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 Difficultés de contrôle des voies aériennes : 
analyse systémique des risques 



   La sécurité d’un système ne repose :  
 

•  ni sur l’absence d’erreur des opérateurs (irréaliste) 

•  ni sur un système de défense en profondeur ou d’organisation où 

une seule plaque serait totalement sûre 

•  L’accident n’est pas la défaillance d’une plaque isolée : il est 

toujours la défaillance du système en entier  

•  Les incidents révèlent la plaque en profondeur qui a réellement 

tenu (puisque l’accident n’est pas arrivé…)  

 

 
 
  
                                                            

 La sécurité totale est le produit de l’empilement des plaques 
 
Les défaillances latentes se révèlent presque uniquement lors des 
enquêtes (après un incident) ou par des audits de sécurité 
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Major complications of airway management in the UK: results
of the Fourth National Audit Project of the Royal College of
Anaesthetists and the Difficult Airway Society. Part 1:
Anaesthesia†

T. M. Cook 1*, N. Woodall 2 and C. Frerk 3, on behalf of the Fourth National Audit Project
1 Department of Anaesthesia, Royal United Hospital, Combe Park, Bath BA1 3NG, UK
2 Department of Anaesthesia, Norfolk and Norwich University NHS Foundation Trust, UK
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* Corresponding author. E-mail: timcook007@googlemail.com

Background. This project was devised to estimate the incidence of major complications of airway management during
anaesthesia in the UK and to study these events.

Methods. Reports of major airway management complications during anaesthesia (death, brain damage, emergency surgical
airway, unanticipated intensive care unit admission) were collected from all National Health Service hospitals for 1 yr. An
expert panel assessed inclusion criteria, outcome, and airway management. A matched concurrent census estimated a
denominator of 2.9 million general anaesthetics annually.

Results. Of 184 reports meeting inclusion criteria, 133 related to general anaesthesia: 46 events per million general anaesthetics
[95% confidence interval (CI) 38–54] or one per 22 000 (95% CI 1 per 26–18 000). Anaesthesia events led to 16 deaths and
three episodes of persistent brain damage: a mortality rate of 5.6 per million general anaesthetics (95% CI 2.8–8.3): one per
180 000 (95% CI 1 per 352–120 000). These estimates assume that all such cases were captured. Rates of death and brain
damage for different airway devices (facemask, supraglottic airway, tracheal tube) varied little. Airway management was
considered good in 19% of assessable anaesthesia cases. Elements of care were judged poor in three-quarters: in only three
deaths was airway management considered exclusively good.

Conclusions. Although these data suggest the incidence of death and brain damage from airway management during general
anaesthesia is low, statistical analysis of the distribution of reports suggests as few as 25% of relevant incidents may have been
reported. It therefore provides an indication of the lower limit for incidence of such complications. The review of airway
management indicates that in a majority of cases, there is ‘room for improvement’.

Keywords: airway; audit; brain damage; complications; cricothyroidotomy; death; emergency department; intensive care,
tracheostomy
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Airway management is fundamental to safe anaesthetic
practice and in most circumstances is uncomplicated, but it
has been recognized for many years that complications of
airway management occur with serious consequences.1 2

Good-quality information on the frequency and nature of
major adverse events related to anaesthetic airway manage-
ment is incomplete. Litigation-based analyses add some
insight into the severity of such events and have driven
changes in practice.3 – 6 These indicate that airway and respir-
atory complications leading to litigation are a small
proportion of all claims against anaesthetists but are associ-
ated with notably high rates of death and brain damage,
high rates of ‘less than appropriate care’, and high costs.

Owing to the complexity of the relationship between compli-
cations and litigation, and the lack of denominators, they do
not add information about prevalence or incidence of com-
plications.7 8 Analyses of critical incident reports in the UK
have also added useful information, but these reports
largely focus on minor incidents and are likely to miss a con-
siderable proportion of major events.9

Knowledge of the incidence of such complications should
be an important component of clinical decision-making, risk
management, and the consent processes. Information on
serious and common complications should guide the specialty
into appropriate areas for research by demonstrating areas in
which our current practice or performance can improve.

† This article is accompanied by the Editorial.
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complicated another primary event: eight of these patients
died and two suffered brain damage.

Primary airway problem during anaesthesia

Problems with tracheal intubation were the most frequently
recorded primary airway problem (Fig. 1). Difficult or
delayed intubation, failed intubation, and ‘can’t intubate
can’t ventilate’ (CICV) accounted for 39% of all events and
events during anaesthesia. Aspiration then extubation pro-
blems followed tracheal intubation in frequency of reported
complications. For anaesthesia events, aspiration, CICV, and
problems during use of a supraglottic airway, iatrogenic
airway trauma, and failed mask ventilation were the next
most prominent complications.

Primary airway device during anaesthesia

For anaesthesia events, the airway in use or intended for
maintenance was: tracheal tube of any sort (91), supraglottic
airway device (35), and facemask (7) (Table 6).

Incidence of incidents

The total number of events reported in relation to anaes-
thesia was 133. The number of anaesthetics administered
in the same period derived from the census phase of
NAP4 was 2.9 million (2 872 600),12 giving a minimum inci-
dence (point estimate) of 133/2 872 600: i.e. 46 per million
or approximately one per 22 000 general anaesthetics.
Using binomial statistics, we can estimate an upper 95%
confidence limit of 54 per million and a lower CI of 38
per million (although as the actual event rate in our

population cannot be lower than that we observed, some
might omit this value).

Using the same methodology, we can calculate the point
estimate and CIs for incidence of death (or death and brain
damage) from an airway event during general anaesthesia
(Table 7). The census data also provided estimates of fre-
quency of use of airway devices (tracheal tube, supraglottic
airway device, and facemask) and estimates of the risk of
events and poor outcomes with these devices can be
derived (Table 7).

Case-mix

Aspiration of gastric contents

Aspiration of gastric contents was the primary event in 23
anaesthesia cases, two emergency department cases, and
no ICU cases. It was the most common cause of death in
the anaesthesia group accounting for eight deaths and two
cases of brain damage. Aspiration occurred most frequently
in patients with risk factors (.90%), at induction of anaes-
thesia or during airway instrumentation (61%). Planned
airway management was as follows: laryngeal mask 13,
i-gel 1, tracheal tube 8, and none 1. Aspiration occurred
before airway instrumentation in five cases and during
airway placement in two. Two cases had clear indications
for rapid sequence induction (RSI) and in several others, its
use could be argued, one case occurred during RSI laryngo-
scopy. Management of the cases was judged good in four,
mixed in seven, and poor in eight, with management
judged poor in four deaths. Aspiration also complicated
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Extubation related problems
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Fig 1 Primary airway problem
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Major complications of airway management in the UK: results
of the Fourth National Audit Project of the Royal College of
Anaesthetists and the Difficult Airway Society. Part 2:
intensive care and emergency departments†
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Background. The Fourth National Audit Project of the Royal College of Anaesthetists and Difficult Airway Society (NAP4) was
designed to identify and study serious airway complications occurring during anaesthesia, in intensive care unit (ICU) and
the emergency department (ED).

Methods. Reports of major complications of airway management (death, brain damage, emergency surgical airway,
unanticipated ICU admission, prolonged ICU stay) were collected from all National Health Service hospitals over a period of
1 yr. An expert panel reviewed inclusion criteria, outcome, and airway management.

Results. A total of 184 events met inclusion criteria: 36 in ICU and 15 in the ED. In ICU, 61% of events led to death or persistent
neurological injury, and 31% in the ED. Airway events in ICU and the ED were more likely than those during anaesthesia to occur
out-of-hours, be managed by doctors with less anaesthetic experience and lead to permanent harm. Failure to use capnography
contributed to 74% of cases of death or persistent neurological injury.

Conclusions. At least one in four major airway events in a hospital are likely to occur in ICU or the ED. The outcome of these
events is particularly adverse. Analysis of the cases has identified repeated gaps in care that include: poor identification of
at-risk patients, poor or incomplete planning, inadequate provision of skilled staff and equipment to manage these events
successfully, delayed recognition of events, and failed rescue due to lack of or failure of interpretation of capnography. The
project findings suggest avoidable deaths due to airway complications occur in ICU and the ED.

Keywords: airway; audit; brain damage; complications; cricothyroidotomy; death; emergency department; intensive care;
tracheostomy
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Active airway management takes place most frequently in
anaesthetic practice, but is often required outside the operat-
ing theatre. Several studies of airway management outside
the operating theatre have identified higher rates of compli-
cations, including failed intubation, oesophageal intubation,
hypoxia, and cricothyroidotomy. These include studies in
intensive care units (ICU)1–4 and emergency departments
(EDs).4–8 Differences in factors such as case mix, availability
of skilled and trained staff, levels of assistance, and working
environment all likely contribute. Recent data from analysis
of the National Reporting and Learning System (NRLS) of the
National Patient Safety Agency (NPSA) indicated that ICU
may be an area where airway complications are relatively fre-
quent,9 but the data were limited by the nature of NRLS report-
ing, which numerically focuses on low impact events.9 10

The Fourth National Audit Project of the Royal College of
Anaesthetists and Difficult Airway Society (NAP4) had the

primary aim of identifying the incidence of major compli-
cations of airway management during anaesthesia. At an
early stage in planning NAP4, it was decided that it would be
important to study similar complications in the environments
of ICUs and EDs for the reasons stated above. This paper
describes the major findings of this section of the NAP4 project.

For reasons of space, this paper cannot explore many
facets of events that were reported. This paper should be
read in conjunction with the accompanying paper11 and
the full report of the project is available on http://www.rcoa.
ac.uk/index.asp?PageID=1089.

Methods
The full methodology of the NAP4 project is described in the
accompanying paper.11 In brief, a multi-speciality group was
established to plan delivery of NAP4 (see Supplementary

† This article is accompanied by the Editorial.
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in 6%. In the ICU, 46% of events for which a time was
recorded took place out-of-hours (18:01–08:00). Although
consultants were present for 58% of all events, there was a
notable difference between events in hours (80%) and
out-of-hours (36%). Several events were managed by
doctors who would not be expected to have airway expertise
because of lack of seniority [e.g. specialist trainee (ST) year 2]
or primary speciality (e.g. ST2 in medicine).

Of the ED cases, the male:female ratio was 10:5 (67%
males), 40% were ASA grade I–II, and 80% aged ,60
(Table 1). A BMI of .30 kg m22 was recorded in 46% and
,20 kg m22 in 7%. Fifty-three per cent of events took
place ‘out of hours’. All but three cases involved attempts
at tracheal intubation, the exceptions being facemask anaes-
thesia for cardioversion and two surgical airways for airway
obstruction. In 11 cases (73%), airway management was
performed by an anaesthetist and in eight (53%) a consult-
ant. Anaesthetist involvement decreased from 6/7 during
the day (08:01–18:00) to 5/8 out-of-hours and consultant
involvement was 4/7 in-hours and 4/8 out-of-hours. Several
events were managed by doctors who would not be expected
to have airway expertise, including two ICU trainees with

minimal anaesthetic experience and one Acute Care
Common Stem trainee with 5 months anaesthetic experi-
ence. In a further three cases, the anaesthetist present at
the start of the airway event was a year 3 specialist
trainee, and in eight events, no consultant was present at
the start of the airway event.

Inclusion criteria and event outcomes
The inclusion criteria indicated by reporters are presented in
Table 1. The final outcome of events is presented, both focus-
ing on outcomes of death and brain damage and by NPSA
classification of severity of harm (Table 2).

Death resulting from an airway problem was the inclusion
criterion for 33 reports: 16 occurred in ICU and three in the
ED (Table 1). Three further cases resulted in late deaths, two
in ICU, and one in the ED. In total, there were 38 deaths
attributable to an airway event, 18 on ICU, and four in the
ED. Hypoxia was the common theme in deaths caused by an
airway problem in both ICU and the ED. Death rate for cases
in ICU was 18/36 (50%) and in the ED 4/15 (27%).

Brain damage
In 13 patients, brain damage was recorded as an inclusion
criterion, six in reports of events on ICU, and one in the ED
(Table 1). After excluding those who died or recovered,
there were four cases of persistent non-fatal brain damage
in ICU and one in the ED. The combined rate of death and
brain damage for ICU cases was 22/36 (61%) and in the ED
5/15 (33%).

Emergency surgical airway
An attempt at emergency surgical airway, either tracheost-
omy or cricothyroidotomy, was reported as an inclusion cri-
terion in 75 cases (Table 1). Twelve attempts took place on
ICU (33% of all ICU cases), with three failing to rescue the
airway, a failure rate of 25%. Five needle cricothyroidotomies
were attempted on ICU, three of which failed. One patient

Table 1 Incident reports classified: by ASA grade and type of
event; by age and type of event; and by inclusion criteria provided
by the reporter. More than one inclusion criterion could be chosen.
Note that some deaths were considered by the review panel not
to be causally related to the event, in other cases patients
reported with an inclusion criterion of brain damage either made
a full recovery at the time of reporting or died. Therefore, figures in
this table do not exactly match final outcomes in Table 2.
*Prolongation of stay in the case of patients already in ICU

ICU (n536) Emergency
department
(n515)

ASA

I 1 2

II 7 4

III 14 5

IV 13 3

V 1 0

Not recorded 0 1

Age

,10 1 1

11–20 2 0

21–40 6 7

41–60 11 4

61–80 14 2

.80 2 1

Not recorded 0 0

Reporter provided inclusion criteria

Death 16 3

Brain damage 6 1

ESA 10 11

ICU admission* 12 10

Sum 44 25

Table 2 Final outcome: Narrative outcome and NPSA
classification (see Supplementary Table S2)

ICU (n536) Emergency
department (n515)

Final outcome (narrative)

Death 18 4

Brain damage 4 1

Other partial recovery 3 1

Full recovery 9 9

Unrelated death 2 0

Final outcome (NPSA definitions)

Death 18 4

Severe 5 0

Moderate 12 11

Low 1 0

None 0 15

BJA Cook et al.

634

 at RED
A

R on January 15, 2014
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

Mortalité liée à une 
difficulté de 

contrôle des voies 
aériennes  

(Number of events) 

Réa   20 % des complications 
          50 % des décès  

  Anesthésie   70 % des complications 
                40 % des décès  

22 19 



Major complications of airway management in the UK: results
of the Fourth National Audit Project of the Royal College of
Anaesthetists and the Difficult Airway Society. Part 2:
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Background. The Fourth National Audit Project of the Royal College of Anaesthetists and Difficult Airway Society (NAP4) was
designed to identify and study serious airway complications occurring during anaesthesia, in intensive care unit (ICU) and
the emergency department (ED).

Methods. Reports of major complications of airway management (death, brain damage, emergency surgical airway,
unanticipated ICU admission, prolonged ICU stay) were collected from all National Health Service hospitals over a period of
1 yr. An expert panel reviewed inclusion criteria, outcome, and airway management.

Results. A total of 184 events met inclusion criteria: 36 in ICU and 15 in the ED. In ICU, 61% of events led to death or persistent
neurological injury, and 31% in the ED. Airway events in ICU and the ED were more likely than those during anaesthesia to occur
out-of-hours, be managed by doctors with less anaesthetic experience and lead to permanent harm. Failure to use capnography
contributed to 74% of cases of death or persistent neurological injury.

Conclusions. At least one in four major airway events in a hospital are likely to occur in ICU or the ED. The outcome of these
events is particularly adverse. Analysis of the cases has identified repeated gaps in care that include: poor identification of
at-risk patients, poor or incomplete planning, inadequate provision of skilled staff and equipment to manage these events
successfully, delayed recognition of events, and failed rescue due to lack of or failure of interpretation of capnography. The
project findings suggest avoidable deaths due to airway complications occur in ICU and the ED.
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Active airway management takes place most frequently in
anaesthetic practice, but is often required outside the operat-
ing theatre. Several studies of airway management outside
the operating theatre have identified higher rates of compli-
cations, including failed intubation, oesophageal intubation,
hypoxia, and cricothyroidotomy. These include studies in
intensive care units (ICU)1–4 and emergency departments
(EDs).4–8 Differences in factors such as case mix, availability
of skilled and trained staff, levels of assistance, and working
environment all likely contribute. Recent data from analysis
of the National Reporting and Learning System (NRLS) of the
National Patient Safety Agency (NPSA) indicated that ICU
may be an area where airway complications are relatively fre-
quent,9 but the data were limited by the nature of NRLS report-
ing, which numerically focuses on low impact events.9 10

The Fourth National Audit Project of the Royal College of
Anaesthetists and Difficult Airway Society (NAP4) had the

primary aim of identifying the incidence of major compli-
cations of airway management during anaesthesia. At an
early stage in planning NAP4, it was decided that it would be
important to study similar complications in the environments
of ICUs and EDs for the reasons stated above. This paper
describes the major findings of this section of the NAP4 project.

For reasons of space, this paper cannot explore many
facets of events that were reported. This paper should be
read in conjunction with the accompanying paper11 and
the full report of the project is available on http://www.rcoa.
ac.uk/index.asp?PageID=1089.

Methods
The full methodology of the NAP4 project is described in the
accompanying paper.11 In brief, a multi-speciality group was
established to plan delivery of NAP4 (see Supplementary
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o  Capnographie  en réanimation +++ 

o  Procédure Check List avant toute intubation trachéale 

o  Prédiction d’une difficulté de contrôle des voies aériennes , 
algorithmes décisionnels  

o  Accès et connaissance à des dispositifs d’oxygénation et 
d’intubation trachéale , formations+++ 

o  Transfert de patient : période à haut risque 

o  Obésité : terrain à risque 
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recommendations for management  Can J Anaesth 1998 
 UK difficult airway society guidelines for management 
of unanticipated difficult intubation        
       Anaesthesia 2004 

 SIAARTI  Recommendations for airway control and 
difficult airway management   Minerva Anestesiol 2005 
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Emergency Tracheal Intubation: Complications Associated
with Repeated Laryngoscopic Attempts
Thomas C. Mort, MD

Department of Anesthesiology, Hartford Hospital, University of Connecticut School of Medicine

Repeated conventional tracheal intubation attempts
may contribute to patient morbidity. Critically-ill pa-
tients (n ! 2833) suffering from cardiovascular, pulmo-
nary, metabolic, neurologic, or trauma-related deterio-
ration were entered into an emergency intubation
quality improvement database. This practice analysis
was evaluated for airway and hemodynamic-related
complications based on a set of defined variables that
were correlated to the number of attempts required to
successfully intubate the trachea outside the operating
room. There was a significant increase in the rate of
airway-related complications as the number of laryngo-
scopic attempts increased (!2 versus "2 attempts): hy-
poxemia (11.8% versus 70%), regurgitation of gastric

contents (1.9% versus 22%), aspiration of gastric con-
tents (0.8% versus 13%) bradycardia (1.6% versus 21%),
and cardiac arrest (0.7% versus 11%; P # 0.001). Al-
though predictable, this analysis provides data that
confirm the number of laryngoscopic attempts is asso-
ciated with the incidence of airway and hemodynamic
adverse events. These data support the recommenda-
tion of the ASA Task Force on the Management of the
Difficult Airway to limit laryngoscopic attempts to
three in lieu of the considerable patient injury that may
occur.

(Anesth Analg 2004;99:607–13)

Emergency airway management can be fraught
with complications related to hemodynamic al-
terations and difficulty with oxygenation and

ventilation (1,2). Esophageal intubation, pneumo-
thorax, and pulmonary aspiration, as well as other
major complications, were reported by Schwartz et
al. (1) to occur relatively frequently during emer-
gency tracheal intubation outside of the operating
room (OR). However, the severity and frequency of
complications were not correlated with the number
of intubation attempts. Another anesthesia-based
study of emergency intubation reported that 1 in 10
airway encounters required 3 or more intubation
attempts and suggested that multiple attempts were
associated with an increased incidence of hypox-
emia, regurgitation, and esophageal intubation (2).
Our emergency department (ED) colleagues have
published many studies, but none has quantified an
association of increasing complications with repeti-
tive laryngoscopic attempts (3– 8). The ASA Task
Force on the Management of the Difficult Airway

has made a recommendation, based on the consult-
ant’s consensus opinion, that an alternative method
should be pursued to secure the airway when diffi-
culty with intubation is encountered (9,10). As dif-
ficulty arises with securing the airway and the num-
ber of laryngoscopic attempts increases, the
occurrence of hypoxemia, esophageal intubation, re-
gurgitation, airway trauma, and cardiac arrest
should be more common (11–15). Despite the con-
sequences of repetitive conventional intubation at-
tempts, there is little published evidence directly
supporting the ASA’s recommendation to limit con-
ventional intubation attempts to three (multiple)
with subsequent use of accessory airway devices or
alternative techniques (tracheal tube introducer
[bougie], laryngeal mask airway (Laryngeal Mask
Company, Henley-on-Thames, UK), Combitube®,
[Kendall-Sheridan, Argyle, NY] fiberoptic bron-
choscopy, and cricothyrotomy/tracheotomy). This
quality improvement database was analyzed: (a) to
determine the incidence of airway and hemody-
namic complications during emergency tracheal in-
tubation outside the OR based on a predetermined
set of defined criteria and (b) to determine if there is
any relationship between the number of conven-
tional intubation attempts and the incidence of
complications.
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poxemia (11.8% versus 70%), regurgitation of gastric

contents (1.9% versus 22%), aspiration of gastric con-
tents (0.8% versus 13%) bradycardia (1.6% versus 21%),
and cardiac arrest (0.7% versus 11%; P # 0.001). Al-
though predictable, this analysis provides data that
confirm the number of laryngoscopic attempts is asso-
ciated with the incidence of airway and hemodynamic
adverse events. These data support the recommenda-
tion of the ASA Task Force on the Management of the
Difficult Airway to limit laryngoscopic attempts to
three in lieu of the considerable patient injury that may
occur.

(Anesth Analg 2004;99:607–13)

Emergency airway management can be fraught
with complications related to hemodynamic al-
terations and difficulty with oxygenation and

ventilation (1,2). Esophageal intubation, pneumo-
thorax, and pulmonary aspiration, as well as other
major complications, were reported by Schwartz et
al. (1) to occur relatively frequently during emer-
gency tracheal intubation outside of the operating
room (OR). However, the severity and frequency of
complications were not correlated with the number
of intubation attempts. Another anesthesia-based
study of emergency intubation reported that 1 in 10
airway encounters required 3 or more intubation
attempts and suggested that multiple attempts were
associated with an increased incidence of hypox-
emia, regurgitation, and esophageal intubation (2).
Our emergency department (ED) colleagues have
published many studies, but none has quantified an
association of increasing complications with repeti-
tive laryngoscopic attempts (3– 8). The ASA Task
Force on the Management of the Difficult Airway

has made a recommendation, based on the consult-
ant’s consensus opinion, that an alternative method
should be pursued to secure the airway when diffi-
culty with intubation is encountered (9,10). As dif-
ficulty arises with securing the airway and the num-
ber of laryngoscopic attempts increases, the
occurrence of hypoxemia, esophageal intubation, re-
gurgitation, airway trauma, and cardiac arrest
should be more common (11–15). Despite the con-
sequences of repetitive conventional intubation at-
tempts, there is little published evidence directly
supporting the ASA’s recommendation to limit con-
ventional intubation attempts to three (multiple)
with subsequent use of accessory airway devices or
alternative techniques (tracheal tube introducer
[bougie], laryngeal mask airway (Laryngeal Mask
Company, Henley-on-Thames, UK), Combitube®,
[Kendall-Sheridan, Argyle, NY] fiberoptic bron-
choscopy, and cricothyrotomy/tracheotomy). This
quality improvement database was analyzed: (a) to
determine the incidence of airway and hemody-
namic complications during emergency tracheal in-
tubation outside the OR based on a predetermined
set of defined criteria and (b) to determine if there is
any relationship between the number of conven-
tional intubation attempts and the incidence of
complications.
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Abstract
Background Previously active in the mid-1990s, the

Canadian Airway Focus Group (CAFG) studied the
unanticipated difficult airway and made recommendations

on management in a 1998 publication. The CAFG has

since reconvened to examine more recent scientific
literature on airway management. The Focus Group’s

mandate for this article was to arrive at updated practice

recommendations for management of the unconscious/
induced patient in whom difficult or failed tracheal

intubation is encountered.

Methods Nineteen clinicians with backgrounds in
anesthesia, emergency medicine, and intensive care

joined this iteration of the CAFG. Each member was

assigned topics and conducted reviews of Medline,
EMBASE, and Cochrane databases. Results were

presented and discussed during multiple teleconferences

and two face-to-face meetings. When appropriate,

evidence- or consensus-based recommendations were

made together with assigned levels of evidence modelled

after previously published criteria.
Conclusions The clinician must be aware of the potential

for harm to the patient that can occur with multiple

attempts at tracheal intubation. This likelihood can be
minimized by moving early from an unsuccessful primary

intubation technique to an alternative ‘‘Plan B’’ technique

if oxygenation by face mask or ventilation using a
supraglottic device is non-problematic. Irrespective of the

technique(s) used, failure to achieve successful tracheal

intubation in a maximum of three attempts defines failed
tracheal intubation and signals the need to engage an exit

strategy. Failure to oxygenate by face mask or supraglottic

device ventilation occurring in conjunction with failed
tracheal intubation defines a failed oxygenation, ‘‘cannot

intubate, cannot oxygenate’’ situation. Cricothyrotomy

must then be undertaken without delay, although if not
already tried, an expedited and concurrent attempt can be

made to place a supraglottic device.

Résumé
Contexte Actif au milieu des années 1990, le Canadian

Airway Focus Group (CAFG), un groupe dédié à l’étude
des difficultés imprévues dans la prise en charge des voies

aériennes, a émis des recommandations sur ce sujet dans

une publication datant de 1998. Le CAFG s’est réuni à
nouveau pour passer en revue la littérature scientifique

(Please see Appendix 2 for authors’ affiliations, attributions, and
disclosures).
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récente concernant la prise en charge des voies aériennes.

Dans cet article, le CAFG s’est donné pour mission

d’émettre des recommandations visant la prise en charge
du patient inconscient ou anesthésié qui présente des

difficultés d’intubation significatives.

Méthode Dix-neuf cliniciens ayant une formation en
anesthésie, en médecine d’urgence ou en soins intensifs

composent le CAFG actuel. Les participants ont passé en

revue des sujets précis en consultant les bases de données
Medline, EMBASE et Cochrane. Les résultats de ces revues

ont été présentés et discutés dans le cadre de téléconférences

et de deux réunions en personne. Lorsqu’indiqué, des
recommandations fondées sur des données probantes ou

sur un consensus ont été émises. Le niveau de confiance

attribué à ces recommandations a aussi été défini.
Conclusion Le clinicien doit avoir conscience des lésions

qu’il peut infliger lors de tentatives multiples d’intubation

trachéale. Il est possible d’éviter de telles lésions en
abandonnant rapidement une technique d’intubation

infructueuse afin d’opter pour une méthode alternative

(ou ‘plan B’) à condition que l’oxygénation par masque
facial ou par l’utilisation d’un dispositif supraglottique

s’avère possible. Nonobstant la ou les techniques choisies,

un maximum de trois tentatives infructueuses mène à la
conclusion qu’il s’agit d’un échec d’intubation et devrait

inciter le clinicien à adopter une stratégie de retrait. Une

situation dans laquelle il est impossible de procéder à
l’oxygénation du patient à l’aide d’un masque facial, d’un

dispositif supraglottique ou de l’intubation endotrachéale

est qualifiée de scénario cannot intubate, cannot ventilate.
Il est alors impératif de procéder sans délai à une

cricothyrotomie, à moins que l’insertion d’un dispositif

supraglottique n’ait été tentée. Celle-ci peut alors être
effectuée rapidement et parallèlement à la réalisation de la

cricothyrotomie.

What other statements of recommendation are
available on this topic?

In 1998, Canadian recommendations were published on
management of the unanticipated difficult airway. More

recent national recommendations and guidelines on

difficult airway management have been published in the
USA, the United Kingdom, and other western European

countries.

Why were these recommendations developed?

Canadian recommendations were overdue for an update.

Since the last review, many new devices useful in difficult

airway management have been introduced. In addition,

the Anesthesia Closed Claims Project and other

observational studies have highlighted potential areas for
improvement in management of the difficult and failed

airway.

How do these statements differ from existing
recommendations?
These statements reflect current evidence and thinking on

an appropriate response to difficult airway management
encountered in the unconscious/induced patient. The

importance of engaging an exit strategy after a limited

number of attempts at tracheal intubation is emphasized, as
is a simplified response to a failed oxygenation, ‘‘cannot

intubate, cannot oxygenate’’ situation.

Why do these statements differ from existing
recommendations?
These statements differ from existing recommendations in

order to simplify decision-making when failed tracheal
intubation or failed oxygenation is encountered in the

unconscious/induced patient.
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Intubation / Ventilation 

Patient Opérateur 

Modalités de 
l’anesthésie 

Techniques pour le 
contrôle des voies 
aériennes Apprentissage 

Caractère Invasif ou non 

Facteurs de risque 
VMD/ID 

Expérience/expertise 

Stratégies 

Profondeur 

Myorelaxation 



La prédiction de la ventilation et de l’intubation: 

1)  	  reposent	  sur	  des	  critères	  bien	  définis	  et	  communs	  à	  
toutes	  les	  recommanda0ons	  des	  sociétés	  savantes	  

2)  	  est	  aisée	  et	  fiable	  

3)  	  nécessite	  la	  réalisa0on	  d’examens	  complémentaires	  	  
	  
4)  	  est	  toujours	  consignée	  dans	  l’observa0on	  médicale	  

5)  	  influence	  les	  techniques	  d’anesthésie	  pour	  le	  
contrôle	  des	  voies	  aériennes	  	  

VRAI	  

QUESTION 1  

FAUX 

FAUX 

FAUX 

FAUX 



Les	  informa4ons	  recueillies	  en	  
préopératoire	  ne	  sont	  pas	  

exploitées	  
	  
	  
	  
	  

 	  Serious	  intraopera0ve	  problems	  –	  a	  five-‐year	  	  review	  of	  
83,844	  anesthe0cs	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
[Problèmes	  peropératoires	  graves	  –	  une	  revue	  de	  83	  844	  
anesthésies	  sur	  cinq	  ans]	  
Sigurd	  Fas0ng	  MD,	  Sven	  E.	  Gisvold	  MD	  PhD	  	  	  	  	  	  	  	  	  CAN	  J	  ANESTH	  2002  

 	  Intuba0on	  difficile	  imprévue	  (IDI)	  recul	  sur	  quatre	  ans	  
d’un	  recueil	  systéma0que	  (15	  603	  anesthésies,	  40	  cas	  
d’IDI)	  
Lambert	  E,	  Auroy	  Y	  et	  col	  	  	  AFAR	  2002	  



La ventilation au masque difficile (VMD) est 
définie  : 

1)  	  de	  façon	  simple	  et	  univoque	  	  

2)  	  par	  une	  SpO2	  <	  95	  %	  et	  l’impossibilité	  d’obtenir	  
une	  capnographie	  d’allure	  sa0sfaisante	  

3)  	  par	  une	  pression	  d’insuffla0on	  <	  25	  cmH2O	  
	  
4)  	  par	  la	  nécessité	  de	  faire	  appel	  à	  un	  autre	  opérateur	  	  

5)  	  par	  la	  difficulté	  du	  main0en	  de	  l’oxygéna0on	  et	  la	  
nécessité	  d’un	  support	  addi0onnel	  	  

FAUX 

FAUX 

VRAI	  

QUESTION 2  

FAUX 

FAUX 



Definition    de la VMD 

1993  

2003  

2000  

2005  

2006 

S 

Pas de définition 
universelle 

Simplification au    
cours du temps 

2 principaux critères  
"subjectifs": 

- Difficultés du 
maintien de 
l’oxygenation 

- Nécessité  de 
support additionnel 
pour         la MV 

 

 

El-‐Orbany	  M	  and	  Woehlck	  HJ	  	  Anesth	  Analg	  2009	  



Prédic0on	  de	  la	  VMD	  

Impossible	  :	  	  
-‐	  hypertrophie	  amygdales	  linguales	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Ovassapian	  A	  et	  al.	  Anesthesiology	  2002	  
-‐	  laryngospasme	  /	  bronchospasme	  

Possible	  :	  
-‐	  augmenta0on	  du	  risque	  après	  3	  échecs	  
d’intuba0on	  trachéale	  +++	  

-‐  critères	  de	  VMD	  	  
	  	  	  	  	  Langeron	  O	  et	  al.	  Anesthesiology	  2000,	  Kheterpal	  et	  al	  	  Anesthesiology	  2006	  

	  
	  	   	   	  	  	  

	  



Hypertrophie	  
Amygdales	  
Linguales	  

Coupe	  
SagiXale	  	  
langue	  et	  
larynx	  
normaux	  

	  Jones	  DH	  et	  al.	  	  
Anesth	  Analg	  
1993	  



Les critères de VMD   : 

1)  	  sont	  uniquement	  liés	  au	  morphotype	  du	  pa0ent	  

2)  	  la	  probabilité	  de	  VMD	  dépend	  de	  façon	  
propor0onnelle	  du	  nombre	  de	  critères	  présents	  	  	  

3)  	  sont	  superposables	  aux	  critères	  de	  VM	  
impossible	  

	  
4)  	  sont	  aussi	  reliés	  à	  une	  difficulté	  accrue	  

d’intuba0on	  

5)  	  certains	  sont	  facilement	  réversibles	  	  

FAUX 

VRAI	  

QUESTION 3  

FAUX 

FAUX 

FAUX 



Langeron	  et	  	  al	  
Anesthesiology	  
2000	  

Kheterpal	  et	  	  al	  
Anesthesiology	  
2006	  

Comparaison	  études	  prédic0on	  VMD	  



Prédic0on	  VMD	  et	  nombre	  de	  facteurs	  de	  
risque	  	  

Kheterpal	  et	  al	  	  

Anesthesiology	  2006	  





Facteurs de risque indépendants de VMI  Incidence    0,15%  
53 041 VM 



 	  Présence	  de	  2	  des	  5	  critères	  suivants	  (grade	  C)	  
•  Âge	  >55	  ans	  
•  IMC	  >26kg/m2	  

•  Limita0on	  de	  la	  protrusion	  mandibulaire	  
•  Édenta0on	  	  
•  Ronfleur	  	  
•  Présence	  d’une	  barbe	  

 	  VMD	  mul0plie	  par	  4	  le	  risque	  d’ID	  (grade	  D)	  

Critères	  prédic0fs	  de	  la	  ven0la0on	  
au	  masque	  difficile	  SFAR	  2006	  



Facteurs de risque de DMV et impacts cliniques 

Posi0onnement	  lèvre	  
inférieure	  	  	  	  

VM	  standard	  	  



	  	  	  median	  value	  0	  ml	  (0–50ml)	  	  	  	  	  	  	  	  	  	  	  	  	  	  400	  ml	  (365–485	  ml)	  

P	  <	  	  0.001	  

Facteurs de risque de DMV et impacts cliniques 

Posi0onnement	  lèvre	  
inférieure	  	  	  	  

Volume 
courant 
expiré  ml 

VM	  standard	  	  



Johnson JO et al Anesthesiology  
1999 

VMD barbe 

Information patient  



La prédiction de l’intubation difficile   : 

1)  	  repose	  uniquement	  sur	  des	  critères	  liés	  au	  
morphotype	  du	  pa0ent	  

2)  	  une	  probable	  difficulté	  d’intuba0on	  trachéale	  est	  
indiquée	  par	  la	  présence	  d’un	  seul	  critère	  	  

3)  	  est	  moins	  performante	  si	  réalisée	  avec	  des	  scores	  
par	  rapport	  aux	  critères	  pris	  isolément	  	  

4)  	  est	  superposables	  à	  celle	  de	  la	  VMD	  	  
	  
5)  	  réalisée	  au	  mieux	  par	  une	  laryngoscopie	  «	  test	  »	  	  

FAUX 

QUESTION 4  

FAUX 

VRAI	  

FAUX 

FAUX 



Mal	  +	  DTM	  
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ABSTRACT

Background: It has been suggested that predicting difficult 
tracheal intubation is useless because of the poor predictive 
capacity of individual signs and scores. The authors tested 
the hypothesis that an accurate prediction of difficult tra-
cheal intubation using simple clinical signs is possible using 
a computer-assist model.
Methods: In a cohort of 1,655 patients, the authors ana-
lyzed the predictive properties of each of the main signs 
(Mallampati score, mouth opening, thyromental distance, 
and body mass index) to predict difficult tracheal intuba-
tion. They built the best score possible using a simple logistic 
model (SCOREClinic) and compared it with the more recently 
described score in the literature (SCORENaguib). Then they 
used a boosted tree analysis to build the best score possible 
using computer-assisted calculation (SCOREComputer).
Results: Difficult tracheal intubation occurred in 101 
patients (6.1%). The predictive properties of each sign 
remain low (maximum area under the receiver operating 
characteristic curve 0.70). Using receiver operating char-
acteristic curve, the global prediction of the SCOREClinic 

(0.74, 95% CI: 0.72–0.76) was greater than that of the 
SCORENaguib (0.66, 95% CI: 0.60–0.72, P < 0.001) but sig-
nificantly lower than that of the SCOREComputer (0.86, 95% 
CI: 0.84–0.91, P < 0.001). The proportion of patients in 
the inconclusive zone was 71% using SCORENaguib, 56% 
using SCOREClinic, and only 32 % using SCOREComputer  
(all P < 0.001).
Conclusion: Computer-assisted models using complex 
interaction between variables enable an accurate prediction 
of difficult tracheal intubation with a low proportion of 
patients in the inconclusive zone. An external validation of 
the model is now required.

D IFFICULT tracheal intubation (DTI) remains an 
important cause of anesthesia-related hypoxic brain 

damage and death although a significant decrease has 
recently been observed,1 related to improved airway manage-
ment through adoption of guidelines with airway manage-
ment algorithms,2,3 widespread use of devices such as gum 
elastic bougie,4 laryngeal mask, fiberoptic intubation, new 
optical devices,5 and recommendation to prioritize oxygen-
ation.6 However, among the strategies proposed to decrease 
morbidity and mortality related to DTI the role of its pre-
diction remains a matter of debate. Although many algo-
rithms include preoperative assessment, some authors have 
suggested that attempting to predict DTI is unlikely to be 
useful.7

Several clinical signs have been identified as predic-
tors of difficult laryngoscopy or DTI, including the Mal-
lampati score, mouth opening (MO), and the thyromental 
distance (TMD), and body mass index (BMI).8 However, 
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What We Already Know about This Topic

Predicting difficult endotracheal intubation using a combina-
tion of simple physical characteristics is poor and, some have 
argued, nearly useless

What This Article Tells Us That Is New

In a cohort of 1,665 patients, 6.1% of whom had difficult 
endotracheal intubation, application of a computer-assisted 
model using complex interaction yielded excellent prediction
Whether the model generated from this group of patients 
can be generally applied to yield similarly excellent prediction 
awaits further research
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ABSTRACT

Background: It has been suggested that predicting difficult 
tracheal intubation is useless because of the poor predictive 
capacity of individual signs and scores. The authors tested 
the hypothesis that an accurate prediction of difficult tra-
cheal intubation using simple clinical signs is possible using 
a computer-assist model.
Methods: In a cohort of 1,655 patients, the authors ana-
lyzed the predictive properties of each of the main signs 
(Mallampati score, mouth opening, thyromental distance, 
and body mass index) to predict difficult tracheal intuba-
tion. They built the best score possible using a simple logistic 
model (SCOREClinic) and compared it with the more recently 
described score in the literature (SCORENaguib). Then they 
used a boosted tree analysis to build the best score possible 
using computer-assisted calculation (SCOREComputer).
Results: Difficult tracheal intubation occurred in 101 
patients (6.1%). The predictive properties of each sign 
remain low (maximum area under the receiver operating 
characteristic curve 0.70). Using receiver operating char-
acteristic curve, the global prediction of the SCOREClinic 

(0.74, 95% CI: 0.72–0.76) was greater than that of the 
SCORENaguib (0.66, 95% CI: 0.60–0.72, P < 0.001) but sig-
nificantly lower than that of the SCOREComputer (0.86, 95% 
CI: 0.84–0.91, P < 0.001). The proportion of patients in 
the inconclusive zone was 71% using SCORENaguib, 56% 
using SCOREClinic, and only 32 % using SCOREComputer  
(all P < 0.001).
Conclusion: Computer-assisted models using complex 
interaction between variables enable an accurate prediction 
of difficult tracheal intubation with a low proportion of 
patients in the inconclusive zone. An external validation of 
the model is now required.

D IFFICULT tracheal intubation (DTI) remains an 
important cause of anesthesia-related hypoxic brain 

damage and death although a significant decrease has 
recently been observed,1 related to improved airway manage-
ment through adoption of guidelines with airway manage-
ment algorithms,2,3 widespread use of devices such as gum 
elastic bougie,4 laryngeal mask, fiberoptic intubation, new 
optical devices,5 and recommendation to prioritize oxygen-
ation.6 However, among the strategies proposed to decrease 
morbidity and mortality related to DTI the role of its pre-
diction remains a matter of debate. Although many algo-
rithms include preoperative assessment, some authors have 
suggested that attempting to predict DTI is unlikely to be 
useful.7

Several clinical signs have been identified as predic-
tors of difficult laryngoscopy or DTI, including the Mal-
lampati score, mouth opening (MO), and the thyromental 
distance (TMD), and body mass index (BMI).8 However, 
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Construction and Comparison of Scores
Table 3 reports the model of the logistic regression with 
continuous variables. Seven independent predictors of dif-
ficult tracheal intubation were selected: BMI, Mallampati 
class, MO, TDM, sex, receding mandible, and the Sellick 
maneuver. The observed difference between the c-statistic 
in the entire derivation population and that obtained after 
10-fold crossvalidation was below 0.02. Table 3 also reports 
the results of the logistic regression using stratified variables. 
The BMI was segmented into three categories (less than 
25, 25–34, and more than 35 kg/m2), as well as MO (35 or 
lesser, 36–50, 50 or more mm), and TDM (60 or lesser, 61–
99, 90 or more mm). Mallampati class was entered without 
any change in the model. The SCOREClinic was defined using 
the results of this logistic regression (table 3). This transfor-
mation of the variables was associated with a nonsignificant 
reduction of the c-statistic between the model with continu-
ous variables and the SCOREClinic (respectively 0.75 [95% 

CI: 0.72–0.77] and 0.74 [95% CI: 0.72–0.76], P = 0.22) 
and justified by the ease of obtaining the SCOREClinic com-
pared with the model with continuous variables.

The global predictive ability of the SCOREClinic using 
ROC curve analysis (0.74, 95% CI: 0.72–0.76) was signifi-
cantly greater than that of the SCORENaguib (0.66, 95% CI: 
0.60–0.72, P < 0.001) but significantly lower than that of 
the SCOREComputer (0.86, 95% CI: 0.84–0.91, P < 0.001) 
(fig. 3). Figure 4 shows the relative influence of each vari-
able (i.e., the reduction of squared error attributable to 
each variable) used in SCOREComputer. Tracheal intubation 
was performed without muscular relaxation in 7.6% of our 
patients, a condition that might favor DTI. Muscle relax-
ant use was less frequently associated with DTI (5.7% vs. 
11.1%, P = 0.01), but this variable was not significant in 
the multivariate model. However, we performed a sensitivity 
analysis excluding these patients, and the results were not 
significantly modified (data not shown).

Table 2. Proportion of Patients in the Inconclusive Zone

Inconclusive Zone
Patients in the  

Inconclusive Zone
Patients with Difficult Intubation 

in the Inconclusive ZoneLower Limit Upper Limit

MO, mm 25 55 1,220 (90%) 121 (93%)
TMD, mm 50 100 1,224 (90%) 114 (88%)
Mallampati class 1 3 1,327 (98%) 117 (90%)
BMI, kg/m2 20 34 1,077 (79%) 95 (73%)

BMI = body mass index; MO = mouth opening; TMD = thyromental distance.

Fig. 2. Average receiver operating characteristic curves obtained by 1,000-fold resampling of the original study population for 
mouth opening (A), thyromental distance (B), Mallampati’s classes (C), and body mass index (D) (n = 1,655). Distribution of the 
resampled population is represented by box plots. Two graphs ROC curves with determination of the inconclusive zone (dashed 
area) using a diagnosis tolerance of 10% for mouth opening (E), thyromental distance (F), Mallampati’s classes (G), and body 
mass index (H). Se = sensitivity; Sp = specificity.
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ABSTRACT

Background: It has been suggested that predicting difficult 
tracheal intubation is useless because of the poor predictive 
capacity of individual signs and scores. The authors tested 
the hypothesis that an accurate prediction of difficult tra-
cheal intubation using simple clinical signs is possible using 
a computer-assist model.
Methods: In a cohort of 1,655 patients, the authors ana-
lyzed the predictive properties of each of the main signs 
(Mallampati score, mouth opening, thyromental distance, 
and body mass index) to predict difficult tracheal intuba-
tion. They built the best score possible using a simple logistic 
model (SCOREClinic) and compared it with the more recently 
described score in the literature (SCORENaguib). Then they 
used a boosted tree analysis to build the best score possible 
using computer-assisted calculation (SCOREComputer).
Results: Difficult tracheal intubation occurred in 101 
patients (6.1%). The predictive properties of each sign 
remain low (maximum area under the receiver operating 
characteristic curve 0.70). Using receiver operating char-
acteristic curve, the global prediction of the SCOREClinic 

(0.74, 95% CI: 0.72–0.76) was greater than that of the 
SCORENaguib (0.66, 95% CI: 0.60–0.72, P < 0.001) but sig-
nificantly lower than that of the SCOREComputer (0.86, 95% 
CI: 0.84–0.91, P < 0.001). The proportion of patients in 
the inconclusive zone was 71% using SCORENaguib, 56% 
using SCOREClinic, and only 32 % using SCOREComputer  
(all P < 0.001).
Conclusion: Computer-assisted models using complex 
interaction between variables enable an accurate prediction 
of difficult tracheal intubation with a low proportion of 
patients in the inconclusive zone. An external validation of 
the model is now required.

D IFFICULT tracheal intubation (DTI) remains an 
important cause of anesthesia-related hypoxic brain 

damage and death although a significant decrease has 
recently been observed,1 related to improved airway manage-
ment through adoption of guidelines with airway manage-
ment algorithms,2,3 widespread use of devices such as gum 
elastic bougie,4 laryngeal mask, fiberoptic intubation, new 
optical devices,5 and recommendation to prioritize oxygen-
ation.6 However, among the strategies proposed to decrease 
morbidity and mortality related to DTI the role of its pre-
diction remains a matter of debate. Although many algo-
rithms include preoperative assessment, some authors have 
suggested that attempting to predict DTI is unlikely to be 
useful.7

Several clinical signs have been identified as predic-
tors of difficult laryngoscopy or DTI, including the Mal-
lampati score, mouth opening (MO), and the thyromental 
distance (TMD), and body mass index (BMI).8 However, 
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ABSTRACT

Background: It has been suggested that predicting difficult 
tracheal intubation is useless because of the poor predictive 
capacity of individual signs and scores. The authors tested 
the hypothesis that an accurate prediction of difficult tra-
cheal intubation using simple clinical signs is possible using 
a computer-assist model.
Methods: In a cohort of 1,655 patients, the authors ana-
lyzed the predictive properties of each of the main signs 
(Mallampati score, mouth opening, thyromental distance, 
and body mass index) to predict difficult tracheal intuba-
tion. They built the best score possible using a simple logistic 
model (SCOREClinic) and compared it with the more recently 
described score in the literature (SCORENaguib). Then they 
used a boosted tree analysis to build the best score possible 
using computer-assisted calculation (SCOREComputer).
Results: Difficult tracheal intubation occurred in 101 
patients (6.1%). The predictive properties of each sign 
remain low (maximum area under the receiver operating 
characteristic curve 0.70). Using receiver operating char-
acteristic curve, the global prediction of the SCOREClinic 

(0.74, 95% CI: 0.72–0.76) was greater than that of the 
SCORENaguib (0.66, 95% CI: 0.60–0.72, P < 0.001) but sig-
nificantly lower than that of the SCOREComputer (0.86, 95% 
CI: 0.84–0.91, P < 0.001). The proportion of patients in 
the inconclusive zone was 71% using SCORENaguib, 56% 
using SCOREClinic, and only 32 % using SCOREComputer  
(all P < 0.001).
Conclusion: Computer-assisted models using complex 
interaction between variables enable an accurate prediction 
of difficult tracheal intubation with a low proportion of 
patients in the inconclusive zone. An external validation of 
the model is now required.

D IFFICULT tracheal intubation (DTI) remains an 
important cause of anesthesia-related hypoxic brain 

damage and death although a significant decrease has 
recently been observed,1 related to improved airway manage-
ment through adoption of guidelines with airway manage-
ment algorithms,2,3 widespread use of devices such as gum 
elastic bougie,4 laryngeal mask, fiberoptic intubation, new 
optical devices,5 and recommendation to prioritize oxygen-
ation.6 However, among the strategies proposed to decrease 
morbidity and mortality related to DTI the role of its pre-
diction remains a matter of debate. Although many algo-
rithms include preoperative assessment, some authors have 
suggested that attempting to predict DTI is unlikely to be 
useful.7

Several clinical signs have been identified as predic-
tors of difficult laryngoscopy or DTI, including the Mal-
lampati score, mouth opening (MO), and the thyromental 
distance (TMD), and body mass index (BMI).8 However, 
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which assume, in most of the cases, both an extensive sim-
plification of the complex relationship between continuous 
variables and outcome, and disregard for the interactions 

between variables. In our study a more sophisticated model 
enables us to improve markedly both the global predictive 
property as shown by an increase in the area under the ROC 
curve (fig. 2) and a decrease in the proportion of patients 
in the inconclusive zone (fig. 3). These results are new data 
that provide strong arguments to support the hypothesis that 
individual variables are associated with complex interaction 
and/or relationship with the outcome and thus that their 
respective proportions might be as important as their respec-
tive values themselves. This can be illustrated by the example 
of a small patient who has a small MO and a small TDM 
and is, however, easy to intubate. Height is not recognized as 
a risk factor for difficult intubation whereas some of the indi-
vidual variables are obviously linked to the patient’s height.

A promising option for clinical discrimination is to avoid 
providing a single cutoff that dichotomizes the population, 
but rather to propose two cutoffs separated by a inconclusive 
zone, so-called the gray zone.13,32 The first cutoff is chosen 
to exclude the diagnosis with near-certainty whereas the sec-
ond is chosen to include the diagnosis with near-certainty. 
This approach is more widely used and results in less loss 
of information and less distortion than choosing a single 

Fig. 3. Average receiver operating characteristic (ROC) curves obtained by 1,000-fold resampling of the study population  
(n = 1,359) for SCORENaguib (A), the SCOREClinic (B), and the SCOREComputer (C) (n = 1,655); see Methods for explanation of the 
scores. Two graphs ROC curves with determination of the inconclusive zone (dashed area) using a diagnosis tolerance of 10% 
for SCORENaguib (D), the SCOREClinic (E), and the SCOREComputer (F). AUCROC = area under the ROC curve; P values refer to difference 
versus the no discrimination. All AUCROC were significantly different from 0.5 (P < 0.001). CV = cross validation; Se = sensitivity; 
Sp = specificity.

Fig. 4. Illustration of the relative influence of each variable 
(i.e., the reduction of squared error attributable to each vari-
able) used in the SCOREComputer. BMI = body mass index; MO 
= mouth opening; TMD = thyromental distance.

Score Naguib : l = 0.2262 − 
0.4621.TMD + 2.5516. Mallampati score − 
1.1461.MO + 0.0433.height  
 

Score clinic : régression logistique  
 

Score Computer : bootstraping 
Prise en compte des interactions 
+++ 
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cutoff, allowing the clinician to improve clinical decision 
making. This might be particularly important when the 
ROC curve is relatively flat and thus when it is difficult 
to choose a single cutoff, which was the case for most of 
our individual variables (fig. 2). Our study shows that the 
proportion of patients in the inconclusive zone was impor-
tant for each individual variable (table 2) and even for most 
scores, explaining why most of them fail to be considered as 
accurate predictors of difficult tracheal intubation. Only the  
SCOREComputer was associated with a highly significant 
decrease in this proportion (fig. 3). Therefore, we strongly 
suggest that it is important to assess the risk of difficult tra-
cheal intubation beyond a dichotomous approach, the popu-
lation being divided into three categories at low, intermediate, 
and high risk for difficult tracheal intubation to implement 
an airway-management strategy according to this identi-
fied risk. Moreover, a useful score should not only provide 
appropriate delineation of these three risk categories but also 
minimize the proportion of patients in the intermediate-risk  
category.

Some limitations in our study deserve consideration. 
First, this score was built in an adult population and thus 
may not apply to pediatric patients. Second, some variables 
were not taken into account in the predictive model, because 
of insufficient power because they concerned few patients. 
This is probably the case of radiotherapy sequellae or burns 
that modify the skin properties and airway abnormalities 
that may modify the anatomy of the larynx. We also did not 
consider a history of previous DTI, which has been identi-
fied as an independent risk factor.33 Nevertheless, because 
this information is usually either reported or ignored by 
the patient, documented information may be only incom-
pletely retrieved. Moreover, we think that tracheal intuba-
tion should be considered as undoubtedly difficult when 
such event is reported and no further attempt to predict it 

is warranted. Third, we did not assess the reproducibility 
of measurements of each variables and thus of the differ-
ent scores. The reproducibility may be limited by significant 
interobserver variability, which can be expected to worsen in 
some clinical situations such as emergency. Fourth, boosting 
approach is one of the best modeling approaches ever devel-
oped, which has shown considerable success in predictive 
accuracy. Its strength is that it requires neither specification 
of the nature of the interactions between the variables nor 
hypotheses regarding the linearity of the included variables. 
However, we do not want to promote boosting approach per 
se but only to suggest that accurate prediction of DTI should 
take into account interactions and nonlinearities, whatever is 
the statistical tool used. Last, further studies should be per-
formed in other countries to externally validate our scores.34 
However, it should be noted that our study was mainly 
devoted to a better understanding of the precise mechanisms 
involved in the prediction of difficult intubation and to open 
a new paradigm rather than proposing a definite scoring 
system. Overall, our cohort seemed to behave like most of 
previously described populations9 and the value observed of 
crossvalidation optimism was low, suggesting that our results 
are robust. Nevertheless, because our model was data driven 
we must recognize that an external validation remains man-
datory before its clinical application.

In conclusion, although each individual sign of difficult 
intubation has a poor predictive value, computer-assisted 
models using complex interaction among simple variables 
(BMI, MO, TMD, Mallampati class, the presence of reced-
ing mandible) enables an accurate prediction of difficult tra-
cheal intubation with a low proportion of patients in the 
inconclusive zone. This paradigm change in prediction of 
difficult tracheal intubation might concern other important 
predictions such as difficult mask ventilation.16,35 Further 
studies are needed to test this hypothesis.

Fig. 5. Percentage of difficult tracheal intubation observed according to the SCORENaguib, SCOREClinic, and SCOREComputer score 
(A) (n = 1,655); see Methods for explanation of the scores. The low-, intermediate-, and high-risk groups were defined using the 
inconclusive zone, which corresponds to the intermediate-risk group. Proportion of patients in each risk group is provided for 
the three scores (B).
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tracheal intubation is useless because of the poor predictive 
capacity of individual signs and scores. The authors tested 
the hypothesis that an accurate prediction of difficult tra-
cheal intubation using simple clinical signs is possible using 
a computer-assist model.
Methods: In a cohort of 1,655 patients, the authors ana-
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(Mallampati score, mouth opening, thyromental distance, 
and body mass index) to predict difficult tracheal intuba-
tion. They built the best score possible using a simple logistic 
model (SCOREClinic) and compared it with the more recently 
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patients (6.1%). The predictive properties of each sign 
remain low (maximum area under the receiver operating 
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(0.74, 95% CI: 0.72–0.76) was greater than that of the 
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CI: 0.84–0.91, P < 0.001). The proportion of patients in 
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using SCOREClinic, and only 32 % using SCOREComputer  
(all P < 0.001).
Conclusion: Computer-assisted models using complex 
interaction between variables enable an accurate prediction 
of difficult tracheal intubation with a low proportion of 
patients in the inconclusive zone. An external validation of 
the model is now required.

D IFFICULT tracheal intubation (DTI) remains an 
important cause of anesthesia-related hypoxic brain 

damage and death although a significant decrease has 
recently been observed,1 related to improved airway manage-
ment through adoption of guidelines with airway manage-
ment algorithms,2,3 widespread use of devices such as gum 
elastic bougie,4 laryngeal mask, fiberoptic intubation, new 
optical devices,5 and recommendation to prioritize oxygen-
ation.6 However, among the strategies proposed to decrease 
morbidity and mortality related to DTI the role of its pre-
diction remains a matter of debate. Although many algo-
rithms include preoperative assessment, some authors have 
suggested that attempting to predict DTI is unlikely to be 
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What We Already Know about This Topic

Predicting difficult endotracheal intubation using a combina-
tion of simple physical characteristics is poor and, some have 
argued, nearly useless

What This Article Tells Us That Is New

In a cohort of 1,665 patients, 6.1% of whom had difficult 
endotracheal intubation, application of a computer-assisted 
model using complex interaction yielded excellent prediction
Whether the model generated from this group of patients 
can be generally applied to yield similarly excellent prediction 
awaits further research
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ABSTRACT

Background: It has been suggested that predicting difficult 
tracheal intubation is useless because of the poor predictive 
capacity of individual signs and scores. The authors tested 
the hypothesis that an accurate prediction of difficult tra-
cheal intubation using simple clinical signs is possible using 
a computer-assist model.
Methods: In a cohort of 1,655 patients, the authors ana-
lyzed the predictive properties of each of the main signs 
(Mallampati score, mouth opening, thyromental distance, 
and body mass index) to predict difficult tracheal intuba-
tion. They built the best score possible using a simple logistic 
model (SCOREClinic) and compared it with the more recently 
described score in the literature (SCORENaguib). Then they 
used a boosted tree analysis to build the best score possible 
using computer-assisted calculation (SCOREComputer).
Results: Difficult tracheal intubation occurred in 101 
patients (6.1%). The predictive properties of each sign 
remain low (maximum area under the receiver operating 
characteristic curve 0.70). Using receiver operating char-
acteristic curve, the global prediction of the SCOREClinic 

(0.74, 95% CI: 0.72–0.76) was greater than that of the 
SCORENaguib (0.66, 95% CI: 0.60–0.72, P < 0.001) but sig-
nificantly lower than that of the SCOREComputer (0.86, 95% 
CI: 0.84–0.91, P < 0.001). The proportion of patients in 
the inconclusive zone was 71% using SCORENaguib, 56% 
using SCOREClinic, and only 32 % using SCOREComputer  
(all P < 0.001).
Conclusion: Computer-assisted models using complex 
interaction between variables enable an accurate prediction 
of difficult tracheal intubation with a low proportion of 
patients in the inconclusive zone. An external validation of 
the model is now required.

D IFFICULT tracheal intubation (DTI) remains an 
important cause of anesthesia-related hypoxic brain 

damage and death although a significant decrease has 
recently been observed,1 related to improved airway manage-
ment through adoption of guidelines with airway manage-
ment algorithms,2,3 widespread use of devices such as gum 
elastic bougie,4 laryngeal mask, fiberoptic intubation, new 
optical devices,5 and recommendation to prioritize oxygen-
ation.6 However, among the strategies proposed to decrease 
morbidity and mortality related to DTI the role of its pre-
diction remains a matter of debate. Although many algo-
rithms include preoperative assessment, some authors have 
suggested that attempting to predict DTI is unlikely to be 
useful.7

Several clinical signs have been identified as predic-
tors of difficult laryngoscopy or DTI, including the Mal-
lampati score, mouth opening (MO), and the thyromental 
distance (TMD), and body mass index (BMI).8 However, 
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Signes prédictifs d’une intubation 
difficile chez l’adulte  SFAR 2006   

  Antécédents d’ID +++++ 
  Critères recommandés  (grade C) 

Classe de Mallampati >II 
DTM <65mm 
Ouverture de bouche <35mm 

  Critères conseillés  (grade E) 
Mobilité mandibulaire (morsure de lèvre sup) 
Mobilité rachis cervical (extension max-flexion max >90°) 

  Autres critères à rechercher selon le contexte 
IMC>35kg/m2 

SAOS avec périmètre cou  >45,6cm 
Pathologie cervico-faciale 
État pré éclamptique 

  



La prédiction de la VMD et/ou de 
l’intubation difficile 

Prédiction = début de la réflexion 

Stratification du risque 

ANTICIPATION  



Intubation / Ventilation 

Patient Opérateur 

Modalités de 
l’anesthésie 

Techniques pour le 
contrôle des voies 
aériennes Apprentissage 

Caractère Invasif ou non 

Facteurs de risque 
VMD/ID 

Profondeur 

Myorelaxation 

Expérience/expertise 

Stratégies 



Principes d’utilisation des algorithmes 
Les algorithmes sont bâtis sur une stratégie de prise en 
charge avec étapes décisionnelles 

Le maintien de l’oxygénation est le point central  

La première étape est l’élaboration de la stratégie en 
fonction des risques inhérents au patient 

Le choix de techniques de contrôle des voies aériennes  
portera en fonction de la technique d’anesthésie 

ü AL ou ALR 
ü Sédation vigile 
ü AG avec maintien ou non de la ventilation spontanée 



INTUBATION DIFFICILE 
PREVUE 

Orientation stratégique 

Evaluer la difficulté prévisible de la ventilation au masque  facial    

SFAR 
2006 

Prévoir  le maintien de l’oxygénation  
( Masque laryngé ou MLI-Fastrach utilisables ? Abord trachéal possible ? )  

Choix des techniques d’anesthésie : apnée ou 
ventilation spontanée ? 



INTUBATION  

Echec  

 MLI    FASTRACH  
Masque laryngé enfant <30 kg 

Echec  

FIBROSCOPE   

Echec 

Apnée  possible Ventilation Spontanée 
Aide prévue   

Réveil 
Abord trachéal si réveil  

impossible 

ventilation au masque efficace 
SFAR 
2006 

Intubation Intubation 
± fibroscope 

Intubation 

Réveil Réveil 

Laryngoscopie 2 essais -                     
optimisation exposition - 

long mandrin béquillé  

Vidéolaryngoscopes 



MLI-FASTRACH / 
DSG* 

O2 transtrachéal 

Intubation 

Echec           Contre 
Indication  

Réveil 

Succès 

Autres 
techniques 

d'intubation 
Intubation 

Echec 

Echec 

CRICOTHYROÏDOTOMIE 

TRACHEOTOMIE 

Réveil 

SFAR  
2006 

OXYGENATION 
ventilation au masque inefficace - échec intubation 

= Appel à 
l’aide dans 
tous les cas  

* DSG = 
dispositif supra-
glottique 

Réveil 



INTUBATION DIFFICILE 
IMPREVUE 

 

Intubation 

Echec  
MLI /      

FASTRACH       
Masque laryngé enfant <30 kg 

Ventilation Masque Facial  

= Appel à 
l’aide dans 
tous les cas   
+ Chariot  
+ Maintien 
anesthésie 
 

ALGORITHME  DE  
L’INTUBATION 

ALGORITHME  DE 
L’OXYGENATION 

efficace inefficace 

Laryngoscopie 2 essais –   
optimisation exposition -   

long mandrin béquillé  

SFAR  
2006 

Ventilation MLI-FASTRACH  

inefficace efficace 

Vidéolaryngoscopes 

  



 Practice Guidelines

SPECIAL ARTICLES

a. Other options include (but are not limited to): surgery 
utilizing face mask or supraglottic airway (SGA) anesthesia 
(e.g., LMA, ILMA, laryngeal tube), local anesthesia infiltra-
tion or regional nerve blockade.  Pursuit of these options 
usually implies that mask ventilation will not be problem-
atic.  Therefore, these options may be of limited value if this 
step in the algorithm has been reached via the Emergency 
Pathway.
b. Invasive airway access includes surgical or percutaneous 
airway, jet ventilation, and retrograde intubation.

c. Alternative difficult intubation approaches include (but 
are not limited to): video-assisted laryngoscopy, alternative 
laryngoscope blades, SGA (e.g., LMA or ILMA) as an intuba-
tion conduit (with or without fiberoptic guidance), fiberoptic 
intubation, intubating stylet or tube changer, light wand, and 
blind oral or nasal intubation.
d. Consider re-preparation of the patient for awake intuba-
tion or canceling surgery.
e. Emergency non-invasive airway ventilation consists of a 
SGA.

AWAKE INTUBATION

Airway approached by Invasive Airway Access(b)*

Noninvasive intubation

Succeed*

Cancel Consider feasibility Invasive
Case of other options(a) airway access(b)*

DIFFICULT AIRWAY ALGORITHM

1.  Assess the likelihood and clinical impact of basic management problems: 
 Difficulty with patient cooperation or consent 
 Difficult mask ventilation 
 Difficult supraglottic airway placement 
 Difficult laryngoscopy 
 Difficult intubation 
 Difficult surgical airway access 

2.  Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway 
management. 

3.  Consider the relative merits and feasibility of basic management choices: 

 Awake intubation vs. intubation after induction of general anesthesia 
 Non-invasive technique vs. invasive techniques for the initial approach to intubation 
 Video-assisted laryngoscopy as an initial approach to intubation 
 Preservation vs. ablation of spontaneous ventilation 

4.  Develop primary and alternative strategies: 

FACE MASK VENTILATION ADEQUATE FACE MASK VENTILATION NOT ADEQUATE 

CONSIDER/ATTEMPT SGA 

SGA ADEQUATE* SGA NOT ADEQUATE 
OR NOT FEASIBLE 

NONEMERGENCY PATHWAY EMERGENCY PATHWAY 
Ventilation not adequate, intubation unsuccessful e, intubation unsuccessfultauqedanoitalitneV

Alternative approaches
to intubation(c)

Call for help 

Emergency noninvasive airway ventilation(e)

Successful FAIL after 
noitalitnevlufsseccuSstpmettaelpitlumIntubation* * FAIL 

ycnegremE
wriaevisavninekawAytilibisaefredisnoCevisavnI ay 

   airway access(b)*   of other options(a) patient(d)   access(b)*

INTUBATION AFTER
INDUCTION OF GENERAL ANESTHESIA 

Initial intubation  Initial intubation 
attempts successful* Attempts UNSUCCESSFUL 

SDRAWNOTNIOPSIHTMORF
:REDISNOC

.plehrofgnillaC.1
otgninruteR.2

.noitalitnevsuoenatnops
.tneitapehtgninekawA.3

IF BOTH
FACE MASK

AND SGA
VENTILATION

BECOME
INADEQUATE

FAIL 

Fig. 1. Difficult Airway Algorithm.

*Confirm ventilation, tracheal intubation, or SGA placement with exhaled CO2.

ASA     DIFFICULT AIRWAY ALGORITHM  
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Videolaryngoscopes 
ajoutés 





99,7 % 
98 % 

100 % 

99,9 % 



90 % ID réglée avec 
mandrin 

98 % patients intubés 

100 % patients oxygénés 
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outcomes at 2 min was too small to assess statistically
(Table 5).

Discussion

Our data indicate that neuromuscular blockade facil-
itates mask ventilation. Using our novel Warters scale,
significant improvement in mask ventilation was
demonstrated after the administration of rocuronium
compared with saline. Restricting our analysis to
patients in whom initial mask ventilation was more
difficult (Warters Scale ‡ 3), the improvement in mask
ventilation was even more dramatic. Moreover, none
of the patients’ ventilation scores worsened after
rocuronium administration on either grading scales.
The odds of improvement in mask ventilation on the

Warters vs the Han scale were 2.7 (p = 0.03); therefore
it would appear that the Warters scale is a more
sensitive tool for evaluating mask ventilation. How-
ever, the Han scale scores were not influenced by
neuromuscular blockade and although this scale appears
less sophisticated than the Warters, we do not know
which of these scales is most representative of the
ability to mask ventilate.

Goodwin et al. attempted to evaluate the effect of
neuromuscular blockade on mask ventilation in a
different way, using the ratio of expired tidal volume to
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Figure 1 Histograms presenting raw
data and estimated distribution of
ventilation scores for the Han scale at
baseline and 2 min after saline (a, b) or
rocuronium (c, d) administration.

Table 4 Changes in Warters scale ventilation scores in the
saline and rocuronium groups. Data are mean (SD).

Warters scale

Saline
(n = 46)

Rocuronium
(n = 42)

Baseline 1.9 (1.7) 2.3 (1.6)
2 min 1.6 (1.5) 1.2 (0.9)*

*p < 0.001 vs. Baseline.

Table 5 Changes in ventilation scores according to the Han
and Warters scales 2 min after the administration of saline or
rocuronium. Data are number (proportion).

Saline Rocuronium

Han
scale

Warters
scale*

Han
scale

Warters
scale†

No change 36 (78%) 31 (67%) 24 (57%) 14 (33%)
Improved 10 (22%) 11 (24%) 18 (43%) 28 (67%)
Worsened 0 4 (9%)‡ 0 0‡

*Chi-squared test statistic 0.29, d.f. = 1, p = 0.62 for comparison of ‘no
change’ vs ‘improved’ group after saline administration.
†Chi-squared test statistic 4.81, d.f. = 1, p = 0.03 for comparison of ‘no
change’ vs ‘improved’ group after rocuronium administration.
‡The numbers in the ‘worsened’ group were too small to consider
statistical comparison.

R. D. Warters et al. Æ Neuromuscular blockade and mask ventilation Anaesthesia, 2011, 66, pages 163–167
......................................................................................................................................................................................................................

! 2011 The Authors
166 Anaesthesia ! 2011 The Association of Anaesthetists of Great Britain and Ireland

ORIGINAL ARTICLE

The effect of neuromuscular blockade on mask ventilation

R. D. Warters,1 T. A. Szabo,2 F. G. Spinale,3 S. M. DeSantis4 and J. G. Reves1

1 Professor, 2 Assistant Professor, Department of Anesthesia and Perioperative Medicine, 3 Professor, Division of
Cardiothoracic Surgery and Anesthesia, 4 Assistant Professor, Department of Medicine, Medical University of South
Carolina, Charleston, SC, USA

Summary
We wished to test the hypothesis that neuromuscular blockade facilitates mask ventilation. In order
reliably and reproducibly to assess the efficiency of mask ventilation, we developed a novel
grading scale (Warters scale), based on attempts to generate a standardised tidal volume. Following
induction of general anaesthesia, a blinded anaesthesia provider assessed mask ventilation in 90
patients using our novel grading scale. The non-blinded anaesthesiologist then randomly
administered rocuronium or normal saline. After 2 min, mask ventilation was reassessed by the
blinded practitioner. Rocuronium significantly improved ventilation scores on the Warters scale
(mean (SD) 2.3 (1.6) vs 1.2 (0.9), p < 0.001). In a subgroup of patients with a baseline Warters
scale value of > 3 (i.e. difficult to mask ventilate; n = 14), the ventilation scores also showed
significant improvement (4.2 (1.2) vs 1.9 (1.0), p = 0.0002). Saline administration had no effect on
ventilation scores. Our data indicate that neuromuscular blockade facilitates mask ventilation. We
discuss the implications of this finding for unexpected difficult airway management and for the
practice of confirming adequate mask ventilation before the administration of neuromuscular
blockade.
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One of the key aspects of anaesthesia management
involves securing a patent airway for oxygenation and
manoeuvres available include mask ventilation, supra-
glottic airway insertion and tracheal intubation.
Although many studies have focused on predicting
and managing difficult laryngoscopy and intubation,
relatively few have evaluated factors associated with
difficult mask ventilation.

Langeron et al. characterised predictive factors,
utilising subjective criteria to grade the difficulty of
bag-mask ventilation [1]. Han et al. formalised the
Langeron grading system by assigning a numerical scale
to their criteria [2]. Kheterpal et al. then utilised the
Han scale in order to identify predictors of difficult
mask ventilation [3]. Although the Han scale provides
some uniformity in evaluating the efficacy of mask
ventilation, it remains quite subjective, failing to define
‘ventilated’, ‘inadequate’ and ‘unstable’. The Langeron

and Kheterpal studies both focused on physical
characteristics of patients and did not evaluate the
effect of anaesthetic interventions on mask ventilation.
Specifically, neither study examined the effect of
neuromuscular blockade on mask ventilation.

Goodwin et al. [4] used the ratio of expired (VTE)
and inspired (VTI) tidal volumes to measure the
efficiency of mask ventilation before and after neuro-
muscular blockade. They concluded that neuromus-
cular blockade neither helped nor hindered mask
ventilation in patients with normal airways. Study of
this topic has an important implication for the question
of whether neuromuscular blockade should be admin-
istered following the demonstration of adequate mask
ventilation. If neuromuscular blockade improves or has
no effect on the ability to mask ventilate, then
neuromuscular blocking drugs can be safely given
before checking the ability to mask ventilate. On the
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other hand, if it worsens mask ventilation then it is
appropriate to check the ability to mask ventilate
before administering neuromuscular blocking drugs.

The primary aim of this study was to investigate
the effect of neuromuscular blockade on ventilation by
facemask following the induction of anaesthesia. The
secondary aim was to help validate a new objective
grading scale for mask ventilation.

Methods

With approval from our institutional review board, 90
patients were enrolled in this single blinded, rando-
mised prospective study after written informed con-
sent. Inclusion criteria were age ‡ 18 years and elective
surgery requiring tracheal intubation. Exclusion criteria
were regional or local anaesthesia with monitored
anaesthesia care, the need for awake intubation based
on the American Society of Anesthesiologists (ASA)
Difficult Airway Algorithm [5], increased risk for
aspiration of gastric contents, previously established
airway device and contraindications to study medica-
tions. Patients’ characteristics, including risk factors for
difficult mask ventilation, were evaluated and recorded
pre-operatively.

The anaesthesia team consisted of an attending
anaesthesiologist who was not blinded to study med-
ications and a blinded resident or certified registered
nurse anaesthetist (CRNA). Mask ventilation as well as
grading of mask ventilation were performed by the
blinded practitioner. Mask ventilation was graded based
on two different scales, the Han scale (Table 1) and our
novel Warters scale (Table 2).

The Warters scale assigns points based on escalating
levels of intervention necessary to ventilate the lungs
such as use of an airway device, increased inspiratory
pressure and two-person ventilation, which are all
intended to overcome upper airway resistance to
ventilation. Additionally, the Warters scale accounts
for situations in which a poor quality mask seal inhibits
mask ventilation. Thus, in the event that the target tidal

volume of 5 ml.kg)1 is not achieved, and the provider
is unable to generate a peak inspiratory pressure of
> 30 cmH2O, additional points are assigned.

Patients were pre-medicated with midazolam 2 mg
before being transported to the operating room where
standard monitors (ECG, non-invasive blood pressure,
pulse oximetry) were applied. Following 3 min of
pre-oxygenation, lidocaine 1 mg.kg)1, fentanyl 1 lg.kg)1

and propofol 1–2 mg.kg)1were administered intrave-
nously. Baseline ventilation scores were obtained using
the Han scale and the Warters scale 30 s after the loss of
the eyelash reflex. Once the baseline ventilation scores
were recorded, the attending anaesthesiologist admin-
istered either rocuronium 0.6 mg.kg)1 or an equal
volume of 0.9% normal saline based on pre-operative
computer-generated randomisation and 2 min thereaf-
ter, repeat ventilation scores were recorded, again using
the Han scale as well as the Warters scale.

Patients’ data were compared by group using non-
parametric Wilcoxon rank sum tests for continuous
variables and chi-squared or Fisher’s exact tests for
categorical variables.

The primary end point in this study was a change in
Warters ventilation score from baseline to 2 min for
patients receiving rocuronium. We calculated that a
sample size of 88 would achieve nearly 99% power
to detect a 30% decrease from a mean of 2.3 (assuming
an estimated SD of 1.7 and significance level
alpha = 0.05).

To analyse outcomes on the original scale, we fitted
an ordinal regression model for correlated outcome
data using a generalised estimating equations (GEE)
approach as implemented in PROC GENMOD in SAS

Version 9.1 (SAS Systems, Cary, NC, USA). We
specified a multinomial link function and assumed
proportional odds for the association between the
ventilation score and the three factors of interest.

Table 1 Han grading scale for mask ventilation [2].

Classification Description ⁄ Definition

Grade 1 Ventilated by mask
Grade 2 Ventilated by mask with oral

airway or other adjuvant
Grade 3 Difficult to ventilate
Grade 4 Unable to ventilate

Table 2 Warters grading scale for mask ventilation. The
point system is based on the ability to achieve a target tidal
volume of 5 ml.kg)1.

Description ⁄ Definition Points

Oral or nasal airway 1
PIP 20–25 cmH2O 1
PIP 26–30 cmH2O 2
PIP > 30 cmH2O 3
Unable to generate PIP > 30 cmH2O 3
Two person ventilation 2
Tidal volume 2–5 ml.kg)1 2
Unable to ventilate 4

PIP, peak inspiratory pressure.
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outcomes at 2 min was too small to assess statistically
(Table 5).

Discussion

Our data indicate that neuromuscular blockade facil-
itates mask ventilation. Using our novel Warters scale,
significant improvement in mask ventilation was
demonstrated after the administration of rocuronium
compared with saline. Restricting our analysis to
patients in whom initial mask ventilation was more
difficult (Warters Scale ‡ 3), the improvement in mask
ventilation was even more dramatic. Moreover, none
of the patients’ ventilation scores worsened after
rocuronium administration on either grading scales.
The odds of improvement in mask ventilation on the

Warters vs the Han scale were 2.7 (p = 0.03); therefore
it would appear that the Warters scale is a more
sensitive tool for evaluating mask ventilation. How-
ever, the Han scale scores were not influenced by
neuromuscular blockade and although this scale appears
less sophisticated than the Warters, we do not know
which of these scales is most representative of the
ability to mask ventilate.

Goodwin et al. attempted to evaluate the effect of
neuromuscular blockade on mask ventilation in a
different way, using the ratio of expired tidal volume to
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Figure 1 Histograms presenting raw
data and estimated distribution of
ventilation scores for the Han scale at
baseline and 2 min after saline (a, b) or
rocuronium (c, d) administration.

Table 4 Changes in Warters scale ventilation scores in the
saline and rocuronium groups. Data are mean (SD).

Warters scale

Saline
(n = 46)

Rocuronium
(n = 42)

Baseline 1.9 (1.7) 2.3 (1.6)
2 min 1.6 (1.5) 1.2 (0.9)*

*p < 0.001 vs. Baseline.

Table 5 Changes in ventilation scores according to the Han
and Warters scales 2 min after the administration of saline or
rocuronium. Data are number (proportion).

Saline Rocuronium

Han
scale

Warters
scale*

Han
scale

Warters
scale†

No change 36 (78%) 31 (67%) 24 (57%) 14 (33%)
Improved 10 (22%) 11 (24%) 18 (43%) 28 (67%)
Worsened 0 4 (9%)‡ 0 0‡

*Chi-squared test statistic 0.29, d.f. = 1, p = 0.62 for comparison of ‘no
change’ vs ‘improved’ group after saline administration.
†Chi-squared test statistic 4.81, d.f. = 1, p = 0.03 for comparison of ‘no
change’ vs ‘improved’ group after rocuronium administration.
‡The numbers in the ‘worsened’ group were too small to consider
statistical comparison.
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ABSTRACT

Background: Research regarding difficult mask ventila-
tion (DMV) combined with difficult laryngoscopy (DL) is 
extremely limited even though each technique serves as a rescue 
for one another.

Methods: Four tertiary care centers participating in the 
Multicenter Perioperative Outcomes Group used a consis-
tent structured patient history and airway examination and 
airway outcome definition. DMV was defined as grade 3 
or 4 mask ventilation, and DL was defined as grade 3 or 4 
laryngoscopic view or four or more intubation attempts. The 
primary outcome was DMV combined with DL. Patients 
with the primary outcome were compared to those without 
the primary outcome to identify predictors of DMV com-
bined with DL using a non-parsimonious logistic regression.
Results: Of 492,239 cases performed at four institutions 
among adult patients, 176,679 included a documented 
face mask ventilation and laryngoscopy attempt. Six  hundred 
ninety-eight patients experienced the primary outcome, 
an overall incidence of 0.40%. One patient required an 
emergent cricothyrotomy, 177 were intubated using direct 
laryngoscopy, 284 using direct laryngoscopy with bougie 
introducer, 163 using videolaryngoscopy, and 73 using other 
techniques. Independent predictors of the primary outcome 
included age 46 yr or more, body mass index 30 or more, 
male sex, Mallampati III or IV, neck mass or radiation, lim-
ited thyromental distance, sleep apnea, presence of teeth, 
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the incidence of the secondary outcomes initial airway rescue 
technique and final airway and case outcome. In brief, 177 
patients were intubated using direct laryngoscopy without 
bougie introducer, 284 using direct laryngoscopy with bougie 
introducer, 163 using video or indirect laryngoscopy, 35 using 
a flexible fiberoptic bronchoscope, and 6 using an intubating 
SGA without visualization. Of the 35 patients intubated using 
a flexible fiberoptic bronchoscope, six patients were intubated 
through an SGA using an Aintree® intubation catheter (Cook 
Medical, Bloomington, IN) over a pediatric bronchoscope. 
Seventeen patients had the surgical procedure performed using 
an alternative anesthesia plan, eight procedures were cancelled, 
and one patient required an emergent cricothyrotomy. There 
were no intraoperative patient deaths related to airway man-
agement. Of the 698 cases, 19 included a specific comment 
indicating an improvement of mask ventilation after NMB 
administration. There were no cases documenting worsen-
ing of mask ventilation. There were no cases documenting 
improvement or worsening of DL, presumably due to the fact 
that DL was performed after administration of NMB in all 
cases where NMB was used. Of the seven patients demonstrat-
ing grade 4 mask ventilation and a grade 4 laryngoscopic view, 
four patients were intubated using direct laryngoscopy with 
bougie, two patients were intubated using videolaryngoscopy, 
and one patient had the case performed with an SGA. Two 
patients required temporizing ventilation using an SGA.

Collinearity diagnostics did not demonstrate a condition 
index over 30, so all covariates were entered into the nonpar-
simonious logistic regression model (table 1). The derivation 

cohort consisted of 98,607 cases of which 60,454 (61%) were 
included in the logistic regression model. The Omnibus test of 
Model Coefficients demonstrated a chi-square of 469.141, 16 
degrees of freedom and a P value less than 0.001. The Hos-
mer and Lemeshow Test demonstrated a chi-square of 6.568, 
8 degrees of freedom and a P value of 0.584. Age 46 or greater, 
male sex, body mass index 30 kg/m2 or greater, limited thy-
romental distance, Mallampati oropharyngeal class III or IV, 
presence of beard, sleep apnea, presence of teeth, limited neck 
extension, limited jaw protrusion, thick neck, and neck radiation 
changes or neck mass all demonstrated statistical significance (P 
< 0.05) and clinical significance (adjusted odds ratio >1.5; table 2). 
The c-statistic of this nonparsimonious model was 0.84 (95% 
CI, 0.82–0.87), demonstrating good discriminating capacity.

Application of the unweighted and weighted risk scales 
in the derivation cohort demonstrated a c-statistic of 0.81 
(95% CI, 0.78–0.83) for both scales Application of the risk 
scales in the validation cohort demonstrated a c-statistic of 
0.81 (95% CI, 0.78–0.84) for both the unweighted and 
weighted risk scales (table 3). The unweighted risk scale 
was transformed into a risk classification system based on 
grouping of patients with similar incidence of the primary 
outcome and ensuring that contiguous risk classes had a sta-
tistically significant difference in incidence (table 4).

Of the 176,679 cases included in the analysis, 170,365 
(96.4%) included NMB administration during induction of 
anesthesia, whereas 6,314 (3.6%) did not. Among the patients 
who did receive NMB, 661 (0.39%) demonstrated the pri-
mary outcome, whereas 37 (0.59%) patients without NMB 
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Facteurs de risque 
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GVL was used as the first (primary) device,” “success in patients
with predictors of difficult direct laryngoscopy,” and “success of
rescue-failed direct or flexible fiberoptic laryngoscopy.”

Predictors of Glidescope Failure
Patient anthropometric data were recorded and analyzed us-
ing descriptive statistics in relation to success and failure. In
addition, intraoperative factors, such as the use of neuromus-
cular blockade, were described. Univariate comparison of
patient characteristics between “GVL intubation failure” and
“GVL intubation success” were analyzed using a two-sided t
test for continuous variables and a chi-square or a Fisher
exact test for categorical variables. Variables tested as possible
predictors for failed GVL intubation included age, gender,
body mass index, cervical spine motion, neck anatomy, Mal-
lampati score, and TM distance. A logistic regression full
model fit was used to identify predictors for failure of GVL
intubation while controlling for sites. To evaluate a potential
learning curve with the use of GVL, failures were evaluated
for each site by time as a continuous variable.

Absent records or notations of “unable to assess” were
noted as null records and included in the analysis of multi-
variable logistic regression as a separate category for each
predictor to preclude the problem of missing data. A receiver
operating characteristic curve was constructed from the lo-
gistic regression model along with the calculated area under
the curve to assess the discriminative ability of identifying
intubation failure of the logistic model. The goodness-of-fit
of the logistic regression model was assessed using Hosmer-
Lemeshow test. All analyses were performed using SAS 9.1.3
(SAS Institute Inc., Cary, NC).

Incidence and Characteristics of Glidescope Complications
All medical records that documented GVL intubation were
queried for notation of traumatic intubation by searching for
the following words: “trauma,” “lip,” “nick,” “laceration,”
“dental,” “injury,” “dislodgement,” or “perforation.” The

records identified with these words were then manually re-
viewed to determine the precise nature of the injury.

Results

Patient Population
During the study period, 71,570 patients underwent tracheal
intubation. A total of 2,048 intubations included documen-
tation of the terms “Glidescope ” or “gs. ” Of these, 44 were
excluded from further analysis, because upon review, GVL
was not used during airway management. Rather, the nota-
tions were only mentions of availability of a GVL, recom-
mendations for its future use, or GVL used to exchange
endotracheal tubes in situ. The final analysis described GVL-
guided endotracheal intubations in 2,004 (2.8%) patient
records. Patient anthropometric data in relation to success and
failure are described in table 1. The majority of GVL-guided
intubations (81%; 1,616 of 2,004), were performed on patients
with preoperative predictors of difficult direct laryngoscopy or
obesity (body mass index more than 30). There were 142 at-
tending anesthesiologist providers involved in these intubations
using a total of 7 individual, identical GVL devices (six at

Table 2. Summary of Patient Sample Preoperative
Predictors

Predictor
Distribution of the
Study Population

Age, yr (mean ! SD) 54.48 ! 15.4
Sex, male (%) 56
BMI (mean ! SD) 31.99 ! 10.89
Mallampati III/IV (%) 33.68
Mouth opening " 3 cm (%) 13.07
TM distance " 6 cm (%) 14.72
Neck anatomy obese (%) 29.14
Neck anatomy radiation/surgical

scar/mass (%)
5.19

Cervical motion limited (%) 31.04

BMI # body mass index; TM # thyromental.

Table 1. Patient Preoperative Demographics and Anesthetic Technique of Successful and Failed Glidescope Intubations

Parameter
Success Failure

P Value Data Complete, %(n # 1944) (n # 60)

Age, yr (mean ! SD) 53 ! 15 52 ! 15 .2128 100.0
Sex, male 1,108 (57) 32 (53) .8382 100.0
BMI (mean ! SD) 32 ! 11 33 ! 13 .6841 98.8
Mallampati III/IV 646 (33) 29 (48) .0247 90.6
Mouth opening " 3 cm 249 (13) 13 (22) .1452* 95.2
TM distance " 6 cm 276 (14) 19 (32) .0020* 96.41
Neck anatomy abnormal 656 (34) 32 (53) ".0001* 97.21
Cervical motion reduced 596 (31) 26 (43) .1336* 94.4
Institution, UMHS 851 (44) 38 (63) .0027 100.0
Anesthetic technique

Without neuromuscular blockade 34 (2) 3 (5) .097* 100

Unless otherwise noted, values are n (%).
* P values were calculated based on Fisher exact text.
BMI # body mass index; TM # thyromental distance; UMHS # University of Michigan Health System.

Role of the Glidescope in the Difficult Airway
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Awake Fiberoptic or Awake Video Laryngoscopic
Tracheal Intubation in Patients with Anticipated Difficult
Airway Management

A Randomized Clinical Trial

Charlotte V. Rosenstock, M.D., Ph.D.,* Bente Thøgersen, M.D.,† Arash Afshari, M.D., Ph.D.,‡
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ABSTRACT

Background: Awake flexible fiberoptic intubation (FFI) is
the gold standard for management of anticipated difficult
tracheal intubation. The purpose of this study was to com-
pare awake FFI to awake McGrath! video laryngoscope,
(MVL), (Aircraft Medical, Edinburgh, Scotland, United
Kingdom) intubation in patients with an anticipated diffi-
cult intubation. The authors examined the hypothesis that
MVL intubation would be faster than FFI.
Methods: Ninety-three adult patients with anticipated dif-
ficult intubation were randomly allocated to awake FFI or
awake MVL, patients were given glycopyrrolate, nasal oxy-
gen, topical lidocaine orally, and a transtracheal injection of
100 mg lidocaine. Remifentanil infusion was administered
intravenously to a Ramsay sedation score of 2–4. Time to
tracheal intubation was recorded by independent assessors.
The authors also recorded intubation success on the first
attempt, investigators! evaluation of ease of the technique,
and patients reported intubation-discomfort evaluated on a
visual analog scale.
Results: Eighty-four patients were eligible for analysis. Time

to tracheal intubation was median [interquartile range, IQR]
80 s [IQR 58–117] with FFI and 62 s [IQR 55–109] with
MVL (P " 0.17). Intubation success on the first attempt was
79% versus 71% for FFI and MVL, respectively. The median
visual analog scale score for ease of intubation was 2 (IQR
1–4) versus 1 (IQR 1–6) for FFI and MVL, respectively. The
median visual analog scale score for patients’ assessment of
discomfort for both techniques was 2, FFI (IQR 0–3), MVL
(IQR 0–4).
Conclusions: The authors found no difference in time to
tracheal intubation between awake FFI and awake MVL in-
tubation performed by experienced anesthesiologists in pa-
tients with anticipated difficult airway.

D IFFICULT tracheal intubation is a cause of severe
patient damage and death documented in several

studies of closed claims, national audits, and patients’ com-
plaints.1–5 Confirmed difficulties with previous airway man-
agement or a preoperative airway examination can assist an-
esthesiologists in a risk assessment of potential difficulties.
Mallampati classification, head and neck mobility, mouth
opening, the ability/inability of prognathism, body weight,
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Awake Fiberoptic or Awake Video Laryngoscopic
Tracheal Intubation in Patients with Anticipated Difficult
Airway Management

A Randomized Clinical Trial

Charlotte V. Rosenstock, M.D., Ph.D.,* Bente Thøgersen, M.D.,† Arash Afshari, M.D., Ph.D.,‡
Anne-Lise Christensen, M.D.,§ Claus Eriksen, M.D.,§ Mona R. Gätke, M.D., Ph.D.!

ABSTRACT

Background: Awake flexible fiberoptic intubation (FFI) is
the gold standard for management of anticipated difficult
tracheal intubation. The purpose of this study was to com-
pare awake FFI to awake McGrath! video laryngoscope,
(MVL), (Aircraft Medical, Edinburgh, Scotland, United
Kingdom) intubation in patients with an anticipated diffi-
cult intubation. The authors examined the hypothesis that
MVL intubation would be faster than FFI.
Methods: Ninety-three adult patients with anticipated dif-
ficult intubation were randomly allocated to awake FFI or
awake MVL, patients were given glycopyrrolate, nasal oxy-
gen, topical lidocaine orally, and a transtracheal injection of
100 mg lidocaine. Remifentanil infusion was administered
intravenously to a Ramsay sedation score of 2–4. Time to
tracheal intubation was recorded by independent assessors.
The authors also recorded intubation success on the first
attempt, investigators! evaluation of ease of the technique,
and patients reported intubation-discomfort evaluated on a
visual analog scale.
Results: Eighty-four patients were eligible for analysis. Time

to tracheal intubation was median [interquartile range, IQR]
80 s [IQR 58–117] with FFI and 62 s [IQR 55–109] with
MVL (P " 0.17). Intubation success on the first attempt was
79% versus 71% for FFI and MVL, respectively. The median
visual analog scale score for ease of intubation was 2 (IQR
1–4) versus 1 (IQR 1–6) for FFI and MVL, respectively. The
median visual analog scale score for patients’ assessment of
discomfort for both techniques was 2, FFI (IQR 0–3), MVL
(IQR 0–4).
Conclusions: The authors found no difference in time to
tracheal intubation between awake FFI and awake MVL in-
tubation performed by experienced anesthesiologists in pa-
tients with anticipated difficult airway.

D IFFICULT tracheal intubation is a cause of severe
patient damage and death documented in several

studies of closed claims, national audits, and patients’ com-
plaints.1–5 Confirmed difficulties with previous airway man-
agement or a preoperative airway examination can assist an-
esthesiologists in a risk assessment of potential difficulties.
Mallampati classification, head and neck mobility, mouth
opening, the ability/inability of prognathism, body weight,
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Through a nasal catheter 2–4 l of oxygen was administered
and sedation was provided with a continuous remifentanil
infusion of 0.1–0.15 !g ! kg!1 ! min!1 using ideal body
weight; (height in cm—100 and 105 for men and women,
respectively).

If needed, a remifentanil bolus dose of 0.75 !g/kg or a
propofol bolus dose of 10–20 mg could be administered
intravenously. We aimed for a patient sedation equivalent to
a Ramsay score of 2–4.12

For topical analgesia we used a lidocaine 10% metered
spray, delivering 10 mg per dose with the lidocaine applied
directly on the mucosa of the oropharynx spraying from the
tip to the back of the tongue. Patients were asked to keep the
lidocaine in the mouth as long as possible and gargle before
swallowing. This procedure was repeated. In addition, a tr-
anstracheal injection of 50–100 mg lidocaine in a maximum
volume of 2 ml was administered. A maximum dose of 3
mg/kg lidocaine was allowed to avoid toxic reactions. Anal-
gesia was provided to avoid coughing and to achieve accep-
tance of the endotracheal tube. The sufficiency of the pha-
ryngeal and laryngeal analgesia was evaluated by the patients’
acceptance of an oral airway lubricated with lidocaine jelly
2% placed 1–2 min before an attempt of intubation. All
intubations were performed by one of six investigators expe-
rienced in difficult airway management and in using both
devices. Patients were monitored with pulse oximetry, elec-
trocardiogram, noninvasive blood pressure, and capnometry.
Patients were hereafter orally intubated with either the flex-
ible fiberscope or the MVL. In case of FFI, a Berman II
intubation airway, (Vital Signs, Sussex, Village Barnham,
United Kingdom), size 8 or 9 was used for women and size 9
or 10 for men. An assistant performed jaw thrust to expand
the oropharyngeal space. At intubation with the MVL, a
stylet was used to bend the tip of the tube 80–110° into the
shape of a hockey stick. Endotracheal tube placement was
confirmed with capnography and bilateral auscultation. The
primary endpoint was time to tracheal intubation (TTI) con-
firmed by capnography measured from the advancement of

the flexible fiberscope or the MVL behind the teeth until the
appearance of a capnograhy curve. An independent observer
assessed TTI with a stopwatch.

We also recorded intubation success on the first at-
tempt, number of intubation attempts, number of esoph-
ageal intubations and failure of technique, glottic visual-
ization using the Cormack-Lehane classification with an
extra class included for the achievement of blind intuba-
tion with no view over glottic structures, the anesthesiol-
ogists’ evaluation of the ease of the technique using a
visual analog scale (VAS) 0 –10, as well as potential com-
plications, e.g., desaturation less than 90%, tooth damage,
and any signs of soft-tissue damage. Patients’ potential
discomfort during the procedure was registered at dis-
charge from the recovery department on a VAS score, with
0 expressing no discomfort at all and 10 for worst possible
discomfort. All authors collected data.

Statistical Analysis
With a SD of 50 s and clinical relevant difference of 30 s
between the two techniques, awake FFI and awake MVL
intubation, a significance level of 5%, and a power of 80%,
we calculated the necessary sample size to 88 patients. Data
are expressed as median and range or interquartile range
(IQR) unless specified. We used nonparametric statistic
Mann–Whitney U test for comparison of the median values.
Fisher exact test was used at comparisons of percentages, all
comparisons were two-sided and a P value less than 0.05 was
considered statistically significant. Statistical analyses
were performed with the computer software, SAS statisti-
cal software, Version 9.1 (SAS Institute, Cary, NC).

Results
A total of 93 patients were enrolled in the study (fig. 1). Nine
patients were excluded after randomization, two patients in
the MVL group due to lack of cooperation during the pro-
cedure. In seven patients from both groups transtracheal li-

Fig. 1. Flow diagram of patient distribution. McGrath" video laryngoscope, Aircraft Medical, Edinburgh, Scotland, United
Kingdom.
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trained in FFI and MVL intubation. Thereby, we examined
the difference between the two intubation techniques and
not the differences between different intubators with varying
levels of intubation skills. However, this also has the impli-
cation that the results of this study may not be applicable for
less skilled anesthesiologists. Awake intubation is a high-risk
procedure associated with severe complications such as brain
damage and death. In accordance with these findings, it is
necessary to analyze which specific devices are the most ap-
propriate for difficult airway management.13

Two previously published studies have compared awake
FFI with the Bullard laryngoscope14 and the lighted intubat-
ing stylet15 in patients with cervical spine disease. Both stud-
ies using trained investigators found significant faster intu-
bation times with the alternative instrument. The studies
included 17 patients and 32 patients, respectively. The re-
sults of these studies may not be directly transferrable to the
current study because the studied patient populations only
had one variable associated with an anticipated difficult air-
way in contrast to our patient population.

We substituted weight with body mass index in the SARI
score coherent to the results of a previous study, where body

mass index was found to be a better measure than weight as a
risk factor for difficult intubation.11

There are limitations in our study. It was not possible to
blind investigators and patients to the technique. Conse-
quently, we cannot rule out the possibility of biases in both
patients and investigators in the comparisons between the
two intubation techniques. All of our patients were sched-
uled for elective procedures, thus excluding patients with
upper airway emergencies as well as the stress and complex
crisis resource management factors inherent in emergency
situations. The wide variability in time to tracheal intubation
in both groups reflects the fact that the SARI score only
describes some of the difficulties encountered during diffi-
cult airway management. In daily clinical practice, the pha-
ryngeal and laryngeal anatomy of difficult airway patients
can vary substantially and sometimes it is very difficult to
obtain a clear view of the glottic structures. Therefore, our
study may have had insufficient statistical power to demon-
strate a difference between the techniques. However, the
95% CI for the differences between the mean intubation
time values indicate that the true difference between awake
FFI and awake MVL is no more than 40 s.

Table 3. Comparison of Time to Successful Tracheal Intubation, Number of Attempts, Change of Technique,
Laryngoscopic View, Patient Desaturation, Visual Analog Scale for Anesthesiologists Perceived Ease with Intubation
and Patient Assessment of Discomfort

Flexible Fiberoptic
Intubation
(n ! 43)

McGrath! VL
Intubation
(n ! 41) P Value

Time to tracheal intubation, s
Median "range# 80 "33–424# 62 "20–678# 0.17*
"IQR range# "58–117# "55–109# —

Number of attempts, (%)
1 34 (79.1) 29 (70.7) 0.64
2 8 (18.6) 10 (24.4) —
3 1 (2.3) 2 (4.9) —

Esophageal intubation 1 (2.3) 2 (4.9) —
Change of technique, (%) 1 (2.3) 0 (0) —
Cormach-Lehane score, (%) n ! 42 — —

1 22 (52.4) 20 (48.8) —
2 12 (28.6) 17 (41.5) —
3 5 (11.9) 3 (7.3) —
4 2 (4.8) 1 (2.4) —
5 1 (2.4) 0 (0) —

Number of patients with desaturation $90%, (%) 9 (20.9) 5 (12.2) —
Duration of desaturation, s

Median "range# 0 "0–120# 0 "0–240# 0.19
"IQR range# "0–0# "0–0#

Anesthesiologists assessment of ease of
procedure, VAS

Median "range# 2 "0–10# 1 "0–9# 1.0
"IQR range# "1–4# "1–6#

Patientś assessment of discomfort, VAS n ! 42 n ! 41 0.55
Median "range# 2 "0–6# 2 "0–10# —
"IQR range# "0–3# "0–4# —

McGrath! video laryngoscope, Aircraft Medical, Edinburgh, Scotland, United Kingdom.
* The difference between the mean time to tracheal intubation values 2.2 s (95% CI, %40; 44, 5 s).
IQR ! interquartile range; VAS ! visual analog scale.
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docaine injection was impossible as the cricothyroid mem-
brane could not be identified, due to previous neck radiation
therapy (2 patients), neck obesity (2 patients), enlargement
of the thyroid gland (1 patient) and lateral tracheal displace-
ment (2 patients). Consequently, 84 patients were eligible
for analysis; 43 in the FFI group and 41 in the MVL group
(fig. 1).

There were no demographic differences between the two
groups (table 1). The median modified SARI score was 6
[range 4–10] in both groups (table 2). A total of 42 patients
had a previous general anesthesia with a documented diffi-
cult laryngoscopy or intubation. In five patients, there was no
anesthesia record, but the preoperative interview indicated a
suspicion of a difficult laryngoscopy/intubation. In six pa-
tients there was documentation of previous difficult mask
ventilation.

The median TTI with the flexible fiberscope was 80 s
(IQR 58–117), and with MVL 62 s (IQR 55–109), (P !
0.17) (table 3), the difference between the mean values of
TTI was 2.2 s [95% CI, "40.0; 44.5 s] (table 3). Intubation
success on the first attempt was 79% versus 71% for FFI and
MVL intubation, respectively. More than one attempt was
required in nine patients with the FFI and in 12 patients with
MVL intubation. In one patient, three failed attempts with
the FFI were followed by a successful MVL intubation. In
nine FFI and five MVL patients, oxygen saturation fell below
90%. There was one esophageal intubation in the FFI group
and two in the MVL group. Using FFI a total of 34 patients
had a Cormack-Lehane score of 1 or 2 and with MVL, the
same applied to 37 patients (table 3).

Investigators found both techniques easy to perform (P !
1.0), median VAS for FFI was 2 (IQR 1–4) and median VAS
for MVL was 1 (IQR 1–6), and patient discomfort during
the procedure was low and equal in both groups, median
VAS for FFI 0 (IQR 0–3) and median VAS for MVL 2 (IQR
0–4) (P ! 0.55) (table 3). Five patients, three in the FFI and
two in the MVL group, had minor bleeding during the pro-
cedure requiring no further treatment (table 4). The Ramsay

sedation score and amount of remifentanil used were similar
in the two groups (table 4).

Discussion

We found no difference in TTI between awake FFI and awake
MVL when experienced investigators performed the intuba-
tions. Most patients were intubated using only one attempt.
Only one patient in the FFI group could not be intubated using
this technique and was shifted to a successful MVL intubation.
Investigators evaluated both techniques as easy to perform, and
patient discomfort during both procedures was low.

The strength of our study is that we only used trained
difficult airway management investigators, who also were

Table 1. Demographic Data of the Patients

Flexible
Fiberoptic
Intubation

n ! 45

McGrath! Video
Laryngoscope

Intubation
n ! 48

Sex (male/female) 51/49 52/48
Age, (yr) 64 #45–83$ 65.5 #42–85$
ASA (%)

1 4 (8.9) 6 (12.5)
2 28 (62.2) 24 (50)
3 13 (28.9) 18 (37.5)

Body mass index (kg/m2)
median #range$

31 #14–57$ 29 #18–47$

Values are numbers (percent), or median #range$. (McGrath!
video laryngoscope, Aircraft Medical, Edinburgh, Scotland,
United Kingdom.)
ASA ! American Society of Anesthesiologists class.

Table 2. Airway Assessment and Body Mass Index

Flexible
Fiberoptic
Intubation

n ! 45

McGrath!
Video

Laryngoscope
Intubation

n ! 48

n % n %

Mouth opening
!4 cm 24 53.3 32 66.7
%4 cm 21 46.7 16 33.3

Thyromental
distance

!6.5 cm 31 68.9 33 68.8
6–6.5 cm 8 17.9 11 22.9
%6.0 cm 6 13.3 4 8.3

Mallampati class
1 1 2.2 3 6.2
2 4 8.9 15 31.3
3 40 88.9 30 62.5

Neck movement
!90° 17 37.8 18 37.5
80–90° 11 24.4 9 18.8
%80° 17 37.8 21 43.7

Prognathism
ability

Yes 32 71.1 31 64.6
No 13 28.9 17 35.4

BMI
%25 9 20.0 9 18.8
25–30 10 22.2 19 39.6
&30 26 57.8 20 41.6

History of difficult
intubation, No

26 57.8 20 41.7

Questionable 1 2.2 4 8.3
Yes 18 40.0 24 50.0
History of difficult

mask
ventilation

5 11.1 1 2

Modified SARI
#range$

6 #4–10$ 6 #4–10$

McGrath! video laryngoscope, Aircraft Medical, Edinburgh,
Scotland, United Kingdom.
BMI ! body mass index in kg/m2; SARI ! simplified airway risk
index. Modified SARI; BMI substitute weight.
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Comparison of the Intubating Laryngeal Mask Airway

with the Fiberoptic Intubation in Anticipated Difficult

Airway Management

Olivier Langeron, M.D.,* François Semjen, M.D.,† Jean-Louis Bourgain, M.D.,‡ Alain Marsac, M.D.,§
Anne-Marie Cros, M.D.!

Background: The intubating laryngeal mask airway (ILMA;
Fastrach™; Laryngeal Mask Company, Henley-on-Thames, UK)
may provide an alternative technique to fiberoptic intubation
(FIB) to facilitate the management of the anticipated difficult
airway. The authors therefore compared the effectiveness of the
ILMA with FIB in patients with anticipated difficult intubation.

Methods: One hundred patients, with at least one difficult
intubation criteria (Mallampati class III or IV, thyromental dis-
tance < 65 mm, interincisor distance < 35 mm) were enrolled
(FIB group, n ! 49; ILMA group, n ! 51) in this prospective
randomized study. Anesthesia was induced with propofol and
maintained with alfentanil and propofol after an efficient mask
ventilation has been demonstrated. The success of the tech-
nique (within three attempts), the number of attempts, duration
of the successful attempt, and adverse events (oxygen satura-
tion < 90%, bleeding) were recorded.

Results: The rate of successful tracheal intubation with ILMA
was 94% and comparable with FIB (92%). The number of at-
tempts and the time to succeed were not significantly different
between groups. In case of failure of the first technique, the
alternative technique always succeeded. Failures in FIB group
were related to oxygen desaturation (oxygen saturation < 90%)
and bleeding, and to previous cervical radiotherapy in the ILMA
group. Adverse events occurred significantly more frequently
in FIB group than in ILMA group (18 vs. 0%, P < 0.05).

Conclusion: The authors obtained a high success rate and
comparable duration of tracheal intubation with ILMA and FIB
techniques. In patients with previous cervical radiotherapy, the
use of ILMA cannot be recommended. Nevertheless, the use of
the ILMA was associated with fewer adverse events.

THE intubating laryngeal mask airway (ILMA; Fastrach™,
Laryngeal Mask Company, Henley-on-Thames, UK) is a
new device specifically designed to be an effective ven-
tilatory device and blind intubation guide in patients
with normal and abnormal airways.1 The ILMA is de-
signed to facilitate tracheal intubation with better inser-
tion and intubation characteristics than the standard
laryngeal mask airway (LMA).2 The principal features of

the ILMA are an anatomically curved, rigid airway tube
with an integral guiding handle, an epiglottic elevating
bar replacing the LMA bars, and a guiding ramp to direct
the tracheal tube anteriorly as it emerged from the mask
aperture.2

The LMA represents a major advance in airway man-
agement3 and has been incorporated into difficult airway
algorithms.4,5 The ILMA has been used successfully in
patients with difficult airways,6–8 including patients in
whom fiberoptic intubation (FIB) failed.9 Consequently,
the ILMA may provide a useful alternative to FIB in
difficult airway management. We therefore undertook a
prospective randomized study to compare the effective-
ness of the ILMA technique with FIB in patients with an
anticipated difficult intubation.

Patients and Methods

This multicenter study was approved by the Local
Human Subjects Committee (Comité Consultatif de Pro-
tection des Personnes dans la Recherche Biomédicale,
Pitié-Salpêtrière, Paris), and written informed consent
was obtained from all patients. Adult patients with an
anticipated difficult intubation undergoing scheduled
surgery who required tracheal intubation with general
anesthesia were prospectively included in the study.
Patients were excluded if they were younger than 18 yr,
had American Society of Anesthesiologists physical sta-
tus IV or V, had respiratory tract pathology or coagula-
tion disorders, required a nasal route for tracheal intu-
bation, or were at risk of regurgitation–aspiration
(previous upper gastrointestinal tract surgery, known
hiatus hernia, esophageal reflux, peptic ulceration, or
not fasted). Lastly, anticipated impossible intubation
cases were also excluded. In accordance with the
French Society of Anesthesiologists’ recommendations
on management of the difficult airway,5 these were de-
fined as patients with a history of impossible intubation,
mouth opening (interincisor distance) less than 20 mm,
or cervical spine fixed in flexion. In the same manner,
anticipated difficult intubation was defined in accor-
dance with the same recommendations5 (except for Mal-
lampati classification, see below) as the presence of at
least one of the following: Mallampati class III or IV,
thyromental distance less than 65 mm, mouth opening
(interincisor distance) less than 35 mm. In addition, the
Bellhouse grade III or IV10 was also collected. Mallampati
classification, modified by Samsoon and Young,11 was
performed in the sitting position with the head in full
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Results

One hundred patients were included in this multi-
center study, with 49 patients in the FIB group and 51
patients in the ILMA group. Patient characteristics, in-
cluding age, height, weight, body mass index, sex, cri-
teria of anticipated difficult intubation, and doses of
propofol and alfentanil in both groups are shown in table
1. No significant differences were observed between
groups. No hemodynamic instability was observed in
either group during tracheal intubation.

Fiberoptic intubation was successful in 45 cases (92%)
and ILMA was successful in 48 cases (94%) in the inten-
tion-to-treat analysis. The nasal route was performed in
five patients, and no significant differences were ob-
served between groups for the success rate according to
the oral protocol compliance analysis (table 2). In addition,
no significant differences were observed between groups
for the number of attempts and the time to successful
tracheal intubation for both types of analysis, intention to
treat or oral protocol compliance (table 2).

In seven patients, the first randomly assigned method
failed, four in the FIB group and three in the ILMA group.
All of these patients were successfully intubated with the
alternative technique, with a median time duration of
151 s and 130 s with the ILMA and FIB techniques,
respectively. Successful tracheal intubation with the al-
ternative technique was performed by ILMA on the first
attempt in the four FIB technique failures and by FIB
technique on the first attempt for two cases and on the
second attempt for one case in the three ILMA failures.
No patient had to be awakened, nor was surgery post-
poned. In the FIB group, reasons for failed intubations

were oxygen desaturation (n ! 2) and bleeding with
impossible glottic exposure (n ! 2). In the ILMA group,
failures occurred in three patients scheduled for cancer
ear, nose, and throat surgery who had undergone previ-
ous cervical radiotherapy and were related to the failure
to pass the tracheal tube into the trachea.

The incidence of overall adverse events and oxygen
desaturation were significantly greater in FIB group com-
pared with ILMA group, regardless of the type of analysis,
intention to treat or oral protocol compliance (table 3).

Discussion

In the present study, we observed that: (1) the inci-
dence of successful tracheal intubation with the ILMA in

Table 3. Number of Adverse Events Encountered during
Fiberoptic (FIB) or Intubating Laryngeal Mask Airway (ILMA)
Tracheal Intubation Techniques, According to the Analysis
Used “Intention to Treat” or Oral Protocol Compliance

Intention to Treat
FIB

(n ! 49)
ILMA

(n ! 51)

SpO2 " 90% 5 0*
Soft tissue trauma (bleeding) 3 0
Bronchospasm 1 0
Total 9 (18) 0* (0)

Oral Protocol Compliance
FIB

(n ! 44)
ILMA

(n ! 51)

SpO2 " 90% 5 0*
Soft tissue trauma (bleeding) 2 0
Bronchospasm 1 0
Total 8 (18) 0* (0)

Data are number (%).

* P " 0.05 versus FIB.

SpO2 ! oxygen saturation measured by pulse oximetry.

Table 1. Comparison of Patients with Fiberoptic (FIB) or
Intubating Laryngeal Mask Airway (ILMA) Tracheal Intubation
Techniques

Group
FIB

(n ! 49)
ILMA

(n ! 51)

Height (cm) 167 # 9 168 # 10
Weight (kg) 74 # 15 72 # 18
Age (yr) 56 # 17 55 # 14
Male sex 28 (57) 25 (49)
Mallampati class

I 0 (0) 0 (0)
II 1 (2) 0 (0)
III 12 (24) 13 (25)
IV 36 (73) 38 (75)

Mouth opening (mm) 37 # 11 37 # 10
Thyromental distance (mm) 65 # 10 65 # 12
Bellhouse grade

I 4 (8) 7 (14)
II 25 (51) 28 (55)
III 10 (20) 9 (18)
IV 10 (20) 7 (14)

Propofol dose (mg) 200 (190–250) 200 (170–300)
Alfentanil dose (mg) 1.0 (1.0–1.1) 1.0 (1.0–1.0)

Data are mean # SD, number (%), or median (95% confidence interval). No
significant difference between groups. Because of rounding, adding percent-
ages may not provide a sum of 100%.

Table 2. Comparison of Tracheal Intubation According to
“Intention to Treat” or Oral Protocol Compliance

Intention to Treat
FIB

(n ! 49)
ILMA

(n ! 51)

Success 45 (92) 48(94)
Number of attempts*

1 32 (71) 34 (71)
2 12 (27) 10 (21)
3 1 (2) 4 (8)

Duration (s)* 110 (70–175) 87 (67–105)

Oral Protocol Compliance
FIB

(n ! 44)
ILMA

(n ! 51)

Success 41 (93) 48 (94)
Number of attempts*

1 31 (75) 34 (71)
2 9 (22) 10 (21)
3 1 (3) 4 (8)

Duration (s)* 110 (70–175) 87 (67–105)

Data are median (95% confidence interval) or number (%). No significant
differences between groups.

* Failures of the first or randomly assigned method being excluded.
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Results

One hundred patients were included in this multi-
center study, with 49 patients in the FIB group and 51
patients in the ILMA group. Patient characteristics, in-
cluding age, height, weight, body mass index, sex, cri-
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propofol and alfentanil in both groups are shown in table
1. No significant differences were observed between
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either group during tracheal intubation.
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treat or oral protocol compliance (table 2).
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were oxygen desaturation (n ! 2) and bleeding with
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Data are number (%).

* P " 0.05 versus FIB.
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time to intubate was significantly longer in the aScope 2
group (Table 2). Median time for carina identification
was significantly longer in the aScope 2 group compared
with the fibrescope group, whereas the time required
for railroading the tube was identical (34 s vs 32 s,
p = 0.07). No differences were noted in time to railroad
between female (6.5-mm tube) and male patients (7.5-
mm tube).

A jaw-thrust manoeuvre was needed significantly
more often in the aScope 2 group compared with the
fibrescope group (16 (32%) vs 5 (10%) patients;
p = 0.01). Four patients needed two attempts in the
aScope 2 group, due to secretions that necessitated
removal of the videoscope and cleaning of the lens,
compared with eight with the fibrescope (p = 0.22), due
to secretions (one patient), malpositioning of the
Ovassapian split oral airway (two patients) and acci-
dental withdrawal of fibrescope during manipulations
(five patients). No episodes of desaturation were
reported.

Subjectively, quality of vision was considered excel-
lent in fewer than half of the aScope 2 intubations but in
nearly all intubations with the fibrescope (24 (48%) vs 49
(98%), p = 0.0001). For the remaining intubations,
quality of vision was described as good in 22 (44%) vs
1 (2%), p = 0.0001 and poor in 4 (8%) vs 0, due to
fogging and inability of cleaning the lens after contact
with saliva or secretions.

Ease of intubation was described as ‘easy’ for fewer
procedures in the aScope 2 vs conventional fibrescope
groups (31 (62%) vs 38 (76%)), but this was not
statistically significant (p = 0.19), with ‘intermediate’ (12
(24%) vs 7 (14%) p = 0.31) and ‘difficult’ (7 (14%) vs 5

(5%) p = 0.76). These subjective measures encompassed
assessment of device handling, device positioning and
tube railroading. The procedures described as ‘difficult’
were due to problems due to secretions and lack of
mobility of the tip, particularly downward in the aScope
2 group, whereas difficulties were principally attributed
to the weight of the camera on the fibrescope and
secretions in the fibrescope group.

No changes in times to see the carina or tracheal
intubation were noticed over the course of the study,
excluding a ‘learning’ component.

Discussion
The main results of this study offer little support for the
use of aScope 2 as an alternative to the conventional
device. The median time to intubate was longer with the
aScope 2, more jaw thrust manoeuvres were needed, and
there were fewer ‘excellent’ ratings of quality of vision.
Yet, overall success rates for intubation were similar,
perhaps suggesting that anaesthetists use their skills to
overcome intrinsic technical difficulties of the device.

The longer intubation times with the aScope 2 were
essentially due to an increased time to identify the

Table 1 Characteristics of patients randomly assigned to the aScopeTM 2 videoscope or flexible fibrescope. Data are
shown as number or median (IQR [range]).

aScope 2 Fibrescope

Male ⁄ female 27 ⁄ 23 25 ⁄ 25
ASA physical status 2 (1–2 [1–2]) 2 (1–2 [1–2])
Weight; kg 74 (65–85 [45–98]) 70 (62–81 [50–110])
Height; cm 170 (162–177 [150–187]) 170 (163–180 [152–191])
BMI; kg.m-2 26 (23–29 [20–35]) 25 (21–28 [18–33])
Mallampati score 1 (1–2 [1–3]) 1 (1–2 [1–3])
Thyromental distance; cm 8 (7–9 [5–10]) 8 (7–8 [6–9])
Neck circumference; cm 40 (35–42 [30–48]) 38 (35–41 [30–52])
Mouth opening without cervical collar; cm 5 (4–5 [3–7]) 5 (4–5 [3–6])
Mouth opening with cervical collar; cm 2 (2–2 [1–3]) 2 (2–2 [1–3])

Table 2 Times to intubate the trachea with the aScope 2
videoscope or the flexible fibrescope. Data are shown as
median (IQR [range]).

aScope 2 Fibrescope p

T1; s 28 (22–46 [16–206]) 15 (12–22 [7–110]) 0.0001
T2; s 70 (55–97 [41–226]) 50 (40–59 [27–175]) 0.0003

T1: Time from starting clock to identifying the carina.
T2: Time from starting clock to observing end-tidal CO2 on
capnography.
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Comparison of the single-use Ambu! aScopeTM 2 vs the
conventional fibrescope for tracheal intubation in patients with
cervical spine immobilisation by a semirigid collar*
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Summary
Fibreoptic intubation remains a key technique for the management of difficult intubation. We randomly compared the
second generation single-use Ambu! aScopeTM 2 videoscope with a standard re-usable flexible intubating fibrescope in
50 tracheal intubations in patients with a difficult airway simulated by a semirigid collar. All patients’ tracheas were
intubated successfully with the aScope 2 or the re-usable fibrescope. The median (IQR [range]) time to intubate was
significantly longer with the aScope 2 70 (55–97 [41–226]) s vs 50 (40–59 [27–175]) s, p = 0.0003) due to an increased
time to see the carina. Quality of vision was significantly lower with the aScope 2 (excellent 24 (48%) vs 49 (98%),
p = 0.0001; good 22 (44%) vs 1 (2%), p = 0.0001; poor 4 (8%) vs 0, p = 0.12) but with no difference in the subjective
ease to intubate (easy score of 31 (62%) vs 38 (76%), p = 0.19; intermediate 12 (24%) vs 7 (14%), p = 0.31; difficult 7
(14%) vs 5 (5%), p = 0.76). The longer times to intubate and the poorer scores for quality of vision do not support the
use of the single-use aScope 2 videoscope as an alternative to the re-usable fibrescope.
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In patients with difficult airways, tracheal intubation
may be challenging and contribute to morbidity and
mortality in anaesthesia, ranging from airway soft tissue
trauma to severe hypoxaemia [1]. Despite availability of
many new videoscopes and supraglottic devices [2],
fibreoptic intubation remains a core skill for anaesthe-
tists and is a key technique for the management of the
difficult airway [3, 4].

Standard fibrescopes are re-usable but are expensive
to purchase, in addition to costs of maintenance [5, 6].
They must be disinfected after each use, which takes
time and resources and cannot be achieved perfectly

because of technical property and heat sensitivity [7]. In
the context of uncertainty of future implication of
Creutzfeld–Jakob disease, the utilisation of single-use
disposable devices are encouraged [8].

The Ambu! aScopeTM (Ambu A ⁄ S, Ballerup, Den-
mark) is a single-use flexible videoscope [9] that has recently
been introduced into clinical practice. Recent studies
comparing the aScope videoscope to standard flexible
re-usable fibrescopes for tracheal intubation in manikins
found similar times for intubation and railroading the tubes
for both devices [10]. Similarly, two studies comparing the
aScope videoscope with standard flexible re-usable
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time to intubate was significantly longer in the aScope 2
group (Table 2). Median time for carina identification
was significantly longer in the aScope 2 group compared
with the fibrescope group, whereas the time required
for railroading the tube was identical (34 s vs 32 s,
p = 0.07). No differences were noted in time to railroad
between female (6.5-mm tube) and male patients (7.5-
mm tube).

A jaw-thrust manoeuvre was needed significantly
more often in the aScope 2 group compared with the
fibrescope group (16 (32%) vs 5 (10%) patients;
p = 0.01). Four patients needed two attempts in the
aScope 2 group, due to secretions that necessitated
removal of the videoscope and cleaning of the lens,
compared with eight with the fibrescope (p = 0.22), due
to secretions (one patient), malpositioning of the
Ovassapian split oral airway (two patients) and acci-
dental withdrawal of fibrescope during manipulations
(five patients). No episodes of desaturation were
reported.

Subjectively, quality of vision was considered excel-
lent in fewer than half of the aScope 2 intubations but in
nearly all intubations with the fibrescope (24 (48%) vs 49
(98%), p = 0.0001). For the remaining intubations,
quality of vision was described as good in 22 (44%) vs
1 (2%), p = 0.0001 and poor in 4 (8%) vs 0, due to
fogging and inability of cleaning the lens after contact
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Ease of intubation was described as ‘easy’ for fewer
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mobility of the tip, particularly downward in the aScope
2 group, whereas difficulties were principally attributed
to the weight of the camera on the fibrescope and
secretions in the fibrescope group.

No changes in times to see the carina or tracheal
intubation were noticed over the course of the study,
excluding a ‘learning’ component.

Discussion
The main results of this study offer little support for the
use of aScope 2 as an alternative to the conventional
device. The median time to intubate was longer with the
aScope 2, more jaw thrust manoeuvres were needed, and
there were fewer ‘excellent’ ratings of quality of vision.
Yet, overall success rates for intubation were similar,
perhaps suggesting that anaesthetists use their skills to
overcome intrinsic technical difficulties of the device.

The longer intubation times with the aScope 2 were
essentially due to an increased time to identify the
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shown as number or median (IQR [range]).

aScope 2 Fibrescope
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ASA physical status 2 (1–2 [1–2]) 2 (1–2 [1–2])
Weight; kg 74 (65–85 [45–98]) 70 (62–81 [50–110])
Height; cm 170 (162–177 [150–187]) 170 (163–180 [152–191])
BMI; kg.m-2 26 (23–29 [20–35]) 25 (21–28 [18–33])
Mallampati score 1 (1–2 [1–3]) 1 (1–2 [1–3])
Thyromental distance; cm 8 (7–9 [5–10]) 8 (7–8 [6–9])
Neck circumference; cm 40 (35–42 [30–48]) 38 (35–41 [30–52])
Mouth opening without cervical collar; cm 5 (4–5 [3–7]) 5 (4–5 [3–6])
Mouth opening with cervical collar; cm 2 (2–2 [1–3]) 2 (2–2 [1–3])
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videoscope or the flexible fibrescope. Data are shown as
median (IQR [range]).
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Guidelines

Difficult Airway Society Guidelines for the management of
tracheal extubation
Membership of the Difficult Airway Society Extubation Guidelines Group: M. Popat (Chairman),1

V. Mitchell,2 R. Dravid,3 A. Patel,4 C. Swampillai5 and A. Higgs6

1 Consultant Anaesthetist, Nuffield Department of Anaesthetics, Oxford Radcliffe Hospital NHS Trust, Oxford, UK
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5 Anaesthetic Specialist Registrar, Lister Hospital, Stevenage, UK
6 Consultant in Anaesthesia & Intensive Care Medicine, Warrington and Halton Hospitals Warrington, UK

Summary
Tracheal extubation is a high-risk phase of anaesthesia. The majority of problems that occur during extubation and
emergence are of a minor nature, but a small and significant number may result in injury or death. The need for a
strategy incorporating extubation is mentioned in several international airway management guidelines, but the subject is
not discussed in detail, and the emphasis has been on extubation of the patient with a difficult airway. The Difficult
Airway Society has developed guidelines for the safe management of tracheal extubation in adult peri-operative practice.
The guidelines discuss the problems arising during extubation and recovery and promote a strategic, stepwise approach
to extubation. They emphasise the importance of planning and preparation, and include practical techniques for use in
clinical practice and recommendations for post-extubation care.
................................................................................................................................................................
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What other guideline statements are available on this topic?
The need for a strategy incorporating extubation is mentioned in several international airway management guidelines: the
Canadian Airway Focus Group’s 1998 recommendations for the management of the unanticipated difficult airway; the 2003
American Society of Anesthesiologists (ASA) difficult airway guidelines; the Societa Italiana Anaesthesia Analgesia
Rianimazione Terapia Intensiva (SIAARTI) recommendations for airway control and difficult airway management 2005. The
Difficult Airway Society (DAS) difficult intubation guidelines of 2004 mention the need for a pre-formulated extubation plan,
but no details are given.

Why was this guideline developed?
Complications are common at extubation and during recovery and may result in significant morbidity and mortality. Although
extubation is addressed in some airway management guidelines, it has not received the same attention as intubation.

How does this statement differ from existing guidelines?
These guidelines recommend that an extubation strategy should be developed before the start of anaesthesia. A stepwise
approach is used to aid risk stratification, the practical management of routine and at-risk situations, and to highlight the
importance of continued postextubation care. Flowcharts have been produced to summarise this philosophy. The guidelines
are applicable to adult peri-operative practice; they do not address paediatric or critical care patients.

Why does this statement differ from existing guidelines?
These guidelines explore the pathophysiology of problems arising during extubation and emergence. They address the
importance of planning extubation to avoid difficulties. They provide a structured framework around which extubation can be
managed and taught and offer practical strategies for use in clinical practice.

Anaesthesia 2012, 67, 318–340 doi:10.1111/j.1365-2044.2012.07075.x
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Step 3: perform extubation
Step 3 involves the actual performance of extubation.

General considerations. Any extubation technique used
should ensure minimum interruption in oxygen delivery
to the patient’s lungs. The following general considera-
tions are relevant to extubation for both the ‘low-risk’
and the ‘at-risk’ groups:

Building oxygen stores (pre-oxygenation): the peri-
operative anatomical and physiological changes de-
scribed above compromise gas exchange, and make
pre-oxygenation before extubation vital. As for induc-
tion of anaesthesia, the aim of pre-oxygenation before
extubation is to maximise pulmonary oxygen stores by
raising the FEO2 above 0.9, or as close to the FIO2 as
possible [78]. Although studies have shown that an FIO2

of 1.0 increases atelectasis, the clinical significance of
this has yet to be determined [79, 80]. At extubation, the
priority is to maximise oxygen stores to continue oxygen
uptake during apnoea, and therefore pre-oxygenation
with a FIO2 of 1.0 is recommended [81–85].

Patient position: there is no evidence to support a
universal patient position for extubation. There is an
increasing trend towards extubating in a head-up
(reverse Trendelenburg) or semi-recumbent position.
The head-up tilt is especially useful in the obese

population as it confers a mechanical advantage to
respiration and provides more familiar conditions in
which to monitor and manage the airway. A left-lateral,
head-down position has traditionally been used for the
non-fasted patient [77, 86].

Suction: the soft tissues of the oropharynx are at risk
of trauma if suction is not applied under direct vision
[87, 88], ideally using a laryngoscope, particularly if
there are concerns about oropharyngeal soiling from
secretions, blood or surgical debris. Laryngoscopy
should be carried out with the patient in an adequately
deep plane of anaesthesia, but may need to be repeated.
Special vigilance is necessary if there is blood in the
airway, as NAP4 highlighted the danger of the ‘coroner’s
clot’, where aspiration of blood can lead to airway
obstruction and death [89]. Suction of the lower airway
using endobronchial catheters, together with aspiration
of gastric tubes, may also be necessary.

Alveolar recruitment manoeuvres: patients
undergoing anaesthesia develop atelectasis. Alveolar
recruitment manoeuvres, such as sustained positive
end-expiratory pressure (PEEP) and vital capacity
breaths, may temporarily reverse atelectasis, but have
not been shown to provide any benefit in the post-
operative period [81, 90]. Simultaneous deflation of the
tracheal tube cuff and removal of the tube at the peak of

Figure 1 DAS extubation guidelines: basic algorithm.
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 	   L’extubation trachéale est un geste " banal " qui ne doit 
pas être banalisé 

   Les complications respiratoires de l'extubation sont plus 
fréquentes que lors de l’induction de l’anesthésie 

   Intubation difficile = extubation difficile,                         
extubation difficile en fonction du terrain ou de la chirurgie 

   Il est essentiel d'établir une stratégie adaptée à la clinique :  
-  test de fuite (" screening " pour l’œdème) 
-  utilisation du GEC pour réintubation à l’aveugle rapide  

L’extubation trachéale 



1	  

Enseignement des techniques 

Marc	  Fischler,	  Hôpital	  Foch,	  Suresnes	  
Didier	  Péan,	  CHU	  Nantes	  	  



Conclusion  
   De nouveaux dispositifs pour le contrôle des voies 

aériennes ? Evolution obligatoire avec notre 
environnement technologique, à intégrer dans nos 
pratiques 

   Garder le fondamental : l’oxygénation  

   Algorithmes =  
 aide à la réflexion en amont (choix du dispositif) 
 aide à la décision  en situation (techniques 

alternatives) 
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Do you have a 
plan ? 

Chesley Sullenberger 
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