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Summary
Several studies have identified difficult airway management including a difficult tracheal

intubation of patients undergoing general anaesthesia as a major cause of anaesthesia-related
morbidity and mortality. Therefore it is presumed that a difficult tracheal intubation is a surrogate
marker for morbidity and mortality, and by reducing the prevalence of difficult tracheal intubation
then morbidity and mortality will be reduced as well. From the Danish Anaesthesia Database
(DAD), we retrieved a Acohort of consecutive patients planned and attempted for tracheal
intubation by direct laryngoscopy. Based upon various data including an intubation score
registered in the database, we aimed to evaluate four different parameters, ‘Obesity’, ‘avoidance
of neuromuscular blocking agents’, ‘a previous difficult tracheal intubation” and ‘the modified

" Mallampati-score’, as possible risk factors for a difficult tracheal intubation.

All of these risk factors were statistically associated with a difficult tracheal intubation, but the
clinical significance varied substantially. However, neither ‘obesity’, ‘the modified Mallampati-
score’ nor ‘a previous difficult tracheal intubation’ were sufficient as stand-alone tests for
prediction of difficult tracheal intubation. In multivariate analyses the impact of obesity on the risk
of difficult tracheal intubation seems weak, while both ‘the modified Mallampati-score’ and ‘a
previous difficult tracheal intubation’ demonstrated to be clinically strong risk factors for difficult
tracheal intubation. The evaluation of ‘avoidance of neuromuscular blocking agents’ as a risk
factor differ substantially from the other assessments, as it concerns the impact of an intervention
rather than of a patient-related risk factor for difficult tracheal intubation. In our assessment,
‘avoiding neuromuscular blocking agents’ was demonstrated as a possible risk factor for difficult

and abandoned tracheal intubation independent of other risk factors recorded in the DAD.

Several previous studies have failed to present specific risk factors that could identify difficult
intubation or laryngoscopy by itself. Therefore it seems rational to focus on the development,
testing and modification of multivariate models from large scale cohort studies, hereby making the
prognostication operational in everyday clinical practice. From there the challenge may be to test
the effectiveness of the use of such a model in order to evaluate whether it actually has the

capability to reduce difficult tracheal intubation, complications, and mortality. It seems that such a




trial should and could be conducted as a cluster randomized trial of anaesthesia departments

within the framework of the DAD.




Dansk resumé

Flere undersggelser har peget p3, at for patienter, der skal i generel anzestesi, udger en vanskelig
handtering af luftvejene, herunder den 'va'nékelige intubation, en vaesentlig arsag til
anastesirelateret morbiditet og mortalitet. Man antager derfor, at en vanskelig intubation er et
surrogat for morbiditet og mortalitet, saledes at man kan reducére omfanget af komplikationer
ved at reducere forekomsten af vanskelige intubationer. Vi foretog et udtraek fra Dansk Anaestesi
Database, som omfattede en kohorte af patienter, der har veeret i generel anzestesi og som var
planlagt og forsggt intuberet ved direkte laryngoskopi. P& baggrund af en intubationsscore samt
en raekke gvrige variable, som ligeledes var registreret i databasen, var det vores malsaetning at
identificere forskellige risikofaktorer for den vanskelige intubation. Vi undersggte saledes fire
mulige risikofaktorer: "overvaegt”, "undladelse af brug af neuromuskuleere relakserende stoffer”,

”en tidligere vanskelig intubation” og ”den modificerede Mallampati-score”.

Alle fire parameter var statistisk hgjsignifikant associeret med en vanskelig intubation, men deres
kliniske indbyrdes betydning som risikofaktorer for en vanskelig intubation varierede betydeligt.
Hverken overvaegt, den modificerede Mallampati-score eller en tidligere vanskelig intubation var
tilstraekkelige som selvsteendige preediktorer for en vanskelig intubation. For overvagts
vedkommende, synes risikoen for en vanskelig intubation at veere beskeden. Derimod viste
multivariate analyser, at bdde den modificerede Mallampati-score og en tidligere vanskelig
intubation begge var klinisk betydende riskofaktorer for en vanskelig intubation. Vores
undersggelse af “undladelse af brug af neuromuskulaere relakserende stoffer” som risikofaktor
adskiller sig vaesentligt fra analyserne af de gvrige risikofaktorer, idet der fokuseredes pa en
intervention frem for patientrelaterede faktorer. Vores undersggelse indikerer at “undladelse af
neuromuskulzere relakserende stoffer” er en selvstaendig risikofaktor for en vanskelig intubation

og for en opgivet intubation.

I tidligere studier er det ikke lykkedes at identificere faktorer som selvstaendigt kan forudsige en
vanskelig intubation. Det synes sdledes rationelt hvis der i hgjere grad end hidtil fokuseres pa
udvikling, testning og modificering af multivariate modeller udviklet p& baggrund af store kohorte

studier, og herved at ggre prognosticeringen operationel i en klinisk hverdag.
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Efterfglgende vil udfordringen veere at gennemfgre forsgg, der skal vurdere effekten af en s3dan
model, s man kan fastsla, om man rent faktisk er i stand til at reducere antallet af vanskeligte
intubationer, komplikationer og dgdelighed. S3dan et forsgg kan og bgr gennemfgres som et

cluster (afdelings) randomiseret forsgg inden for rammerne af Dansk Anaestesi Databases.
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Background

Morbidity and mortality related to airway management
Patients anaesthetised with general anaesthesia are deprived of their awareness and their ability

to breathe and protect their airway. Therefore it is vital, to ensure a safe airway and continued

1% identify difficult or failed airway

ventilation of these patients. However several studies
management as a major reason for mortality and morbidity related to anaesthesia. The
morbidities range from sore throat, hoarseness, vocal cord lesion, pharyngeal oedema, pharyngeal
necrosis™, to more severe damages such as rupture of the pharynx, aspiration pneumonia and
brain and heart injuries caused by hypoxemia or anoxaemia. These severe complications may even

h2471218 An assessment of records from The Danish Closed Claims Register * from

cause deat
1996 to 2004 identified 24 patients who died of causes related to anaesthesia. Of these, four were
related to the airway management. Another assessment of complaints related to respiratory
events in anaesthesia from 1994 to 1998 in Denmark’ identified difficult tracheal intubation as the
major cause of death. Further, the assessment highlights pulmonary aspiration of gastric contents
as another cause of mortality. Other studies evaluating death related to obstetric anaesthesia

“have identified failed airway management as a major cause of death®.

However, deaths caused by airway management failures seem to have decreased over the last
decades®’*, A recent review of mortality in anaesthesia? estimates that anaesthesia-related
mortality rates in developed countries are lower than 1 per 10 000 anaesthetics and that airway
management accounted for the majority of the cases. However, there may be a considerable risk
that these assessments underestimate the prevalence as the majority of studies were based on
retrospective assessments and only evaluated a limited time span, for example, the first 24
postoperative hours**", the first 3 postoperative days', the first 7 postoperative days®,
Accordingly, the “dark” number of deaths associated with failed airway management may be

substantial.

The Difficult Airway
There is no consensus of a standard definition of ‘difficult airway’ in the literature. However, in the

Practice Guidelines for Management of the Difficult Airway by the American Society of
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Anesthesiologist (ASA)™, a difficult airway is defined as the clinical situation in which a
conventionally trained anaesthesiologist experiences difficulty with face mask ventilation of the

upper airway, difficulty with tracheal intubation or both.

The task of maintaining a safe and sufficient airway may be achieved by various different
procedures. Face mask ventilation is an essential procedure. Often, mask ventilation on its own or
in combination with the use of other devises like a laryngeal mask or the tracheal tube ensures
sufficient airway management. Despite being a basic procedure of handling the airway, mask
ventilation is an important rescue technique in a situation with difficult or failed tracheal

20-23' the

intubation. Among studies dealing with the predict‘ion of a difficult face mask ventilation
ease or difficulty of mask ventilation have been categorised by using a four-point scale®: 1)
ventilated by mask; 2) ventilated by mask with oral airway adjuvant with or without muscle
relaxant; 3) difficult ventilation (inadequate, unstable, or requiring two providers) with or without
muscle relaxant; 4) unable to mask ventilate with or without muscle relaxant. The most
comprehensive assessment including more than 50 000 patients®! estimated that the prevalence
of difficult and impossible mask ventilation was 2.4 %. The use of supraglottic devices like the
laryngeal mask occupies an increasingly important position in the management of the airway”.
However in Denmark, around half of all patients offered general or combined anaesthesia are still
undergoing tracheal intubation by direct laryngoscopy as a part of airway management?®, Tracheal
intubation is considered a safe airway, because the tube is placed and cuffed directly in the

trachea of the patient. Hereby, free access and direct connection to the lower airway of the

patient is ensured, and the risk of aspiration of gastric content into the lungs may be reduced.

The ASA gﬁideline distinguishes between difficult laryngoscopy and difficult tracheal intubation.
However, the guideline does not define these manoeuvres specifically. Thus, in several studie527'62,
the view of a direct laryngoscopy is classified into four grades according to the ‘Cormack and
Lehane’ classification®®: Grade 1) full view of the glottis; Grade 2) partial view of.the glottis or
arytenoids; Grade 3) only epiglottis visible; Grade 4) neither glottis nor epiglottis visible. The less
frequently used ‘Modified Cormack and Lehane’ classification®® has two additional grades: Grade

2a) partial view of the glottis and a Grade 2b) arytenoids or posterior part of the vocal cords only

13




just visible. Difficult laryngoscopy is defined as (Modified) Cormack and Lehane Grades (2b), 3 and

4, Even though a difficult laryngoscopy may be a surrogate marker for difficult tracheal intubation,
several studies®®*#43931165280-62 g0 0y 10 jdentify difficult tracheal intubation by the Cormack and

5381 Lising various definitions of a

Lehane grade 3 and 4. The literature presents several studies
difficult tracheal intubation. One study simply use the operator’s subjective judgement as to the
ease of performing an intubation by a senior anaesthesiologist’®. Other studies combine both
subjective and objective criteria®. Most studies use an intubation score, based solely upon
objective criteria. A simple score defines a difficult tracheal intubation as a Cormack and Lehane

342 Other definitions include

grade 3 or 4 in combination with the use of a rubber elastic Bougie
variables like the amount of time needed for intubation®®, the need of special techniques and
whether intubation was attempted by a secondary/senior anaesthesiologist®®. The most
comprehensive and complicated score ‘The Intubation difficulty scale’ defined by Adnet et al®*
includes seven different items describing different aspects of the tracheal intubation. Thus, the
score uses information on the number of attempts used, the number of operators performing the
intubation, the number of alternative techniques used other than direct laryngoscopy, the
observed Cormack and Lehane grade, the required lifting force during the laryngoscopy, if
laryngeal pressure was neededs and information on the vocal cord mobility. The various definitions
of an intubation score reflect the complexity of different elements that may be of importance for
sufficient airway management. Further, these various definitions introduce heterogeneity and
complicate the comparison of the numerous studies evaluating the ease and difficulty of tracheal
intubation. Finally, these intubation scores were used in the assessments of both general and
specific patient populations like obstetric?®4°%%87276, ohese® 7189, 3cromegali?’®; cervical
spine limit”; laryngeal disease®’; thyroid surgery®; maxillofacial surgery®® and patients with

diabetes™. Despite this clinical diversity a meta-analysis85 estimates an over-all prevalence of

difficult tracheal intubation of 5.8 % (4.5 - 7.5 %, 95 % ClI).

Anticipated and unanticipated difficult tracheal intubation — surrogate markers for severe
complications
A surrogate outcome measure is a laboratory measurement, a physical sign, or any other

intermediate substitute that may be able to predict a treatment response on a clinically

meaningful outcome measure. The first step in validation is to demonstrate a correlation between

14




the putative surrogate and the clinical outcome, e.g., the higher prevalence of the surrogate the

higher prevalence of death. However, a correlation is not sufficient to validate the surrogate. The
second step is to establish if an intervention effect on the surrogate outcome accurately predicts
the intervention’s effect on the clinical outcome®. The literature does not verify that the difficult
tracheal intubation is a surrogate for severe morbidity and mortality. Nonetheless, the
assessments of the closed claim registers and other observational studies clearly suggest a causal
relationship between a difficult or a failed tracheal intubation and severe complications and even
death. In one study two thirds of all deaths that were caused by difficult tracheal intubation were
unanticipated®?, The literature distinguishes between the anticipated and the unanticipated
difficult tracheal intubations, the latter is considered the clinical situation associated with the
largest risk of complications. Several national and international guidelines especially focus on the
unanticipated difficult tracheal intubation'*****°_ pifferent algorithms describe how to handle
the airway, and the proposals include both technical and non-technical guidance. In contrast, the
anticipated difficult tracheal intubation is considered safer, because the anaesthesiologist is able
to take precautions in order to reduce the risks associated with tracheal intubation. Precautions
can include allocating the task of performing the intubation to a more experienced physician or an
airway expert, or employing devices other than the direct laryngoscope‘ for airway management.
There are numerous airway devices available that act either as conduits to oxygenation and
ventilation (e.g., laryngeal mask airway, laryngeal tube) or as devices designed specifically to
facilitate tracheal intubation (lighted stylets, videolaryngoscopes, flexible bronchoscopes)?. It is
the general hypothesis that regardless of whether the difficult tracheal intubation is anticipated or
unanticipated morbidity and mortality will decrease with a reduced risk of a difficult tracheal

intubation (Figure 1).
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1eal intubation as a surrogate for morbidity and mortality.

Risk level

of
e Mortality |
Aniticipated _ . el g
Muarbidity

The risk of difficult tracheal intubation

The risk of difficult airway management including difficult tracheal intubation is determined by
multiple factors related to the patient, the anaesthetist’s technical skills, non-technical skills, as

well as the facilities available, and the local environment®*?

. Therefore, there may be several
approaches for reducing or removing the risk of difficult tracheal intubation. It is commonly
believed the risk of complications related to the tracheal intubation is less frequent if the difficult
tracheal intubation itself is anticipated. Therefore, it has been the aim of lots of studies to predict
the occurrence of difficult tracheal intubation, and thereby reduce the number of unanticipated
difficult tracheal intubations and thus reduce the risk of subsequent complications. Several studies
have focused on different factors related to the patient. These factors have been evaluated as sole

66,74;93-96

predictors or in combination. Some studies conducted multivariate risk scores , and several

97 The performance of the tests varies

of the predictors have been evaluated in meta-analyses
considerably between studies evaluating similar tests. This may be caused by whom and how the

tests were performed and the type of patient population evaluated. Patient populations vary

16




considerably in the listed studies. In addition to patient related factors, several other parameters

may be determinants for a difficult tracheal intubation. As examples, the experience of the

479 position of the patient (sniffing position, ramped position)**®°, and different

100;101
d .

anesthesiologist

drugs used for induction of the anaesthesia have been evaluate

The Danish Anaesthesia Database
Danish Anaesthesia Database (DAD) is a national clinical quality database that contains specific

guantitative anaesthetic and surgical indicators describing the perioperative period. All types of
surgery are represented in the database. The departments are connected via the Internet to a
central server hosted by The Unit for Clinical Quality, in the Capital Region, Denmark. Usually, the
information is recorded during or immediately after each anaesthetic and surgical procedure.
However, if the online hook-up to the internet is disconnected the data may have to be registered
later. The aim is to report data consecutively to the DAD. The interface of the database is
interactive and changes depending on the type of anaesthesia and surgery that is registered. All
registered parameters are predefined and the interface to register the airway-evaluation, plan,
and management is the same for all the registration sites as well as the rules of validation and the
on-line user manual. Each patient entered into the database is registered with a unique identifying
number from the centralised Danish civil register. This unique identifier enables registration of
each patient during the statistical analysis and prevents duplicates of anaesthesia reports thereby
avoiding errors in reporting due to a wrong sampling unit. Furthermore, the unique identifier
makes it possible to retrieve information on patients anaesthetised and registered more than once

during the period of observation.

Coverage, completeness and quality of data
Fourteen Danish anaesthesia departments in 2005, and 25 departments in 2006-07, prospectively

reported data to the DAD version 2. Patients anaesthetised in these departments probably
represent less than half of all patients anaesthetised in Denmark during 2006-7 as around 50
anaesthesia departments were operating during this period. Unfortunately the exact coverage is
not known, because the true number of patients undergoing surgical procedures is concealed

{Figure 2). Further, there are no global estimations of the number of pertinent records registered
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in the Danish National Health Register (DNHR) {(a comprehensive register of all citizens’ health

records) which are not registered in the DAD. On the opposite, there are a number of estimations
for the coverage of specific populations. In a survey of 6,143 patients undergoing hip fracture
surgery, the records retrieved from the DAD corresponded to 98.5 % coverage of the records in
the Danish National Health Register. Similarly, of 1 472 records of patients undergoing tracheal
intubation by direct laryngoscopy who died within 2 weeks after surgery, the coverage was 99.0 %.
This indicates that 1-1.5 % of the records in the DAD were not retrievable from the Danish
National Health Register. However, the number of patients registered in DNHR which cannbt be
retrieved in DAD is unknown. The DAD still awaits the possibility to make a valid estimate of this

number, The expectation is that this will be possible within a couple of years.

Figure 2: Coverage of patients recorded in the Danish Anaesthesia Database.

g/ NN NN
N %

Y

S NN

Patients recorded in DNRH but not in DAD

Patients recorded in DAD but not in DNHR

Patients undergoing surgery without any records in DAD or DNHR

Quality of data entry is controlled during the process of registration in the DAD, all registered
parameters are predefined and user manuals are available in both paper and as an integrated on-
line manual in the DAD. Further, the designs of the categories of the registered parameters of the

DAD are exclusive and exhaustive. As an example, the modified Mallampati-score is divided into
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-six categories: 1 =class |; 2 = class Il; 3 = class lil; 4 = class IV; 5= unknown; 6 = is already tracheal

intubated. Because of multiple numbers of clinical evaluators of many parameters of many
patients in an everyday clinical set up, we cannot ensure controlled and uniform evaluation and
registration of all parameters for all patients. There are no large formalised evaluations of the data
validity registered in the database. However, in a small retrospective assessment, a total of 102
consecutive anaesthetic patient files from Herlev Anaesthesia Department from October 2005
were evaluated and cbmpared with corresponding records in the DAD. Two anaesthetic patient
charts did not have a corresponding record in the DAD, thus a total of 100 anaesthetic patient files
of patients undergoing general or combined anaesthesia had a matching record in the DAD. We
did this small assessment, because we knew that approximately 11 % of all records of the
Mallampati-score in DAD was categorised as ‘unknown’. Therefore, we compared the patient

charts and the data in the DAD to evaluate the number of patients who were registered with or

without a Mallampati-score (Table 1).

Table 1. Registration of Mallampati-score in anaesthetic charts and the Danish Anaesthesia database.

Mallampati-score registered in DAD
Yes No
Mallampati-score registered Yes 78 2 80
In charts No 9 11 20
87 : 13 100

In this small sample, the missing value (categorised as; ‘5 = unknown’) of a Mallampati-score in the
DAD were 13 % (7.3 — 19.6, 95 % Cl) while 20 % (13.2 — 27.8, 95 % Cl) of the patient charts did not
report the score. A total of 45 % (9 of 20) of the patients who did not have any records of a
Mallampati-score in the anaesthetic patient chart were registered with a Mallampati-score in the
DAD. On the contrary, 15 % (2 of 13) were recorded in the DAD without a Mallampati-score even
though the matching anaesthetic patient chart contained a Mallampati-score. This may indicate
that the patient charts should not be considered the gold standard when evaluating the coverage
of the DAD concerning the Mallampati-score. The Mallampati-score is the covariate encumbered
with the highest degree of missing value in the database probably because the registration of
‘unknown’ is allowed. On the other hand allowing a score of ‘unknown’ discourages the practise of

‘inventing’ values which may occur if the anaesthesia personnel were obliged to register a specific
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Mallampati-score for each patient in the database. Mostly, the completeness of parameters is

high, as for other parameters the missing values are less than 2 % due to the fact that the DAD

record can not be delivered to the central server without the obligatory fields filled in.

As a supplementary assessment, we focused on the 78 patients (Table 1) registered with both a
Mallampati-score in the patient chart and in the DAD. Of these, the Mallampati-score differs by
5%, as in 4 of 78 patients there was a disagreement between the registered Mallampati-score in
the patient file and the DAD. There may be several reasons for this. It is likely that the
disagreements were caused by an incorrect entry in the DAD. The disagreement may also be
caused by the evaluation of the Mallampati-score being performed by two different evaluators.
The score registered in the patient file may be performed days ahead of surgery. Therefore, the
anaesthesiologist performing the airway handling and induction of anaesthesia may have re-
‘evaluated the Mallampati-score. This may be supported by a study®? that evaluated the reliability

of the Mallampati-score. In this study the inter-observer-reliability was poor (kappa =0.31).

The cohort retrieved from the Danish Anaesthesia Database
In three of the studies included in the current thesis, we retrieved a cohort from the DAD of

patients undergoing anaesthesia from January 2005 to December 2007. We excluded records of
patients exclusively undergoing regional anaesthesia or sedatioh. Records of patients undergoing
general or combined anaesthesia without any attempts of tracheal intubation were also excluded.
A total number of 148 546 records including patients undergoing general or combined anaesthesia
primarily scheduled for tracheal intubation were retrieved. We further excluded patients who had
already been tracheal intubated when arrh)ing at the operating room, patients aged less than 15
years and those primarily scheduled to undergo flexible or rigid fiberoptic tracheal intubation.
There were no records of the reason for these patients to be allocated to fiberoptic tracheal
intubation; some may have been allocated to this procedure due to educational purposes rather
than anticipated difficult tracheal intubation. Tracheal intubation was performed or attempted in
103 812 eligible patients. However, records of 126 433 intubations exist as some patients
underwent tracheal intubation by direct laryngoscopy for anaesthesia on more than one occasion.

Of these patients, 88 313 underwent tracheal intubation only once while 15 499 patients had been
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Figure 3: Selection of the study cohort.
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55,270 records of regional anaesthesia alone were excluded

12,261 records of sedation alone patients were excluded

158,231 records of patients undergoing general or combined
anaesthesia without any attempts of tracheal intubation were
excluded

441 records of duplicates excluded

4097 records of intubations of patients already intubated when
arriving at the Operating Theater excluded.

14267 records of children age < 15 years excluded

3308 records of intubations in patients scheduled for
fiber optic intubation excluded

22621 records of intubation other than the last for
each patient excluded l

15493
records of a penultimate intubation
of patients intubated more than
once in the study cohort used to
generate data on previous difficult

Selection of the study cohort. Recorded intubations were excluded as explained in the figure. The
subgroup of 15 499 records representing the penultimate intubations of patients intubated more than
once were merged to the corresponding last intubation for the specific patient, and thereby
information for the covariate previous difficult intubation was created. Thus, 88 313 patients were
only tracheal intubated once, 15 499 patients were intubated on two or more times occasions. Of
these information of a previous intubation score was missing for 6 patients.
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anaesthetised on more than one occasion, and therefore had two or more records of tracheal

intubation by direct laryngoscopy. For these 15 499 patients both the last and the penultimate
record of tracheal intubation were retrieved for the assessment (Figure 3). The fourth study is
based on a section of this cohort starting January 2005 until the end of September 2007. Data
were retrieved with the same methodological approach, and the cohort in this study included 91

332 patients. Of these patients 13 135 had been anaesthetised on more than one occasion.
In the Danish Anaesthesia Database a predefined four-point intubation score is used. It is based
upon the number of attempts, change from direct laryngoscopy to a more advanced technique,

intubation by a different operator or abandoned intubation (Table 2).

Table 2, The Danish Anaesthesia Database tracheal intubation score.

All patients in whom the primary airway management was planned and attempted for tracheal intubation by direct

laryngoscopy were scored as follows:

Score=1 Intubated by direct laryngoscopy by the first anaesthetist and in two attempts maximally.
Score=2 Intubated by direct laryngoscopy by the first anaesthetist but with more than two attempts

or intubated by a supervising anaesthetist after one or more failed attempts at intubation.
Score=3 Intubated by a method other than direct Iaryhgoscopy.

Score=4 Intubation abandon after multiple attempts, no tracheal tube was inserted.

The predefined difficult tracheal intubation was defined as an intubation score > 1

Furthermore, in one of the included studies'® we introduced a ‘Failed tracheal intubation by
direct laryngoscopy’ defined as an intubation score > 2 as an alternative outcome. This includes a
change from direct laryngoscopy to a more advanced technique and the situation where tracheél
intubation was abandoned. Both of these outcomes may be more clinically significant than the

predefined definition of a difficult tracheal intubation.

The following data, other than the intubation score and Mallampati-score, were obtained from the

DAD: age, sex, height, weight, classification of ASA physical status, history of a previous difficult
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intubation, priority of surgery, time of surgery, the use of neuromuscular blocking agents and the

modified Mallampati-score were used in the studies.

The modified Mallampati-score was registered as defined by Samsoon and Young® (Figure 4). The
on-line user guide prescribes the patients to be placed in a sitting position with the head in a

neutral potion and the assessment must be performed without phonation.

Figure 4, The modified Mallampati Score

_The view was graded as follows:

Class| = soft palate, fauces, uvula, and pillars visible
_Class Il =soft palate, fauces, and uvula visible
Class Il =soft palate and base of the uvula visible

Class IV = soft palate not visible at all

Handling missing data with multiple imputation

Analysing exclusively ‘complete cases’ or ‘complete variables’ invariably leads to biased

104105 Intuitively this may be obvious because if a patient with one missing value is

results
excluded then all of the information from all other variables are discarded. Simulation studies that
simulate ‘missingness’ from a complete data set, show that complete case or complete variable
analyses, which omit cases or variables with missing data, are biased compared with analyses of
the original complete data set. However, bias occurring from complete case or complete variable
analyses can be limited. if the missingness is simulated to occur completely at random (MCAR)
(Random sample of the full data set). The MCAR assumption can be tested by Little’s test'®. If the
test for MCAR is statistically significant then all information can be used to predict the most likely

distribution of the missing data, given that the non-missing data assumes missingness at random

(MAR). The MAR assumption is that missingness is dependent of the observed data. A randomly
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performed imputation (selection) for a missing value can then be performed from such a -

distribution under the MAR assumption. Performing the imputation multiple times preserves the
most likely uncertainty of the imputation and makes it possible to confer this uncertainty to the
aggregated or pooled results of the imputed data sets without creating an illusion of undue
certainty. However, data may be missing not at random if the missingness is dependent on non-
observed data in such a situation even multiple imputation may fail to deliver unbiased results

although it seems that even then MI may provide less biased results.
We therefore described the prevalence and pattern of missing values among all covariates in the

original data set. Afterwards, multiple imputations for missing values under the MAR assumption

were performed according to the methods described in Appendix Il.
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Aims
Several studies have identified difficult airway management including difficult tracheal intubation

of patients undergoing general anaesthesia as a major cause of anaesthesia-related morbidity and
mortality. Therefore, it is presumed, that difficult tracheal intubation is a surrogate for morbidity
and mortality, and by reducing the prevalence of difficult tracheal intubation morbidity and
mortality will be reduced as well. In the literature there is no consensus‘of how to define a difficult
tracheal intubation. Despite this heterogeneity, more studies have contributed efforts to identify
different risk factors of difficult tracheal intubation. By identifying risk factors, in some cases it
may be possible to prevent difficult tracheal intubation. In other cases, by identifying different risk
factors it may be possible to distinguish between anticipated and unanticipated difficult tracheal
intubations. It is hypothesized that an anticipated difficult tracheal intubation is safer, because it
enables the anaesthesiologist to take precautions that reduces the complications related to

difficult tracheal intubation.

From the Danish Anaesthesia Database, we retrieved a cohort of consecutive patients for whom
tracheal intubation by direct laryngoscopy was planned and attempted. Based upon various data
including an intubation score registered in the database, the aim was to evaluate four different
parameters, ‘obesity’, ‘avoidance of neuromuscular blocking agents’, ‘a previous difficult tracheal
intubation’ and ‘the modified Mallampati-score’, as possible risk factors for difficult tracheal

intubation. Thus, the aims of current thesis are:

1. To assess if and how obesity measured by body mass index is associated with difficult
tracheal intubation. To compare body mass index and weight to decide if there are
differences in their association with a difficult tracheal intubation, and finally to evaluate

the accuracy of obesity as a stand-alone clinical test to predict difficult tracheal intubation.

2. To evaluate whether avoiding the use of neuromuscular blocking drugs for general
anaesthesia including intubation by direct laryngoscopy is a risk factor for difficult
intubation and failure of tracheal intubation. Also, to evaluate the use of non-depolarizing

drugs compared with depolarizing drugs as a risk factor for difficult intubation.
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3. To evaluate the diagnostic accuracy of a previous difficult tracheal intubation and a

previous failed tracheal intubation by direct laryngoscopy documented in DAD as a stand-
alone tests for the prediction of a subsequent difficult tracheal intubation and a failed
tracheal intubation by direct laryngoscopy, respectively. Furthermore, in a multivariate
regression model to evaluate previous failed intubation by direct laryngoscopy
documented in DAD as a risk factor risk factor for a subsequent failed tracheal intubation

by direct laryngoscopy.

4. To assess the performance of the modified Mallampati-score as a prognostic test of a
difficult tracheal intubation based on a meta-analysis of retrievable observational studies

including the large cohort from the Danish Anaesthesia Database.
5. Based upon the cohort of 103 812 patients retrieved from the Danish Anaesthesia

Database in an additionally assessment we will evaluate if a difficult tracheal intubation or

a failed tracheal intubation by direct laryngoscopy statistically are associated with death.
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Presentation of the studies

Study |
‘High Body Mass Index Is a Weak Predictor for Difficult and Failed Tracheal Intubation’

Introduction

Previous studies have failed to identify high body mass index (BMl) as a risk factor for difficult
tracheal intubation (DTI). The aim here was to assess whether obesity measured by BMI is
associated with DTI. We evaluated the different levels of BMI used to categorize obesity and
evaluate if the risk of DTl is greater in patients with high BMI. We compared BMI and weight to
decide if there are differences in their association with a DTl and evaluated the accuracy of obesity

as a stand-alone clinical test to predict a DTI.

Methods

The patients were retrieved as previously described. Logistic regression was performed (Appendix

Il). The accuracy of BMI as diagnostic and prognostic test was evaluated (Appendix I).

Results

The results of a univariate analysis of BMI stratified in six categories demonstrated the odds ratio
for DTl increased with BMI. Based on the p-values and the odds ratios, the BMI was divided into
three categories: BMI < 25, 25 < BMI < 35 and 35 < BMI. In a multivariate logistic regression
analysis adjusted for other significant covariates, BMI 2 35 or more and 25 < BMI < 35 were
statistically significant risk factors of DTl with an OR of 1.34 (95 % Ci 1.19-1.51, P < 0.0001) and
1.11 (95 % Cl 1.04 —1.18, P < 0.0016), respectively.

We performed a multivariate logistic regression analysis including both BMI and weight. According
to a non-significant P value weight was excluded and hereby leaving BMI as the only independent

significant risk factor for DTI.

Evaluating the performance of a BMI 2 35 as a prognostic test for the prediction of difficult

tracheal intubation by direct laryngoscopy demonstrated a sensitivity of 0.07 (0.07 — 0.08, 95 %
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Cl), a specificity of 0.94 (0.94 —0.94, 95 % Cl), a predictive value of a positive test of 0.06 (0.06 —

0.07, 95 % Cl), a predictive value of a negative test of 0.95 (0.95 - 0.95, 95 % Cl), a positive
likelihood ratio of 1.26 (1.14 — 1.40, 95 % Cl) and negative likelihood ratio of 0.98 (0.98 —0.99,
95 % Cl).

Conclusion and discussion

In our large cohort, increasing obesity was demonstrated as a risk factor for DTl independent of
other risk factors registered in the DAD. The impact of BMI > 35 on the frequency of DTl was
limited compared to other known risk factors. As sole predictors of DTI, the accuracy of BMI
assessed as dichotomous tests performed poorly, and obesity measured by BMI cannot in itself
identify patients at risk of DTI. BMI appears to be a better measure than weight itself to describe

obesity as a risk for DTL.

Even though high BMI only is a weak predictor for difficult and abandoned tracheal intubation,
obesity has been identified as a risk for difficult mask ventilation®, which is an important rescue
technique in these situations. The airway management of obese patients may also be associated
with accelerated oxygenic desaturation'® and difficult emergency tracheotomy®™, Therefore, the
knowledge of obesity being a risk factor for DTI simultaneously with difficult mask ventilation may

be important despite the rather low impact on the frequency of DTI.

Obesity may create anatomical difficulties for the intubation caused by the decreased mobility and
enlargement of structures in the throat and around the neck. Therefore, it seems rational to
hypothesize that obesity in terms of BMI may be independently associated with DTI. BMI may be a
confounder for other and more closely related risk factors for DTI. E.g., the neck circumference
may be a better and more relevant predictor than BMI, but again the current literature does not
provide an adequate answer to this question*”**®*, Other indices like the Ponderal index (PI) may

197 The PI calculated as a relationship between

be a more physically correct measure for obesity
mass and height is similar to the BMI, however the mass is normalized with the third power of
body height rather than the second power: (Pl = {(mass * hight'3), (unit = kilogram* meter’3)). It has

been suggested that we might have found better correlation between the ponderal index and DTI

28




than between BMI and difficult tracheal intubation'®’'%, We performed a multivariate regression

analysis of the cohort from the DAD to determine if it is possible to include both BMI and Pl in the
same model. This analysis left Pl as the only independent significant risk factor for DTI, suggesting
that Pl may be a better predictor of DTI than BMI. Nevertheless, the association between Pl and
DTI was only marginally stronger than between BMI and DTI*®. Thus, in a clinical context the P!

does not seem to be a more convincing diagnostic tool to predict a DTI.
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Study i

‘Avoidance of neuromuscular blocking agents may increase the risk of difficult tracheal
intubation’

Introduction

The use of neuromuscular blocking agents (NMBA) to facilitate tracheal intubation is a widely
accepted procedure. However, because of unwanted side effects such as anaphylaxis, residual
relaxation, interference with the patients' electrolyte status or simply because of prolonged
muscle relaxation during short-duration surgery, the use of NMBA may be undesirable, The
cenditions for tracheal intubation, possible side effects, and postoperative discomfort like sore
throat, hoarseness, vocal cord lesion, pharyngeal oedema, pharyngeal necrosis have been
evaluated in randomised trials comparing different regimes of anaesthesia induction and
comparing the use of NMBA with the avoidance of NMBA %0129 Thase studies indicate that

avoiding NMBA may be a risk factor for difficult tracheal intubation.

Methods

The patients were retrieved as previously described. Logistic regression was performed (Appendix

1n).

Results

Among the 103 812 patients retrieved from the Danish Anaesthesia Database, the frequency of
patients undergoing tracheal intubation without the use of NMBA increased over the 3 years of
observation from 17.5 % in 2005 to 25.8 % in 2006 and to 31.6 % in 2007. The univariate analysis
of the dichotomized covariate of the use/avoidance of NMBA demonstrated an OR for difficult
tracheal intubation of 1.52 (1.43-1.61, P < 0.0001). A subsequent multivariate analysis
demonstrated an OR for a DTl of 1.48 (1.39-1.58, P < 0.0001) with ‘avoidance of NMBA’. Exploring
tHe model for interactions identified a statistically significant interaction of NMBA with surgical
priority (P <0.0001). This means that the association between DTl and the use of NMBA is
dependent on surgical priority and vice versa. Therefore, we introduced a new covariate
combining the use/avoidance of NMBA and levels of surgical priority and repeated the

multivariate analysis with this covariate having four levels. Among the patients undergoing non-
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scheduled surgery, the OR of DTl was 3.10 (2.69-3.57, P < 0.0001) for those anaesthetized without

the use of NMBA. In those undergoing scheduled surgery, the OR of DTI was 1.26 (1.18-1.35, P <
0.0001) for those anaesthetized without the use of NMBA.

The dichotomized covariate avoidance of NMBA (as opposed to the use of NMBA) was statistically
significantly associated with ‘abandoned tracheal intubation’, In a multivariate analysis, the odds
ratio of ‘abandoned tracheal intubation’ was 1.72 (1.21-2.43, P < 0.0001) for ‘avoidance of NMBA’

compared to the use of NMBA.

We repeated our analysis with the use of NMBA stratified into three classes as ‘depolarizing drugs
with or without non-depolarizing drugs’, ‘non-depolarizing drugs only’, or ‘none’. Our multivariate
analysis demonstrated an OR for DTl of 1.74 (1.59 — 1.90, P < 0.0001) with avoidance of NMBA and
of 1.26 (1,16 — 1.37, P < 0.0001) for ‘non-depolarizing drug only’.

Conclusion and discussion

In our cohort, avoiding neuromuscular blocking drugs may be a risk factor for difficult and
abandoned tracheal intubation independent of other risk factors recorded in the Danish
Anaesthesia Database. We identified a statistical interaction between the covariates such that the
impact of avoiding NMBA on DTI differed with surgical priority. Regardless of surgical priority, the
risk of DTI was highest in patients anaesthetized and intubated without the use of NMBA. Among
patients intubated using NMBA, a multivariate analysis identified that patients anaesthetized with
only non-depolarizing NMBA to be more at risk for DTl than those anaesthetized with depolarizing

NMBA alone.

Our assessment does not contain data on whether patients were intubated using a rapid sequence
induction or not. Including more covariates, especially records of rapid sequence induction, in our
investigation may have changed the result, and may have ultimately removed ‘non-depolarizing
NMBA'’ as an independent risk factor for DTI. Confounding by indication is well-known to introduce
bias in the results in any non-randomised study involving interventions. Unknown confounding

variables may be important for airway management. Therefore, our results could be biased by
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numerous variables that are not recorded in the Danish Anaesthesia Database. As an example, a

limitation of this study was that risk factors such as the thyromental distance, ability of mouth
opening, range of neck movement, or jaw protrusion ability were not registered in the DAD and
therefore impossible to retrieve for our multivariate analysis. A considerable part of the OR for
difficult intubation attributable to avoidance of NMBA may accordingly have been caused by

residual confounding due to lack of registration of important covariates.

Because confounding by indication is a major problem as well in observational studies describing
the effect of interventions, systematic reviews with meta-analysis or more randomized clinical
trials comparing the avoidance and use of NMBA for intubation and examining patient-centred

and important outcomes would be very valuable.
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Study Il

‘A documented previous difficult tracheal intubation as g prognostic test for a subsequent
difficult tracheal intubation in adults’

Introduction
A previous DTl has been identified as a risk factor for a future DTI, However, the information of a
previous DTI has been partly or totally reported by the patient, and therefore documented
information may only be partly retrieved for their assessments®®*3, The Danish Anaesthesia
Database contains documented information about patients in whom tracheal intubation was
performed more than once. The aim was to evaluate the diagnostic accuracy of a documented
previous DTl and a previous failed tracheal intubation by direct laryngoscopy as a stand-alone test
for the prediction of a subsequent DTl or a failed tracheal intubation by direct laryngoscopy,
respectively. Furthermore, in a multivariate regression model we evaluated a documented
- previous failed intubation by direct laryngoscopy as a risk factor of a subsequent failed tracheal

intubation by direct laryngoscopy.

Methods

The patients were retrieved as previously described. Further, we changed the cut off level of the
intubation score in the Danish Anaesthesia Database and hereby, we introduced a failed tracheal
intubation by direct laryngoscopy as an additional outcome measure in our assessments. The
previous failed tracheal intubation by direct laryngoscopy was dichotomised with same

methodological approach as the previous DTI.

Logistic regression was performed (Appendix Ill) and the accuracy of a previous DTl and a previous

failed tracheal intubation by direct laryngoscopy as diagnostic and prognostic tests was evaluated

(Appendix I).
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Table 3. The accuracy of previous difficult tracheal intubation as a dichotomous stand-alone test for the prediction
of a subsequent difficult tracheal intubation.

Total cohort 103 812 patients Outcome:
Difficuit tracheal intubation
. Yes No Total
Test: Yes 170 528 698
Previous difficult tracheal intubation No 5163 97 865 103 024
Total 5329 98393 103722

95 % confidence intervals

Sensitivity 0.03 (0.03 -0.04)
Specificity 0.99 {0.99 -1.00)
Predictive value of positive test 0.24 (0.21-0.28)
Predictive value of negative test 0.95 (0.95 - 0.95)
Positive likelihood ratio 5.94 (5.01-7.05)
Negative likelihood ratio , 0.97 (0.97 - 0.98)

The total number of patients differs because of missing values.

Evaluating the performance of a previous failed tracheal intubation by direct laryngoscopy as a
prognostic test for the prediction of a subsequent failed tracheal intubation by direct laryngoscopy
demonstrated a sensitivity of 0.04 (0.03 - 0.05, 95 % Cl), a specificity of 1.00 (1.00 — 1.00, 95 % ch),
a predictive value of a positive test of 0.30 (0.24 — 0.36, 95 % Cl), a predictive value of a negative
test of 0.98 (0.98 - 0.98, 95 % Cl), a positive likelihood ratio of 22.09 (16.92 — 28.86, 95 % Cl) and
negative likelihood ratio of 0.96 (0.96 —0.97, 95 % ClI).

In a multivariate logistic regression model adjusted for other significant covariates, a previous
failed tracheal intubation by direct laryngoscopy was a statistically significant risk factor of a
subsequent failed tracheal intubation by direct laryngoscopy with an OR of 16.6 (11.9-23.2, 95 %
Cl, p < 0.0001).

Conclusion and discussion _
Our assessments demonstrate that a previous DTI or a previous failed tracheal intubation by direct

laryngoscopy as stand-alone tests, are inadequate predictors of subsequent difficult or failed
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tracheal intubations by direct laryngoscopy respectively. Still, a dichotomous test of a previous

documented DTl enables us to predict 24 % of the patients who will subsequently undergo a DTI.
Further, a previous failed tracheal intubation by direct laryngoscopy was able to predict 30 % of

the patients with a subsequent failure.

The sensitivities of the two tests were only 0.03 and 0.04, respectively. These remarkably low
estimates are the result of retrieving a cohort including patients with no previous record in the
Danish Anaesthesia Database. The 15 499 patients with a documented previous record of an
intubation score are of most interest. However, these patients only represent a selected subgroup
of the total cohort. A selection, which may appear artificial, considering the fact that they are
retrospectively selected, as we only know which of the patients that have been intubated more
than once when the cohort is finally analysed. Thus in a real clinical situation the physician will also
meet patients scheduled for tracheal intubation without a documented previous intubation score

or even without a previous intubation at all. Therefore the clinical situation will be one of three:

1) ‘The patient previously underwent a difficult tracheal intubation’
2) ‘The patient previously underwent a tracheal intubation without problems’

3) ‘There is no documented information of a previous tracheal intubation of the patient’

If we exclude the 88 313 patients with absence of any documented information of previously
tracheal information, it results in a false increased sensitivity with distorted specificity and
positive- and negative likelihood ratios will also be distorted. This is demonstrated in the table

below, where the accuracy of a stand-alone test for the subgroup of 15 499 patients is presented.

In our multivariate regression model, the problems will be similar. By only using the subgroup of
the 15 499 patients, there is a major risk of introducing selection bias. Furthermore, using more
than 100 000 patients for our assessment will strengthen the statistical power of our estimates

including the corresponding narrow confidence intervals.
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Table 4. The accuracy of previous difficult tracheal intubation as a dichotomous stand
of a subsequent difficult tracheal intubation.

-alone test for the prediction

Subgroup 15 499 patients

Outcome:

Difficult tracheal intubation

Yes No Total
Test: Yes 170 528 698
Previous difficult tracheal intubation No 619 14171 14 790
: Total 789 14 699 15488
95 % confidence intervals
Sensitivity 0.22 (0.19-0.25)
Specificity 0.96 (0.96 - 0.96)
Predictive value of positive test 0.24 (0.21-0.28)
Predictive value of negative test 0.95 (0.95 - 0.95)
Positive likelihood ratio 6.00 (5.12-7.02)
Negative likelihood ratio 0.81 (0.78 - 0.84)

The total number of patients differs because of missing values,

Previous studies have reported predictive values that exceed our findings markedly. An

explanation may be that only the most severe episodes of a previous DTI may be reported to the

patients and consequently only these severe episodes may be included in the previously reported

assessments. However both patient-reported episodes of previous difficulties and our results

concerning documented previous difficulties strongly suggest that the patients who previously

underwent a tracheal intubation with difficulties or underwent a tracheal intubation which failed

will be at considerable risk of encountering similar problems during a future tracheal intubation,
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Study IV
‘The prognostic value of the modified Mallampati-score to predict difficult tracheal intubation. A
meta-analysis’

Introduction

Several studies have focused on the modified Mallampati-score as a risk factor for DTI. Shiga et al
% and Lee et al ¥ both performed meta-analyses to evaluate the accuracy of the original and the
modified Mallampati tests to predict a difficult intubation or difficult laryngoscopy. The Danish
Anaesthesia Database contains more than 92 000 records of patients undergoing tracheal
intubation and evaluated by the modified Mallampati-score which substantially exceeds the
number of patients included in previous meta-analyses. The aim of this study was to assess the
performance of the modified Mallampati-scbre as a prognostic test of a DTl based on a meta-
analysis including several recent studies published since the meta-analyses of Shiga and Lee et al

including the large cohort from the Danish Anaesthesia Database.

Methods

In an electronic search covering the time since introducti.on of the modified Mallampati-score May
1987 until December 2009, The Cochrane Library, MEDLINE, Science Citation Index and EMBASE,
we included studies of the modified Mallampati-score of adults undergoing direct laryngoscopy.
The data of the studies were prospectively collected and the studies were reported in English. The
absolute number of true positive, false negative, true negative and false negative were extracted
from the articles, based on a DTI, or a difficult laryngoscopy in combination with the modified

Mallampati-score.

If possible, the following additional data were extracted: the settings of the Mallampati-score by
retrieving the position of the head and body and if the patients phonated during the evaluation.
The number of anaesthesiologists performing the preoperative airway assessments and the
number of anaesthesiologists handling the tracheal intubations were retrieved. It was noted, if the
assessment of the modified Mallampati-score was blinded for the anaesthesiologists performing
the airway management. The participant sampling, inclusion and exclusion criteria of patient

population were retrieved as well as how the patients were recruited. The data were used to
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explore possible causes of heterogen eity across the studies by performing meta-regression

analyses. Further, the data were quality assessed based on the following four criteria: 1) blinding
of the test; 2) settings of the test; 3) selection of the population; 4) recruitment of the population.
Studies fulfilling all four criteria were classified as studies with low-risk of bias, if three criteria
were fulfilled, they where categorized as medium-risk of bias studies. Otherwise they were

classified as studies with high-risk of bias.

The modified Mallampati-score from the pooled estimates in the meta-analyses and from the
Danish Anaesthesia Database were described by: sensitivity; specificity; positive likelihood ratio;
and negative likelihood ratio. The ‘random-effects model’ by DerSimonian and Laird"®® was used
incorporating a moment-based between study variance when calculating the pooled estimates.
Because the sensitivity and specificity were associated across the studies, a summary receiver
operator characteristics curve (sROC)121 was conducted. The area under the sROC curve was used
as a measure for the description of diagnostic accuracy of the Mallampati test. To ensure precise

pooled estimates, the pooled sensitivity was derived from the sROC curve using corresponding

pooled specificity'**?2, Thus, the pooled sensitivity was calculated as
s 1
Sensitivity = 1
1+ " —
por+| 1= specificity
specificity

DOR= diagnostic odds ratio.
Degrees of heterogeneity displayed by the 1> of all estimates were calculated'?, Possible

publication bias was assessed by the method described by Eggers™**,

Results

A total of 55 studies representing 177 088 patients met the inclusion criteria for the meta-analysis.

The prognostic performance in the individual studies of the modified Mallampati-score varied
considerably between the studies. This is exemplified by the forest plot of the diagnostic odds
ratio of the individual studies shown below (Figure 5). There was a high degree of heterogeneity
among the studies as I? in the meta-analyses of all the pooled estimates ranged ranging from

87.2 % to 99.4 %. The sensitivity and specificity were statistically significant (Spearman correlation

coefficient: 0,362, p-value = 0.007). We composed a symmetric SROC curve (see below) with the
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area under the curve calculated to 0.753 (SE = 0.03). The pooled diagnostic odds ratio was 5.89

(4,74 —7.32, 95 % Cl). The pooled estimate of the specificity was 0.91 (0.91 — 0.91, 95 % Cl). Based
on the sROC curve, the pooled specificity was used to derive a corresponding pooled sensitivity of
0.35(0.34 - 0.36, 95 % Cl). The pooled positive and negative likelihood ratios were derived from
the pooled specificity and sensitivity, and calculated to 4.13 (3.60 - 4.66, 95 % Cl) and 0.70 (0.65 —
0.75, 95 % Cl), respectively.

Figure 5, Forest plot of the diagnostic odds ratio of the individuai studies
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The cohort from Danish Anaesthesia Database demonstrated a sensitivity of 0.22 (0.21 - 0.24,

95 % Cl), a specificity of 0.93 (0.92 - 0.93, 95 % Cl), a predictive value of a positive test of 0.15
{(0.14 - 0.16, 95 % Cl), a predictive value of a negative test of 0.96 (0.96 — 0.96, 95 % Cl), a positive
likelihood ratio of 3.31 (3.12 — 3.51, 95 % Cl) and negative likelihood ratio of 0.83 (0.82 - 0.85,

95 % Cl).
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Figure 6. The summary receiver operator characteristics {SROC) curve of 55 studies evaluating the
modified Mallampati score as a predictor for difficult tracheal intubation or difficult laryngoscopy.
AUC = area under the curve; SE = standard error.
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Conclusion and discussion

As a stand-alone test both the cohort study and the meta-analysis demonstrated that the modified
Mallampati-score was an inadequate predictor of a difficult laryngoscopy or tracheal intubation.
Our results differ from the results reported in previous meta-analyses, which may be caused by
the increased number of studies and patients included in our updated assessment. Our meta-
analyses had a high degree of statistical and clinical heterogeneity. But, meta-regression analyses
did not identify any significant explanation of the heterogeneity. Because of the apparent high

30;125 .
and these particular

precision of some of the studies estimate of diagnostic accuracy
estimates discrepancy with the estimates from other studies, the statistical heterogeneity may be
exaggerated™®. The number of patients evaluated in each study varied a lot. In our assessment
two studies®*'® evaluated 84 % of all included patients, while the accumulated weight of the two
studies in the random effect model evaluating the diagnostic odds ratio was only 6.3 %. The
random-effects model used for pooling diagnostic studies may have important shortcomings when
large cohort studies comprising more than 80 % of the included patients may be inappropriately

down-weighted™*’1%,
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Despite of the limited value of the modified Mallampati-score as a prognostic stand alone test, it

may still play a very important role as a part of a multivariate model for the prediction of a DTI.
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A possible association between difficult tracheal intubation and death;
an additional analysis

Introduction
Based upon the cohort of 103 812 patients retrieved from the Danish Anaesthesia Database we
evaluated if a DTl or a failed tracheal intubation by direct laryngoscopy were statistical associated

with death as an additional study.

Methods

The following covariates were retrieved: DTI; failed tracheal intubation by direct laryngoscopy;
age; sex; the ASA classification physical status. We retrieved vital status of patients with a follow
up timed until the 14" January 2008. The associations between death and the predefined
covariates were assessed by Cox regression analysis, assuming proportional hazards. Initially,
univariate regression analyses were performed. Subsequently, all significant (p < 0.05) covariates
from the univariate analyses were included in a multivariate regression analysis. Backward

stepwise regression was performed to identify a final Cox regression model.

Results
The associations between death and a DT in a univariate Cox regression analysis was not

statistically significant; hazard ratio = 1.08 (0.99 — 1.18,95 % Cl, p = 0.079).

The univariate analysis of a failed tracheal intubation by direct laryngoscopy demonstrated a
hazard ratio for death of 1.40 (1.24-1.58, P < 0.0001). A subsequent multivariate analysis (table
below) demonstrated a hazard ratio for death of 1.14 (1.01-1.30, P = 0.039).

Discussion
It is the first step in the validation of a putative surrogate to demonstrate an association between
the surrogate and the clinical outcome. In our assessment, we did no demonstrate a significant

association between death and DTI. However, a univariate p-value of 0.079 may indicate a
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possible association. The lack of a significant association may be caused by a low prevalence of

failed tracheal intubation by direct laryngoscopy, which may cause lack of

Table 5. Multivariate model for death of patients planned and attended tracheal intubation by direct laryngoscopy.

Covariates: Hazard ratio 95% ClI. P-value

Failed tracheal intubation by
direct laryngoscopy

=No Reference

=Yes 1.14 1.01-~1.30 =0.039
Age (year)

Age <40 Reference

40<Age <60 3.96 3.43-4,57 <0.0001

60 <Age< 80 . 6.89 5.98-7.94 <0.0001

80 < Age 14,18 12.28 - 16.38 <0.0001
Gender

Female Reference )

Male 1.13 1.08-1.17 <0.0001

ASA classification physical status

ASA | Reference

ASA 3.97 3.59-4.40 <0.0001
ASAII 11.87 10.71-13.15 <0.0001
ASA IV 34.99 31.22-39.,20 <0.0001
ASAV 56.22 45.92 - 68.83 <0.0001

statistical power. However, by using the cut-off level of failed tracheal intubation by direct
laryngoscopy (as in Study 111)** for dichotomising the intubation score and hereby focusing on
attempts of intubation where problems at least resulted in shift of intubation method or failure to
intubate at all, we may have demonstrated both a univariate and a multivariate adjusted
Statistically significant association. Overall, our assessments do not contradict the assumption that
a difficult or failed tracheal intubation by direct laryngoscopy is a surrogate marker for death but

the risk of residual confounding being involved in this association is imminent.
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Discussion and conclusion

Clinical implications
Based on a cohort of patients retrieved from the Danish Anaesthesia Database, we examined the

roles of various clinical variables as risk factors for a DTI. ‘Obesity’, ‘a previous difficult tracheal
intubation’ and ‘the modified Mallampati-score’, all three risk factors, may help to convert a
tracheal intubation from being ‘unexpected difficult’ to be ‘expected difficult’. In doing so, you
may have the opportunity to take precautions in order to reduce the risk of related complications.
Inour assessments, all three parameters had a statistically highly significant association with a DTI,

but the clinical significance varied substantially between the evaluated variables.

Obesity measured by BMI, weight, or Pl were clinical week predictors of a DTl assessed in
multivariate regression models. Likewise, obesity was insufficient and weak as a dichotomous

stand alone test for the prediction of a DTI. Overall, the impact of obesity alone, on the risk of DTI

therefore may be weak.

The modified Mallampati-score was represented as a covariate in all the multivariate logistic
analyses presented throughout this thesis. Here, it was demonstrated to be a clinically strong risk
factor for a DTI. However, as a stand-alone test both the cohort study from Danish Anaesthesia
Database and the meta-analysis of all studies so far demonstrated that the modified Mallampati-

. score was an inadequate predictor of a difficult laryngoscopy or tracheal intubation. However, the
diagnostic performance of the modified Mallampati-score significantly exceeds the performance

demonstrated by e.g. obesity.

Our multivariate analyses strongly suggest that patients who previously underwent a tracheal
intubation with difficulties or underwent a tracheal intubation which failed will be at risk of
encountering similar problems during a future tracheal intubation. As stand-alone tests, a previous
DTI or a previous failed tracheal intubation by direct laryngoscopy are inadequate predictors of

subsequent difficult or failed tracheal intubations by direct laryngoscopy respectively.
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The fourth study in the current thesis differ substantial from the above-mentioned studies, as it

considered the impact of an intervention rather than that of a patient-related factor on the risk of
DTI. In this study, we investigated whether avoiding NMBA was associated with a DTI. The nature
of this risk factor will not affect whether a DTl is expected or not, the assessment is about an
intervention that changes the conditions so that a difficult intubation may be avoided. In our

assessment, avoiding NMBA is a risk factor for difficult and abandoned tracheal intubation

~ independent of other risk factors recorded in the Danish Anaesthesia Database. Among patients

intubated using NMBA, a multivariate analysis identified that patients anaesthetised with non-

depolarising NMBA to be more at risk for DTI than those anaesthetised with depolarizing NMBA.

Limitations
Overall, there are numerous limitations in our assessments. Confounding by indication is known to

introduce bias when dealing with forecasts of DTl in any non-randomised study evaluating
interventions'®. As an example, the clinical choice of tracheal intubation with or without the use
of NMBA depends on multiple factors related to the patient, to the surgery and to other aspects of
the clinical situation. The choice of using or avoiding NMBA may be based on reasons not recorded
iﬁ the Danish Anaesthesia Database. Confounding by indication may also introduce bias in cohort
studies of patient-related risk factors. Unknown confounding variables may be important for the
airway handling depending on the risk factor included in our assessments, As an example, a more
experienced physician may be allocated the task; therefore, the patient with increased risk of a

DTl may have been successfully intubated. Likewise, the airway management of an expected DTl is
likely to differ from that of an unexpected DTI. It is a limitation of the present study that there was
no record of the educational level or years of experience of the individuals performing or
attempting the intubations. Those with least experience may have the highest number of difficult
intubations. The number of risk factors that may be considered for difficult intubation used in our
multivariate anélyses was limited. An inclusion of other additional risk factors such as the
thyromental distance, ability of mouth opening, range of neck movement, or jaw protrusion ability
may change the impact of our included risk factors retrieved from the Danish Anaesthesia

Database. Therefore, residual confounding may be present in our analyses.
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Implications for future research
The three risk factors, ‘obesity’, ‘a precious difficult tracheal intubation’ and ‘the modified

Mallampati-score’ were far from being sufficient as dichotomous stand-alone tests for the
prediction of DTI. Therefore it seems rational to focus on the development, testing, and
modification of multivariate models from and in large scale cohort studies, hereby making the

prognostication operational in everyday clinical practice.

The aim of a multivariate model including an operational risk score is to reduce the prevalence of
unexpected DTls. However, while there are more estimates of the prevalence of a DTI by direct
laryngoscope, the prevalence of an unexpected DTl remains unreported. In the current version 3.0
of the Danish Anaesthesia Database it should be declared, before performing a direct
Iaryngoscqpy, if the intubation is expected to be difficult or not using an overall clinical judgement.
Hereby it may be possible to compare the expectation with what happens de facto, and the

prevalence of the relevant outcome measure unexpected DTl may be described.

The “true number’ of deaths associated with failed airway management may be substantial.,
Because of the large number of consecutively recorded patients, it may be possible to discern a
more precise prevalence of deaths caused by, or related to, DTI. However, in our large data set we
identify a statistically significant association between a failed tracheal intubation by direct
laryngoscopy and mortality. Further, our univariate assessment of a DTl indicates a possible
association with death. Thus, at least our additional analyses do not contradict the assumption of

a DTl as a surrogate for mortality.

Considering that the ultimate goal of a prognostic test is to guide clinicians in everyday practice, in
clinical environments with possible diverse settings, the studies with very few evaluators adhering
strictly to protocol procedures of both evaluation and settings for the intubation may exaggerate
the prognostic value. Therefore, large database studies may convey a more realistic picture of the
prognostic value achieved. Contrarily, the smaller studies adhering strictly to protocols of both
evaluation and settings for the tracheal intubation procedure may describe what is ultimately

possible if education and training are optimized.

46




3.0

nt.

we

of

the

By introducing a multivariate risk score for prediction of DT as an obligatory record in a future

version of the Danish Anaesthesia Database it may be possible to evaluate the impact of
multivariate testing on the occurrence of an unanticipated DTI. Further, because of many
participating departments and many records of patients, the set up of the Danish Anaésthesia
Database may offer the opportunity to conduct a cluster (department) randomised trial testing the
impact of different airway recommendations on the prevalence of unanticipated DTlIs,
complications, and possibly mortality. There may be an enormous potential of this method both

for improving airway management of the patients and for the future development of the

-database. The Danish Anaesthesia Database already contains a high number of fields for

registration and the demand for supplemental fields is high, highlighting the necessity that the
database itself contains evidence based registrations. We need to take the old saying ‘need to

know and not nice to know’ very seriously. Therefore, introducing new fields and/or removing old

~ones should be the results of ‘tests’ or trials demonstrating that these new database designs

actually improve patient care, registration, and reports from the database.
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Appendix I: Calculating estimates of diagnostic and prognostic test

indices.

In our assessments of the accuracy of diagnostic and prognostic tests the calculations were based
upon the definitions stated below in Table 6.

Table 6. The accuracy of a diagnostic test

Qutcome

Difficult tracheal intubation

Yes No
Test Predicted difficult tracheal Yes a=TP b=FP atb
intubation No c=FN d=TN c+d
a+c b+d N
Sensitivity = a/(a+c)
Specificity = d/(b+d)
Predictive value of a positive test = a/(a+h)
Predictive value of a negative test = d/(c+d)

Positive likelihood ratio
Negative likelihood ratio

sencitivity/(1-specificity)
{1-sensitivity)/specificity

TP = true positive; FP = false positive; FN = false negative; TN = true negative

Interpretation of test estimates

e Sensitivity is the proportion of positives that are correctly identified by the test.

e Specificity is the proportion of negatives that are correctly identified by the test.

e Predictive value of a positive test is the proportion of patients with a positive test result

who are correctly diagnosed.

e Predictive value of a negative test is the proportion of patients with a negative test result

who are correctly diagnosed.

e . Likelihood ratio for a positive result (LR+) tells you how much the odds of the disease

increase when a test is positive.
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Likelihood ratio for a negative result (LR-) tells you how much the odds of the diseas
decrease when g3 test is negative,

Odds post. st = Oddspe.iest * likelihood ratio

The post-test odds incorporates information about the disease prevalence, the patient pool, a;

specific patient risk factors (pre-test odds) and information about the diagnostic test itself.

However, it may difficult to interpret odds and therefore terms Jike ‘probability’ and risk’ may |

on the results from Study v concerning the meta-

Probabili Wpre-test =
Od dSpre-test =

Prevalence = 0.068

Prevalence /(1 - Prevalence) = 0,068
Od dspost-test =0 ddspre—test

Pr Obabilitypost-test =

/(1 - 0.068) =0.073
* likelihood ratio = 0,073 * 4.13 =0.301

OddSpost.test/( OddSpost_test + 1} = 0.301 /(0.301 + 1} = 0.232

and likewise, if the Mallampati test was negative:
sult .,

Od dspre-test =

Prevalence = 0.068

Prevalence /(1 - Prevalence) = 0,068
asult
Oddspost»test = Oddspre-test

PrObabilitypost-test =

/(1-0.068) = 0,073

* likelihood ratio = 0.073 * g, 70 =0.051

Odd5post.test/( OddSpost.test + 1) = 0. 051/ (0. 051 + 1) = O. 04-9

Despite the simple maths it may still be 3 cumbersome task to convert odds into probabilities.
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The Fagan nomogram®™is a graphical tool for estimating how much the result of a diagnostic test

changes the probability that a patient has a DTI.

Preest. T TR T T askest
babil I R - probability. -

e lines fepregénfihé'}elétidﬁ between the pre-test meébliItY; the likeilhood ratios
of a positive and negatlve Mallampati test and the post-test probabilities,

You draw a line connecting the pre-test probability and the likelihood ratio and extend the line
until it intersects with the post-test probability. The point of intersection is the new estimate of

the probability that your patient is difficult to tracheal intubate.
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Appendix ll: Methods of multiple imputation.

As an alternative to sensitivity analysis, the "multiple imputation” method (MI) for handling
missing data was performed. The goal is to reduce analytical bias and increase data quality of
treatment. In multiple imputation, missing values for any variable are predicted using existing
values from other variables. The predicted values, called “imputes”, are substituted for the missit
values, resulting in a full data set called an “imputed data set.” This process is performed multiple
times, producing multiple imputed data sets (hence the term “multiple imputation”) avoiding the
illusion created from single imputation that the imputed data come with the same certainty as th.
non-imputed data. Standard statistical analysis is carried out on each imputed data set, producing
multiple analysis results. These analysis results are then combined to produce one overall

analysislo4;105;133

. The process for "multiple imputation" is divided into three steps:

1. Construction of imputed data sets.

In order to generate imputations for the missing values, we imposed a probability model on the
covariates recorded in the DAD (observed and missing values). In a random order (Markov Chain
Monte Carlo simulation) the missing data were imputed from equally likely conditioned simulated

distributions. Based on Rubin’s formula for the calculation of the M| efficiency, where y being
(1+Ly
m

the fraction of missingness and m the number of imputations, m=10 was calculated to reach 99 %

efficiency®%1%3,

2. Analysis of the imputed data sets. Ten complete datasets were analyzed as for the original

dataset with list-wise deletion patients with missing data (a complete case analysis).

3. Pooling of analytical results. After completion the analysis of each imputed dataset, an
aggregated estimate was calculated, based on an average of estimates from each imputed data
set. There are well defined methods for weighting of estimates and for calculation of their

Corresponding confidence intervals®3,




From each analysis, one must first calculate the estimates and standard errors. If Qj is an estimate
of a scalar quantity of interest (e.g. a regression coefficient) obtained from data set j (j=1, 2,...,m)
and U, is the standard error associated with Qj . The overall estimate is the average of the

individual estimates:

_ 1&
U=—>»U,
m ; !
and the between-imputation variance:
1 s
=——>"(0, -0y
m'—]. J=
The total variance is then given by:
— 1
T=U +(1+—)B
m

The overall standard error is the square root of T.
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Appendix lll; Establishing multivariate logistic regression models

In study | — Il we performed logistic regression analyses to evaluate the associations between the
predefined covariates and a DTI. The following data were obtained from the database: intubation
score, age, sex, weight, height, BMI, classification of American Society of Anaesthesiologists
physical status, the modified Mallampati-score, a history of previous difficult intubation, priority of
surgery, time of surgery, and the use of NMBA. The stratification of the specific covariates may

differ between the studies. Our assessments underwent following steps:

Univariate logistic regression was performed for all specified covariates. A p-value < 0.05 was

considered as significant. Odds ratios were reported with 95 % confidence interval.

Multivariate logistic regression analysis was performed including all significant covariates from
the univariate analyses. Backward stepwise regression was performed to identify a final model. A

p-value < 0.05 was significant. Odds ratios were reported with their 95 % confidence interval.

Interactions of the first order between the primary covariate of the specific study and all the |
other covariates from the final multivariate model were explored. In a multivariate logistic
regression it is assumed that the effect of a covariate is independent of the other covariates on
the outcome measure. If two covariates have an effect upon one another on the outcome, the

covariates interact.

Model control was performed with the Hosmer and Lemeshow goodness-of-fit test. In the model
it is assumed that continuous covariates are linear associated to DTI. This assumption of linearity
was tested for these covariates by testing whether replacing the specific covariate with square

value of the covariate (e.g. Age replaced with Age * Age) resulted in any model improvement.
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Appendix IV: Danish anaesthesia departments contributing patient
records to DAD version 2

Department of Anaesthesia and Surgery, Abdominal Center, Copenhagen University Hospital, Rigshospitalet, Copenhagen.
Department of Anaesthesia and Surgery, Head and Orto Center, Copenhagen University Hospital, Rigshospitalet, Copenhagen.
Department of Anaesthesia and Surgery, Juliane Marie Center, Copenhagen University Hospital, Rigshospitalet, Copenhagen.
Department of Anaesthesia and Surgery, Neuro Center, Copenhagen University Hospital, Rigshospitalet, Copenhagen.
Department of Anaesthesia and Surgery, Bispebjerg Hospital, Copenhagen University Hospital, Copenhagen.

Department of Anaesthesiology, Hvidovre, Hospital, Copenhagen University Hospital, Hvidovre.

Department of Anaesthesia and Surgery, Amager Hospital, Copenhagen University Hospital, Copenhagen.

Department of Anaesthesia and Intensive Care, Frederiksberg Hospital, Copenhagen University Hospital, Frederiksberg.
Department of Anaesthesia and Surgery, Glostrup Hospital, Copenhagen University Hospital, Glostrup.

Department of Anaesthesia and Intensive Care, Herlev Hospital, Copenhagen University Hospital, Herlev.

Department of Anaesthesiology, Nastved Hospital, Naestved.

Department of Anaesthesiology, Nykebing Falster Hospital, Nykgbing,

Department of Anaesthesiology, Bornholm’s Hospital, Rgnne.

Department of Anaesthesiology, Horsens Hospital, Horsens.

Department of Anaesthesiology, Vejle Hospital, Vejle.

Department of Anaesthesiology, Kolding Hospital, Kolding.

Department of Anaesthesiology, Braedstrup Hospital, Braadstrup.

Department of Anaesthesiology, Regionshospital Holstebro, Holstebro.

Department of Anaesthesiology, Regionshospital Herning, Herning.

Department of Anaesthesiology, Regionshospital Silkeborg, Silkeborg.

Department of Anaesthesiology, Arhus Sygehus, Arhus University Hospital, Arhus.

..

Department of Anaesthesiology, Regionshospital Randers, Randers.
Department of Anaesthesiology, Odder of Arhus Hospital, Odder.
Department of Anaesthesiology, Skejby Hospital, Arhus University Hospital, Arhus.

Department of Anaesthesiology, Thy-Mors Hospital, Thisted.
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High Body Mass Index Is a Weak Predictor Jor Difficult
and Failed Tracheal Intubation

A Cohort Study of 91,332 Consecutive Patients Scheduled Jor Direct
Laryngoscopy Registered in the Danish Anesthesia Database
Lars H. Lundstrem, M.D.,* Ann M. Moller, M.D., Dr.Med.Sci., T Charlotle Rosenstock, M.D., Ph.D., Grethe Astrup, M.D.,§

Jamn Wetterslev, M.D., Ph.D.|

Background: Previous studies have failed to detect high body
mass index (BMI) as a risk factor for difficult tracheal intuba-
tion (DTI). BMI was itvestigated as a risk factor for DTI in
patients planned for direct laryngoscopy.

Methods: A cohort of 91,332 consecutive patients planned for
intubation by direct laryngoscopy was retrieved from the Dan-
ish Anesthesia Database. A four-point scale to grade the tracheal
intubation was used. Age, sex, American Society of Anesthesi-
ologists physical status classification, priority of surgery,
history of previous DTI, modified Mallampati-score, use of
nearomuscular blocker, and BMI were retrived, Logistic re-
gression to assess whether BMI was associated with DT was
performed,

Results: The frequency of DTI was 5.2% (95% confidence
interval [CI) 5.0-5.3). In multivariate analyses adjusted for other
significant covariates, BMI of 35 or more was a risk for DTF with
an odds ratio of 1.34 (95% CI 1.19-1.51, P < 0.0001). As a stand
alone test, BMI of 35 ot more predicted DTI with a sensitivity of
7.5% (95% CI 7.3-7.7%) and with a predictive value of a positive
test of 6.4% (95% CI 6.3-6.6%). BMI as a continuous covariate
was a risk for failed intubation with an odds ratio of 1.031 {95%
CI 1.002-1.061, P < 0.04),

Conclusions: High BMI is a weak but statistically significant
predictor of difficult and failed intubation and may be more
appropriate than weight in multivariate models of prediction of
PTL

DIFFICULT tracheal intubation (DTD is feared among
anesthesiologists due to the increased risk of periopera-
tive morbidity and mortality. ¥ The ability to predict a
DTI allows anesthesiologists to take precautions to re-
duce the risk.” Several studies have investigated the
possible association between obesity and DTI, but their
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results are ambiguous. Some studies did not demonstrate
obesity as an independent risk of DTL®"® but others
scemed to show that obese patients are at risk of DT,
These studies may have failed to detect or reject obesity
as a risk factor for DTI due to small patient numbers and
subsequent lack of power. Obesity is a worldwide, con-
stantly growing problem. It is therefore appropriate to
evaluate whether obesity confers a risk of DTT and tfailed
tracheal intubation (FTD).

There is a lack of consensus about how to measure
obesity as a risk factor for DTI. Two studies used weight
k), and others used body mass index (BMT;
kg - m™9.751%12 The clinical cut-off value defining obe-
sity by BMI has been applied from that used for other
medical events and may not be appropriate for DT, One
study did not demonstrate that morbidly obese patients
were more at risk of DTI than those with moderate
obesity.' In contrast other studies have suggested that
the risk of DTI increases with ‘weight.>*® The aim of this
study is to assess whetlier obesity measured by BMI is
associated with DTI, independent of other risk factors
registered in the Danish Anesthesia Database (DAD). We
also wish to assess whether the risk of DTI is greater in
patients with high BMI. We will evaluate the different
levels of BMI used to categorize obesity. We will com-
pare BMI and weight to decide if there are differences in
their association with a DTI or FTI. We will evaluate the
accuracy of obesity as a stand-alone clinical test to pre-
dict a DTL

Materials and Methods

Fourteen Danish anesthesia departments in 2005 and
25 in 2006-07 prospectively and consecutively re-
corded patients undergoing surgery and anesthesia in
the DAD. The DAD contains specific quantitative anes-
thetic and surgical indicators describing the periopera-
tive period. This information is registered immediately
after each anesthesia by the anesthesiologist. The depart-
ments @ppendix ) were connected via the Internet to
a central server,

The Danish Data Protection Agency, Copenhagen,
Denmark (journalnumber 750.16-5) approved the reg-
istration in the DAD. The Ethics Committees for Biomed-
ical Research, Glostrup, Denmark (reference KA-0675 1,
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Table 1. Danish Anesthesia Database Tracheal Intubation
Score

All patients primarily attempted for tracheal intubation by direct
laryngoscopy were scored as defined
1 Intubated by direct laryngoscope by the first anesthetist and in
two attempts maximally
2 Infubated by direct laryngoscope by the first anesthetist but
with more than two attempts or secondarily intubated by a
supervising anesthetist
3 Intubated by another method than direct laryngoscopy
4 Intubation falled after multiple attempts; no tracheal tube was
inserted

Difficult intubation was defined as an intubation score > 1.

allocated for fiberoptic intubation. Thus, these patients
may be allocated for other reason than anticipated diffi-
cult tracheal intubation. We included 91,332 patients
tracheally intubated 110,382 times. Only the last record
of 13,135 patients scheduled for intubation by direct
laryngoscopy more than once was included. The final
cohort includes 91,332 patients, each represented by
only one session of attempted tracheal intubation by
direct laryngoscopy. Except for cardiothoracic surgery,
all types of surgery are represented in the DAD.

There is no Danish recommendatjon for the evaluation
and handfing of the airway in patients undergoing fra-
cheal intubation. The anesthesia departments may differ
in their recommendations for the evaluation and hap-
dling of the airway.

There is no international consensus defining a difficult
intubation. Difficult laryngoscopy is often used as a surro-
gate outcome for difficait mrubation‘,”; but others suggesta
specific definition of DTL>'> We registered an intubation
score (DTI score, table 1) for all patients primarily at-
tempted for tracheal infubated by direct laryngoscopy.

The DTI score, age, sex, priority of surgery, weight,
height, American Society of Anesthesiologists physical
status classification, modified Mallampati score,*® use of
neuromuscular blocking agents (NMBA), and history of
previous difficult intubation (FDD were used as covari-
ates in the assessments.

Every patient is registered with a unique identifying
number from the centralized civil register. This unique
identifier contains information regarding the patient’s
sex and date of birth. This identifies each patient during
the statistical analysis, allowing exclusion of duplicates
and patients anesthetized and registered more than once
during the observation period. A total of 13,135 patients
were anesthetized more than once (fig. 1). For these
patients, PDI was categorized as Yes or No on the basis
of DTI score of the penultimate intubation. Patients
anesthetized and registered only once, with absence of
information of a possible PDI, were categorized as Un-
known (lack of clinical information in confrary {0 statis-
tical missing value). Priority of surgery was defined as
nonscheduled if a patient was anesthetized without be-
ing planned for surgery the previous day. Height and
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weight were registered on the basis of preoperative
measures at the surgical wards or as reported by the
patients. If records of height or weight were omifted,
they were categorized as a missing value. BMI was cal
culated as weight - he.ight_z (kg - m%). An automatic
validation of weight and height is incorporated in the
DAD. A warning appeared during registration if the cal-
calated BMI exceeded 35 or was below 17, to emphasize
that the weight and height entries should be reconsid-
ered. We manually performed. an additional validation
before the statistical apalysis, in which only height of
125-230 cm and height of 30-250 kg were accepted;
otherwise, the registration was categorized as missing. If
the Mallampati class was registered as unknown, the
registration was categorized as a missing value. For the
analyses, the Mallampati score was dichotomized by
combining classes 1 with 11 and classes 111 with IV. The
use of NMBA was categorized as no relaxation or relax-
ation. If relaxation was used, it was not possible to
distinguish between relaxation used for intubation, dur-
ing anesthesia or both. The DAD did not record the type
of equipment used for intubation.

Statistical Analysis

We attempted a power and sample size calculation in
the protocol,'” With a type I error risk set to & = 0.05,
the type 11 error risk of 8 = 0.10, a relative risk increase
of obesity of 0.30, a frequency of DTE of 0.058,"% and a
multivariate correlation coefficient, R?Z = (.917, the
pumber of patients needed was 25,618. R? was un-
known and estimated from a linear regression of BMI
dependent on height and weight. This assumption is
restrictive as height and weight are closely associated;
therefore, the true number of patients needed for inves-
tigation may be lower.

We performed univariate regression analyses to evalu-
ate the associations between the covariates and DTL In
the primary analysis, weight and height were replaced
by BMI. A subsequent multivariate Jogistic regression
analysis was performed including all significant covari-
ates from the vnivariate analyses. Backward stepwise
regression was performed to identify a final model. Only
interactions of the first order between BMI and ali the
other covariates were explored, Hereafter, BMI was cat-
egorized into six intervals, and a univariate logistic re-
gression analysis was performed to determine if the risk
of DTI increased with BML We also explored the com-
bination of some of the intervals and the changing of
their borders. After a final fitting of the categorized BMI,
it was included in a new multivariate logistic regression
analysis. A model control was performed. The receiver
operating characteristic curve tested the final fitted
model, and the area under the curve was estimated.

On the basis of the final model, we evaluated dichot-
omized BMI intervals as a stand-alone predictor of DTL
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‘Table 3. The Univarlate Association between BMI Stratified
into Six Classes and DT

OR 95.0 % Cl P

BMI < 185

Underweight 0.91 0.78-1.06 0.22
185 =BMI <25

Nonmal weight Reference
25 =8BMI< 30

Overweight 1.24 1.16-1.33 < 0.0001
30=BMI<35

Obese 1.25 1.13-1.37 < 0.0001
35 = BMI <40 ‘

Saverely obesa 1.40 1.22-1.61 < 0.0001
40 < BMI

Morbidly obese 1.47 1.22-1.78 < 0.0001

BMI = body mass index; Cl = confidence interval; DTI = difficult tracheal
intubation; OR = odds ratjo.

six intervals into three: less than 25; 25-34; 35 or more,
A univariate analysis with BMI less than 25 used as
reference demonstrated OR for DT of 1.42 (95% CI
1.26-1.59, P < 0.0001) for BMI of 35 or more and OR of
1.24 (95% CI 1.17-1.32, P < 0.0001) for BMI 25-34,
Further analysis did not demonstrate other reasonable
alternative intervals for the categorization of BMIL A
multivariate analysis, inchiding all significant covariates
from the univariate analyses, identified all covariates
€xcept the American Society of Anesthesiologists physi-
cal status classification to be independent risk factors of
DTL Adjusted for all other significant covariates, BMI of
35 or more and BMI 25-34 remained statistically signif-
icant risk factors of DTI with an OR of 1.34 (95% CI
1.19-1.51, P < 0.0001) and 1.11 (95% CI 1.04-1.18, P<
0.0016), respectively (table 4).

Controlling the multivariate model with the Hosmer
and Lemeshow goodness-ofAfit test (P < 0.3) indicated
that the statistical model was reasonable fitted. Adding
age? as an extra covariate did not improve the model. In

Table 4. Multivariate Model for the Prediction of Difficult
Intubation

OR 95 % ClI P
35 = BMI 1.34 1.19-1.51 < 0.0001
25 <BMI< 35 1.11 1.04-1,18 < 0.0016
Mallampati 1l and 1v 3.70  3.41-4.00 < 0.0001
Male 135 1.27-1.44 < 0.0001
Age, year 1.01 1.01-1.01 < 0.0001
Surgical Priority = Scheduled 1.34 1.24-1.44 < 0.0001
Previous difficult intubation = 6.32 5.11-7.84 < 0.0001
Yes
Previous difficult intubation = 1.26 1.15-1.39 < 0.0001
Unknown
NMBA = No relaxation 1.59 1.49-1.70 < 0.0001

BMI = body mass index; Cl = confidence interval; NMBA = nsuromuscular
blocking agent; OR = odds ratio,

Reference: Previous difficult intubation = No; Surgical priority = Nonsched-
uled; Sex = Femala; Mallampati = | and II; BMI < 25; NMBA = Relaxed. Age
Is expressed as continuous covariate. The OR = 1.01 represents the in-
creased risk of difficult tracheal intubation being 1 ysar older,
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Table 5. Agreement between Stratified BMIL and Weight

Waight (w) Intervals
80kg=
wW<80kg w<110kg 110kg=w Total
BMI< 25 46,249 428 0 48,677
25 =BMI< 35 25,379 11,248 1212 37,837
35 < BMI 221 2158 2906 5,285
Total 71,849 13,832 4118 89,799

Hiustrates complete cases only. A total of 1533 {1.7 %) patients were missing
information about BMI, .

BMI = body mass index; w = weight.

a receiver operating characteristic curve analysis of the
final model, the area under the curve was 0.65 (95% CI
0.64-0.66, P < 0.0001).

Both weight and height were statistically significant in
a wndvariate analysis assoclated with DTL Performing
another muitivariate analysis including the same statisti-
cally significant covariates from the univariate analyses
included previously, but replacing BMI with weight and
height, demonstrated only weight as an independent risk
factor of DTI with OR of 1,004 (95% CI 1.002-1.006 .
P < 0.0001). A goodness-offit test (P < 0.01) indicated
that this model was poorly fitted. We used the same
stratified weight as El-Ganzouri et al® A multivariate
analysis with weight less than 90 kg as reference dem-
onstrated OR for DTI of 1.28 (95% 1.12-1.46, P <
0.0002) for weight of 110 kg or more and OR of 1.10
(95% CI 1.02-1.20, P < 0.02) for 90-110 kg.

Table 5 illustrates the agreement of the two categorical
covarjates, BMI and weight, with a weighted kappa value of
0.44 (95% C1 0.43-0.44, P < 0.0001). The distribution of
the patients in this table is asymumetric; more patients are
located below than above the diagonal of the table. This
indicates that patients categorized with a low ora moderate
risk of DTT according to their weight may be categorized with
a moderate or a high risk of DTT according to their BMIL On
the other hand, patients categorized with low BMI had no or
much lower probability of being categorized with moderate
or high risk of DT according to their weight, Thus, despite
weight being included in the calculation of BMI, the risk
profile for DT for a specific patient might differ considerably
when the two categorical risk factors are compared.

We performed a multivariate logistic regression analysis
to determine if it was possible to include both BMI and
weight, In the first step of the analysis, we included BMI,

weight, height, and all other covardiates that were statisti-
cally significant in univariate analyses. According to nonsig-
nificant and high P values as well as nonsignificant changes
of deviances, we excluded first weight and subsequently
height from the model, leaving BMI as the only indepen-
dent significant risk factor for DTL Repeating the analysis
with both the categorical BMI and weight confirmed the
result. Therefore, height and weight may be confounders
for BMI in the prediction of DTI.
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Table 6. Accuracy of the Prediction of DTI with Dichotomous Stand-alone Tests of BMI and Weight (kg)

™ FP N FN CR Sens. Spac. PPV NPV PoslR NeglR
BMI =25 2526 41,368 45,249 2179 1.27 0.54 0.52 0.06 0.95 112 0.89
BMl = 35 352 5136 81,481 4352 1.28 0.07 0.94 0.08 0.95 1.26 0.98
Weight = 90 1121 17,159 69,458 3583 1.27 0.24 0.80 0.06 0.95 1.20 0.95
Weight = 110 284 3942 82,675 4421 135 0.06 0.95 0.07 0.95 1.33 0.98

TP, FP, TN, and FN calculations were based on the pooled estimates from multiple imputations Chi-square; P < 06001 for alf tests,

BMI = body mass index; DTI = difficult tracheal intuabtion; FN = false negative;
of negative test; OR = odds ratio; PosLR = positive likelihood ratio;
riegative; TP = true positive.

Based on the cut-off values defining the three intervals
of BMI and weight, the following dichotomous stand-
alone tests were assessed (table 6). BMI of 35 or more as
the only predictor had a sensitivity of 7% and a specific-
ity of 94%. The predictive value of positive test was 6%,
Using weight of 110 kg or more gave a predictive value
of positive test of 7%, a sensitivity of 6%, and a specificity
of 95%.

In both vnivariate and multivariate analyses, age, sex,
Mailampati score, PDI, NMBA, weight, and BMI were
significantly associated with FT1. In a multivariate analy-
sis, BMI as a continuous covariate remained an indepen-
dent sk factor of FIT (OR 1.031, 95% CI 1.002-1.061,
P < 0.04); as a categorical covariate, BMI was not sig-
nificantly associated with FT1, If BMI was replaced with
weight, similar multivariate analyses demonstrated
weight as an independent continuous covariate (OR
1.012, 95% CI 1.003-1.021, P < 0.01). As categorical
covariate, only weight of 90-109 kg was significantly
associated with FTT (OR 2.44, 95% CI 1.67-3.56, P <
0.0001), whereas weight of 110 kg or more was not (P <
0.119).

With the same methodological approach used for DT],
we performed post boc analyses of the association be-
tween BMI of 35 or more and planned fiberoptic intuba-
tion. A new study cohort inchxding patients primarily
scheduled for fiberoptic intubation was retrieved, We
performed logistic regression with Yes and No values for
the dependent dichotomons covariate primarily sched-
uled fiberoptic intubation. In the univariate analysis, the
OR was 1.31 (95% CI 1.12-1.53, P < 0.001); in the
multivariate analysis (table 7), the OR was 1.17 (95% CI
0.99-1.39, P = 0.0588) for a patient with a BMI of 35 or
more being scheduled to fiberoptic intubation.

Discussion

We found that 5.2% of the patients had DTI, confirm-
ing the estimate in a previous meta-analysis.'® In this
large DAD cohort, obesity was associated with an OR of
1.42 for DTI with BMI of 35 or more and an OR of 1.24
with BMI of 25-35. This is much less than the estimates
found by Shiga et al., where obese patients had a three
times higher risk of DTI than lean patients.'® We also
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FP = false positive; NegLR = negative likelihood ratio; NPV = predictive value

PPV = predictive value of positive test; Sens = sensitivity; Spec = specificity; TN = true

found that Mallampati score of Il and IV and a history of
PDI were predictors of DTI, with ORs of 3.7 and 6.3,
respectively. Furthermore, male sex, scheduled surgery,
and absence of NMBA were identified as risk factors of
DTI with ORs of 1.35, 1.34, and 1.59, respectively, These
OR were similar to that of obesity. The impact of obesity,
in itself, on the risk of DTI therefore may seem weak.

The risk of DTI increased with degree of obesity,
which concurs with earlier studies. >!? However, in our
study the most reasonable cutoff values stratifying BMI
differed from previous studies.””'**>2?2 Our data suggest
that a BMI of 35 is the cut-off value that relevantly divides
overweight and obese patients into two groups with
different risks of DTL BMI of 35 or more may be a better
clinical cut-off than BMI of 30 or more or BMI of 40 or
niore, as previously suggested,

We found that weight was also an independent risk
factor for DTI. Compared to El-Ganzour et al® our

Table 7. Multivariate Model for Scheduled Fiberoptic
Intubation

OR 95 % Ci P
BMI =35 1.17 0.99-1.39 < 0.0588
Mallampati il and IV 3.70 3.41-4,00 < 0.0001
Male 1.35 1.27-1.44 < 0.0001
Age, yr 1.00 1.00-1.01 < 0.0041
Surgical priority = 1.75 1.57-1.95 < 0.0001
Scheduled
Previous difficult 6.48 4.89-8.58 < 0.0001
intubation = Yes
Previous scheduled 49.71 38.87-63.59 < 0.0001
fiberoptic
infubation = Yes
Previous scheduled 1.41 1.21-1.63 < 0.0001
fiberoptic
intubation =
Unknown
BMI = bady mass index; Cl = confidence interval; OR = odds ratio,
Reference: Previous difficult intubation = No and Unknown; Surgical priority =

Nonscheduled; Sex = Femal; Mallampati = | and Il; BMI < 35; Pravious
scheduled fiberoptic intubation = No, Age is expressed as continuous co-
variate. OR = 1.01 represents the increased risk of difficult tracheal intubation
being 1 year older.
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estimates of the OR were considerably lower, although
we used the same stratification of weight. This differ-

L]
R ence may be explained by their use of Cormack and
; Lehanes classification of the glottic view as a surrogate
§ parameter for DTI. In our final multivariate analysis,
3 where BMI was compared with weight, only BMI quali-
} fied as a statistically significant risk factor. This indicates
- that BMI rather than weight may be the measure of
- choice for describing obesity as a risk for DT
e As sole predictors of DTI, the accuracy of both BMI
and weight assessed as dichotomous tests performed
poorly. Previous studies have also suggested that the
of value of screening tests for DTI is limited when a single
3, test is used,'®23 Therefore, combining different predic-
v, tors may improve diagnostic accuracy, and a multivariate
of test inclnding numerous known risk factors for DTI may
se allow the use of BMI as a measure of obesity.
¥, In our results, the low ORs of BMI and weight may
. indicate a limited importance of obesity 45 a risk of DTL
v, However, obesity has been identified as a risk of difficult
ur mask ventilation.*>?%?> Kheterpal et al investigated
Ml 22,660 attempts of mask ventilation where BMI of 30 or
agt ‘ more was identified as an independent risk factor for the
les . combination of difficult mask ventilation and difficult
ith EE k intubation. Mask ventilation is an important rescue tech-
ter - nique in a situation with DTI or FIT; thercfore, the
or . knowledge of obesity being a risk factor for DTI simul-
% taneously with difficult mask ventilation is important.

isk - The airway management of obese patlents may also be
- - . . . .26
associated with accelerated oxygenic desaturation® and

)ur difficuit emergency tracheotomy.?”
Qur analyses indicated that both age and male sex
- were risk factors of DTI. This may be due to sex being a
i % confounder of parameters not observed, and the status
— of age is in agreement with Kheterpal ef al., who iden-
588 o tified age of 57 yr or more as a risk of difficult mask

ventilation.”

001 The present study is based on a large cohort of pro-
1001 spectively and consecutively collected data representing
‘ everyday experience from Danish clinical practice. Pres-
041 ently, half of Danish anesthesia departments register in
~ the DAD. The number of registered patients is approxi-
001 ‘ mately half of all the patients in Denmark undergoing
3001 anesthesia. The DAD requires all registered indicatoss to

; be subjected to relevant rules of validation. This mini-
3001 ~ mizes subsequent problems of missing and invalid data,
which is supported by the fact that there was no nofice-
able difference between the estimates from the com-

o001 plete case analyses and the pooled estimates from the
multiple imputations. The interface of DAD to register
the airway evaluation, plan, and management was the

- same for all the registrations as well as the validation and
user manual for the DAD. This confers a high external

evim: validity to our results. Our study included more than

18 co- 91,000 registered intubations, thereby exceeding the

bation : total number of intubations included in the latest meta-
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analyses dealing with prediction of DTL'®2? This large
number of patients enabled us to defect or reject even
weak associations with great power and strengthened
the precision of the estimates by narrowing their confi-
dence intervals. However, we cannot ensure that con-
trolled and uniform conditions were met and applied in
all the patient encourters due to a heterogeneous pop-
ulation of patients and reporters and a lack of a national
recommendation for airway management. This may re-
duce the internal validity of our data.

Obesity may create anatomical difficulties for the intu-
bation caused by the decreased mobility and enfarge-
ment of structures in the throat and around the neck.
Therefore, it seems rational to hypothesize that obesity
in terms of BMI may be independently associated with
DTL. However, the number of risk factors that may be
considered for difficult intubation used in our study was
Hmited. Including more predictors of DTI in our investi-
gation may have changed the result, revealing BMI as a
confounder for other and more closely related risk fac-
tors for DTI. This is suggested by the receiver operating
characteristic curve analysis in our final model revealing
an area under the curve of 0.65, indicating ample room
for model improvement. That gender was independently
associated with DTI may exemplify a likelihood that
unknown confoutding variables were missing in our
analyses. The neck circumference may be a better and
more relevant predictor than BMI, but again the current
literature does not provide an adequate answer to this
question.”*®~3% Including other additional risk factors
for DTI as the thyromental distance, ability of mouth
opening, range of neck movement, or ability to prognath
in a future analysis may remove obesity as an indepen-
dent risk factor for DTI. Although these covariates are
considered well-known risk factors for DTI, they have
not succeeded as a standalone test or in combination to
predict DTI with sufficient accuracy.”*®3! In our analy-
sis, however, high BMI was identified as a risk factor for
DTi. At the obese patient’s preanesthetic visit, the anes-
thetist should therefore take the precaution of including
a very careful airway examination.

The importance of relaxation is supported by our results,
as the lack .of NMBA use for intubation was identified as a
risk of DTI and FIT. It is a limitation of the study that there
was no record of the educational level or years of experi-
ence of the persons performing the intubations. Those
with least experience may have the most episodes of diffi-
cult intubations. No information regarding different height
of the pillow and the position of head and neck of the
obese patients during intubation was registered. An ele-
vated compared with a sniffing position may improve the
conditions for intubation of obese patients.>* This informa-
tion might have changed the results of our study if we had
been able to include it in our analyses.

Confounding by indication is known to introduce bias
when dealing with forecasts of DTI in any nonrandom-
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ized study involving interventions.® The airway manage-
ment of anticipated DTI is likely to differ from that of
unanticipated DTI. Our results could be biased by nu-
merous variables not recorded in DAD. These unknown
confounding variables may be important for the airway
handling depending on the BML As an example, a more
experjenced physician may be allocated for the task:
therefore, the obese patient may have been successfully
tracheally intubated. It may be another confounder that
4 patient may be scheduled for a fiberoptic intubation
because of obesity, leaving this particular patient ineli-
gible for the analysis. This finding may be supported in
part by our post hoc analyses, where the risk of being
scheduled for fiberoptic intubation for patients with BMI
of 35 or more was evaluated, Thus, the association was
significant in our univariate assessmient; whereas the
association was marginally nonsignificant in our multi-
variate model. These results are encumbered with un-
certainty because we cammot identify if a patient was
initially allocated for fiberoptic intubation because of an
anticipated difficult intubation or for other reasons. It is
likely that an experienced anesthetist with the best air-
way management skills will be allocated for a patient
judged to be of high priority. In our study, nonscheduled
surgery may be associated with high-priom‘ty surgery,
which may explain why it was associated with a de-
creased risk of DTI when compared with scheduled
surgery.

This study adds to the numerous studies dealing with
the prediction of DTI. It adds to the description of the
total risk profile of patients with DTI, In onr large cohort,
increasing obesity was demonstrated as 2 risk factor for
DTl independent of other risk factors registered in DAD.
The impact of BMI of 35 or more on DTI was limited
compared to other known risk factors such as PDI and
the modified Mallampati score. BMI appears to be a
better measure than weight to describe obesity as a risk
for DTI. Obesity measured by BMI cannot in itself iden-
tify patients at risk of DTI. A multifactorial test including
previously validated risk. factors as well as obesity in
terms of BMI of 35 or more may improve prediction
of DTI.

The authors thank all anesthesia depattments teporting to the Danish Ancs-
thesia Database (appendix 13, and to Jane Craknell, B.A, M.Sc., Coordinator and
Managing Editor of Cochrane Ancsthesia Group, Rigshospitalct, Copenhagen @,
Denmark, for linguistic reviewing the anusceipt.
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Avoidance of neuromuscular blocking agents may increase the risk
of difficult tracheal intubation: a cohort study of 103 812
consecutive adult patients recorded in the Danish
Anaesthesia Database
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Background. Previous studies indicate that avoiding neuromuscular blocking agents (NMBAs)
may be a risk factor for difficult tracheal intubation (DTI). We investigated whether avoiding

NMBA was associated with DTI,

Methods. A cohort of 103 812 consecutive patients planned for tracheal intubation by direct
laryngoscopy was retrieved from the Danish Anaesthesia Database. We used an intubation
score based upon the number of attempts, change from direct laryngoscopy to a more
advanced technique, or intubation by a different operator. We retrieved data on age, sex, ASA
physical status classification, priority of surgery, time of surgery, previous DTI, modified
Mallampati score, BMI, and the use of NMBA, Using logistic regression, we assessed whether

avoiding NMBA was associated with DTI

Results. The frequency of DTl was 5.1 [95% confidence interval (CI): 5.0-5.3]1%. In 3 univari-
ate amalysis, avoiding NMBA was associated with DT}, odds ratio (OR) 152 (95% Cl: 143~
1.61)%, P<0.0001, Using multivariate analysis, avoiding NMBA was associated with DTL, OR
148 (95% Ck: 1.39-1.58), P<0.0001. Among patients intubated using NMBA, a multivariate
analysis identified patients anaesthetized with only non-depofarizing NMBA to be more at risk
for DTI than those anaesthetized with depolarizing NMBA alone.

Conclusions, Avoiding NMBA may increase the risk of DTI. However, confounding by indi-
cation may be a problem in this observational study and systematic reviews with meta-analysis

or more randomized clinical trials are needed.
Br | Anaesth 2009; 103: 283-50

Keywords: anaesthetic techniques, laryngoscopy; complications, intubation tracheal;

neuromuscular block

Accepted for publication: March 5, 2009

Difficult airway management including difficult tracheal
intubation (DTI) may be a major cause of severe
perioperative morbidity and mortality related to anaesthe-
sia.'~ Predicting DTI enables the anaesthesiologist to take
precautions to reduce the risks associated with tracheal
intubation.® Several studies have focused on one or more
factors telated to the patient which may identify those at

risk of difficuit intubation.®” In addition to patient factors.
successful airway management is determined by the anaes-
thetist’s technical skills, non-technical skills, the facilities
available, and the local environment.® ® The results of pre-
vious randomized trials, although small and with surrogate
outcome measures, indicate that avoiding neuromuscular
blocking agents (NMBAs) may be associated with
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increased risk of- difficult intubation and more posi-
operative discomfort to the patients. '8

An evaluation of the use of neuromuscular blocking
drugs during anaesthesia of patients recorded in the
Danish Anaesthesia Database from January 2005 to
December 2007 demonstrated a decrease in the use of
these drugs for general anaesthesia including intubation. In
light of this change of practice, the aim of this study was
to evaluate whether avoiding the use of neuromuscular
blocking drugs for general anaesthesia including intubation
by direct laryngoscopy is a risk factor for difficult intuba-
tion and failed tracheal intubation (FTI). Also, the use of
non-depolarizing drugs was compared with depolarizing
drugs as a risk factor for difficult intubation,

Methods

Fourteen Danish anaesthesia departments in 2005 and 23
in 2006-7 prospectively and consecutively reported data
on patients undergoing anaesthesia and surgery to the
Danish Anaesthesia Database version 2. The Danish
Anaesthesia Database contains specific quantitative anaes-
thetic and surgical indicators describing the perioperative
period. This information is recorded immediately after
each operation by the anaesthesiologist. The departments
(Appendix I) are connected online, via the Internet, to a
central server.

The Danish National Board of Health and The Danish
Data Protection Agency approved the registration in the
Danish Anaesthesia Database of all patients undergoing
anaesthesia. "The steering committee of the Danish
Anaesthesia Database approved this study and provided
access to the data.

We retrieved 148 546 records of patients undergoing
general or combined anaesthesia with tracheal intubation
from Jamnary 1, 2003, to December 31, 2007 (Fig. 1).
We excluded patients aged <<I3 yr, those already intu-
bated, and those primarily undergoing rigid and flexible
fibreoptic intubation. We included 103 812 patients, who
were intubated 126 433 times in this study, About 15 512
patients were anaesthetized and undergoing intubation by
direct laryngoscopy on more than one occasion, for these
patients only the last record was included. Thus, the final
cohort includes 103 812 patients each represented by
only one session of attempted tracheal intubation by
direct laryngoscopy. Of these patients, 84 had missing
records of an intubation score (Table 1), About 12 850
patients had missing records for one or more covariates,
whereas 90 962 patients had complete records without
any missing data. All types of surgery are represented in
the Danish Anaesthesia Database except for cardiothor-
acic surgery.

There is no national recommendation for the evaluation
and handling of the airway in patients undergoing tracheal
intubation in Denmark. Therefore, participating anacsthetic

374308
weeonds

l—b 55270 records of regional anaesthesia alons were

319038
records

l—» 12261 records of sedation atone patients were excluded

W06777

records
138231 records of patients undergoing peneral or
combined amecsthesia without any stlempts of trachea!

v intubation were excinded
148546
recurds
l———————r 441 seeords of duplicates exchnded
148105
records
4097 records of intubations of patients alrendy intabated
when wrriving in the operating (heatre exeluded
144008
rocards
14267 records of children aged <13 yr excluded
129741
records
3308 records of intubations in patients undergoing
rigid or flexible fibrzoptic Intubation excluded
126433
records

F——————% 22621 records of intubation other than the Jast For each
patient excluded

103812 15312
Ny . records of 2 penultinate
rec«)rgv vt‘lht.‘l;.:;m‘thuba:ﬁ:’n " intobation of patients intubated
cachpd w:‘mho rt] o stucy maom than once in the study

cohurt used (o generate data on
previous difficalt intobation

Fig 1 Selection of the study cohort. About 374 308 records of patients
undergoing anaesthesia were identified in the Danish  Anaesthesia
Database. Excluding records of anaesthesia other than patients
undergoing general or combined anacsthesia who were primaly
undecgoing tracheal intubation, the cobort incloded 148 546 records.
Recorded intubations were excluded as explained in the figure. The
subgmogp of 13 312 records representing the penuliimate intubations of
patients intubated more than once was merged to the corresponding Yast
intubation for the specific patient, and thereby information for the
covarigte PDI was created, Thus, 88265 patients were only tracheal
intubated once, 15 512 patients were intubated {wo or more times, while
information was missing for 35.

departments may differ in their recommendations for
airway management.

Intubation score and covariates recorded in the
Danish Anaesthesia Database

Infernational consensus defining a DTI does not exist.
Often, difficult laryngoscopy is used as a surrogate for
difficult intubation,” whereas others suggest a specific defi-
nition of DTL®2° We devised an intubation score based on
fields in the Danish Anaesthesia Database (DT score,
Table 1) and recorded this score for all patients in whom
tracheal intubation by direct laryngoscopy was attempted
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Table I The Danish Anaesthesia Database tracheal intubation score. DT1
FTI

was defined as an intubation score >1. Consequently, the definition of DI includes

Al parients in whom the primary airway management plan was tracheal intubation by direct laryngascopy were scored as follows

Scor=1 Intubated by dircct laryngoscopy by the first anacsthetist and in two
Score=2

more failed attempts at intubation
Score=3  Intubated by a method other than dircct laryngoscopy

Score=4

Intubation failed after multiple attempts, no tracheal tube. was inserted

atiempts maximally
Intubated by direct laryngoscopy by the first anzesthetist but with more than two attempts or intubated by a supervising anaesthefist after one or

and was the primary strategy  planned for airway
managemennt,

The following data were obtained from the database:
DTI score, age, sex, BMI, classification of ASA physical
status, modified Mallampati score,2! history of previouns
difficult intubation (PDI), priority of surgery, time of
surgery, and the use of NMBA.

Each patient in the Danish Anaesthesia Database is
recorded with a unique identifying number from the cen-
tralized civil register. This unique identifier contains infor-
mation regarding the patient’s sex and date of birth and
enables exclusion of duplicate anaesthesia reports and
identification of patients anaesthetized and recorded more
than once during the period of observation. Patients anaes-
thetized more than once and with a previous record of at
least one DTI in Danish Anaesthesia Database based on
the intubation score (Table 1) were categorized as ‘PDI’.
The remaining patienis were categorized as ‘No or
unknown PDI’,

Priority of surgery was defined as no-scheduled, if a
patient was anaesthetized without being planned for
surgery the previous day. Otherwise, SuEgery was categor-
izéd as scheduled, Time of surgery was categorized as
‘Daytime’ if start of surgery was between 08:00 and 16:00
or as ‘Shift’ if start of surgery was between 16:00 and
08:00. Height and weight were recorded in the Danish
Anaesthesia Database based on preoperative measurements
at the surgical wards or as reported by the patients, If
records of height or weight were omitted, they were cate-
gorized as missing values, Height and weight ranges of
125-230 cm and 30-250 kg, respectively, wero accepted
as valid entries for the purpose of this analysis. BMI was
calculated as weight/height® (kg m™2). A warning appears
during registration, if the calculated BMI exceeds 35 or is
below 17, to emphasize that the weight and height entries
should be reconsidered. If the Mallampati score was
recorded as unknown, it was categorized as a missing
value. For the analyses, the Mallampati score was dichoto-
mized by combining class 1 with 1 and class TII with 1v.
The use of NMBA was classified as ‘depolarizing drugs
with or without non-depolarizing drugs’, ‘non-depolarizing
drugs only", or ‘none’. If NMBA were used, it was not
possible to distinguish between NMBA used exclusively
for intubation, to facilitate surgery, or both. We also con-
ducted analyses using a covariate combining the two
classes describing the use of NMBA into one common
class. The use of NMBA was dichotomized as the ‘use of

NMBA’ and ‘avoidance of NMBA’. For our assessments,
we therefore used variables describing the use of NMBA
in either two or three categories. There are no records of
actual anaesthetic drugs used for the anaesthesia, Tt is not
recorded in the Danish Anaesthiesia Database whether neu-
romuscular monitoring is used for quantifying the degree
of NMBA. It is not possible to acquire detailed infor-
mation of airway management from the Danish
Anaesthesia Database such as the type of laryngoscope
blade or other types of equipment used for inty bation.

Statistical analysis

We performed univariate regression analyses to evaluate
the possible associations between DTI and the predefined
covariates. A subsequent multivariate logistic regression
analysis was performed including all significant covariates
from the univariate analyses, Backward  stepwise
regression was performed (o identify a final model, In
logistic regression, it is assumed that the effect of a covari-
ate is independent of the other covariates on the outcome
measure. We tested if there were any first-order inter-
actions between the use of NMBA and all the other
covariates on the occurrence of DT,

All regression analyses are presented with the significant
covariates listed with their odds ratios (ORs) and corre-
sponding 95% confidence interval (CI). A model control
was  performed with the Hosmer and Lemeshow
goodness-of-fit test. In the model, it is assumed that con-
tinuous covariates have a linear association with DTI. This
assumption of linearity was tested for age by ftesting
whether replacing Age with (AgexAge) resulted in any
model improvement.

We evaluated whether the ‘avoidance of NMBA’
increased the risk of FI'L Uni- and multivariate analyses
were performed based upon the cohort selected as pre-
viously described. The Danish Anaesthesia Database does
not offer a description of the type of NMBA used in
patients with failed intubation, if a planned general anaes-
thetic is changed into a regional anaesthetic or monitored
anaesthesia care (sedation).

The prevalence and pattern of missing data among all
covariates were examined. We used the statistical method
of multiple imputations for handling missing data, We
imputed 10 data sets and pooled the estimates as described
by Rubin® and Schafer and colleagues.23 2* If there were
any noticeable differences between the poaled estimates of
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Tuble 2 The use of newromuscular blocking agents over the 3 yr of the study for patients undergoing tracheq! intubation. Each figure is: number of patients
(percentage of column total), NMBA, neuromuscular blocking agent. The table illustrates complete cases. Data were missing in 84 paticats

Year 2005 2006 2007 Total

No use of NMBA 3115 (17.5) 9159 (25.8) 13 917 (31.6) 28 191 (27.2)
Non-depolarizing NMBA 9266 (52.0) 15769 (44.49) 18 342 (36.4) 43 377 (41.8)
" Depolarizing £ non-depolarizing NMBA 5453 (30.6) 10551 (29.7) 16 156 (32.0) 32 160 (31.0)
Total 17 834 35479 50 443 103728

the multiple imputation and the original estimates, both
tesulfs are presented. In all analyses, P<<0.05 was regarded
as statistically significant. SPSS v15.0 and AMOS v7.0
were used for the analyses. NORM v2.03 by Schafer was
used for pooling of estimates from the statistical analyses
of each imputed data set.

This study has been presented according to the
STROBE statement on the reporting of an observational
cohort study.25

Results

The frequency of patients undergoing tracheal intubation
without the use of NMBA increased over the 3 yr of
observation from 17.5% in 2005 to 25.8% in 2006 and to
31.6% in 2007 (Table 2). The incidence of ‘no use of
NMBA’ may have been influenced by the large increase
of patients from different hospitals included over the years
of observation. The incidence of ‘no use of NMBA’ in the
original 14 hospitals over the 3 yr increased from 17.5%
in 2005 to 24.8% in 2007. The overall frequency (95% CI)
of DTT was 5.1 (5.0-5.3)%. The frequencies of DTI in
2005, 20086, and 2007 were 5.8%, 4.9% and 5.1%, respect-
ively. Failed intnbation occurred in 277 patients with an
overall frequency of 0.27 (0.24-0.30)%. The character-
istics of all patients are displayed in Table 3.

The univariate analysis of the dichotomized covariate of
the nse/avoidance of NMBA demonstrated an OR for DTI
of 1.52 (1.43-1.61, P<0.0001) with ‘avoidance of
NMBA’. In the univariate analyses, the covariales: sex,
priority of surgery, time of surgery, ASA classification,
BMI, Mallampati score, PDI, and age were all statistically
significantly  associated  with  difficolt  infubation
(P<0.0001). These covariates were included in the sub-
sequent multivariate analyses.

A mulifivariate analysis of the 90) 962 patients without
any missing data, including all the statistically significant
covariates from the univariate analyses, identified all co-
variates except the ASA classification and time for surgery
to be independent risk factors of DTI (Table 4), The multi-
variate analysis of the dichotomized covariate of the
avoidance of NMBA/use demonstrated an OR for DTI
1,48 (1,39-1.58, P<<0.0001) with ‘avoidance of NMBA’.

-Exploring the model for interactions identified a statisti-
cally significant interaction of NMBA with surgical pri-
ority (P<<0.0001). This means that the association between

DTI and the use of NMBA is dependent on suigical
priority and vice versa. Therefore, we introduced a new
covariate combining the use/avoidance of NMBA and
levels of surgical priority and repeated the multivariate
analysis with this covariate having four levels. Among the
patients undergoing non-scheduled surgery, the OR of
difficult intubation was 3.10 (2.69-3.57, P<0.0001) for
those anaesthetized without the use of NMBA. In those
undergoing scheduled surgery, the OR of ditficult intuba-
tion was 1.26 (1,18-1.35, P<<0.0001) for those anacsthe-
tized without the use of NMBA. These analyses show that
regardless of surgical priority, the risk of DTI was highest
in patients anesthetized and intubated without using
NMBA, and the impact of avoiding the use of NMBA on
the risk of DTI was highest for non-scheduled patients.

The dichotomized covariate avoidance of NMBA (as
opposed to the use of NMBA) was statistically signifi-
cantly associated with FTL In a multivariate analysis, the
OR of FTI was 1.72 (1.21-2.43, P<0.0001) for ‘avoid-
ance of NMBA’, The model in this case included adjust-
ments for BMI as a continnous covariate; Mallampati
score; sex male; PDI; and age were also significantly
associated with FTT in this multivariate analysis.

'We repeated our analysis with the use of NMBA stratified

into three classes as ‘depolarizing drugs with or without non-
depolarizing drugs’, ‘non-depolarizing drugs only’, or
‘none’. Univariate analysis with ‘depolarizing drug with or
without non-depolarizing dug’ as the reference group
demonstrated an OR for DTI of 1.80 (1.68~1.94, P<0.0001)
for the avoidance of NMBA and of 1.33 (1.24-143,
P<0.0001) for ‘non-depolarizing drug only’. Multivariate
analysis demonstrated an OR for DTI of 1.74 (1.59~1.90,
P<0,0001) with avoidance of NMBA and of 1.26 (1,16~
1,37, P<0.0001) for ‘non-depolarizing dmg only’.
" Performing multiple imputations for handling missing
values did not exhibit noticeable differences between our
original estimates and the pooled imputed estimates. As an
example, because of missing data concerning the use of
NMBA, the original assessment did not include 109
patients for whom a gencral anacsthesia was converted
into a regional anaesthesia or sedation because of an FTL
We included these patients in a new assessment by using
multiple imputations, The OR for FTI for ‘avoidance of
NMBA® was 1.85 (1.37-2.51) after multiple imputations
and 172 (1.21-2.43) in our complete case analysis,
respectively.
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Table 3 Characteristics of the patients, The table shows the number of patients. The figures in parentheses are the column percentage within each categorical

covarfate, For continuous covariates, the figures
Anesthesiologists physical status classification

in parentheses show the range, NMBA, newomuscular blocking

agent; ASA, Ameriean Socicty of

Use of NMBA Total Missing of tofal
No NMBA Nor-depolarizing Depolarizing non-depolatizing
All patients 28 201 43394 32189 84 (0.1%)
Categorical covariates
Difficult intubation 84 (0.1%)
Yes 1899 (6.7) 2192 (5.1) 1239 (3.9) 5330
No 26292 (93.3) 41 185 (94.9) 30921 (%6.1) 98 398
Sex 84 (0.15)
Male 12388 (43.9) 18676 (43.1) 13429 (41.8) 44 493
Female 15 803 (56.1) 24701 (56.9) 18731 (58.2) 59235
Pricrity of surgery 88 (0.1%)
Schedufed 23 897 (84.8) 37 089 (85.5) 12048 (37.5) 73034
Non-scheduled 4292 (15.2) 6286 (14.5) 20112 (62.5) 30690
Time of surgery 106 (0.1%)
Daytime 26 110 (92.7) 40 369 (93.1) 19 653 (61.1) 86 132
Shift 2064 (7.3) 3004 (6.9) 12 506 (38.9) 17574
ASA classification 1770 (1.7%)
1 14 879 (53.9) 13 357 (35.8) 10 582 (33.3) 40 818
n 9883 (35.8) 19 075 (44.5) 12931 (40.9) 41 889
hi4] 2570 (9.3) 7537 (17.6) 6772 (21.4) 16879
v 232 (0.8 309 (1.9 1222 (3.9) 2263
v 25 (0.1) 71 (0.2) 97 (0.3) 193
BMI 1747 (1.7%)
<35 26 818 (96.3). 41 106 (96.0) 28.146 (89.7) 96 070
233 1043 (3.7 1735 (4.0) 3224 (10.3) 6007
Mallampati scorz 11 741 (11.3%)
Tand IX 22635 (93.0) 37083 93.7) 25433 (50.2) 85151
I and IV 1696 (7.0) 2495 (6.3) 2749 (9.8) 6940
Previous difficult intrbation 84 (0.1%)
Yes 243 (0.9) 351 (0.8) 312 (1L 906
Unknown 24 690 (87.6) 37265 (85.9) 26279 (81.7) §8 234
No 3258 (11.6) 5761 (13.3) 5569 (17.3) 14588
Continvous covariates
Moeans
Age () 48 (15-104) 56 (15-104) 53 (15-106) 0 (0%)
Weight. (kg) 75 (30-213) 74 (30-195) 77 (30-225) 857 (0.8)
* Height {cm) 172 (125-218) 171 (130-211) 171 (125-218) 1640 (1.6)

Table 4 Multivariate model for DTI. References comparators were: *Use of
NMBA’; Surgical priority: non-scheduled; *no or urkrown PDI’; Sex: fernale;
Mallampati class I or H; BMI <35

Covariates Odds ratio 95% C1 Puvalue
Avoidance of NMBA 148 1.39-1,58 <0,0001
Surgical priority: scheduled 146 136-1.57 <0.0001
Sex: male 1.34 126-1.42 <0.0001
BMI >335 1.31 1.16-1.46 <0.0001
Mallampati class 11! and 1V 372 3.44-4.01 <0.0001
PDI 3.94 3.27-4.75 <0.0001
Age (yD) 101 1.01-1.0t <0.0001
Discussion

We found a frequency of 5.1% of DTI confirming the esti-
mate in a previous meta-analysis.” The frequency of patients
intubated without the use of NMBA increased considerably
over the 3 yr of observation whereas the frequency of DTI
was relatively constant during the same period. In both our

univariate and multivariate analyses of this large Danish
Anaesthesia Database cohort, avoiding NMBA was associ-
ated with DTI with an OR of 1.5, We identified a statistical
interaction between the covariates such that the impact of
avoiding NMBA on DTI differed with surgical priority.
Regardless of surgical priority, the risk of DTI was highest
in patients anaesthetized and intubated without the use of
NMBA. Among patients intubated using NMBA, a multi-
variate analysis identified that patients anaesthetized with
only non-depolarizing NMBA to be more at risk for DTI
than those anaesthetized with depolarizing NMBA alone.
Meta-analyses indicate that succinylcholine offers better
conditions for tracheal intubation fthan rocuroniom when
evaluating both excellent and clinically acceptable con-
ditions of tracheal intubation.® ¥ Our resulis may support
the position that the use of a depolarizing neuromuscular
blocking drug is associated with fewer difficult intubations
than that of a non-depolarizing NMBA, However, the

287

76




Lundstrem et ol

Danish Amsesthesia Database does not contain data on
whether patients were intubated using a rapid sequence
induction or not. Including more covariates, especially
records of rapid sequence induction, in our investigation
may have changed the result, and ultimately remove ‘non-
depolarizing NMBA’ as an independent risk factor for diffi-
cult intubation. Finally, avoiding NMBA was identified as a
significant risk factor for failed intubation with an OR of 1.7.

~ In our multivariate analysis, we found that a Mallampati
score 11T and IV was associated with DTI with an OR of 3.7,
which is slightly lower than reported by Shiga and col-
leagues.” PDI was associated with difficult intubation with
an OR of 3.9. Both male sex and a BMI of >335 were ident-
ified as risk factors of DTI with an OR of 1.3 in each case.”®

Confounding by indication® is recognized to introduce
bias in non-randomized studies evaluating interventions.*
In this case, the clinical choice of tracheal intubation with
or without the use of NMBA depends on multiple factors
related to the patfent, to the surgery, and to other aspects of
the clinical situation. The choice to use or svoiding neuro-
muscular blocking drugs may be based on reasons not
recordéd in the Danish Anaesthesia Database. Therefore,
patients in whom NMBA are avoided, tracheal intubation
may be fundamentally different from those in whoni such
drugs are used. This may be the reason for the patients
anaesthetized without the use of these drugs were more
likely to be difficult to intubate. The airway management
of a patient with an anticipated difficult intubation is likely
to differ from that of a patient with unanticipated difficult
intubation. If a difficult intubation is anticipated, this may
influence the decision to use or avoid NMBAs. Likewise, a
more experienced physician may be allocated for the task,
or the patient may be undergoing a fibreoptic intubation,
with a rigid or flexible scope, making the patient ineligible
for our anmalysis. Thus, despite the fact that our study
clemly exhibits 3 robust statistical association between
avoiding NMBA and DTJ, it does not prove unequivocally
thal avoiding NMBAS is a cause of difficult intubation.

Several studies indicate' ***~** numerous possible dis-
-advantages associated with avoiding neuromuscular block-
ing drugs. However, our results illustrate a dramatic
change in clinical behaviour among Danish anaesthesiolo-
gists with the avoidance of NMBAs during anaesthesia
having almost doubled between 2005 and 2008,

The Danish Anaesthesia Database does not contain any
information on the actual anaesthetic drugs. However, based
on our experiences, we believe that total iv. anaesthesia
with propofol and remifentanil makes up the majority of
the anaesthesia without any use of neuromuscular blockers.
Several studies have evaluated the optimal doses of drugs
used for different regimens for tracheal intubation without
the use of relaxants.”® 3% Ay there are no records of
anaesthetic drugs and dosing, it is impossibie to assess the
influence of these drugs on intubating conditions. Hence,
we cannot exclude that a suboptimal administration of the
adjuvant hypnotics and analgesics contributes to our result.

Despite the evidence that avoiding neuromuscular
blocking drugs is associated with difficult inwbation, the
overall frequency of difficult intubation did not increase
over the study period, whereas avoidance of neuromuscu-
lar blockers increased considerably. There may be more
explanations for this, as time-related factors, observed and
unobserved, may have changed over the years of obser-
vation. First, the overall characteristics of the populations
recorded in the Danish Anaesthesia Database may have
changed within each of the participating departments.
Secondly, the overall characteristics of the populations
recorded in the Danish Anaesthesia Database may have
changed affer 2005 due to substantial differences in the
populations of the 11 new participating departments,
Finally, during this pedod, the anaesthesiologists and the
departments may have learned to manage tracheal intuba-
tion without using neuromuscular blockers, so reducing
the incidence of difficult or failed intubation.

There is no international consensus definition of a ‘diffi-
cult intubation’. An intubation score simply based upon
the mumber of attempts shows that multipie attempts af tra-
cheal intubation may be associated with morbidity.” The
intubation difficulty scale®® in contrast gives a detailed
description of the circumstances of the tracheal intubation.
An intubation score, which includes all possible factors of
importance for a successful intubation, may not be feas-
ible. Therefore, most intubation scores are compromises.
The intubation score in the Danish Anaesthesia Database
is based upon: the number of attempts, intubation by a
different operator, or change from direct laryngoscopy to a
more advanced technique.

The present study is based upon a large cohort of pro-
spectively and consecutively collected data representing
everyday experience from clinical practice. The interface
to register the airway-evaluation, -plan, and -management
was the same for all the registration sites as was the vali-
dation and the online user manual for the Danish
Anaesthesia Database. This confers a high external val-
idity. The large number of patients enabled us 1o detect or
reject weak associations with adequate statistical power
and strengthened the precision of the estimates. However,
we cannot ensure that controlled and uniform conditions
were met and applied in all the patient encounters due to a
heterogeneous population of patients and reporters and a
lack of national recommendations for airway management.
This may reduce the internal validity of this study.

Tt is a limitation of our study that there were no records
of the degree of relaxation measured by nerve stimulation
during intubation and there were no records of actual
anaesthetic drugs used for the anaesthesia. It is also a
{imitation of the study that when NMBAs were used, it
was impossible to distinguish whether this was for intuba-
tion or to facilitate surgery. This is of greater concern for
the records dealing with the sole use of non-depolarizing
agents, It seems reasonable that when a depolarizing agent
was used, this was exclusively for intubation. Difficult
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intubation in patients who received a non-depolarizing
NMBA to facilitate surgery may explain why the use of
non-depolarizing agents was associated with more at risk
of difficult intubation than the use of a depolarizing with
or without additional non-depolarizing agents,

There were numerous missing records of the use of neu-
romuscular blocking drugs in the patients recorded as
failed intubation. Therefore, the validity of our results
regarding failed intubation may be Hmited. Tt is a limit-
ation of the study that records of the educational level or
years of experience of the anaesthetists performing the
intubations are not available, T hose with the least experi-
ence may have more episodes of difficult intubation,
Finally, the number of risk factors for difficult intubation
examined in our study is limited. Additional risk factors
for difficult intubation may change the importance of neu-
romuscular blocking drugs as an independent risk factor
for difficult intubation,

The present study adds to previous studies dealing with
the risk of difficult intubation and offers a description of
the risk of difficult intubation in daily anaesthetic practice.
In our large Danish cohort, avoiding neuromuscular block-
ing drugs was demonstrated to be a rsk factor for difficult
. and failed inmbation independent of other risk factors
rcorded  in the  Danish Anaesthesia  Database,
Confounding by indication is a major problem in observa-
tional- studies to describe the effect of interventions.
Randomized clinical trials comparing the avoidance and
use of nenromuscular blocking drugs for intubation and
examining patient-centred outcomes would be of value.
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Appendix I: Contributing departments

Surgery, Abdominal
Hospital,

Departiment  of Anaesthesia and
Center, Copenhagen University
Rigshospitalet, Copenhagen,

Department of Anaesthesia and Surgery, Head and Orto
Center, Copenhagen University Hospital,
Rigshospitalet, Copenhagen.

Department of Anaesthesin and Surgery, Juliane Marie
Center, Copenhagen University Hospital,
Rigshospitalet, Copenhagen.
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Department of Anaesthesia and Surgery, Neuro Center,

Copenhagen University  Hospital, Rigshospitalet,
Copenhagen.

Department of Anaesthesia and Surgery, Bispebjerg
Hospital, Copenhagen University Hospital,
Copenhagen,

Depariment of Anaesthesiology, Hvidovre, Hospital,
Copenhagen University Hospital, Hvidovre.

Department of Anaesthesia and Surgery, Amager Hospital,
Copenhagen University Hospital, Copenhagen.

Department  of Anaesthesia  and Intensive  Care,
Frederiksberg  Hospital, Copenhagen University
Hospital, Frederiksberg.

Department of Anaesthesia  and Surgery, Glostrup

Hospital, Copenhagen University Hospital, Glostrup.
Department of Anaesthesia and Intensive Care, Herlev
Hospital, Copenhagen University Hospital, Herlev.
Department  of Anacsthesiology, Nestved Hospital,
Neestved.
Department  of Anaesthesiology,
Hospital, Nykebing.

Department of Anaesthesiology, Bornholm’s Hospital,
Renune.
Department
Horsens,
Department of Anaesthesiology, Vejle Hospital, Vejle.,

Nykgbing  Falster

of  Anaesthesiology, Horsens Hospital,

Department  of Anaesthesiology, Kolding  Hospital,
Kolding.
Department  of Anaesthesiology, Bredstrup  Hospital,
Bradstrup.
Department  of Anaesthesiology, Regionshospital

Holstebro, Holstebro.
Department of Anaesthesiolog
Herning.
Department  of Anaesthesiology,
Silkeborg, Silkeborg.
Department of Anaesthesiology, Arhus Sygehus, Arhus
University Hospital, Arhus,
Department of Anaesthesiology,
Randers.

Department of Anzesthesiology,
Odder.

Department of Anaesthesiology, Skejby Hospital, Arhus
University Hospital, Arhus.

Department  of Anazesthesiology,
Thisted.

+ Regionshospital Herning,

Regionshospital

Regionshospital Randers,

Odder of Arhus Hospital,

Thy-Mors  Hospital,
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Summary

We investigated the diagnostic accuracy of a documented previous difficalt tracheal intubation as a
stand-alone test for predicting a subsequent difficult intubation. Our assessment included patients

trom the Danish Anaesthesia Database who w
laryngoscopy. We used a four-point

ere scheduled for tracheal intubation by direct
scale to grade the tracheal intubation. A previous difficulr

intubation was defined according to the presence of a record documenting a ditficult penultimate

tracheal intubation-score for the 15 49

demonstrates that a documented history of previous difficult or failed intubation usin
quent difficult or failed intubation and may identify

laryngoscopy are strong predictors of a subse

9 patients anaesthetised niore than once. Our assessment

g direct

30% of these patients. Although previous investigators have reported predictive values that exceed

our findings markedly,
everyday anaesthetic practice to be a strong predictor of
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Difficult airway management including difficult tracheal
intubation may be a major cause of severe perioperative
morbidity and mortality related to anaesthesia [1-4].
Predicting difficule tracheal intubation enables the anaes-
thesiologist to take precautions to reduce the associated
tisks [5]. Several studies have focused on one or more
patient factors which may identify those at risk of
undergoing difficult tracheal intubation [6, 7). Among
these, a previous difficult tracheal intubation has been
identified as a risk factor for a future difficult tracheal
intubation [8, 9], In these studies, however, the infor-
mation of a previous difficult tracheal intubation was
partly or totally reported by the patient, and therefore
documented information may have only been partly
retrieved for their assessments,

© 2009 The Authors
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a documented previous difficult or filed tracheal intubation appears in
a subsequent difficult tracheal intubation.

The Danish Anaesthesia Database contains informa-
tion of 15499 patients in whom anaesthesia and
tracheal intubation was performed more than once. A
recorded intubation score contains documented infor-
mation abour the association between a previous
intubation score and a future difficult tracheal intuba-
tion. The primary aim of this study was to evaluate the
diagnostic accuracy of a documented previous difficule
tracheal intubation and a previous failed tracheal
intnbation by direct laryngoscopy as stand-alone tests
for the prediction of a subsequent difficult tracheal
intubation and a failed tracheal intubation by direct
laryngoscopy, respectively. Furthermore, in 2 multi-
vadate regression model we evaluated 2 documented
previous failed intybation by direct laryngoscopy as a
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risk factor of a subsequent failed tracheal intubation by
direct laryngoscopy.

Material and method

The Danish National Board of Health, The Danish Dawa
Protection Agency and The Danish Ethics Committees
for Biomedical Research approved the registration of data
in the Danish Anaesthesia Database. The steering com-
mittee of the Danish Anaesthesia Database approved this
stady and provided access to the data for the analysis
presented here,

Fourteen Danish departments of anaesthesia in 2005,
and 25 departments in 200607, prospectively and
consecutively reported data to the Danish Anaesthesia
Database version 2 (the database) concerning all patients
undergoing anaesthesia for surgery. The database contains
specific quantitative anaesthetic and surgical indicators
describing the perioperative period. All types of surgery
are represented in the database. The departments are
connected via the Interet to a central server hosted by
The Unit for Clinical Quality, in the Capital Region,
Denmark. The information is recorded immediately after
each anaesthetic and surgical procedure. The interface of
the database is interactive and changes depending on the
type of anaesthesia and surgery that is registered. All
registered parameters are predefined and the interface to
register the airway-evaluation, plan, and management was
the same for all the registration sites as well as the rules of
validation and the on-line user manual.

Each patient entered into the database is registered with
a unique identifying number from the centralised civil
register, This unique identifier contains information
regarding the patient’s gender and date of birth, enables
registration of each patient during the statistical analysis
and prevents duplicates of anaesthetic reports. Further-
more, the identifier made it possible to retrieve informa-
tion of patients anaesthetised and registered more than
once during the period of observation.

From the database we retdeved 374 308 records of
patients undergoing anaesthesia from Janwary 2005 to
December 2007 (Fig. 1). We excluded records of patients
exclusively undergoing regional anaesthesia or sedation.
Records of patients undergoing general or combined
anaesthesia without any attempts of tracheal intubation
were also exclnded. We identified a total number of
148 546 records of patients undergoing general or
combined anaesthesta who were primarily scheduled to
undergo tracheal intubation. We excluded patients who
had already undergone tracheal intubation before arriving
in the operating room, patients aged < 15 years and those
primarily scheduled to undergo flexible or rigid fiberoptic
tracheal intubation. There were no records of the reason
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374 308
records
55 270 records of regional anaesthesia
romsseman et
| slone were excluded
519038
records

e 1 2 261 records of sedation alone
Y patients were excluded

306777
records

158 231 records of patients undergoing
geners] or combined anaesthesia withoul
any atiempts of tracheai intubation were
excluded

A2

148 546
records

e 441 records of duplicates excluded
¥

148 105
records
) 497 records of intubations of patients
T already intubated when srriving at the
Operating Theatre excluded.
144 008
records

remrssstmmmnmenm—ep 14267 records of children age < 15 years
¥ excluded

120741
records

3208 records of intabations in patients

e e N
scheduled for fibre optic intubation
Y
excluded
126433
records
» 22 621 records of infubation other than
the last for each patient excluded
Y
103812 15493
records of the last recards of a penultimate intubation
fntubation in each patient of patienis initnbated more than once
from the study cohort inthe study cohort used to generate
data on previous difficult inmbation

Figure 1 Selection of the study cohort. The final cohort in-
cludes 103 812 patients each represented by only one record of
planned tracheal intubation by direct laryngoscopy. Of these
patients, 88 313 underwent tracheal intubation only once, while
15 499 patients underwent tracheal intabation on more occa-
sions, and therefore they had two or more records of tracheal
intubation. For these last patients the penultimate record of a
tracheal intubation was retrieved from the 22 621 records of
tracheal intubation other than the last. Based on the penultimate
record, information of a documented previous tracheal intuba-
tion was generated. Of these 15 499 patients information of a
previous intubation score was missing for 6 patients.

for these patients to be allocated to undergo fiberoptic
tracheal intubation; some may have been allocated to
undergo this procedure due to educational purposes
rather than anticipated difficult tracheal intubation.

& 2009 The Authors
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Table 1 The Danish Anaesthesia Database tracheal intubation
score.

Al patients in whom the primary airway g 1t was pl d

and attempted for tracheal intubation by direct laryngoscopy were
scored as follows:

Intubated by direct laryngoscopy by the first
anaesthetist within a maximum of two attempts.
Intubated by direct laryngoscopy by the first
anaesthetist but with more than two attempts
or intubated by a supervising anaesthetist
after one or more failed attempts at intubation.
Intubated by a method other than direct
{aryngoscopy.
Intubation abandoned after multiple
attempts, no tracheal tube was inserted.

Score =1

Score =2

Score =3

Score =4

The predefined difficult tracheal intubation was defined as
an intubation score > 1. Failed tracheal intubation by direct
laryngoscopy was defined as an intubation score > 2,

Tracheal intubation was performed or attempted in
103 812 eligible patients, However, records of 126 433
intubations exist as some paticats underwent tracheal
intubation by direct laryngoscopy for anaesthesia on more
than one occasion. Of these patients, 88 313 underwent
tracheal intobatdon only once (patients without docu-
mented information of a previous tracheal intubation),
while 15 499 patients had been anaesthetised on more
than one occasion, and therefore had two or more records
of tracheal intubation by direct laryngoscopy. For these
15 499 patients both the kst and the penultimate record
of tracheal intubation were retrieved for the assessment,

‘We registered a tracheal intubation score (Table 1) forall
patients in whom tracheal intubation by direct laryngo-
scopy was planned or primarily attempted. We defined
difficult tracheal intubation as an intubation score > 1.
Furthermore, for our assessments, we defined a ‘filed
tracheal intubation by direct laryngoscopy” as an intubation
score > 2. This includes a change from direct laryngoscopy
to a more advanced technique and any situation where
tracheal intubation was abandoned. Both of these ont
comes may be more significant dlinical outcomes than the
predefined. definition of a difficult tracheal intubation.
Based on the penultimate tracheal intubation of the patients
who were amaesthetised more than once, the same
intubation score and cut off values were used to identify a
previous difficult tracheal intubation and a previous failed
tracheal intubation by direct laryngoscopy.

A previous difficult tracheal intubation was categorised
as ‘yes’ for patients who have a documented record of 2
previonsly difficult tracheal intubation {penultimate intu-
bation score > 1). Otherwise the patients were categor-
ised as “no’. Consequently, the last group includes both
padents who previously underwent a tracheal intubation

© 2009 The Authors
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without problems (penultinmate intubation score of 1) and
patients without documented information of a previous
tracheal intubation. Likewise, based on a penultimate
intubation score > 2, a previous failed tracheal intubation
by direct laryngoscopy was categorised as ‘yes® or 'no’,

In addition, we perdformed a muldvadate regres-
sion analysis of a previous filed intubation by direct
laryngoscopy as a disk factor for a subsequent failed
intubation by direct haryngoscopy, The following other
covariates were used: age; gender; body mass index (BMI)
[10]; classification of American Society of Anesthesiolo-
gist physical statns; moditied Mallampati score [11]; use of
a neuromuscular blocking agent [12]; priority of surgery
and time of surgery.

Priority of surgery was defined as non-scheduled
if there was no pln for anaesthesia and surgery the
day before the actual procedure was performed,
Otherwise surgery was categorised as scheduled. Time
of surgery was categorised as daytime if surgery began
between 08:00 and 16:00 or as shift if it began between
16:00 and 08:00. Body Mass Index was calculated
as weight.height™ (kg,m"z) and was . categorised as
BMI 235 or BMI < 35. If the Mallampati class was
registered in the datbase as unknown, the registration
was categorised as a missing value. For the analyses, the
four clisses of the modified Mallampati score were
categorised into three classes by combining class I with
I The use of a neuromuscular blocking agent was
categorised as ‘yes' or ‘no’ though it is impossible to
determine from the database whether the neuromuscular
blocking agent was used solely for tracheal intubation.
At present it is not possible to acquire detailed
information of airway management from the database
records such as the type of laryngoscope blade or other
types of equipment used for intubation,

There is no national or uniform recommendation for
the evaluation and management of the airway in patients
undergoing tracheal intubation in Denmark, Therefore,
departments of anaesthesia reporting to the database may
differ in their recommendations for the evaluation and
handling of the airway.

Statistical analysis

We evaluated a previous difficult tracheal intybation
as the sole predictor of a subsequent difficult tracheal
intubation and a previous failed tracheal inwbation by
direct laryngoscopy as the sole predictor of a failed
fracheal intubation by direct laryngoscopy. The accu-
racy of the predictors was described by: sensitivity;
specificity; predictive value of a positive test; predictive
value of a negative test: positive likelihood ratio;
and negative likelihood mto with 95% confidence
intervals {13].
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Table 2 The characteristics of the patients, OF all patients 84 had a missing intubation score. Because of missing values, the total
number of patients within the cross tabulation of the covariates and difficult Intubation differs from the Total column, The (%) refers

to the column percent within each covariate,

Difficult tracheal Intubation Total
Yes (%) No {%) {%) Missing from total
All patients 5330 98398 103728
Categorical covariates ’
Previous difficult tracheal intubation 6 {0.0)
Yes 170 (3.2) 528 (0.5) 698 {0.7)
No 5159 (96.8) 97865 (99.5) 103108 {99.3)
Sex 0(0.0)
Male 2707 (50.8) 41786 (42.5) 44525 {42.9)
Female 2623 (49.2) 56612 (57.5) 59287 (57.1)
Age 0 (0.0}
Age < 40 years 880 (16.5) 27855 (28.3) 28761 (22.7)
405 Age < 60 1934 (36.3) 304995 (31.5) 32959 {31.7)
60 < Age < 80 2139 (40.1) 31083 (31.6) 33247 {32.0)
80 < Age 377 (7.1) 8465 (8.6) 8845 {(8.5)
Priority of surgery 21 (0.0)
Scheduled 4072 (76.4) 68962 (70.1) 73096 (70.4)
MNon-scheduled 1258 (23.6) 29432 (29.9) 30695 (29.6)
Time of surgery 81 (0.1)
Daytime . 4654 (87.3) 81478 (82.8) 86153 (83.0)
Shift 676 (12.7) 16898 (17.2) 17578 (16.9)
ASA classification 1729 {1.7)
ASA 1 1690 (32.1) 39128 (40.4) 40841 (39.3)
ASA 2 2459 (46.7) 39430 (30.7) 41903 {40.4)
ASA 3 953 {18.1) 15926 (16.5) 16883 (16.3)
ASA 4 147 (2.8) 2116 (2.2) 2263 (2.2)
ASA 5 15 {0.3) 178 (0.2) 193 (0.2)
Mallampati score 11697 (11.3)
1 1855 (39.8) 54991 (62.9) 56862 (54.8)
i 1755 (37.9) 26540 (30.4) 28313 (27.3)
i 812 (17.8) 5181 (5.9 5993 (5.8)
3% 230 (4.9) 717 {0.8) 947 (0.9)
Body mass index 1705 (1.6)
<35. 4858 (92.6) 91212 (94.2) 96104 (92.6)
z35 388 (7.4) 5614 {5.8) 6003 (5.8)
Use of neuromuscular blocking agents 84 (0.1)
No 1899 {35.6) 26292 (26.7) 28191 (27.2)
Yes 3431 (64.49) 72106 (73.3) 75537 (72.8)
Continuous covariates Means (range)
Age; years 56.6 [15-100] 52.7 [15-106) 52.9 [15-1086} 0 {0.0)
Welght; kg 78.2 [30-183] 75.5 [30-225} 75.6 [30-225} 854 (0.8)
Helght; em 171.7 [125-211]) 1711 [125-218) 171.1 [125-218] 1633 (1.6)

We performed univariate tegression analyses to evalu-
ate the possible associations between a failed tracheal
intubation by direct laryngoscopy and the predefined
covarates. A subsequent multivariate logistic regression
analysis was performed including all significant covariates
from the univariate analyses. Backward stepwise regres-
sion was performed to identify a final model.

The prevalence and pattern of missing data among all
covariates were described. We used multiple imputations
as a statistical method for handling missing data. [14-16].
spss version 15.0 and amos vesion 7.0 (SPSS Inc,
Chicago, IL, USA) and Norm v 2.03 (. L. Schafer,
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Department of Statistics and The Methodology Center,
The Pennsylvania State University) were used for the
analyses.

This study has been presented according to the
recommendation of the STROBE-statement of the
reporting of an observadonal cohort study [17].

Results

The overall proportion of patients who underwent a
difficult tracheal intubaton was 5.1% (5.0-5.3, 95%
confidence interval (CI)). The proportion of a ditficult

© 2009 The Authors
Joumal compilation €& 2009 The AssoGation of Anaesthetists of Great Britain and Irefand
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Table 3 The accuracy of previous difficult tracheal intubation as
a dichotomous stand-alone test for the prediction of a sub-
sequent difficult tracheal intubation.

Outcome: difficult tracheal

intubation
Yes No
Test: previous difficult
tracheal intubation
Yes 170 528
No 5163 97865
Total 5329 98393
95% confidence
intervals
Sensitivity 0.03 {0.03-0.04)
Specificity 0.99 {0.29-1.00)
Predictive value of pesitive 0.24 (0.21-0.28)
test
Predictive value of negative 0.95 {0.95-0.95)
test )
Positive likelihood ratio 5.94 {5.01-7.05}
Negative likelihood ratio 0.97 (0.97-0.98)

Table 4 The accuracy of a previous failed tracheal intubation by
direct laryngoscopy as a dichotomous stand-alone test for the
prediction of a subsequent failed tracheal intubation by direct

Iaryngoscopy.

Outcome: failed tracheal intubation
by direct laryngoscopy

Yes No
Test: previous failed tracheal
intubation by direct
laryngoscopy
Yes 75 174
No 1908 101565
Total 1983 101739
95% confidence
intervals
Sensitivity 0.04 (0.03-0.05)
Specificity 1.00 (1.00-1.00)
Predictive value of positive test 0.30 {0.24~0.36)
Predictive value of negative test 0.98 {0.98-0.98)
Positive likelihood ratio 22.09 {16.92-28.86)
Negative likelihood ratio 0.96 {0.96-0.97)

tracheal intubation in 2005, 2006 and 2007 were 5.8%,
4.9% and 5.1%, respectively. The proportion of a failed
tracheal intubation by direct laryngoscopy was 1.9% {1.82—
1.98% CI). The characteristics of the patients are displayed
in Table 2. The results are presented in Tables 3 and 4.

@ 2009 The Authors
Joutasl compilation © 2008 The Assodiation of Ansesthetists of Great Britain and Ireland

84

L H. Lundstrgm et al. » Documented previous difficult intubation

A proportion of 24% (21-28%) of the patients, who
previously underwent tracheal intubation wich difficul-
des, subsequently experienced a ditficult tracheal intuba-
ton. Among the patients who previously underwent a
tracheal intubation without difficulties, 95% (95-95%)
subsequently went through tracheal intubation without
problems.

The proportion of patients registered with a previous
failed tracheal intubation by direct laryngoscopy and who
subsequenty underwent a failed tracheal intubation by
direct laryngoscopy was 30% (24-36%). Among the
patients who had no record of a previously failed tracheal
intubation by direct laryngoscopy 98% (98-98%) did not
subsequently experience a failed tracheal intubation by
direct laryngoscopy.

A univariate regression analysis demonstrated a previ-
ous failed tracheal intubation by direct laryngoscopy to be
a risk factor for subsequent failed tracheal intubation
by direct laryngoscopy, with an odds ratio (OR) of 22,9
(17.4 — 30.2, 95% CI, p < 0.0001). In the univariate
analyses the covariates: gender; time of surgery; American
Society of Anesthesiologists classification; Mallampad
score; use of nenromuscular blocking agents; and age
were all statistically significantly associated with difficult
intubation (p < 0.0001). In a subsequent multivariate
regression model (Table 5) adjusted for all other signi-
ficant covariates, a previous failed tracheal intubation by
direct laryngoscopy remained a statistically significant risk
factor of a subsequent failed tracheal intubation by direct

Table 5 Multivariate model for a failed tracheal intubation by
direct laryngoscopy,

95% confidence

Covatiates Odds ratio interval p value
Previous failed tracheal
intubation by direct
laryngoscopy
No Reference
Yes 16,59 11.86-23.20 < 0.0001
Mallampati score
Mallampati = | Reference
or il
Mallampati = i} 2.85 2.49-3.28 < 0.0001
Mallampati = IV 7.70 6.21-9.56 < {.0001
Age; year
Age < 40 Reference
40 < Age < 60 1.43 1.25-1.63 < 0.0001
60 < Age < 80 1.60 1.40-1.84 < 0.0007
80 < Age 1.15 0.92-1.44 0.24
Gender
Female Reference
Male 1.27 1.15-1.40 < 0.0001
Use of neuromuscular
blacking agent
Yes Reference
No 3.19 2.88-353 < 0.0001
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laryngoscopy with an OR. of 16.6 (11.9-23.2, 95% ClI,
p < 0.0001).

Performing multple imputations for handling missing
valoes did not exhibit noticeable differences between our
original estimates and the pooled imputed estimates.

Discussion

We found the frequency of difficult tracheal intubation to
be 5.1%; similar to the estimate in a previous meta-
analysis {7). Use of a previous difficult tracheal intubation
as a dichotomous test enables us to predict 24% of the
patients who will subsequently undergo a difficult tracheal
intubation. Further, a previous failed tracheal intubation
by direct Taryngoscopy was able to predict 30% of the
patients with a subsequent failure. Tn our multivariate
analysis a previous fiiled tracheal intubation by direct
laryngoscopy was associated with a subsequent failure
with an odds ratio of 16.6.

As stand-alone tests, a previous difficult tracheal

intnbation or a previous failed tracheal intubation by
" direct laryngoscopy are inadequate predictors of subse-
quent difficult or filed tracheal intubations by direct
laryngoscopy respectively. However, our results indicate
that the anaesthesiologist must take serious precautions if a
patient who previously underwent a difficult or even a
failed tracheal intubation by direct laryngoscopy is
scheduled to undergo another tracheal intubation. For
these patients, meticulons airway evaluation followed by
careful planning of airway handling is mandatory.

As a consequence of our findings, the Danish Anaes-
thesia Database has implemented software, which will
provide a pre-operative warning if the patient has a record
of a previous difficult intubation. Furthenmore, based on
the Intubation Difficulty Scale [18] a detailed description
of the circumstances and the method used for the tracheal
intubation is now recorded in the database if a patient is
registered with a difficult tracheal intubation. The clinical
implications of these new capacities may help to identify
those patients who had a previons difficult tracheal
intubation and help the anacsthesiologist to make the
necessary precautions before the patient undergoes
tracheal intubation again.

A failed tracheal intubation by direct laryngoscopy may
seem like a more clinically significant outcome than the
predefined definition of a difficult tracheal intubation in the
database, A previous study shows that multiple attempts at
tracheal intubation may be associated with morbidity [19].
In a clinical context, it therefore seemns reasonable that the
Danish Anaesthesia Database intubation score includes the
number of attempts to graduate difficulties.

" Our estimates differ from previous reported results. A
positive predictive value between 69% [9] and 78% [8]
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and an OR of 9.5 reported by El-Ganzouri et al. [9] are
significantly greater than our findings. There may be
several reasons for these differences. Amne ccal. [8]
demonstrated that only 44% of the patients with Cormack
and Lebane [20] score of T or IV in fact underwent
difficult tracheal intubations. El-Ganzouri et al. nsed the
Cormack and Lehane score for graduating tracheal
intobation difficulties, which may explain their higher
estimates compared with our findings when using the
Danish Anaesthesia Database intubation score. Ame et al.
{8] nsed an intubation score, but only a few patients were
registered with previous knowledge of difficult intubation
and hence the statistical confidence interval of their
findings is wide. In addition to patient factors successful
airway management is determined by the anaesthetists
technical skills, non-technical skills, as well as the facilities
available, and the local environment [21, 22}, These
determining factors may vary over time. As an example
many more anaesthetists performing or attempting
tracheal intubation participated in this study of everyday
practice on Danish anaesthesia departments, which
possibly adds to the variation and lack of agreement
between the evaluations of a previous and a present
difficult intubation. Finally, only the most severe episodes
of a previous difficult tracheal intubation may be reported
to the padents and consequently only these severe
episodes may be included in the previously reported
assessments. This may explin their higher positive
predictive values of a previous difficult tracheal intubation
as a risk factor and predictor for a subsequent difficult
tracheal intubation.

The present study is based upon a large cohort of
prospectively and consecutively collected data represent-
ing everyday experience from clinical anaesthesia practice
in Denmark. The Danish Anaesthesia Database requires
alf recorded indicators to be subjected to relevant rules of
validation. This minimises subsequent problems of miss-
ing and invalid data, This confers a high external validity
to our results. The large number of patients enabled us to
detect or reject even weak associations with great power
and to strengthen the precision of the estimates to very
narrow confidence intervals,

Limitations of the study

Confounding by indication is well-known to introduce
bias in the results in any non-randomised study involving
interventions [23]. The airway management of antici-
pated difficnlt tracheal infubation is likely to differ from.
that of an unanticipated difficult tracheal intubation. Our
results could be biased by numerous variables that are not
recorded in the Danish Anaesthesia Database. These
unknown confounding variables may be important for the
airway handling depending on the previous difficult

© 2009 The Authors
Journal compilation © 2009 The Association of Anaesthetists of Great Biitain and Ireland
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tracheal intubation. As an example 2 more experienced
physician may be allocated for the task thereby resulting
in a successful tracheal intubation. As another possible
confounding factor, a patient may be scheduled for a
fiberoptic intubation because of a record of a previous
difficult tracheal intubation, thereby leaving this particular
patient ineligible for the analysis performed in this study.
The number of risk factors that may be considered for
difficult intubation used in our multivariate analysis was
limited. Tn fatore analysis, the inclusion of other
additional risk factors for a failed tracheal intubation by
direct laryngoscopy (such as the thyromental distance,
ability of mouth opening, range of neck movement,
or jaw protrusion ability) may change the impact of a
previous failed tracheal intubation by direct laryngoscopy
as a risk factor for subsequent fiilure, It is a limitation of
the present study that there was no record of the
educational level or years of experience of the individuals
performing or attempting the intubations, Those with
least experience may have the most episodes of difficult
intubations. This information might have changed the
results of our multivariate analysis. We cannot ensure that
controlled and uniform conditions were met and applied
in all the patent encounters due to a heterogeneous
population of patients and reporters and a lack of a
national recommendation for airway management. This
may reduce the internal validity of this study.

Our assessment indicates that neither a documented
previous difficult tracheal intubation nor a previous failed
tracheal intubation by direct laxyngoscopy are sufficient as
sole predictors for a subsequent difficult tracheal intuba-
tion or failed tracheal intubation by direct laryngoscopy.
However our results strongly suggest that the patients
who previously underwent a tracheal intubation with
difficulties or underwent 3 tracheal mntubation which
failed will be at risk of undergoing identical problems
during a future tracheal intubation. For these patients,
a careful airway evaluation including other significant
predictors of a difficult tracheal intubation may be of vital
Importance to ensure adequate and safe handling of the
airway.
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Summery statement: Meta-analyses of 55 studies representing 177 088 patients support that the modified

Mallampati Score is inadequate as a prognostic stand alone test for the prediction of a difficult tracheal intubation.
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Abstract

Background: The aim of this study was to assess the performance of the modified Mallampati
score as prognostic test of a difficult tracheal intubation based on meta-analyses including a large
cohort from the Danish Anesthesia Database and several other studies.

Methods: A total of 55 studies representing 177 088 patients were included after electronic and
manual searches. A single cohort from The Danish Anesthesia Database contributed by itself with
92 092 patients. The pooled estimates from the meta-analyses were calculated based on a
random-effects model and a summary receiver operating curve. Meta-regression analyses were
performed to explore sources of possible heterogeneity between the studies.

Results: The summary receiver operating curve demonstrated an area under the curve of 0.75.
The pooled odds ratio was 5.89 (95 % Confidence interval (Cl), 4.74 — 7.32). The pooled estimates
of the specificity and sensitivity were 0.91 (Cl, 0.91 — 0.91) and 0.35 (Cl, 0.34 — 0.36) respectively.
The pooled positive and negative likelihood ratios were 4.13 (Cl, 3.60 - 4.66) and 0.70 (Cl, 0.65 —
0.75), respectively. The meta-analyses had a high degree of statistical and clinical heterogeneity (12
ranging from 87.2 % to 99.4 %). Meta-regression analyses did not identify any significant
explanation of the heterogeneity.

Conclusions: The modified Mallampati Score is inadequate as a prognostic stand alone test for the
prediction of a difficult tracheal intubation. However, it may still play a very important roll as a

part of a multivariate model for the prediction of a difficult tracheal intubation.
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Introduction:

Difficult tracheal intubation may be a major cause of severe perioperative morbidity and mortality
related to anesthesia . Several studies have focused on one or more patient related factors
which may identify those at risk of undergoing difficult tracheal intubation. Among these, the
Mallampati score ° and the modified Mallampati score © have been evaluated as risk factors for
difficult tracheal intubation. Shiga et al ” and Lee et al both performed meta-analyses to evaluate
the accuracy of the original and the modified Mallampati tests to predict a difficult intubation or
difficult laryngoscopy. However, only Lee et al specifically evaluated the modified Mallampati
score. The Danish Anesthesia Database contains more than 92 000 records of patients undergoing
tracheal intubation and evaluated by the modified Mallampati score. The number of patients in
this single cohort substantial exceeds the 17 900 patients included by Lee et al in their meta-
analysis. The aim of this study was to assess the performance of the modified Mallampati score as
prognostic ~‘ces‘c of a difficult tracheal intubation based on a meta-analysis including several recent
studies published since the meta-analyses of Shiga and Lee et al and the large cohort from the

Danish Anesthesia Database,
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Material and Methods:

The Meta-analysis

Search strategy. In an electronic search covering the time since introduction of the modified
Mallampati score ¢, May 1987 until December 2009, The Cochrane Library, MEDLINE, Science
Citation Index and EMBASE were used as sources for the identification of studies: The search was
conducted With the following search string °: (Sensitivity OR specificity OR screening OR false
positive OR false negative OR predictive value of tests OR reference values OR roc analyses OR roc
area OR roc characteristics OR roc curve) AND (intubation OR endotracheal intubation OR
intratracheal intubation OR laryngoscopy OR difficult laryngoscopy OR difficult intubation OR
Cormack lehane) AND Mallampati. To determine the studies to be assessed further, two authors
(LHL, JW) independently scanned the abstract, title or both sections of every record retrieved. All
potentially relevant articles were investigated as full text. In addition, we checked the references
from included studies. Any relevant missing information on the study was sought from the original
author(s) of the article, if required. The inclusion criteria were: 1) The modified Mallampati score
was used. II) Studies including prospectively collected data. Ill) The study included adult patients.
IV) Direct laryngoscopy with a standard laryngoscope was performed. V) The absolute number of
true positive, false negative, true negative and false negative could be extracted from the article,
from previous meta-analyses *® or extracted by contacting the author(s). Vi) The study was

repbrted in English.

Data extraction. For studies that fulfilled the inclusion criteria, two authors (LHL, MVA)
independently abstracted relevant information and characteristics using standard data extraction
templates. When differences in opinion existed, they were resolved by a third party (JW). The
following information was extracted:

1. The outcome measure, as a difficult tracheal intubation, or a difficult laryngoscopy defined
by Cormack and Lehane score of Ill and IV * or a modified Cormack and Lehane score of
lb, Il and IV ™, As there is no international consensus of defining an intubation score, the
definitions of a difficult tracheal intubation presented in the individual articles were

accepted. However, if the authors defined a difficult laryngoscopy by Cormack and Lehane

as a difficult intubation, we included and reported the Cormack and Lehane score as an




outcome measure in our assessment. A difficult laryngoscopy is a surrogate outcome

measure for a difficult tracheal intubation. Therefore, if a study both reported an
intubation score and the Cormack and Lehane score based on the same population in the
same assessment, only the intubation score was extracted for our assessment.

A modified Mallampati score of Il or IV was considered a risk factor for difficult
laryngoscopy /intubation. When a single study has evaluated various versions of the
modified Mallampati score, the results of the score performed similar to the one reported

by Samsoon and Young © were extracted for the meta-analyses.

If possible, the following other data were extracted:

3. The settings of the Mallampati score by retrieving the position of the head and body, and if
the patients phonated during the evaluating.

4. The number of anesthesiologists performing the preoperative airway assessments and the
number of anesthesiologists handling the tracheal intubations were retrieved.

5. It was noted, if the modified Mallampati score was blinded for the anesthesiologists
performing the airway management.

6. The participant sampling, inclusion and exclusion criteria of patient population were
retrieved.

7. How the patients were recruited.

Quality assessment and risk of bias. We applied QUADAS, a tool for the quality assessment of

studies of diagnostic accuracy included in systematic reviews * as an inspiration for the quality

assessment of the included studies. The quality assessment was based on the following criteria:

1. Was the modified Mallampati score blinded for the anesthesiologist performing the airway
management?

2. Was the setting of how the modified Mallampati test was performed clearly described?

3. Selection of study population: Was the inclusion and exclusion criteria described?

4. Recruitment of study population described (e.g. consecutive, randomly, case-control)?

Studies fulfilling all four criteria were classified as studies with low-risk of bias, if three criteria

were fulfilled, they where categorized as medium risk of bias studies. Otherwise they were

classified as studies with high-risk of bias.
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Our meta-analysis included studies reporting difficult laryngoscopy or difficult tracheal intub;
Further, subgroup meta-analyses of difficult laryngoscopy and difficult tracheal intubation we
presented separately. Finally, a subgroup meta-analysis of studies with low and medium-risk

bias was presented.

The Cohort Study from Danish Anesthesia Database

The Danish National Board of Health, The Danish Data Protection Agency and The Danish Ethi
Committees for Biomedical Research approved the registration of data in the Danish Anesthe
Database (database). The steering committee of the database approved this study and provid
access to the data for the analysis presented here. As elsewhere reported *** we retrieved a
cohort of 103 812 eligible patients from the database. Of these 92 092 had complete records
without any missing data of the Mallampati score and intubation score. The modified Mallam;
score was registered as defined by Samsoon and Young ®. The view was graded as follows: cla:
soft palate, fauces, uvula, and pillars visible; class 1l = soft palate, fauces, and uvula visible; cla:
= soft palate and base of the uvula visible; class IV = soft palate not visible at all. The patients\
placed in a sitting position with the head in a neutral potion and the assessment was performs
without phonation. Both the preoperative airway evaluation and airway management were
performed by multiple anesthesiologists, and there was no blinding of the modified Mallampa
score for the anesthesiologist performing the airway management. We registered a tracheal
intubation score (Table 1) for all patients in whom tracheal intubation by direct laryngoscopy v

planned and primarily attempted.

Statistical 'Analysis

The modified Mallampati score from the pooled estimates in the meta-analyses and from the
Danish Anesthesia Database were described as: sensiﬁvity; specificity; positive likelihood ratio;
and negative likelihood ratio. The pooled estimates were presented with 95 % confidence intei
If a study was reported with a 0 value in any outcome, 0.5 was added as a continuity correctior

all values in the study before performing the meta-analysis. Before conducting a meta-analysis

the degrees of‘heterogeneity displayed by the I° of all estimates were calculated *°. Because of




expected clinical diversity and high |2 values, the ‘random-effects model’ by DerSimonian Laird ¢

was used incorporating a moment-based between study variance when calculating the pooled
estimates. The calculation of the Spearman correlation coefficient of logit (True Positive Rates) vs.
logit (False Positive Rates) demonstrated that the sensitivity and specificity were associated across
the studies. Therefore a summary receiver operator characteristics (sROC) curve as described by
Moses et al *” was conducted. The area under the sROC curve was used as a measure for the
description of diagnostic accuracy of the Mallampati test. To ensure precise pooled estimates, the
pooled sensitivity was derived from the sROC curve using corresponding pooled specificity *7*,
Subsequently, the pooled sensitivity and specificity were used to calculate the positive and
negative likelihood ratios. To explore sources of heterogeneity in the studles meta-regression
analyses using the Moses- -Shapiro-Littenberg method *” was performed. All covariates associated
with a p-value < 0.10 in the univariate analyses were included in a subsequent multivariate meta-
regression analysis. In the multivariate analysis a p-value < 0.05 was considered significant.
Possible bias was assessed by the method described by Eggers *°. SPSS v. 17.0 (SPSS Inc., Wacker
Drive, Chicago, IL 60606-6307, US), Comprehensive Meta Analysis version 2.2,048 (Borenstein M,
Hedges L, Higgins J, Rothstein H, Biostat, Englewood NJ, US) and MetaDiSc version 1.4 (Zamora J,

Muriels A, Abraira V, Madrid, Spain) were used for the analyses.
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Results:

13;20-73

A total of 55 studies representing 177 088 patients meet the inclusion criteria for the m

analysis. In three of the included studies the necessary data was extract by contacting the autl

295387 Table 2 displays characteristics of the individual studies. A difficult tracheal intubation \

. . . . 3;20;23-26;28;37-39;43;45,53;55,60;62;66-68; rec
applied as outcome measure in 20 studies *32%% 3 PISSIO0EIEEETS itficult laryngos

defined as Cormack and Lehane ° score of Il and IV was used in 34 studies 2112%27:29-36:40-42;44;46

3254;36-39,61163-65:6972 \hile one study ¥ applied a modified definition of the Cormack and Lehan

The definitions of a difficult tracheal intubation varied across studies. As examples, some studi

defined a difficult tracheal intubation as a Cormack and Lehane score of Hl and IV or if a gum

d 37,43 20;25;45,53

elastic bougie was use while other studies used the more detailed and complex

1 74

‘Intubation Difficulty Scale’ ”°. The test results of the Mallampati score was blinded in 21 studie

21;22;24;31;32;38-43;46;48;51,52;60;62;68;70;71;73 f . f . .
. BLS2E06288T07LT3 The inclusion and exclusion criteria, and hereby the select

13,20-36;38;40-55;57,58;61-66;69-73
. Atotal of 34

13;20-26;28;29;32-34;36;41,42;45,;46,48,49;51-55,57;58;62;63;66;67;70-72 described the recruitment of the

of the study populations were described in 48 studies

studies

patients. Of these, the patients were recruited consecutively in 27 studies ****

:28:29:32:33:41:42:48:49:51.54:57:58:62:63:66:71: . .
202812532331 42 ABA9SLSSTSBELEHE6TLT2 Thare were adequate description of the use of or absen.

13;20;22;25;26;29;30;32;33;37;41,;43;45;47,48,;52-54;56;57,60;62;63;65;68-70;73

of use of phonation , the head position

13;20;22;26;28-30;33;37;39;40;47,53;54;56;57;59;60;62;63;68;69;71;72 13;22;25;27;29;30;32;33,37;39-

and the body position

ATABSLIASGSTSI6A68T2 1y 99, 24 and 32 studies, respectively. Of these, 16 studies

13:22,29;30333T47,53;54:56:57,60:62,63:88169 . ntained information on all three conditions, and hereby cle

described the setting of how the modified Mallampati test was performed. Thus, the numbers
studies with a low, a medium and a high-risk of bias were 2, 18 and 35, respectively. To ensure
uniform conditions when performing the assessments, several studies used a single or few pers
to perform the preoperative airway evaluation and/or the subsequent handling of the tracheal

intubation. Thus, the number of studies using limited number of persons performing the airway

20;22;23;27;30;32-36;38;40-44,46,48;50-52;57;58,;61-63,65;66;68,;70;73

evaluation and limited number of persons

. . . :22:23:27:32:34-36:40-42:44-46:50:52:57:63:65:67:68:7.
performing the tracheal intubation 2%2%23:27:3%34-36,40-42,44-46:50,51,57,63,65,67,68:73 \\ are 31 and 22,

respectively. The type of patients differed between the studies, as both general and selected

patient populations were evaluated. The modified Mallampati test was used evaluating the

22,39;41,57,60;65

following specific patient populations: Obstetric and obstetric vs. non-obstetrics '
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21,63,

:35:50; 4 . . . e )
Obese ***3%%% 3nd obese vs. non-obese 3% > acromegali ; cervical spine limit *°; laryngeal

disease **; Thyroid surgery *; maxillofacial surgery °%; diabetes ® and coronary artery bypass
grafting surgery vs. control 3¢,

The prognostic performance in the individual studies of the modified Mallampati score are
displayed in Table 3. The prevalence of difficult intubation or difficult laryngoscopy varied between
0.7 and 31.3 %. The sensitivity and specificity ranged from 0.0 to 1.00 and 0.44 to 1.00,
respectively. The positive and negative likelihood ratio varied from 0.46 to 48.38 and from 0.13 to
1.18, respectively. The diagnostic odds ratio ranged from 0.38 to 161.00. There was a high degree
of heterogeneity among the studies as I in the meta-analyses of all the pooled estimates ranged
ranging from 87.2 % to 99.4 %. As there was a statistically significant association between logit
(True Positive Rate) and logit (False Positive Rate) (Spearman correlation coefficient: 0,362, p-
value = 0.007) we composed a symmetric SROC curve (Figure 1), with the area under the curve
calculated to 0.753 (SE = 0.03). The threshold effect of the pooled diagnostic odds ratio was 5.89
(4.74 - 7.32, 95 % Cl). The pooled estimate of the specificity was 0.91 (0.91 - 0.91, 95 % Cl). Based
on the sROC curve, the pooled specificity was used to derive a corresponding pooled sensitivity of
0.35 (0.34 - 0.36, 95 % Cl). The pooled positive and negative likelihood ratios were derived from
the pooled specificity and sensitivity, and calculated to 4.13 (3.60 - 4.66, 95 % Cl) and 0.70 (0.65 —
0.75, 95 % Cl), respectively. Using the same methodological approach we performed the subgroup

analyses presented in table 4.

To explore possible causes of heterogeneity across the studies, we performed univariate meta-
regression analyses. For the dichotomous covariates and outcome, the classification = “No” was
used as reference value. We did not identify any significant multivariate associations, thus the
relative diagnostic odds ratios (rDOR) of the covariates were: Difficult tracheal intubation (rDOR =
1.11(0.57 - 2.13, 95 % Cl)); Blinding (rDOR = 0.94; (0.49-1.79, 95 % Cl)); Settings described (rDOR =
1.15; (0.57-2.32), 95 % Cl); Selection described (rDOR = 0.72 (0.28;1.86, 95 % Cl)); Recruitment
described (rDOR =1.13 (0.58-2.21, 95 % C1)); Phonation (rDOR = 1.20 (0.63-2.30, 95 % an);
Consecutive (rDOR = 1.40 (0.74-2.62, 95 % Cl)). Limited no. evaluators (rDOR =0.90 (0.47-1.70),
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95 % Cl)); Limited no. intubators (rDOR = 0.57 (0.30-1.06, 95 % Cl)); High risk of bias (rDOR = 1.06
(0.54-2.08, 95 % Cl)). In our meta-regression using obstetric and obesity as covariates, we excluded

the case control studies evaluating obstetric vs. non-obstetric patients "%

and obese vs. non-
obese patients %%, Thus, the rDOR were: Obstetric (rDOR = 2.17 (0.76-6.23, 95 % Cl)) and Obese
(rDOR = 0.31 (0.09-1.03, 95 % Cl)). Our evaluation of possible bias evaluated by the Egger’s *°

regression intercept demonstrated no evidence of publication bias (t = 0.71, p = 0.48).

Among 92 092 patients from the Danish Anesthesia Database the prevalence of difficult tracheal
intubation was 5.1 % (5.0 — 5.3, 95 % Cl). Evaluating the performance of the modified Mallampati
score as a prognostic test for the prediction of a difficult tracheal intubation demonstrated a
sensitivity of 0.22 (0.21 — 0.24, 95 % Cl), a specificity of 0.93 (0.92 - 0.93, 95 % Cl), a predictive
value of a positive test of 0.15 (0.14 - 0.16, 95 % CI), a predictive value of a negative test of 0.96
(0.96 —0.96, 95 % Cl), a positive likelihood ratio of 3.31 (3.12 - 3.51, 95 % Cl) and negative
likelihood ratio of 0.83 (0.82 — 0.85, 95 % Cl). The diagnostic odds ratio was 3.98 (3.70 — 4.28, 95 %
cl).
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Discussion:

In the meta-analysis, the pooled frequency of difficult tracheal intubation was 6.8 %, which exceed
the prevalence of 5.1 % found in our cohort study. None of the estimates derived from the Danish
Anesthesia Database were included by the confidence interval of their corresponding pooled
estimates of the meta-analyses. In a clinical context, especially the sensitivity and positive
likelihood ratios differ. The pooled sensitivity was 0.35 in the meta-analysis and only 0.22 in the
cohort study. Further, the positive likelihood ratios of the cohort study and the meta-analysis were
3.31 and 4.13, respectively. Concerning the sROC curve, the degree of accuracy of the test was
good ”*, as the AUC was greater than 0.75. However, as stand-alone tests both the cohort study
and the meta-analysis demonstrated that the modified Mallampati score was an inadequate
predictor of a difficult laryngoscopy or tracheal intubation. Hereby, we concur with both Shiga et
al "and Lee et al &, Our assessments were not comparable with the meta-analyses performed by
Shiga et al., as their assessment did not distinguish between the original and the modified
Mallampati score. Nevertheless, our meta-analysis of the modified Mallampati test differs from
the results reported by Lee et al. The pooled estimates of sensitivity reported by Lee et al ranged
from 0.55 to 0.76, which was significantly and substantially greater than our findings. Likewise the
specificity was remarkably lower than our findings, as it varied between 0.77 and 0.84. Compared
with our estimates, Lee et al reported lower pooled positive likelihood ratios ranging from 3.30 to

3.44 and higher AUC ranging from 0.78 and 0.84.

There may be several explanations for these differences. In some of the studies the outcome
measure was defined as a difficult tracheal intubation although the real outcome measure was the
original Cormack and Lehane score *°, Contrary to Lee et al, we actually used the Cormack and
Lehane score as outcome measure in these studies. Further, our meta-analysis of all studies
combines both difficult laryngoscopy and difficult tracheal intubation as one outcome measure. If
a study both reported an intubation score and the Cormack and Lehan_e score based on the same
population in the same assessment, only the intubation score was extracted for our assessment.
We did that to avoid a wrong samplihg error ’°, One aim of Lee et al was to distinguish between a
difficult laryngoscopy and a difficult tracheal intubation, and they did not combine these

measures. Because they evaluated the outcome measures separately, it seemed correct to
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retrieve data on both outcome measures from the same patient population. Therefore, this
difference may impact the comparison of our assessment with the previous one of Lee et al.
However, the major reason for the differences may be caused by the increased number of studies
and patients included in our updated meta-analyses. Thus the number of studies increased from

28 to 55 and the number of included patients increased nearly ten-fold from 17 902 to 177 088.

The meta-analyses all had a high degree of statistical heterogeneity. Additionally, the pooled
estimates from our meta-analyses may be influenced by a high degree of clinical diversity. Thus, by
whom and how the test was performed and the type of patient population evaluated, varied
considerable between the individual studies. E.g., unblinded studies and case-control studies may
tend to overestimate the diagnostic accuracy 7. We suggested four criteria useable for quality and
bias evaluation of the included studies. However, our exploration of possible explanations of the
statistical heterogeneity with meta-regression analyses of numerous factors like blinding,
consecutive recruitmént, selected patient populations, estimates of possible bias etc., did not
identify the reasons for this heterogeneity. Some studies may be categorized as studies with high-
risk of bias, because they were poorly reported, even though the studies may have been properly
conducted. Further, in our cohort study because of multiple numbers of evaluators of many
patients in an everyday clinical set up, we cannot ensure controlled and uniform evaluation of the

Mallampati score.

The number of patients evaluated in each study varied a lot. Together, two studies ***° evaluated
149 096 (84 %) of all patients, while the accumulated weight of the two studies in the random
effect model evaluating the diagnostic odds ratio was only 6.3 %. Because of this discrepancy, it
may not be entirely reasonable to emphasize the interstudy variance when pooling the estimates
as it is done in the random-effects model. The random-effects model used for pooling diagnostic
studies may have important shAortcomings when large cohort studies comprising more than 80 %

d 787, Considering that the ultimate

of the included patients may be inappropriately down-weighte
goal of the prognostic test is to guide clinicians in everyday practice, in a clinical environment with
diverse settings the studies with very few evaluators adhering strictly to protocol procedures of

both evaluation and settings for the intubation may exaggerate the prognostic value. Therefore,
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large database studies may convey a more realistic picture of the prognostic value achieved by the

Mallampati test. Contrarily, the smaller studies adhering strictly to protocols of both evaluation
and settings for the tracheal intubation procedure may describe what is ultimately possible if
education and training are optimized. Furthermore, it seems appropriate to emphasize that due to
the apparent high precision of some of the studies estimate of diagnostic accuracy % and these
particular estimates discrepancy with the estimates from other studies the statistical

heterogeneity measured by I? may be exaggerated as pointed out by Riicker et al %,

Shiga et al evaluated numerous screening tests for difficult tracheal intubation and concluded that
they only had poor to moderate discriminative power when used alone 7. Even though our
assessments support that the modified Mallampati Score is inadequate as a stand alone testof a
difficult laryngoscopy or tracheal intubation, it may still play a very important roll as a part of a
multivariate model for the prediction of a difficult tracheal intubation 23 . Numerous studies have
failed to present specific risk factors that could identify a difficult intubation or laryngoscopy by it
self. Therefore it seems rational to focus even more than hitherto on the development, testing and
modification of multivariate models from and in large scale cohort studies, hereby making the

prognostication operational in everyday clinical practice.
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Table 1. The Danish Anesthesia Database tracheal intubation score.

All patients in whom the primary sirway management was planned and attempted for tracheal intubation by direct
laryngoscopy were scored as follows:

Score=1
Score=2

Score=3
Score=4

Intubated by direct laryngoscopy by the first anesthetist and in two attempts maximally.
Intubated by direct laryngoscopy by the first anesthetist but with more than two attempts
or intubated by a supervising anesthetist after one or more failed attempts of intubation.
Intubated by a method other than direct laryngoscopy.

intubation abandoned after multiple attempts, no tracheal tube was inserted.

Difficult tracheal intubation was defined as an intubation score > 1
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Table 2. Characteristics of the studies evaluating the modified Mallampati Score

Risk of

Outcome No. of Blinding  Setting Selection  Recruit-
measure  patients ment bias,
Adnet F bT 1171 Yes Yes High
Aliz DL 66 Yes Yes Yes Medium
Allahyar E DL 203 Yes Yes Yes Yes Low
ArneJ DT 1200 Yes Yes High
Ayuso MA DTl 181 Yes Yes Yes Medium
Bouaggad A DTI 320 Yes Yes High
Brodsky JB DTi 100 Yes Yes High
Butler P DL 220 Yes High
Cattano D DTi 1956 Yes Yes High
Charuluxananan § DL 57005 Yes Yes Yes Medium
Constantikes J DL 30 Yes Yes High
DomiR DL 426 Yes Yes High
Eberhart LH} DL 1107 Yes Yes Yes Medium
EzriT DL 764 Yes Yes Yes Medium
Ezri T DL 1472 Yes Yes High
EzriT DL 50 Yes High
Ezri T DL 644 Yes Yes High
Frerk CM DL 244 Yes High
Gercek A DT1 500 Yes Yes High
"Gupta S DTi 372 Yes High
Hester CE DL 50 Yes Yes High
Honarman A DL 400 Yes Yes Yes Medium
Huhl DL 213 Yes Yes Yes Medium
lohom G DL 212 Yes Yes High
Ita CE DL 57 Yes High
Juvin P DTI 245 Yes Yes High
Kamalipour H DL 100 Yes Yes Yes Medium
Kaul TK DL 500 Yes Yes High
Khan zH DL 300 Yes Yes Yes Medium
Koh LK DL 605 Yes Yes High
Komatsu R DL 64 Yes High
Krishna HM DL 200 Yes Yes Yes Medium
Krobbuaban B DL 550 Yes Yes Yes Medium
L'Hermite J DTI 1023 Yes Yes Yes Medium
Lundstrom LH DTI 92091 Yes Yes Yes Medium
Mashour GA DL 346 Yes Yes Yes Medium
Mashour GA DTI 1133 Yes Yes High
Mashour GA DL 60 Yes High
Merah NA DL 80 Yes Yes Yes Medium
Merah NA DL 380 Yes Yes High
Noorizad S DL 379 High
Rocke DA DTl 1500 Yes Yes High
Samra SK DL 566 Yes High
Sawa D DTi 350 Yes Yes Yes Yes Low
Schmitt H DL 128 Yes Yes Yes Medium
Siddiqi R DL 338 Yes High
Singh R DL 300 Yes High
Topcu | DT 208 Yes Yes High
Torres K DT 96 Yes High
Tuzuner-Oncul A DTl 208 Yes Yes High
Vani Vv DL 50 Yes Yes High
Wong SH DL 411 Yes Yes Yes Medium
Yamamoto K bL 3680 Yes Yes Yes Medium
Yeo SW DL 560 Yes Yes High
Yildiz TS DTI 1674 Yes Yes High

Blinding = blinding of the Mallampati score; DL = difficult laryngoscopy; DT! = difficult tracheal intub

recruitment of study population was described; Selection =

setting of the test was described;

ation; Recruitment = if the

if the selection of study population was described; Setting = if the
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Table 3. Individual studies’ evaluating the dia nostic performance of the modified Mallam ati Score

‘5 True False False True  Prevalence DOR  Weight Sens.  Spec, PosLR
! ositive ositive _negative npe ative _ DTI/DL %

; Adnet F 24 54 66 1027 7.7 6.92 2,6 0.27 095 534
/ Aliz 5 13 6 42 16.7 2,69 1.4 0.46 076 192

I Allahyar E 11 42 26 124 18.2 125 22 30 0.75 118

Arne } 39 168 11 982 4.2 2072 24  0o7g 0.85 534

Ayuso MA 29 26 25 101 29.8 451 24 054 0.80 262

Bouaggad A 7 8 10 295 5.3 2581 16 041 097 1560 |

Brodsky JB 7 26 5 62 12.0 334 16 033 071 197 |

Butler p 10 38 8 164 8.2 540 1.9 ps6 081 295

Cattano D 28 169 28 1731 2.9 1024 26 59 091 562

Charuluxananan s 703 3122 1398 51782 3.7 8.34 3.1 0.34 0.94 5.88 C

Constantikes J 2 15 0 13 6.7 4.36 0.4 1.00 0.46 1.56 0

DomiR 30 10 38 348 16,0 2747 22 0us 097 1579

Eberhart LHJ 92 381 39 595 11.8 368 29 o7 061 180 ¢

EzriT 68 196 13 487 10.6 13.00 25 g 071 293 g

EzriT 116 354 36 966 10.3 879 29 076 073 285 ¢

EzriT 3 6 6 35 18.0 2,92 1.1 0.33 0.85 228 0

EzriT 11 208 32 393 6.7 065 24 026 065 074 1.

Frerk cMm 9 43 2 190 45 19.88 12 o 082 443 g

I Gercek A 2 15 31 452 6.6 184 12 006 097 189 g

| Gupta S 15 8 9 340 6.5 7083 18 063 (og 2719 o=

§ Hester CE 1 10 8 31 18.0 039 07 o011 076 046 13

! Honarman A 22 12 13 353 8.8 49.78 21 063 097 1912 g3
HuhJ 3 12 23 175 122 . 190 14 0.12 094 180 g
lohom G 8 22 12 170 9.4 315 19 040 0.89 349 g
Ita CE 0 4 1 52 1.8 38 04 000 093 317 g
Juvin p 2 75 3 165 2.0 147 10 040 069 128 g
Kamalipour H 4 0 11 85 15.0 6691 05 27 100 48338 g.7;
Kaul TK 31 24 11 434 8.4 5096 22 074 0.95 14.09 go2s
Khan zH 14 94 3 189 5.7 938 15 08 067 248 (.2
Koh LK 14 45 17 529 5.1 968 23 045 092 576 060
Komatsu R 6 16 14 28 31.3 075 17 o3 064 083 110
Krishna HMm 13 42 4 141 8.5 1091 16 077 077 333 ¢33
Krobbuaban B 48 193 21 288 12,5 341 26 070 060 173 0351
L'Hermite ) 24 104 36 859 5.9 551 26 040 089 370 o067
Lundstrom LH 1042 5893 3620 81531 5.1 398 3.2 0.22 093 331 083
Mashour GA 7 79 10 250 4,9 222 19 041 076 172  o.77
Mashour GA 55 153 84 841 12.3 360 29 (.40 085 257 o731
Mashour GA 5 16 1 38 10.0 11.8 0.7 o083 070 281 024
Merah NA 7 3 1 69 10.0 161.00 07 o83 0.86 21.00 0.13
Merah NA 8 7 5 360 3.4 8229 14 o062 098 3226 .39
Noorizad § 11 81 18 269 7.7 203 22 038 077 164 081
Rocke DA 19 378 13 1090 2.1 421 24  ¢59 0.74 231 @55
Samra SK 24 69 24 449 8.5 651 25 50 0.87 375 g5g
Sawva D 11 113 6 220 4,9 357 19 065 0.66 1.91 (53
Schmitt H 25 53 8 42 25.8 248 21 078 044 136 055
Siddigi R 3 53 4 278 2.1 393 12 043 0.84 268 068
Singh R 0 46 2 252 0.7 109 04 000 085 1.07 0099
Topcu | 5 11 7 185 5.8 1201 15 042 094 742 062
Torres K 8 15 12 61 20.8 2.71 1.8 0.40 0.80 2.03 0.75
Tuzuner-Oncul A 19 30 13 146 15.4 711 22 059 083 348 049
Vani v 1 4 7 38 16.0 136 07 013 091 131 Q97
Wong SH 6 150 1 254 1.7 1016 08 0gg 0.63 231 023
Yamamoto K 38 1723 18 1901 15 233 26 068 053 143 061
Yeo SW . 3 25 8 524 2.0 7.8 14 027 095 599 0.7
Yildiz TS 28 172 52 1422 4.8 445 27 035 0.89 324 073

DL = difficult laryngoscopy; DOR= diagnostic odds ratio; DT1 = difficult trachea| intubation; N = nymber of patients; NeglLR = negatiwvi
likelihood ratio; PosLR = positive likelihood ratio; Sens, = sensitivity; Spec = specificity; Weight = weight of each study in a pooled
diagnostic odds ration using a random effect model
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Table 4: Pooled estimates of the total cohort and subgroup populations

Pooled estimates

No Prev. . . Positive Negative
No AUC Diagnostic I . - s

stu- . DTIVDL . Specificity. Sensitivety Likelihood Likelihood

dies Paticnts (SE) % Odds Ratio Ratio Ratio

Total Population 55 177088 0,75(0.03) 7.6 (6.6-8.8) 5.89(4.74-7.32) 0.91(0.91-0.91) 0.35(0.34-0.36) .13 (3.604.66) 0.70(0.65-0.75)

Subgroup populations .
DTI 20 104784 0.77(0.04) 6.8 (5.3-8.7) 6.33(4.71-3,49) 0.93 (0.92-0.93) 0.32(0.3 1-0.33) 4.61(3.91-4.30) 0.73 (0.66-0.80)
DL 35 72304 0.75(0.04) 8.0 (6.1-10.3) 5.58 (3.92-1.93) 0.%0 0.89-0.90) 0.38(0.36-0.40) 3.83 (3.06-4.60) 0.69(0.61-0.77)

Low/mediumbias 20 159198 0.75 (0.03) 8.5(6.8-10.5) 5.12 (3.74-7.00) 0.92 (0.92-0.92) 0.31(0.30-0.32) 3.85 (3.134.56) 0.75 (68.2-0.82)
AUC = areaunder the curve; DL, = difficult laryngoscopy; DTI difficult tracheal intubation; Prev. = prevalence; SE = standard crror. The () of pooled
estimates contain the 95 % confidence interval,
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