than one risk factor printed 
on their anaesthesia record. However, the variance of 
standards for preoperative airway assessment was to 
some extent surprising.

We found no statistically significant improvement in 
difficult airway prediction in departments using the 
SARI. This is in keeping with results from a large cluster-
randomised trial previously conducted [11].

Since tracheal intubation, placement of a laryngeal 
mask airway and mask ventilation serve as escape strat-
egies for each other in case of difficulties, it was surpris-
ing that no departments had standards for assessing  
difficulties with laryngeal mask placement and mask 
ventilation. Different risk factors than those associated 
with difficult intubation have been suggested for these 
techniques [9, 19].

The survey had a good coverage, including approx-
imately 70% of Danish anaesthesia departments from all 
regions and also achieved a response rate of 29 out of 
31. The questionnaire was kept simple and limited to six 
simple questions that were mainly answerable by Yes or 
No. We retrieved anaesthesia records from each depart-
ment in order to validate the answers and the under-
standing of the questions [14].

However, the study has some limitations: We asked 
only those departments that registered data in the DAD. 
Since it is mandatory to give a Yes/No response to ques-
tions on anticipated difficulties with intubation and 
mask ventilation in the DAD, we assumed that these de-
partments had taken some kind of stand regarding the 
topic of preoperative airway assessment. The depart-
ments represent a wide selection of patient demograph-
ics and we believe that they are representative of the 
anaesthesia practice in Denmark. There was only one re-
spondent per department and it might have been valu-
able to have more than one respondent per department 

tablE 1

Distribution of risk  
factors for difficult  
intubation registered  
in Danish anaesthesia  
departments – body-
weight not included.

Risk factors on  
anaesthesia record,
n

anaesthesia  
departments,
n

1  1

2  3

3  2

4 12

5  2

6 (complete SARI)  9

SARI = Simplified Airway Risk Index.
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in order to further validate the answers from the re-
spondents.

The results reveal large variation in departmental 
standards for preoperative airway assessment. In keep-
ing with UK and European data, we assume that further 
variation is present between the individual anaesthesi-
ologists within each department [16]. The variation in 
preoperative airway assessment found in this paper is 
most likely not an isolated Danish issue [16, 17].

From 2008 to 2011, only 6-25% of all difficult airway 
management in Denmark was predicted [10]. The rare 
nature of airway management difficulties makes predic-
tion a continuous challenge for the anaesthesiologist 
[20]. However, there may be room for improvement. 
Better, evidence-based and uniform guidelines may be 
warranted [16, 17].

cOnclUsiOn
We found a wide discrepancy in preoperative airway as-
sessment between regions and departments in Denmark. 
The SARI was implemented in eight Danish departments, 
and no other risk model was implemented anywhere. No 
statistically significant difference in predictive accuracy 
was detected between departments that were using the 
SARI and those that were not. Large variations in the 
standards for assessment of risks of difficult intubation 
were found, and no departments had specific standards 
for assessment of the risk of difficult mask ventilation.
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