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Equipment to manage a difficult airway during anaesthesia
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SUMMARY
Airway complications are a leading cause of morbidity and mortality in anaesthesia1. Effective management of
a difficult airway requires the timely availability of suitable airway equipment. The Australian and New Zealand
College of Anaesthetists has recently developed guidelines for the minimum set of equipment needed for the
effective management of an unexpected difficult airway (TG4 [2010] www.anzca.edu.au/resources/professionaldocuments). TG4 [2010] is based on expert consensus, underpinned by wide consultation and an extensive review
of the available evidence, which is summarised in a Background Paper (TG4 BP [2010] www.anzca.edu.au/
resources/professional-documents). TG4 [2010] will be reviewed at the end of one year and thereafter every five
years or more frequently if necessary. The current paper is reproduced directly from the Background Paper (TG4 BP
[2010]).
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Airway complications are a leading cause of
morbidity and mortality in anaesthesia1. Effective
management of a difficult airway is a core skill for
anaesthetists, and depends on the timely availability
of suitable airway equipment.
Australian Coroners’ cases involving ‘can’t
intubate, can’t ventilate’ (CICV) scenarios with
tragic outcomes have highlighted the need for better
management of airway emergencies2,3. Deficiencies
in equipment have been identified in Coroners’
reports. One Coroner noted that “the importance
of appropriately functioning equipment in an
emergency does not just rest in the fact of the
equipment itself, but also in the psychological
support it provides to those dealing with the
emergency”2. In the Australian Incident Monitoring
Study, equipment deficiencies, which were mainly
due to “failure to check”, contributed to five of the
14 factors that were identified in the 85 difficult
intubation reports4. The 1000 anaesthesia incidents
reported to this study from 2002 to 2006 showed an
appreciable increase in difficult and failed intubations
This paper is based on a professional document recently published by
the Australian and New Zealand College of Anaesthetists (TG4 (BP)
2010, available at www.anzca.edu.au/resources/professional-documents).
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compared with the first 2000 reports5. A review from
the American Society of Anesthesiologists (ASA)
Closed Claims database comparing claims for difficult
airway management from two time periods, 1985 to
1992 and 1993 to 1999, showed improvement in
death / brain death categories from difficult airway
management during induction of anaesthesia, but
not during other phases of anaesthesia6.
The Australian and New Zealand College of
Anaesthetists (ANZCA) has defined the minimum
requirement for basic airway equipment in
operating suites and other anaesthetising locations
in its Professional Document T1, Recommendations
on Minimum Facilities for Safe Administration
of Anaesthesia in Operating Suites and Other
Anaesthetising Locations (2008)7. This document
states that in every anaesthetising location,
equipment for managing difficult intubations must
be readily available in all locations where endotracheal intubation is electively performed. There
is, however, no document specifying the items and
conditions required to manage a difficult airway.
A number of professional societies have developed
guidelines for equipment and techniques for
managing difficult airways on the basis of literature
reviews and expert consensus8-15. All of these
guidelines recommend a dedicated airway cart.
Despite this, a recent audit in New Zealand identified
inconsistencies and deficiencies in the airway
equipment available in a major metropolitan area.
Alarmingly, some sites lacked any emergency airway
equipment16.
The Health and Disability Sector Standards
from Standards New Zealand require emergency
equipment to be accessible, stored correctly, not
expired and stocked to a level appropriate to the
service setting17. In Australia, the regulation of
medical devices is overseen by the Therapeutic Goods
Administration. Published and draft International
Organization for Standardization (ISO) documents
also apply to airway management equipment (ISO
7376:2009 (E), ISO 11712:2009)18,19. It is likely,
however, that these standards are not as well known
or accessible to anaesthetists as those published by
ANZCA.
It was therefore apparent that a new Professional
Document from ANZCA was needed to specify the
equipment required to manage a difficult airway, the
locations in which it should be kept, and the quality
assurance measures that should be implemented
to ensure that it is always available and in good
working condition. The process of developing such
documents has recently been revised20,21, and includes
the development of a Background Paper outlining
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011
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the basis for the recommendations in the document.
Here we describe the development of the Background
Paper for the new ANZCA document, TG4 (2010),
and report its contents.
METHODS
We aimed to develop expert consensus, supported
by published evidence where available, and then
to consult with ANZCA national and regional
committees and other experts20. Expert workshops
were held at ANZCA Headquarters, Melbourne,
on 6 April and 12 July 2008, to develop preliminary
consensus on the equipment needed to manage a
patient with a difficult airway. People known to have
an interest in airway management, or who expressed
an interest in contributing were invited to participate
Table 1
Participants in the Difficult Airway Management Workshops,
2008 to 2010
Name

Comment

April (A), July (J),
teleconference (T)
or all

Prof. Alan Merry,
Primary Facilitator
FANZCA,
FFPMANZCA, FRCA

All

Dr Margie Cowling,
FANZCA

A

Convener of April
Workshop

Dr Paul Baker,
FANZCA

All

A/Prof. Brendan
Flanagan, FANZCA

All

Dr Keith Greenland,
FANZCA

J, T

Dr Richard Morris,
FANZCA

J, T

Prof. Harry Owen,
FANZCA

A

A/Prof. Richard Riley,
FANZCA

A, T

Prof. Bill Runciman,
FANZCA, FJFICM

All

A/Prof. David
Scott, FANZCA,
FFPMANZCA

All

Dr Reny Segal,
FANZCA

A

Dr Wilhelm Smithies,
FRCA

J, T

Administration:
Ms Pauline Berryman Quality and Safety
Officer, ANZCA

All

Mr John Biviano

A

Director, Policy,
Quality and
Accreditation,
ANZCA
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(Table 1). Contributors were asked to identify all
relevant publications, both from their existing
databases and from references within these articles.
Searches were also undertaken of Medline and
PubMed, using the following terms: Airtraq, Bonfils,
Bullard, C Trach, Combitube, cricothyroidotomy,
Easytube, endotracheal intubation confirmation,
endotracheal tube introducers, extubation, fibreoptic
intubation, Henderson laryngoscope, Lightwand,
laryngeal mask airway (LMA), LMA Fastrach, LMA
Proseal, McCoy laryngoscope, Miller laryngoscope,
Optical stylet, retrograde intubation, Transtracheal
jet ventilation, Truview, videolaryngoscopy, Viewmax,
equipment, airway management, difficult intubation.
At the workshops, selected participants provided
brief presentations on aspects of airway management,
supported by the references identified above: these
were followed by in-depth discussion, with the aim
of reaching consensus on the issues canvassed.
Consideration was given to rating supporting
evidence according to the GRADE system22,23 as
high, moderate, low or very low, and to grading
recommendations as strong or weak. The proceedings
were recorded in summary form.
Following the workshop, lead participants (PAB,
AFM) collated the information and produced a
working draft which was then subjected to an iterative
process of reviewing and editing. The first iteration
involved the other participants of the workshop and
members of the Airway Management Special Interest
Group (Australian and New Zealand College of
Anaesthetists, Australian Society of Anaesthetists
and New Zealand Society of Anaesthetists) and
resulted in a document entitled “Preliminary
Draft”. The second iteration involved ANZCA’s
established consultation process for Professional
Document development, overseen by its Council
through its Quality and Safety Committee, and
involving its Regional Committees and New Zealand
Table 2
Consulted individuals and organisations
ANZCA Regional Committees

National Committee (Table 2). Feedback from
this consultation was then incorporated into the
Background Paper and Professional Document
by members of the Expert Working Party, and
submitted to Council through the Quality and Safety
Committee for approval. These documents will be
promulgated with pilot status for approximately one
year, during which further feedback will be sought,
with a view to producing definitive versions in 2011.
These will be subject to review every five years, or
more frequently if appropriate.
RESULTS
A list of airway devices, manufacturers and the
manufacturers’ city and country of origin are listed in
Table 3. References identified and deemed relevant
are cited below and are included in the list of
references.
Few of these studies evaluated devices in
comparison with a contemporary ‘gold standard’
in patients with difficult airways. Furthermore,
relevant evidence concerning equipment is difficult
to obtain in a prospective randomised manner.
Many of the published case series are heterogeneous
or apply to patients with normal airways. Overall,
we identified few large prospective randomised
trials or meta-analyses to guide decisions on airway
management or equipment24-26. It follows that the
published evidence supporting many points in TG4
(2010) is typically moderate to very low14. On the
basis of common sense27 and clinical experience, the
key recommendation that an adequate selection of
appropriate equipment should be readily available
soon enough to avoid the onset of irreversible
brain damage in an unexpected CICV scenario was
graded “strong”, but recommendations favouring one
device over another similar device were in general
graded as “weak”.
The agreed recommendations have been
incorporated into TG4 Equipment to Manage a
Difficult Airway During Anaesthesia (2010), available
at http://www.anzca.edu.au/resources/professionaldocuments.

ANZCA New Zealand National Committee
ANZCA Quality and Safety Committee
Airway Management Special Interest Group*
Obstetric Anaesthesia Special Interest Group*, Dr Kym Osborn
SPANZA, Drs Peter Kempthorne, Patrick Farrell, Tom Watson,
Niall Wilton and Elizabeth Prentice
ANZCA=Australian and New Zealand College of Anaesthetists,
SPANZA=Society of Paediatric Anaesthetists in New Zealand and
Australia. * Australian and New Zealand College of Anaesthetists,
Australian Society of Anaesthetists and New Zealand Society of
Anaesthetists.

DISCUSSION
Principles related to the management of a difficult
airway
Successful management of the difficult airway
requires technical skill28 and appropriate equipment.
TG4 (2010) provides generic advice to anaesthetic
practitioners and departments. It is not intended
to be an exhaustive list of available equipment,
but rather to provide guidance to essential
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011
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Table 3
Airway devices and manufacturers (city and country of manufacture)
quoted in this article
Airway device

Manufacturer, city, country

Bullard laryngoscope®

ACMI Corp.; Southborough,
MA, USA

UpsherScope Ultra™

Metropolitan Medical Inc.;
Winchester, USA

GlideScope videolaryngoscope®

Saturn Biomedical Systems;
Burnaby, BC, Canada

McGrath laryngoscope®

Aircraft Medical; Edinburgh,
UK

Airtraq®

Prodol; Vizcaya, Spain

Pentax-AWS system
(“AirwayScope”)

Pentax Corp.; Tokyo, Japan

Bonfils Retromolar Intubation
Fiberoscope®

Karl Storz Endoscopy;
Tuttlingen, Germany

Berci-Kaplan DCI
videolaryngoscope®

Karl Storz Endoscopy;
Tuttlingen, Germany

C-Mac videolaryngoscope™

Karl Storz Endoscopy;
Tuttlingen, Germany

®

Shikani Optical Stylet (S.O.S.)™ Clarus Medical; Minneapolis,
MN, USA
Levitan FPS (First Pass Success) Clarus Medical; Minneapolis,
scope™
MN, USA
Foley Airway Stylet®

Clarus Medical; Minneapolis,
MN, USA

Aintree catheter™

Cook Critical Care;
Bloomington, IN, USA

Trachlight™

Laerdal Medical; Wappingers
Falls, NY, USA

Intubating Laryngeal Mask
(Fastrach)™, C-Trach™,
Classic LMA™ and LMAProSeal™

The Laryngeal Mask Company
Ltd; Maidenhead, UK

ILMA™ reusable silicone
endotracheal tube

Euromedical; Sungai Petani,
Malaysia

Berman Oropharyngeal
Airway™

Vital Signs; Totowa, New
Jersey, USA

Rusch Viewmax™ laryngoscope
blade

Rusch Inc.; Duluth, Germany

Flexiblade™

Arco Medic Ltd; Omer, Israel

Truview

Truphatek; Netanya, Israel

Cookgas Air-Q™ intubating
laryngeal airway

Cookgas LLC; Saint Louis,
MO, USA

Combitube™

Tyco Healthcare Nellcor
Mallinckrodt; Princeton, NJ,
USA

EasyTube™

Rüsch, Teleflex Medical
Group; Kernen, Germany

Eschmann endotracheal tube
introducer™

SIMS Portex; Hythe, Kent,
UK

Frova intubating introducer™

Cook Medical Inc.;
Bloomington, USA

Ambu aScope™

Ambu; Ballerup, Denmark

®
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categories of equipment from which items can be
chosen. Selection of equipment should be based
on evidence and decided on the principles of
standardisation, redundancy and a culture of safety29.
Standardisation avoids unwanted duplication
and facilitates familiarity with carefully selected
equipment. Familiarity and confidence with the
chosen equipment are key factors contributing to a
successful outcome. Redundancy provides backup
when first-line ventilation or intubation equipment
fails. It is important to recognise that every device
and technique is associated with a failure rate, and
therefore backup plans and equipment are essential.
Patient safety should come ahead of considerations
of convenience or economy.
Many difficult intubations are unpredicted13, so
emergency airway equipment should be immediately
available wherever airways are managed. This
equipment should be of high quality30,31. There are
important differences between some brands of
airway equipment in terms of quality and function30,31.
For this reason, a number of brands have been
identified in TG4 (2010) when such data are available
or data to support an alternative are lacking.
Furthermore, there are examples of differences in
performance between disposable and reusable items
even within the same brand30.
Equipment should be kept in a dedicated
container with clear labelling to streamline use in
an emergency16. All staff working within operating
suites and other anaesthetising locations should
be familiarised with the container’s location and
contents16. Removal of airway equipment from airway
containers is very common16. Airway containers are
required to be completely stocked and a method
such as breakable seals and regular checking should
be implemented. In addition, the quality of this
airway equipment should be regularly checked and
should meet recognised standards32. Oesophageal
intubation can be difficult to diagnose clinically33,
so equipment to diagnose oesophageal intubation
should be immediately available wherever airways
are managed9. Remote operating sites are sometimes
poorly equipped16, but require the same standards
of airway equipment for safe airway management.
One way of achieving this cost-effectively is by use
of a ‘grab-bag’. A grab-bag is a dedicated portable
container including essential emergency airway
management equipment. A pre-formulated strategy
is recommended for extubation of the difficult
airway, and a plan to manage possible postextubation hypoventilation9,11,34.
The effective use of airway equipment in an
emergency requires that it is presented in an orderly
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manner, that users are familiar with it and that they
have the skills to use it. Therefore, airway equipment
should be prioritised and the contents of the
emergency container kept to a minimum. Changes
to the contents should be evidence-based, or at least
guided by expert advice; where possible any new
equipment should be evaluated against the known
‘gold standard’32.
A difficult airway may be recognised and managed
electively, or unrecognised and managed in an
emergency. The emphasis in management shifts
from intubation with a predicted difficult airway to
ventilation and oxygenation with an unpredicted
difficult airway. The airway difficulty may arise with
ventilation or intubation and a surgical airway may
be required. A review of algorithms for difficult
airway management highlights the evolution of and
inconsistencies between different documents caused
by a lack of evidence to support many statements35.
This leads to considerable variation in definitions
for “airway”, “ventilation”, “laryngoscopy” and
“intubation”. The evolution of these definitions is
discussed elsewhere35.
Priorities when managing a difficult airway include
the maintenance of oxygenation and ventilation
and the avoidance of trauma8,36. Selection of
airway equipment should reflect these priorities.
Ancillary equipment or devices which facilitate the
maintenance of oxygenation and ventilation and
improve intubation success should be given priority.
Any anaesthetist who may be called upon to manage
a paediatric emergency, however infrequently, will
need at least basic skills in managing paediatric
airways, and to be familiar with at least one device
for a difficult paediatric airway. Paediatric airway
equipment should be stored separately from adult
equipment and should be available in a suitable
range of sizes. Where obstetric patients are managed,
additional equipment may prove useful37,38.
Ventilation devices
The ‘gold standard’ basic equipment for
controlled ventilation is a self-inflating bag and
mask for bag-mask ventilation, supplemented by
oropharyngeal or nasal airways. This equipment is
required by ANZCA Professional Document T1
Recommendations on Minimum Facilities for Safe
Administration of Anaesthesia in Operating Suites and
Other Anaesthetising Locations (2008)7.
Airway devices that include a ventilation orifice
above the glottis are commonly referred to as
“supraglottic” (e.g. classic laryngeal mask airway
or cLMA™, Combitube™) and those designed to
deliver gas below the vocal cords are “infraglottic”

airways (e.g. endotracheal tube, cricothyroidotomy
device). The term “extraglottic” was suggested by
Brimacombe39, who argues that some devices have
components in the hypopharynx or upper oesophagus
and are therefore anatomically infraglottic.
Classifications have been proposed to describe
the increasing variety of ventilation devices39,40.
One simple classification divides airways into first
and second generation depending upon the use of
mechanisms to protect against gastric aspiration41.
Further classification might include single or reusable
devices.
All the current international airway algorithms
include extraglottic devices in airway carts. In the
presence of a difficult airway, an extraglottic airway
can be used for ventilation throughout surgery, as a
conduit for intubation or as a secondary rescue device
and ventilation/oxygenation bridge. There is now
a wide group of devices in this category. Selection
of an extraglottic airway as a rescue ventilation
device and/or a conduit for endotracheal intubation,
should be determined after considering the relative
contraindications which include limited mouthopening, obstruction of the airway at or above the
glottis, disrupted airway and high lung compliance.
The cLMA and its variants have been investigated
by various groups as airway rescue devices42-46. Safe
and effective use of the cLMA as a rescue device
in non-fasted patients following failed tracheal
intubation in general surgery and in obstetric
surgery have also been reported47. The use of the
cLMA and its variants as airway rescue devices
in the difficult airway and in the CICV situation
has been recommended by the American and
Canadian Societies of Anesthesiologists11,48 and
the Difficult Airway Society (UK)8. The cLMA is
considered a useful device in neonatal resuscitation
and is included in the 2005 European Resuscitation
Council Guidelines for neonatal resuscitation49.
Case studies suggest that the cLMA can provide
suitable ventilation when bag-mask ventilation
and endotracheal intubation fails, but a Cochrane
review found no eligible studies comparing LMA
with bag-mask ventilation in neonatal resuscitation26.
The cLMA has the advantage of being readily
available. It is also easy and safe to use as a
ventilation device, and can function as a conduit
for endotracheal intubation. However, imitations of
the cLMA as a conduit for endotracheal tube
insertion include its relatively long length,
narrowness and aperture bars8. Endotracheal
intubation with a flexible bronchoscope through
a cLMA requires either an appropriately long
tracheal tube such as a Mallinckrodt® reinforced
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011
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tube (31 cm long, size 6.0 mm or 6.5 mm for size 4
or 5 LMA respectively)50, a nasal RAE™ tube, a
microlaryngoscopy tube, or a two-stage procedure
with an Aintree™ catheter.
A large number of laryngeal masks from different
manufacturers are now available commercially.
Only a few of these products have been evaluated in
clinical trials32. Laryngeal masks should comply with
the ISO Standard, which concerns supralaryngeal
airways and connectors19. This Standard assists the
operator by requiring dimensional disclosure to
match the appropriate size flexible bronchoscope
or endotracheal tube with the laryngeal mask. The
efficacy of many disposable extraglottic devices as
a conduit for endotracheal intubation is unproven.
Extraglottic ventilation devices which have proven
function as conduits for endotracheal intubation or
flexible bronchoscopy are desirable for management
of a difficult airway. Any new product should
also perform at least as well as a recognised ‘gold
standard’.
The LMA-Fastrach™ or ILMA™ is a device
designed for use in both anticipated and unexpected
difficult intubations, and for ventilation and
intubation after failed intubation with other
techniques. It can be used for awake intubation45, in
cardiopulmonary resuscitation51 and as a rescue and
primary airway management device52. It has been
used prehospital, in the emergency department and
operating rooms46,53. Use by inexperienced operators54
and in patients with unstable cervical spine with
neck immobilisation, and in the lateral position55 has
been reported. In a group of 111 patients with
Cormack Lehane grade 4 views and failed rigid
laryngoscopy and/or intubation, insertion of the
ILMA and ventilation was successful. First pass
intubation attempt with the ILMA was then only
65.2% successful. This reached 92% within five
attempts. In a study of 254 patients with varying
pathology, the ILMA was successfully inserted in all
patients with three or fewer attempts45. The number
of intubation attempts can be reduced by applying
the Chandy manoeuvre. This involves aligning
the internal aperture of the ILMA and the glottic
opening by finding the optimum degree of sagittal
rotation in order to maximise ventilation. This is
followed by a slight anterior lift of the ILMA handle
in order to move the ILMA away from the posterior
pharyngeal wall prior to insertion of the endotracheal tube (ETT)45. Both fibreoptic bronchoscope
guidance45 and lightwand guidance56 through the
ILMA can also reduce the number of insertion
attempts required. The ILMA also minimises the risk
of aspiration57. Intubation through the ILMA on the
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011
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first attempt is not always reliable, and this
uncertainty could limit its use. The ILMA is an
established supraglottic airway device, which enables
ventilation and intubation in both anticipated and
unexpected difficult airway situations45.
The LMA CTrach™ is an improved version of
the ILMA with built-in fibreoptic imaging and a
detachable viewer which provides a direct view of
the larynx as the ETT is passed through the vocal
cords. This feature increases first-attempt and
overall success rates from 73% and 90% for the
ILMA58 to 96% and 98% for the LMA CTrach59-61.
The ProSeal™ with its oesophageal access port
and ability to provide higher seal pressures is
particularly suitable for cases needing positive
pressure ventilation, and also where access to the
gastrointestinal tract is desirable62. This device is
suitable for spontaneous and positive pressure
ventilation in routine and emergency anaesthetic
procedures63. The ProSeal serves as a rescue device
for failed intubation43 in known or unexpected
difficult airways. It is also useful for establishing
an airway during resuscitation in profoundly
unconscious patients with absent glossopharyngeal
and laryngeal reflexes when tracheal intubation
is not possible. The ProSeal can be used with the
Aintree catheter and flexible bronchoscope as a
conduit for endotracheal intubation in adults64, but
the disposable version of the ProSeal, the Supreme
LMA™, is not reliably compatible with the Aintree
catheter65. The ProSeal is suitable for adult and
paediatric patients66,67. Protection against large
volume regurgitation with the ProSeal has been
reported68. Careful technique is required when
inserting the ProSeal in order to avoid malposition
and failure of the device in adults69 and children70.
Even with correct placement, airway obstruction
can occur as a result of the ventral cuff of the
ProSeal causing compression of the glottis or
supraglottis71. Reported incidence of airway
obstruction with the ProSeal varies with the size of
the mask (0.4%72 in adults, 6.6% with the size 2.573
and 10% with the size 1.566). In a randomised series
of 46 consecutive neonates and infants, the size 1.0
ProSeal (which lacks a dorsal cuff and bite block)
formed a more effective seal than the cLMA,
suggesting that the size 1.0 ProSeal might have a
benefit in newborn infants requiring high airway
pressures for ventilation74. In summary, the ProSeal
allows higher airway leak pressure and separates the
respiratory and digestive tracts. These features may
provide better conditions for controlled ventilation
in children than the cLMA, but further evidence is
required75.
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The i-gel™ airway is a second generation extraglottic airway with an integrated gastric drainage
tube and a bite block. It is made of a medical
grade thermoplastic elastomer and features a noninflatable anatomical periglottic seal. It has a shorter
stem than an equivalent size cLMA and is available
in three sizes (3, 4 and 5), predominantly for
adult patients. This device is suitable for rescue
ventilation76,77 and also functions as a conduit
for flexible bronchoscopy guided endotracheal
intubation78,79.
The Cookgas® Air-Q™ intubating laryngeal airway
is an extraglottic airway designed as a conduit for
endotracheal intubation with a standard ETT. This
is possible with or without the assistance of a flexible
bronchoscope, in adults and children80,81. In a pilot
study of 59 patients, the Air-Q was successfully
inserted and used as a ventilation device in all
patients, but of 19 intubated patients, only 58% were
successfully intubated on the first attempt and 74%
were intubated overall, using a blind intubation
technique82.
The Combitube is a valuable emergency
airway device which combines the function of an
oesophageal obturator airway and a conventional
endotracheal tube. It has a role as a ventilation/
oxygenation bridge and secondary rescue device83.
The Combitube has demonstrated superiority over
other supraglottic ventilation devices in resuscitation
in relation to ease of ventilation and insertion84,85.
The device has advantages in patients with
massive bleeding, regurgitation and limited mouth
opening86. It also minimises the risk of aspiration57.
Complications are rare87,88 but include piriform sinus
perforation, oesophageal laceration and tongue
engorgement. These complications can be minimised
by avoiding Combitube use with oesophageal
pathology, ensuring loss of gag reflex before insertion,
using minimum cuff inflation volumes, using the
small adult size (SA – 37F), applying the “Urtubia
manoeuvre”89 (bend tip up before insertion) and
using a laryngoscope.
The EasyTube® is a relatively new variant of the
Combitube which has a non-latex cuff, an airway
suitable for flexible bronchoscope insertion, and a
single-lumen distal tube. It is available in two sizes,
a large size of 41 Fr for patients >130 cm height
and a small 28 Fr for patients 90 to 130 cm.
Bronchoscopy is possible through the EasyTube
with a 3.7 mm endoscope for the 41 Fr and a
2.8 mm endoscope for the 28 Fr. However,
literature concerning this device is limited57,90-95.
In summary, review of the literature supports
using the cLMA or ProSeal for ventilation and

oxygenation, the LMA-Fastrach as a rescue
ventilation/intubation device and the Combitube as
an emergency airway. There is inadequate evidence
at present to support clear recommendations in
relation to other extraglottic airways.
Direct laryngoscopy
Direct laryngoscopy and intubation with the
Macintosh laryngoscope is the first-line approach
when managing the difficult airway including
impossible bag and mask ventilation96. The Macintosh
laryngoscope is regarded as the ‘gold standard’
for direct laryngoscopy. A number of variants in
design exist97, including the American (A-Mac)
and the English (E-Mac). The E-Mac has better
illumination than the A-Mac98. In unexpectedly
difficult laryngoscopy, the E-Mac provided a better
glottic view than the A-Mac99. Laryngoscopes with a
high proximal flange, such as the A-Mac, might cause
more trauma to the maxillary incisors100.
Macintosh modified the laryngoscope blade to
allow the tip to “fit into the angle made by the
epiglottis and the base of the tongue”101. Tension by
the tip of the Macintosh blade on the hyoepiglottic
ligament in the vallecula, combined with upward
tension on the base of the tongue and displacement
of the tongue to the left, provides the view of the
larynx102,103. To optimise this mechanism in different
sized adult patients, a range of laryngoscope
sizes is required, including sizes 2, 3 and 4. Adult
patients with micrognathia and a short thyromental
distance of 5 cm benefit from a size 2 Macintosh
laryngoscope104.
The levering or McCoy laryngoscope is a
modification of the Macintosh laryngoscope with
a levering tip. However, subtle differences in the
design of the tip may alter its performance
compared to the Macintosh laryngoscope105. Less
force is applied during laryngoscopy with the
McCoy and hence the stress response is reduced106.
Poor visualisation of the larynx may be improved
by lifting the epiglottis, especially in necks fixed in
the neutral position107. The McCoy lifts the relaxed
epiglottis and expands the collapse of soft tissues
around the laryngeal aperture108. A reduction in the
anterior-posterior forces across the cervical region
during tracheal intubation occurs with the McCoy109.
The McCoy blade, when activated, provides a
better view of the glottis in approximately 20% of
patients with manual in-line stabilisation than the
Macintosh blade110. However, in a small proportion
of laryngoscopies, the McCoy blade can make the
view of the larynx worse111. With the head in the
neutral position, the McCoy is associated with poorer
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views than the Macintosh blade105, which is thought
to be due to downward movement of the middle
portion of the blade into the line of sight112. A
straight McCoy blade based on the Seward blade is
available in size 1 for paediatric use. The tip of this
blade was designed to be placed in the valleculae113.
A prospective randomised trial of normal infants
found that the straight McCoy offered no advantage
over the size 1 Miller blade, when the tip of the blade
was placed beyond and posterior to the epiglottis114.
Use of a straight blade, such as the Miller, with
the paraglossal straight laryngoscope technique
(PGSLT) was originally described by Magill115 and
more recently by Henderson116. This technique is
useful for buck teeth, over-riding teeth, large
tongue, large floppy epiglottis and failed Macintosh
laryngoscopy. Failure occurs in 1 to 3% of
Macintosh laryngoscopies11,117 and is associated with
a 44% straight blade success rate118. The straight
blade should be of sufficient length to trap and
support the epiglottis. A prospective randomised
trial of 161 patients compared the laryngoscopy view
of the Miller and Macintosh blades. A much better
view of the larynx was achieved in the majority of
patients with the Miller blade using a paraglossal
approach119. The straight blade using PGSLT has
been successfully used to intubate difficult paediatric
patients120,121. There is a variety of paediatric
laryngoscope blades, including the paediatric
straight McCoy size 1 (based on the Seward straight
blade), Anderson-Magill, Robertshaw, Seward, WisHipple, Henderson, Dörges and Flagg. Selection will
therefore depend on individual experience and
preference.
Poor illumination by the laryngoscope may
compromise tracheal intubation98. Although the
optimum level of laryngoscope illumination is not
known122, the ISO suggest illumination should exceed
500 lux at a distance of 20 mm from the tip of the
blade for at least 10 minutes18. Illumination from the
reusable Macintosh blade is decreased by placing a
protective cover over the blade123. Light emitting
diodes produce a cooler (blue-white) and brighter
light than conventional bulbs124.
Laryngoscope blades and handles can be a source
of infection, and proper cleaning procedures should
be followed125. Disposable plastic laryngoscope blades
are associated with a decreased success rate of
tracheal intubation126 and increased laryngoscopic
forces can cause fracture to these blades127,128.
Flexibility and breaking limits for laryngoscope blades
have been specified by the ISO18. Some disposable
metal blades performed poorly, and others reasonably
well, when compared to the ‘standard’ reusable
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Macintosh31. One argument for using disposable
blades is based on the possibility that certain
pathogens might be resistant to disinfection or
even sterilisation, but Blunt and Burchett concluded
that the risk to the patient of using poorly
functioning airway equipment may be greater than
the risk of acquiring transmissible spongiform
encephalopathies129. Galinski et al suggest that
conventional laryngoscopes be kept in reserve for
difficult intubations130. For these reasons, TG4 (2010)
recommends reusable laryngoscopes that comply
with ISO Standards.
Intubation guides and stylets
Early use of intubation guides and stylets is
recommended for difficult laryngoscopy. However,
persistent use of these devices can be traumatic,
particularly in patients with difficult laryngoscopy
presenting with Cormack Lehane views 3b and 4.
A large range of intubation guides and stylets is
commercially available. These devices should be
carefully selected on the basis of proven efficacy and
safety. Large variability in performance can be found
between different products131. This discussion will
focus on devices of proven effectiveness and safety.
The Eschmann endotracheal tube introducer
is 60 cm long, allowing ETT exchange. The distal
2.5 cm has a 35° Coudé tip which allows hooking
under the epiglottis, steering around obstacles,
tactile identification of tracheal rings and ‘holdup’ at the carina132. This multiple-use bougie is
associated with a very low complication rate133,134.
The introducer should not be held near the tip or
introduced with forceps since this increases applied
force and the risk of trauma. First pass success rate
on simulated Cormack and Lehane Grade 3 manikin
studies was 85% for the multiple-use Eschmann
endotracheal tube introducer and 15% for the
single-use bougie (Portex Tracheal Tube Introducer,
SIMS Portex)30. Concerns about cross-infection due
to re-used Eschmann endotracheal tube introducers
has led to single-use only items being introduced. An
example of such a single-use item with a satisfactory
first pass success rate is the Frova intubating
introducer™. The adult Frova introducer is blue, has
a curved 35° tip and a central lumen with removable
Rapi-Fit® adapters permitting ventilation during its
use and confirmation of endotracheal intubation by
carbon dioxide detection or oesophageal detection
device135. Success rates of the Frova introducer
on manikin studies are equivalent to the reusable
Eschmann endotracheal tube introducer, and
significantly better than other single-use devices
including the Portex™ introducer131,136. A prospective
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clinical study showed that the Frova introducer
had a high success rate for tracheal placement but
a potential to produce tracheal trauma137. Correct
use of the Frova introducer avoids shaping and
elicitation of ‘hold-up’ and click when passing the
laryngeal inlet, thereby minimising trauma138.
The Aintree Intubation Catheter™ is 19 Fr, 56 cm
long with an internal diameter of 4.7 mm. This
allows a tight fit over a 4 mm fibreoptic bronchoscope leaving the distal 3 cm of the fibreoptic
bronchoscope exposed and free to flex and extend.
The Aintree Intubation Catheter is suitable for
replacing an ETT with a 7 mm inner diameter or
larger. This device was specifically designed for
intubation through the cLMA, but is also suitable
for use through the ProSeal LMA™ and in situations
where the cLMA may not be suitable64. The Aintree
Intubation Catheter is not always compatible with
the Supreme LMA65. These catheters are supplied
with removable Rapi-Fit adapters which permit
ventilation during the exchange procedure.
Malleable metal stylets aid intubation by
improving placement of the ETT. The potential for
trauma to the pharynx, larynx, trachea or oesophagus,
caused by the stylet, can be reduced by ensuring that
the stylet is positioned at least 2 cm from the tip of
the ETT139. Intubation is enhanced by a ‘straight
to cuff’ configuration with a distal bend of 35°140.
Lightwand
Intubation of the trachea under direct vision
using a lighted introducer was first described by
Macintosh and Richards in 1957141. Transillumination
for nasotracheal intubation was described by Berman
in 1959142.
These techniques rely on transillumination of the
anterior neck to identify the location of the tip of
the endotracheal tube. Using the glow from the
wand, the device can be manoeuvred into the midline
and down the trachea. This technique can be applied
with a range of equipment including lighted stylets
that are rigid and flexible, reusable and disposable,
adult and paediatric. Interest in the light stylet
has increased since the introduction of the
Trachlight™143-145.
The Trachlight has comparable effectiveness and
failure rate in comparison to direct laryngoscopy143.
In a study of 479 patients, the Trachlight had a
1% failure rate and a 92% success rate on the first
attempt. In this study, there were significantly fewer
traumatic events in the Trachlight group than in the
laryngoscope group. The Trachlight is also effective
for nasal and oral intubation in patients with
anticipated and unanticipated difficult airways145.

Combined techniques have been described with
the cLMA146, ILMA56, Bullard™147 and retrograde
intubation148. The Trachlight has been used to aid
double-lumen tube insertion149, and topicalisation
of the airway prior to awake intubation150. It
is suitable for patients with unstable cervical
spines151 and in patients with and without muscle
relaxant152. Successful use of the Trachlight on four
paediatric patients with failed direct and fibreoptic
laryngoscopy has been reported153.
Retrograde intubation
Retrograde intubation has been used successfully
in patients with anticipated and unanticipated
difficult airways. It has also been used as a rescue
technique following failed direct laryngoscopy, failed
blind nasal intubation, failed bougie attempt, cLMA
failure and failed flexible bronchoscopy. Indications
include urgent airway establishment in the presence
of blood and secretions, failed direct laryngoscopy,
failed LMA, failed flexible bronchoscopy, unstable
cervical spine and maxillofacial trauma154. A modified
rapid retrograde technique has been described155.
This has been used on three emergency patients
with an average time of 10 seconds. The techniques
and equipment required for this procedure have
recently been reviewed156. Equipment includes a
needle and saline-filled syringe for cricothyroid
puncture, a retrograde guide wire of 0.889 to
0.965 mm diameter which is at least 110 cm in
length and a long anterograde airway exchange
catheter. Smaller catheters and wires are used in
paediatric cases. The anterograde guide which is
inserted over the retrograde guide provides rigidity
for the advancing endotracheal tube. The
anterograde guide can be an airway exchange
catheter. A custom made retrograde intubation
set includes all of these components (Cook Critical
Care, Bloomington, IN, USA).
Extubation and endotracheal tube changing
Data from the ASA Closed Claims Analysis
from 1993 to 1999 showed 12% of difficult airway
claims occurred at extubation6. The ASA task force
recommend a pre-formulated extubation strategy
for difficult airways9. This strategy might include
the use of an airway exchange catheter for tube
changing or protected extubation. Despite associated
complications and the limited evidence supporting
these devices157, their availability and appropriate use
is recommended by the task force.
Changing a paediatric cLMA to an ETT is
possible with a guidewire and airway exchange
catheters (size 1 cLMA to a size 3.0 mm ETT with an
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8 Fr Cook airway exchange catheter, size 1.5 cLMA
to a 4 mm ETT with an 11 Fr catheter, size 2.5 cLMA
to a 5.5 mm ETT with a 14 Fr catheter and size 4
cLMA to a 7.0 mm ETT with a 19 Fr catheter)158.
The pilot balloon of a cuffed ETT will not pass
through a cLMA smaller than size 3.
Specialised endotracheal tubes
Specialised endotracheal tubes may be beneficial
for difficult endotracheal intubation, particularly
during fibreoptic intubation. Wire-reinforced spiral
tubes have been associated with less laryngeal
impingement than standard polyvinyl chloride (PVC)
tubes159, but impingement can still occur160,161. The
flexible tip of the Parker Flex-Tip™ tube provided
greater initial success of fibreoptic intubation
compared with a standard PVC tube162 and less
pain and trauma following nasotracheal intubation
compared with a standard PVC tube163. The ILMA
reusable silicone endotracheal tube compares
favourably to both the standard PVC tube and
the reinforced flexometalic tubes for nasotracheal
intubation under general anaesthesia161. In the
absence of an Aintree catheter, tubes suitable for
intubation through a cLMA include the long
flexometallic50,164, nasal RAE165 and the microlaryngoscopy tube166-168. Inadvertent intralaryngeal
tracheal cuff placement and damage has been
reported with standard length169 and reinforced
ETTs170.
The pros and cons of cuffed ETTs in paediatrics
deserve careful consideration171, and issues such
as the outer diameter of ETTs, cuff design and
cuff placement are important when choosing an
appropriate paediatric ETT and avoiding trauma172.
A prospective randomised controlled multi-centre
trial of cuffed or uncuffed ETTs in small children
undergoing general anaesthesia found that cuffed
ETTs do not increase the risk of post-extubation
stridor compared with uncuffed ETTs, reliably seal
the airway at cuff pressures of ≤20 cmH2O and
reduce the need for ETT exchanges173.
Flexible bronchoscopy
Flexible bronchoscopy is primarily indicated
for the elective management of the anticipated
difficult airway. This includes a history of previous
difficult intubation or predicted difficult bag-mask
ventilation or predicted difficult intubation. Flexible
bronchoscopy is also useful for unanticipated difficult
intubation following failed direct laryngoscopy174,175,
and hence is recommended as a second line
strategy in this situation. Flexible bronchoscopy is
contraindicated for emergency airway management
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where immediate control of the airway is required,
especially in the presence of deteriorating ventilation.
On this basis, the flexible bronchoscope is not a
mandatory device to be immediately available, but
its availability is considered highly desirable,
particularly in the hands of an experienced
practitioner and combined with other airway
equipment which facilitates oxygenation and
ventilation during the procedure. The availability
of a flexible bronchoscope within five minutes of
each site where airways are managed is recommended
and should be integrated with the difficult airway
container or stored on a dedicated mobile tower.
Numerous case studies support flexible bronchoscopy for a broad range of clinical applications.
These include airway management for patients with
potential cervical spine instability176, trauma177,
aspiration risk178 and potential for dental damage179,180.
Relative contraindications of flexible bronchoscopy
include uncooperative patients for awake intubation,
airway bleeding, tissue disruption and laryngeal
obstruction with stridor. In a survey of New Zealand
anaesthetists, the majority of respondents considered
fibreoptic intubation to be the ‘gold standard’ for
expected difficult airways181. Flexible bronchoscopes
should be accompanied by ancillary equipment
including light sources, bronchoscopy swivel
connectors, endoscopy masks, intubating airways,
wires and equipment to apply local anaesthetic to
the patient’s airway16.
Flexible bronchoscopes are available in a range
of sizes and are designed for different applications.
For example, ultra-thin or neonatal bronchoscopes
(2.2 mm diameter) allow a size 3.0 mm ETT, but lack
a working channel. Detailed specifications are
available from manufacturers.
Flexible bronchoscopes should be stored according
to manufacturer’s instructions to avoid damage,
malformation and infection. Storage should be dry,
clean, well ventilated and at normal temperature.
This precludes storage of endoscopes curled up in
portable containers. Ideally the endoscope should
be hung straight. Care is needed to avoid infection,
including the use of a sterile surface, sterile gloves,
single use items such as airways, bronchoscopy
elbows and endoscopy masks, and leak tested
endoscopes182. Sterilisation of endoscopes should
comply with ANZCA Professional Documents
PS28 Guidelines on Infection Control in Anaesthesia
(2005)183 and T1 Recommendations on Minimum
Facilities for Safe Administration of Anaesthesia in
Operating Suites and Other Anaesthetising Locations
(2008)7 as well as Australian and New Zealand
Standards184. The Ambu® aScope™ is a single-
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use flexible bronchoscope which offers potential
benefits including reduced patient-to-patient cross
contamination. This new device is due for commercial
release in 2010 and currently has no supporting
literature.
Non-standard laryngoscopes and rigid fibreoptic
intubation aids
Rigid fibreoptic intubation systems can be classified
into three groups24:
1. Devices based on conventional laryngoscopes
with a blade. This group includes modified blades
for direct laryngoscopy such as the Flexiblade™,
McCoy and McMorrow. Another group in
this category includes the Bullard®, WuScope,
Upsherscope and more recently the Viewmax™
and Truview™ which feature light-bending blades
for indirect laryngoscopy. The McGrath™,
Berci-Kaplan™, C-MAC™ and Glidescope®
are videolaryngoscopes which allow indirect
laryngoscopy and then require independent
endotracheal tube and stylet for intubation.
2. Fibreoptic optical stylets placed within the
endotracheal tube including the Bonfils®,
Shikani™, Levitan™ and Foley®.
3. Devices for indirect laryngoscopy with an optical
blade and a conduit for the endotracheal tube
including the CTrach LMA™, Pentax-AWS® and
the Airtraq®.
A recent quantitative review and meta-analysis
of the performance of many of these devices by
Mihai and co-workers found that the data are often
heterogeneous and most data come from normal
patients who are rarely difficult to intubate24. In their
analysis, very few studies looked at difficult patients
in significant numbers and there were only a few
studies comparing devices with the ‘gold standard’
Macintosh laryngoscope. An analysis of the literature
up to November 2006 indicated that the Bonfils,
Ctrach LMA and Glidescope had robust data and
performed best in difficult patients, but the studies
had limited numbers.
Since the review by Mihai, a number of large case
series and prospective randomised trials involving
patients with difficult airways have been reported
concerning new intubation devices with favourable
results when compared to Macintosh direct
laryngoscopy25,185-189. Evidence is still lacking to support
the replacement of standard laryngoscopes with nonstandard devices for routine or difficult intubations
and the results of large multicentre clinical trials of
new airway devices are required190. When selecting
non-standard laryngoscopes and rigid fibreoptic
intubation aids, consideration should be given to

the indications and application of each device,
particularly the ability to maintain oxygenation and
ventilation during use. Each device offers different
features such as ETT guidance systems, working
channels, disposability and a range of sizes, which
may determine their clinical suitability29.
The rigid ventilating bronchoscope is a valuable
device for failed ventilation, particularly in the
presence of foreign bodies, vomit, blood or airway
tumours, such as mediastinal masses. Unlike the
flexible bronchoscope, the rigid bronchoscope can be
used to ventilate a patient.
Confirmation of tracheal intubation
Unrecognised oesophageal intubation remains
a leading cause of death and brain damage in
anaesthesia and emergency medicine. This problem
can occur with experienced, skilled anaesthetists as
well as junior staff. Endobronchial intubation and
inadvertent extubation are also common adverse
events in adults and children.
The Australian Incident Monitoring Study4
documents that 85 of the first 2000 incidents
reported (4%) had difficulties with intubation.
Oesophageal intubation (18 cases) was the
commonest complication reported. In a recent
review of the ASA Closed Claims database from
1993 to 19996, difficult airways were encountered
throughout the perioperative period. Seven percent
of the perioperative claims occurred in the recovery
period and 67% of these resulted in death or brain
death. Outside locations were the site for 13% of
claims for difficult airway management problems in
the ASA database6. Recovery rooms, off-the-floor
locations and difficult intubation containers are often
poorly equipped to detect oesophageal intubation16.
Other contributing factors include suboptimal
conditions, poor technique and inexperienced staff.
Confirmation of correct tracheal intubation should
occur with every case. Techniques and equipment
for this important diagnostic step should allow the
practitioner to rapidly and confidently confirm
endotracheal intubation, even in the presence of
cardiac arrest. Unfortunately there is no ideal test for
correct endotracheal tube placement.
The only reliable methods of confirming tracheal
intubation are visualisation of tracheal rings and
carina with a flexible bronchoscope, and visualisation
of the endotracheal tube passing through the vocal
cords. Confirmation of tube placement with a range
of tests including CO2 monitoring with capnography,
oesophageal detection devices such as the selfinflating bulb and syringe, and colorimetric CO2
detection devices may be useful, but can all yield
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false results191. Capnography is required in all
operating rooms and is the standard for identification
of endotracheal tube placement: however, it is
associated with false positive and false negative
results and capnographs are not always present in
non-operating room environments16. Oesophageal
detector devices such as the oesophageal syringe
and self-inflating bulb are inexpensive, disposable,
small devices which are quick and easy to deploy and
are more accurate than carbon dioxide detection
methods in the presence of cardiac arrest. These
devices can complement carbon dioxide detection
and are examples of equipment redundancy, which
is valuable when capnography results are negative or
equivocal192. The self-inflating bulb is appropriate for
adults and children193,194.
Cricothyroidotomy
Equipment for emergency tracheal access is
mandatory and should be immediately available at
every operating site. This equipment is required
whenever acceptable levels of oxygenation cannot
be maintained using ventilation by face mask or
extraglottic device, or endotracheal intubation.
Cricothyroidotomy is the technique of choice for
adult emergency surgical airway access because of its
speed, simplicity and safety. Supporting literature for
various cricothyroidotomy techniques is very limited
and consists of heterogeneous case series, manikin
studies, animal studies and expert opinion. There is
no strong evidence to support one technique over
another.
In adults there are three methods to achieve
oxygenation and ventilation via the cricothyroid
membrane195.
1. Surgical airway allowing a large lumen
endotracheal or tracheostomy tube. Preferably
this tube should be cuffed, allowing low pressure
ventilation. For an adult cricothyroidotomy, the
outer diameter of the endotracheal tube should
not exceed 8 mm (6 mm internal diameter)196.
2. Large cannula (>4 mm) cricothyroidotomy
set, often inserted using a Seldinger technique,
enables ventilation with low pressures, results in
little entrainment and requires a cuffed tube or
obstructed upper airway for optimum ventilation
with low lung compliance197.
3. Small cannula (2 to 3 mm), requires high
pressure gas source, relies on a patent upper
airway and entrainment may augment the
inspiratory flow.
Expert opinion regards surgical cricothyroidotomy
as the ‘gold standard’ with the advantages of a
cuffed tracheal tube allowing a high minute volume
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with low pressure ventilation using readily available
inexpensive equipment198.
Large cannula cricothyroidotomy is favoured by
some anaesthetists who prefer percutaneous needle
access with a Seldinger technique199.
Small cannula cricothyroidotomy was favoured by
the majority of respondents in a Canadian survey200;
specialised cannulae with a low tendency to kink
should be used201 and a high pressure gas source that is
pressure regulated (i.e. Manujet III) or flow regulated
(Enk oxygen flow modulator, OFM) is needed. Flowadjusted volume ventilation can be achieved with
the Enk OFM, and ventilation comparable to the
Manujet III has been achieved in animal studies202,203.
There are no human data supporting the use of the
Enk oxygen flow modulator. The Enk OFM has the
advantage of being a small, lightweight, disposable
item suitable for a portable equipment container:
however, it requires a pressurised oxygen source and
flow meter.
One
CICV
algorithm
emphasises
early
oxygenation by cannula cricothyroidotomy or
cannula tracheotomy and jet ventilation. Failure
of this technique should lead to either surgical
cricothyroidotomy if airway anatomy is palpable,
or, if not, a scalpel incision and blunt finger
dissection leading to cannula cricothyroidotomy
and jet ventilation. Subsequent ventilation
options then include either a cuffed large cannula
cricothyroidotomy tube or a size 6.0 mm cuffed
endotracheal tube204.
A cricothyroidotomy should be instituted early
in the management of CICV in order to achieve a
successful outcome6. This requires clinical expertise
and rapid deployment of appropriate equipment.
Paediatric CICV
When selecting an appropriate paediatric
emergency invasive airway technique, consideration
should be given to both the practicality and safety
of the surgical procedure as well as the appropriate
form of ventilation. The SIAARI Study Group,
who published the only detailed evidence-based
“recommendations for airway control and difficult
airway management in paediatric patients”, state
“It is mandatory to perform rapid tracheal access
or transtracheal jet ventilation in emergency
situations, whenever oxygenation cannot be granted
with other devices”. Supporting evidence are at level
D and E on the Delphi list14.
Current opinion suggests that the techniques of
choice for paediatric CICV are either transtracheal
needle ventilation or tracheostomy14,205-207. Some
authors suggest specific techniques are age-related,
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with cricothyroid needle and bag ventilation from
birth to five years of age, cricothyroid needle
and jet ventilation from five to 10 years of age,
and open cricothyroidotomy over 10 years of
age208. Unfortunately, many aspects of these
recommendations are as yet unsupported by
evidence.
Insertion of a needle through the cricothyroid
membrane in a child under the age of five is
technically difficult because surface landmarks in
children are more difficult to palpate and identify. In
the neonatal age group, the cricothyroid membrane
is small and the larynx is prone to cartilaginous
damage during paediatric cricothyroidotomy209. The
paediatric airway is malleable and prone to injury
of the laryngeal mucosa, posterior perforation and
subglottic stenosis196.
The successful use of paediatric transtracheal
ventilation, below the cricothyroid membrane has
been reported210,211. Successful transtracheal cannula
ventilation with a bag has not been validated in
children. A lung model study using 10 l/minute of
oxygen through a Mapleson C circuit and a 13 gauge
Ravussen needle failed to generate a minute volume
of more than 3 l/minute, with a range of upper
airway resistances212.
A high-pressure gas source is required to overcome
high resistance found in transtracheal cannulae.
Suitable ventilation devices include a pressure
regulated injector, such as the Manujet III, and
a flow-regulated injector such as the Enk OFM.
Pressure-regulated devices, in the presence of small
lung volumes, can deliver high tidal volumes with
potentially dangerous airway pressures212. Devices
such as the Manujet III provide pressure ranges on
the regulator for different age groups (baby 0 to 1
bar [0 to 14.5 psi or 0 to 100 kPa], infant 1 to 2.5 bar
[14.5 to 36.3 psi or 100 to 250 kPa], adult 2.5 to 4 bar
[36.3 to 58 psi or 250 to 400 kPa]).
Self-made devices using oxygen tubing and a threeway tap213 have been criticised because of wasted
assembly time214, legal implications and inadequate
capability as a bidirectional airway leading to
potentially dangerous continuous gas flow215-217, and
are therefore not recommended.
In the presence of significant upper airway
obstruction, adequate lung deflation is of critical
importance in order to avoid severe morbidity195.
Exhalation of 500 ml of gas through a 14 gauge
cannula can take 30 seconds214.
The
Advanced
Paediatric
Life
Support
guidelines218 recommend setting oxygen flow at
1 l/minute/year of age through a Y-connector. An
I:E ratio of 1:4 is then recommended with a

respiratory rate of 12 bpm. These flows have been
experimentally validated using an Enk OFM and
adjusting the formula to 1 l/minute/year for a tidal
volume of 7 ml/kg219. Flows above 15 l/minute
could be potentially dangerous with the Enk
OFM which then fails to perform as an on-off
device.
Cricothyroidotomy sets, such as the small
Melker (3.5 mm internal diameter, 3.8 cm length)
(Cook® Medical Inc, Bloomington, IN, USA), are
commercially available, but this device is too large
and potentially traumatic to laryngeal cartilages
for children under five years of age. Product
information states that their use in children should
be determined by the attending physician.
A study by McLaughlin et al220 describes a
technique of emergency paediatric percutaneous
tracheostomy. This technique uses a needle to locate
the trachea first. Toye presented cases using a similar
technique221.
Paediatric transtracheal and cricothyroidotomy
airway devices have been recently reviewed207.
Sugammedex
Sugammadex antagonises profound neuromuscular block produced by aminosteroid
neuromuscular
blocking
agents
(rocuronium
and vecuronium)222,223. Sugammadex is ineffective
in antagonising succinylcholine and benzylisoquinolinium neuromuscular blockers, such as
mivacurium, atracurium and cisatracurium224.
Sugammadex will facilitate the safe use of
rocuronium for rapid sequence induction of
anaesthesia by providing a faster onset-offset profile
than that seen with 1.0 mg/kg succinylcholine.
However, rapid reversal of profound neuromuscular
blockade is only one aspect of the management
of a CICV scenario. Oxygenation of the patient
remains the priority in this situation and the
administration of sugammadex should not delay
this urgent requirement. One should also be
mindful that reversal of neuromuscular blockade
could make ventilation, intubation225, or a
surgical airway more difficult, and a delay in the
management of oxygenation could have a
detrimental effect, as seen when waiting for
succinylcholine to wear off226. The reversal of other
administered drugs such as intravenous induction
agents, opioids and volatile agents should also be
considered.
Thus the use of sugammadex should not unduly
delay performing an emergency surgical airway
or carrying out other life-saving procedures as
indicated.
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CONCLUSION
When confronted with an unexpected difficult
airway, a carefully selected range of equipment is
essential for successful and safe patient outcomes.
This equipment needs to be checked, in good
working order and readily available to hand. There is
no magical device or technique that will be suitable
for all airway problems, so therefore a range of
equipment is required. Appropriate airway
equipment must be matched with procedural skill.
Ideally, equipment should be chosen that has
proven efficacy and is familiar to the practitioner.
TG4 (2010) provides guidance on the minimum
equipment needed for managing unexpected difficult
airways, based on expert consensus underpinned
by the best available evidence.
CONFLICT OF INTEREST
Dr Baker has received free airway equipment
for research and teaching from a number of
manufacturers listed in Table 3.
ACKNOWLEDGEMENTS
We wish to thank Ms Pauline Berryman and Mr
John Biviano for administrative support and
advice and Dr Margie Cowling for her advice and
contribution to the first meeting.
REFERENCES
1. Caplan RA, Posner KL, Ward RJ, Cheney FW. Adverse
respiratory events in anesthesia: a closed claims analysis.
Anesthesiology 1990; 72:828-833.
2. Western Australia Record of Investigation into Death, Ref
No: 24/03.
3. Western Australia Record of Investigation into Death, Ref
No; 12/07.
4. Williamson JA, Webb RK, Szekely S, Gillies ER, Dreosti AV.
The Australian Incident Monitoring Study. Difficult intubation: an analysis of 2000 incident reports. Anaesth Intensive
Care 1993; 21:602-607.
5. Williamson J, Runciman B, Hibbert P, Benveniste K. AIMS
Anaesthesia: a comparative analysis of the first 2,000 and
the most recent 1,000 incident reports. The ANZCA Bulletin
2008; 17:13-15.
6. Peterson GN, Domino KB, Caplan RA, Posner KL, Lee LA,
Cheney FW. Management of the difficult airway: a closed
claims analysis. Anesthesiology 2005; 103:33-39.
7. Australian and New Zealand College of Anaesthetists. T1
(2008) Recommendations on Minimum Facilities for Safe
Administration of Anaesthesia in Operating Room Suites and
Other Anaesthetising Locations. From http://www.anzca.edu.
au/resources/professional-documents/t1.html Accessed April
2010.
8. Henderson JJ, Popat MT, Latto IP, Pearce AC. Difficult
Airway S: Difficult Airway Society guidelines for management
of the unanticipated difficult intubation. Anaesthesia 2004;
59:675-694.
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011

29

9. Practise Guidelines for Management of the Difficult
Airway. An Updated Report by the American Society of
Anesthesiologists Task Force on Management of the Difficult
Airway.
10. Boisson-Bertrand D, Bourgain JL, Camboulives J, Crinquette
V, Cros AM, Dubreuil M. Difficult intubation. French Society
of Anesthesia and Intensive Care. A collective expertise. Ann
Fr Anesth Reanim 1996; 15:207-214.
11. Crosby ET, Cooper RM, Douglas MJ, Doyle DJ, Hung OR,
Labrecque P. The unanticipated difficult airway with recommendations for management. Can J Anesth 1998; 45:757-776.
12. Frova G. The difficult intubation and the problem of
monitoring the adult airway. Italian Society of Anesthesia,
Resuscitation, and Intensive Therapy (SIAARTI). Minerva
Anestesiol 1998; 64:361-371.
13. Petrini F, Accorsi A, Adrario E, Agro F, Amicucci G, Antonelli
M. Recommendations for airway control and difficult airway
management. Minerva Anestesiol 2005; 71:617-657.
14. Frova G, Guarino A, Petrini F, Merli G, Sorbello M, Baroncini
S. Recommendations for airway control and difficult airway
management in paediatric patients. Minerva Anestesiol 2006;
72:723-748.
15. Braun U, Goldmann K, Hempel V, Krier C. Practice
Guidelines for Airway Management of the German Society
of Anaesthesiology and Intensive Care. Anaesthesiologie
Intensivmedizin, Schmerz-therapie 2004; 45:302-306.
16. Baker PA, Hounsell GL, Futter ME, Anderson BJ. Airway
management equipment in a metropolitan region: an audit.
Anaesth Intensive Care 2007; 35:563-569.
17. Standards New Zealand 2008. NZS 8134: From http://www.
standards.co.nz/web-shop/?action=viewSearchProduct&mod
=catalog&pid=8134(SET):2008(NZS)&searchId=506526&
searchOrderingIndex=1&searchSessionId=D82BB155AF5FEC2E1C3E77D8E5D42862 Accessed April 2010.
18. International Organisation for Standardisation; ISO
7376:2009 (E) Anaesthetic and respiratory equipment – laryngoscopes for tracheal intubation. From http://www.iso.org/iso/
search.htm?qt=7376&searchSubmit=Search&sort=rel&typ
e=simple&published=true. Accessed April 2010, 2 Edition,
2009, p. 1-34.
19. International Organisation for Standardisation; ISO
11712:2009, Anaesthetic and Respiratory Equipment
– Supralaryngeal Airways and Connectors. From http://
www.iso.org/iso/products/standards/catalogue_ics_browse.
htm?ICS1=11&ICS2=040&ICS3=10&. Accessed April
2010. Geneva, 2009, p. 28.
20. Australian and New Zealand College of Anaesthetists. ADP1
(2009) Professional Documents. From http://www.anzca.edu.
au/resources/professional-documents/review-process-for-professional-documents.html Accessed April 2010.
21. Scott DA, Merry AF. Development of an “Equipment to
Manage a Difficult Airway During Anaesthesia” professional
document using a new evidence-based approach. Anaesth
Intensive Care 2010; 38:11-12.
22. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,
Alonso-Coello P. GRADE: an emerging consensus on rating
quality of evidence and strength of recommendations. BMJ
2008; 336:924-926.
23. Engelhardt T, Morton NS. New guidelines – a golden opportunity. Paediatr Anaesth 2008; 18:695-696.
24. Mihai R, Blair E, Kay H, Cook TM. A quantitative review and
meta-analysis of performance of non-standard laryngoscopes
and rigid fibreoptic intubation aids. Anaesthesia 2008; 63:745760.

30

P. A. Baker, B. T. Flanagan et al

25. Kaplan MB, Hagberg CA, Ward DS, Brambrink A, Chhibber
AK, Heidegger T. Comparison of direct and video-assisted
views of the larynx during routine intubation. J Clin Anesth
2006; 18:357-362.
26. Grein AJ, Weiner GM. Laryngeal mask airway versus bagmask ventilation or endotracheal intubation for neonatal
resuscitation. Cochrane Database Syst Rev 2005; CD003314.
27. Smith GCS, Pell JP. Parachute use to prevent death and major
trauma related to gravitational challenge: systematic review of
randomised controlled trials. BMJ 2003; 327:1459-1461.
28. Gaba DM, Howard SK, Flanagan B, Smith BE, Fish KJ,
Botney R. Assessment of clinical performance during simulated crises using both technical and behavioral ratings.
Anesthesiology 1998; 89:8-18.
29. Baker PA, Merry AF. Scout’s motto. Anaesth Intensive Care
2009; 37:171-174.
30. Annamaneni R, Hodzovic I, Wilkes AR, Latto IP. A comparison of simulated difficult intubation with multiple-use and
single-use bougies in a manikin. Anaesthesia 2003; 58:45-49.
31. Twigg SJ, McCormick B, Cook TM. Randomized evaluation
of the performance of single-use laryngoscopes in simulated
easy and difficult intubation. Br J Anaesth 2003; 90:8-13.
32. Wilkes AR, Hodzovic I, Latto IP. Introducing new anaesthetic
equipment into clinical practice. Anaesthesia 2008; 63:571-575.
33. Birmingham PK, Cheney FW, Ward RJ. Esophageal intubation: a review of detection techniques. Anesth Analg 1986;
65:886-891.
34. Practice guidelines for management of the difficult airway.
A report by the American Society of Anesthesiologists Task
Force on Management of the Difficult Airway.
35. Frova G, Sorbello M. Algorithms for difficult airway management: a review. Minerva Anestesiol 2009; 75:201-209.
36. Mort TC. Emergency tracheal intubation: complications associated with repeated laryngoscopic attempts. Anesth Analg
2004; 99:607-613.
37. Practice guidelines for obstetrical anesthesia: a report by
the American Society of Anesthesiologists Task Force on
Obstetrical Anesthesia. Anesthesiology 1999; 90:600-611.
38. Kuczkowski KM, Reisner LS, Benumof JL. Airway problems
and new solutions for the obstetric patient. J Clin Anesth
2003; 15:552-563.
39. Brimacombe J. A proposed classification system for extraglottic airway devices. Anesthesiology 2004; 101:559.
40. Miller DM. A proposed classification and scoring system for
supraglottic sealing airways: a brief review. Anesth Analg
2004; 99:1553-1559.
41. White MC, Cook TM, Stoddart PA. A critique of elective
pediatric supraglottic airway devices. Paediatr Anaesth 2009;
19 (Suppl 1):55-65.
42. Parmet JL, Colonna-Romano P, Horrow JC, Miller F,
Gonzales J, Rosenberg H. The laryngeal mask airway reliably
provides rescue ventilation in cases of unanticipated difficult
tracheal intubation along with difficult mask ventilation.
Anesth Analg 1998; 87:661-665.
43. Cook TM, Brooks TS, Van der Westhuizen J, Clarke M. The
Proseal LMA is a useful rescue device during failed rapid
sequence intubation: two additional cases. Can J Anesth 2005;
52:630-633.
44. Sharma B, Sahai C, Sood J, Kumra VP. The ProSeal laryngeal
mask airway in two failed obstetric tracheal intubation scenarios. Int J Obstet Anesth 2006; 15:338-339.
45. Ferson DZ, Rosenblatt WH, Johansen MJ, Osborn I,
Ovassapian A. Use of the intubating LMA-Fastrach in 254
patients with difficult-to-manage airways. Anesthesiology
2001; 95:1175-1181.

46. Levitan RM, Ochroch EA, Stuart S, Hollander JE. Use of the
intubating laryngeal mask airway by medical and nonmedical
personnel. Am J Emerg Med 2000; 18:12-16.
47. Chadwick IS, Vohra A. Anaesthesia for emergency caesarean
section using the brain laryngeal airway. Anaesthesia 1989;
44:261-262.
48. Benumof JL. Laryngeal mask airway and the ASA difficult
airway algorithm. Anesthesiology 1996; 84:686-699.
49. 2005 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science
with Treatment Recommendations. Part 7: Neonatal resuscitation. Resuscitation 2005; 67:293-303.
50. Hodzovic I, Janakiraman C, Sudhir G, Goodwin N, Wilkes
A, Latto IP. Fibreoptic intubation through the laryngeal mask
airway: effect of operator experience. Anaesthesia 2009;
64:1066-1071.
51. Dimitriou V, Voyagis GS, Grosomanidis V, Brimacombe J.
Feasibility of flexible lightwand-guided tracheal intubation
with the intubating laryngeal mask during out-of-hospital cardiopulmonary resuscitation by an emergency physician. Eur J
Anaesthesiol 2006; 23:76-79.
52. Steel A. The intubating laryngeal mask airway. Emerg Med J
2005; 22:47-49.
53. Rosenblatt WH, Murphy M. The intubating laryngeal mask:
use of a new ventilating-intubating device in the emergency
department. Ann Emerg Med 1999; 33:234-238.
54. Burgoyne L, Cyna A. Laryngeal mask vs intubating laryngeal
mask: insertion and ventilation by inexperienced resuscitators. Anaesth Intensive Care 2001; 29:604-608.
55. Komatsu R, Nagata O, Sessler DI, Ozaki M. The intubating
laryngeal mask airway facilitates tracheal intubation in the
lateral position. Anesth Analg 2004; 98:858-861.
56. Fan KH, Hung OR, Agro F. A comparative study of tracheal
intubation using an intubating laryngeal mask (Fastrach)
alone or together with a lightwand (Trachlight). J Clin Anesth
2000; 12:581-585.
57. Bercker S, Schmidbauer W, Volk T, Bogusch G, Bubser HP,
Hensel M. A comparison of seal in seven supraglottic airway
devices using a cadaver model of elevated esophageal pressure. Anesth Analg 2008; 106:445-448.
58. Brimacombe J. Laryngeal Mask Anesthesia: Principles and
Practise, 2nd ed. WB Saunders, Philadelphia, Pennsylvania
2005.
59. Timmermann A, Russo S, Graf BM. Evaluation of the CTrach
– an intubating LMA with integrated fibreoptic system. Br J
Anaesth 2006; 96:516-521.
60. Goldman AJ. The LMA CTrach: a prospective evaluation of
100 cases. Anesthesiology 2006; 105:A521.
61. Liu EH, Goy RW, Chen FG. The LMA CTrach, a new laryngeal mask airway for endotracheal intubation under vision:
evaluation in 100 patients. Br J Anaesth 2006; 96:396-400.
62. Brain AI, Verghese C, Strube PJ. The LMA ‘ProSeal’ – a
laryngeal mask with an oesophageal vent. Br J Anaesth 2000;
84:650-654.
63. Cook TM, Gibbison B. Analysis of 1000 consecutive uses of
the ProSeal laryngeal mask airway by one anaesthetist at a
district general hospital. Br J Anaesth 2007; 99:436-439.
64. Cook TM, Seller C, Gupta K, Thornton M, O’Sullivan E.
Non-conventional uses of the Aintree Intubating Catheter in
management of the difficult airway. Anaesthesia 2007; 62:169174.
65. Greenland KB, Tan H, Edwards M. Intubation via a laryngeal
mask airway with an Aintree catheter – not all laryngeal masks
are the same. Anaesthesia 2007; 62:966-967.
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011

Equipment for a difficult airway
66. Goldmann K, Roettger C, Wulf H. The size 1(1/2) ProSeal
laryngeal mask airway in infants: a randomized, crossover
investigation with the Classic laryngeal mask airway. Anesth
Analg 2006; 102:405-410.
67. Wheeler M. ProSeal laryngeal mask airway in 120 pediatric
surgical patients: a prospective evaluation of characteristics
and performance. Paediatr Anaesth 2006; 16:297-301.
68. Su BC, Yang MW, Lee HC, Chang CH, Lin CC. Protection
against large-volume regurgitated fluid aspiration by the
ProSeal laryngeal mask airway. Acta Anaesthesiol Taiwan
2008; 46:34-38.
69. Stix MS, O’Connor CJ Jr. Depth of insertion of the ProSeal
laryngeal mask airway. Br J Anaesth 2003; 90:235-237.
70. Sanders JC, Olomu PN, Furman JR. Detection, frequency
and prediction of problems in the use of the proseal laryngeal
mask airway in children. Paediatr Anaesth 2008; 18:1183-1189.
71. Stix MS, O’Connor CJ Jr. Maximum minute ventilation test
for the ProSeal laryngeal mask airway. Anesth Analg 2002;
95:1782-1787.
72. Brimacombe J, Richardson C, Keller C, Donald S. Mechanical
closure of the vocal cords with the laryngeal mask airway
ProSeal. Br J Anaesth 2002; 88:296-297.
73. Goldmann K, Jakob C. A randomized crossover comparison
of the size 2 1/2 laryngeal mask airway ProSeal versus laryngeal mask airway-Classic in pediatric patients. Anesth Analg
2005; 100:1605-1610.
74. Micaglio M, Bonato R, De Nardin M, Parotto M, Trevisanuto
D, Zanardo V. Prospective, randomized comparison of
ProSeal and Classic laryngeal mask airways in anaesthetized
neonates and infants. Br J Anaesth 2009; 103:263-267.
75. Goldmann K. Recent developments in airway management of
the paediatric patient. Curr Opin Anaesthesiol 2006; 19:278-284.
76. Joshi NA, Baird M, Cook TM. Use of an i-gel for airway rescue. Anaesthesia 2008; 63:1020-1021.
77. Theiler LG, Kleine-Brueggeney M, Kaiser D, Urwyler N,
Luyet C, Vogt A. Crossover comparison of the laryngeal mask
supreme and the i-gel in simulated difficult airway scenario in
anesthetized patients. Anesthesiology 2009; 111:55-62.
78. Campbell J, Michalek P, Deighan M. I-gel supraglottic
airway for rescue airway management and as a conduit for
tracheal intubation in a patient with acute respiratory failure.
Resuscitation 2009; 80:963.
79. Michalek P, Hodgkinson P, Donaldson W. Fiberoptic intubation through an I-gel supraglottic airway in two patients with
predicted difficult airway and intellectual disability. Anesth
Analg 2008; 106:1501-1504.
80. Jagannathan N, Roth AG, Sohn LE, Pak TY, Amin S, Suresh
S. The new air-Q intubating laryngeal airway for tracheal
intubation in children with anticipated difficult airway: a case
series. Paediatr Anaesth 2009; 19:618-622.
81. Yang D, Deng XM, Tong SY, Luo MP, Xu KL, Wei YK.
Fibreoptic intubation through Cookgas intubating laryngeal
airway in two children. Anaesthesia 2009; 64:1148-1149.
82. Bakker EJ, Valkenburg M, Galvin EM. Pilot study of the
air-Q Intubating Laryngeal Airway in clinical use. Anaesth
Intensive Care 2010; 38:346-348.
83. Mort TC. Laryngeal mask airway and bougie intubation
failures: the Combitube as a secondary rescue device for inhospital emergency airway management. Anesth Analg 2006;
103:1264-1266.
84. Rumball CJ, MacDonald D. The PTL, Combitube, laryngeal
mask, and oral airway: a randomized prehospital comparative
study of ventilatory device effectiveness and cost-effectiveness
in 470 cases of cardiorespiratory arrest. Prehosp Emerg Care
1997; 1:1-10.
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011

31

85. Tanigawa K, Shigematsu A. Choice of airway devices for
12,020 cases of nontraumatic cardiac arrest in Japan. Prehosp
Emerg Care 1998; 2:96-100.
86. Agro F, Frass M, Benumof JL, Krafft P. Current status of the
Combitube: a review of the literature. J Clin Anesth 2002;
14:307-314.
87. McGlinch BP, Martin DP, Volcheck GW, Carmichael SW.
Tongue engorgement with prolonged use of the esophagealtracheal Combitube. Ann Emerg Med 2004; 44:320-322.
88. Stoppacher R, Teggatz JR, Jentzen JM. Esophageal and
pharyngeal injuries associated with the use of the esophagealtracheal Combitube. J Forensic Sci 2004; 49:586-591.
89. Urtubia R M, Frass M, Agro F. New insertion technique of the
Esophageal-Tracheal Combitube. Acta Anaesthesiol Scand
2002; 46:340-341.
90. Bollig G, Lovhaug SW, Sagen O, Svendsen MV, Steen PA,
Wik L. Airway management by paramedics using endotracheal intubation with a laryngoscope versus the oesophageal
tracheal Combitube and EasyTube on manikins: a randomised
experimental trial. Resuscitation 2006; 71:107-111.
91. Ulrich-Pur H, Hrska F, Krafft P, Friehs H, Wulkersdorfer
B, Kostler WJ. Comparison of mucosal pressures induced
by cuffs of different airway devices. Anesthesiology 2006;
104:933-938.
92. Thierbach AR, Werner C. Infraglottic airway devices and
techniques. Best Pract Res Clin Anaesthesiol 2005; 19:595609.
93. Thierbach AR, Piepho T, Maybauer M. The EasyTube for airway management in emergencies. Prehosp Emerg Care 2005;
9:445-448.
94. Thierbach AR, Piepho T, Maybauer MO. A new device for
emergency airway management: the EasyTube. Resuscitation
2004; 60:347.
95. Urtubia RM, Leyton P. Successful use of the EasyTube for
facial surgery in a patient with glottic and subglottic stenosis.
J Clin Anesth 2007; 19:77-78.
96. Kheterpal S, Martin L, Shanks AM, Tremper KK. Prediction
and outcomes of impossible mask ventilation: a review of
50,000 anesthetics. Anesthesiology 2009; 110:891-897.
97. McIntyre JW. Laryngoscope design and the difficult adult
tracheal intubation. Can J Anesth 1989; 36:94-98.
98. Levitan RM, Kelly JJ, Kinkle WC, Fasano C. Light intensity of curved laryngoscope blades in Philadelphia emergency
departments. Ann Emerg Med 2007; 50:253-257.
99. Asai T, Matsumoto S, Fujise K, Johmura S, Shingu K.
Comparison of two Macintosh laryngoscope blades in 300
patients. Br J Anaesth 2003; 90:457-460.
100. Bucx MJ, Snijders CJ, ven der Vegt MH, Holstein JD,
Stijnen T. Reshaping the Macintosh blade using biomechanical modelling. A prospective comparative study in patients.
Anaesthesia 1997; 52:662-667.
101. Macintosh R. A new laryngoscope. Lancet 1943; 205.
102. Zauder HL. The Macintosh laryngoscope blade.
Anesthesiology 2005; 102:241-242.
103. Takenaka I, Aoyama K. Use of Macintosh laryngoscope
No. 2 for adult patients with a short thyromental distance.
Anesthesiology 2007; 106:403.
104. Tripathi M, Pandey M. Short thyromental distance: a predictor of difficult intubation or an indicator for small blade selection? Anesthesiology 2006; 104:1131-1136.
105. Cook TM, Tuckey JP. A comparison between the Macintosh
and the McCoy laryngoscope blades. Anaesthesia 1996;
51:977-980.

32

P. A. Baker, B. T. Flanagan et al

106. McCoy EP, Mirakhur RK, McCloskey BV. A comparison of
the stress response to laryngoscopy. The Macintosh versus the
McCoy blade. Anaesthesia 1995; 50:943-946.
107. Sugiyama K, Yokoyama K. Head extension angle required
for direct laryngoscopy with the McCoy laryngoscope blade.
Anesthesiology 2001; 94:939.
108. Aoyama K, Nagaoka E, Takenaka I, Kadoya T. The McCoy
laryngoscope expands the laryngeal aperture in patients with
difficult intubation. Anesthesiology 2000; 92:1855-1856.
109. McCoy EP, Mirakhur RK, Rafferty C, Bunting H, Austin
BA. A comparison of the forces exerted during laryngoscopy.
The Macintosh versus the McCoy blade. Anaesthesia 1996;
51:912-915.
110. MacIntyre PA, McLeod AD, Hurley R, Peacock C. Cervical
spine movements during laryngoscopy. Comparison of the
Macintosh and McCoy laryngoscope blades. Anaesthesia
1999; 54:413-418.
111. Chisholm DG, Calder I. Experience with the McCoy laryngoscope in difficult laryngoscopy. Anaesthesia 1997; 52:906-908.
112. Levitan RM, Ochroch EA. Explaining the variable effect
on laryngeal view obtained with the McCoy laryngoscope.
Anaesthesia 1999; 54:599-601.
113. McCoy E. The McCoy laryngoscope in infants and children.
Can J Anesth 2004; 51:101-105.
114. Iohom G, Franklin R, Casey W, Lyons B. The McCoy straight
blade does not improve laryngoscopy and intubation in normal infants. Can J Anesth 2004; 51:155-159.
115. Magill IW. Technique in endotracheal anaesthesia. BMJ 1930;
2:817-820.
116. Henderson JJ. The use of paraglossal straight blade laryngoscopy in difficult tracheal intubation. Anaesthesia 1997;
52:552-560.
117. Williams KN, Carli F, Cormack RS. Unexpected, difficult
laryngoscopy: a prospective survey in routine general surgery.
Br J Anaesth 1991; 66:38-44.
118. Henderson JJ, Frerk CM. Remember the straight laryngoscope. Br J Anaesth 2002; 88:151-152.
119. Achen B, Terblanche O, Finucane B. View of the larynx
obtained using the Miller blade and paraglossal approach,
compared to that with the Macintosh. Anaesth Intensive Care
2008; 36:717-721.
120. Semjen F, Bordes M, Cros AM. Intubation of infants with
Pierre Robin syndrome: the use of the paraglossal approach
combined with a gum-elastic bougie in six consecutive cases.
Anaesthesia 2008; 63:147-150.
121. Doherty JS, Froom SR, Gildersleve CD. Pediatric laryngoscopes and intubation aids old and new. Paediatr Anaesth
2009; 19 (Suppl 1):30-37.
122. Scholz A, Farnum N, Wilkes AR, Hampson MA, Hall JE.
Minimum and optimum light output of Macintosh size 3
laryngoscopy blades: a manikin study. Anaesthesia 2007;
62:163-168.
123. Anderson KJ, Bhandal N. The effect of single use laryngoscopy equipment on illumination for tracheal intubation.
Anaesthesia 2002; 57:773-777.
124. Lewis E, Zatman STF, Wilkes AR, Hall JE. Laryngoscope
light output. Anaesthesia 2009; 64:687-689.
125. Muscarella LF. Reassessment of the risk of healthcareacquired infection during rigid laryngoscopy. J Hosp Infect
2008; 68:101-107.
126. Jabre P, Leroux B, Brohon S, Penet C, Lockey D, Adnet F. A
comparison of plastic single-use with metallic reusable laryngoscope blades for out-of-hospital tracheal intubation. Ann
Emerg Med 2007; 50:258-263.

127. Evans A, Vaughan RS, Hall JE, Mecklenburgh J, Wilkes
AR. A comparison of the forces exerted during laryngoscopy
using disposable and non-disposable laryngoscope blades.
Anaesthesia 2003; 58:869-873.
128. Goodwin N, Wilkes A, Hall JE. Strength of disposable laryngoscope blades. Anaesthesia 2005; 60:630-631.
129. Blunt MC, Burchett KR. Variant Creutzfeldt-Jakob disease
and disposable anaesthetic equipment – balancing the risks.
Br J Anaesth 2003; 90:1-3.
130. Galinski M, Adnet F, Tran D, Karyo Z, Quintard H, Delettre
D. Disposable laryngoscope blades do not interfere with ease
of intubation in scheduled general anaesthesia patients. Eur J
Anaesthesiol 2003; 20:731-735.
131. Janakiraman C, Hodzovic I, Reddy S, Desai N, Wilkes AR,
Latto IP. Evaluation of tracheal tube introducers in simulated
difficult intubation. Anaesthesia 2009; 64:309-314.
132. Henderson JJ. Development of the ‘gum-elastic bougie’.
Anaesthesia 2003; 58:103-104.
133. Hodzovic I, Latto IP, Henderson JJ. Bougie trauma – what
trauma? Anaesthesia 2003; 58:192-193.
134. Kadry M, Popat M. Pharyngeal wall perforation – an unusual
complication of blind intubation with a gum elastic bougie.
Anaesthesia 1999; 54:404-405.
135. Kadry T, Harvey M, Wallace M, Imrie J. Frova intubating
catheter position can be determined with aspirating oesophageal detection device. Emerg Med Australas 2007; 19:203-206.
136. Hodzovic I, Latto IP, Wilkes AR, Hall JE, Mapleson WW.
Evaluation of Frova, single-use intubation introducer, in a
manikin. Comparison with Eschmann multiple-use introducer
and Portex single-use introducer. Anaesthesia 2004; 59:811816.
137. Hodzovic I, Wilkes AR, Stacey M, Latto IP. Evaluation of
clinical effectiveness of the Frova single-use tracheal tube
introducer. Anaesthesia 2008; 63:189-194.
138. Sorbello M, Frova G. Frova introducer: neither a stylet nor
simply an introducer. Anaesthesia 2008; 63:1010-1011.
139. Levitan R. Passing the Tracheal Tube. In: The AirwayCam
Guide to Intubation and Practical Emergency Airway
Management. Pennsylvania: Airway Cam Technologies, Inc.,
2004. p 147-160.
140. Levitan RM, Pisaturo JT, Kinkle WC, Butler K, Everett WW.
Stylet bend angles and tracheal tube passage using a straightto-cuff shape. Acad Emerg Med 2006; 13:1255-1258.
141. Macintosh R, Richards H. Illuminated introducer for endotracheal tubes. Anaesthesia 1957; 12:223.
142. Berman R. Lighted stylet. Anesthesiology 1959; 20:382.
143. Hung OR, Pytka S, Morris I, Murphy M, Launcelott G,
Stevens S. Clinical trial of a new lightwand device (Trachlight)
to intubate the trachea. Anesthesiology 1995; 83:509-514.
144. Hung OR, Stewart RD. Lightwand intubation: I – a new lightwand device. Can J Anesth 1995; 42:820-825.
145. Hung OR, Pytka S, Morris I, Murphy M, Stewart RD.
Lightwand intubation: II – Clinical trial of a new lightwand
for tracheal intubation in patients with difficult airways. Can J
Anesth 1995; 42:826-830.
146. Hung OR. Light-guided tracheal intubation through the
laryngeal mask airway. Anesth Analg 1997; 85:1415.
147. McGuire G, Krestow M. Bullard assisted trachlight technique. Can J Anesth 1999; 46:907.
148. Hung OR, al-Qatari M. Light-guided retrograde intubation.
Can J Anesth 1997; 44:877-882.
149. Watanabe R. Modified long Trachlight wand for a doublelumen endobronchial tube. J Anesth 2004; 18:144-145.
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011

Equipment for a difficult airway
150. Xue FS, Yang QY, Liao X. Topical anaesthesia of the airway
using Trachlight and MADgic atomizer in patients with predicted difficult tracheal intubation. Br J Anaesth 2007; 99:920921.
151. Turkstra TP, Craen RA, Pelz DM, Gelb AW. Cervical spine
motion: a fluoroscopic comparison during intubation with
lighted stylet, GlideScope, and Macintosh laryngoscope.
Anesth Analg 2005; 101:910-915.
152. Masso E, Sabate S, Hinojosa M, Vila P, Canet J, Langeron
O. Lightwand tracheal intubation with and without muscle
relaxation. Anesthesiology 2006; 104:249-254.
153. Xue FS, Yang QY, Liao X, He N, Liu HP. Lightwand guided
intubation in paediatric patients with a known difficult airway:
a report of four cases. Anaesthesia 2008; 63:520-525.
154. Sanchez A. Retrograde intubation technique. In: Hagberg C,
ed. Benumof’s Airway Management, 2nd ed. Philadelphia:
Mosby 2007. p. 439-462.
155. Slots P, Vegger PB, Bettger H, Reinstrup P. Retrograde intubation with a Mini-Trach II kit. Acta Anaesthesiol Scand 2003;
47:274-277.
156. Dhara SS. Retrograde tracheal intubation. Anaesthesia 2009;
64:1094-1104.
157. Cooper RM. Extubation and changing endotracheal tubes.
In: Hagberg C, ed. Benumof’s Airway Management, 2nd ed.
Philadelphia: Mosby 2007. p. 1146-1180.
158. Asai T, Morris S. The laryngeal mask airway: its features,
effects and role. Can J Anesth 1994; 41:930-960.
159. Brull SJ, Wiklund R, Ferris C, Connelly NR, Ehrenwerth J,
Silverman DG. Facilitation of fiberoptic orotracheal intubation
with a flexible tracheal tube. Anesth Analg 1994; 78:746-748.
160. Hakala P, Randell T, Valli H. Comparison between tracheal
tubes for orotracheal fibreoptic intubation. Br J Anaesth
1999; 82:135-136.
161. Barker KF, Bolton P, Cole S, Coe PA. Ease of laryngeal passage
during fibreoptic intubation: a comparison of three endotracheal tubes. Acta Anaesthesiol Scand 2001; 45:624-626.
162. Kristensen MS. The Parker Flex-Tip tube versus a standard
tube for fiberoptic orotracheal intubation: a randomized
double-blind study. Anesthesiology 2003; 98:354-358.
163. Sanuki T, Hirokane M, Matsuda Y, Sugioka S, Kotani J. The
Parker Flexi-TipTM tube for nasotracheal intubation: the
influence on nasal mucosa trauma. Anaesthesia 2010; 65:8-11.
164. Asai T. Tracheal intubation through the laryngeal mask airway. Anesthesiology 1996; 85:439.
165. Roth DM, Benumof JL. Intubation through a laryngeal mask
airway with a nasal RAE tube: stabilization of the proximal
end of the tube. Anesthesiology 1996; 85:1220.
166. Chen L, Sher SA, Aukburg SJ. Continuous ventilation during
trans-laryngeal mask airway fiberoptic bronchoscope-aided
tracheal intubation. Anesth Analg 1996; 82:891-892.
167. Preis C, Preis I. Concept for easy fiberoptic intubation via a
laryngeal airway mask. Anesth Analg 1999; 89:803-804.
168. Barnett RA, Ochroch EA. Augmented fiberoptic intubation.
Crit Care Clin 2000; 16:453-462.
169. Harvey SC, Bailey MK, Cooke JE. Usable versus overall tracheal tube length: the difference may be critical.
Anesthesiology 1997; 87:173-174.
170. Asai T, Latto IP, Vaughan RS. The distance between the
grille of the laryngeal mask airway and the vocal cords. Is
conventional intubation through the laryngeal mask safe?
Anaesthesia 1993; 48:667-669.
171. Weber T, Salvi N, Orliaguet G, Wolf A. Cuffed vs non-cuffed
endotracheal tubes for pediatric anesthesia. Paediatr Anaesth
2009; 19 Suppl 1:46-54.
Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011

33

172. Holzki J, Laschat M, Puder C. Stridor is not a scientifically
valid outcome measure for assessing airway injury. Paediatr
Anaesth 2009; 19 (Suppl 1):180-197.
173. Weiss M, Dullenkopf A, Fischer JE, Keller C, Gerber
AC. Prospective randomized controlled multi-centre trial of
cuffed or uncuffed endotracheal tubes in small children. Br J
Anaesth 2009; 103:867-873.
174. Ovassapian A, Yelich SJ, Dykes MH, Brunner EE. Fiberoptic
nasotracheal intubation – incidence and causes of failure.
Anesth Analg 1983; 62:692-695.
175. Ovassapian A. Fiberoptic tracheal intubation in adults. In:
Ovassapian A ed. Fiberoptic endoscopy and the difficult airway, 2nd ed. Philadelphia: Lippincott-Raven 1996 p. 72-103.
176. Meschino A, Devitt JH, Koch JP, Szalai JP, Schwartz ML. The
safety of awake tracheal intubation in cervical spine injury.
Can J Anesth 1992; 39:114-117.
177. Mulder DS, Wallace DH, Woolhouse FM. The use of the
fiberoptic bronchoscope to facilitate endotracheal intubation
following head and neck trauma. J Trauma 1975; 15:638-640.
178. Ovassapian A, Krejcie TC, Yelich SJ, Dykes MH. Awake
fibreoptic intubation in the patient at high risk of aspiration.
Br J Anaesth 1989; 62:13-16.
179. Burton JF, Baker AB. Dental damage during anaesthesia and
surgery. Anaesth Intensive Care 1987; 15:262-268.
180. Stackhouse RA. Fiberoptic airway management. Anesthesiol
Clin North America 2002; 20:933-951.
181. Dawson AJ, Marsland C, Baker P, Anderson BJ. Fibreoptic
intubation skills among anaesthetists in New Zealand.
Anaesth Intensive Care 2005; 33:777-783.
182. Woodall NM, Harwood RJ, Barker GL. Complications of
awake fibreoptic intubation without sedation in 200 healthy
anaesthetists attending a training course. Br J Anaesth 2008;
100:850-855.
183. Australian and New Zealand College of Anaesthetists. PS28
(2005) Guidelines on Infection Control in Anaesthesia. From
http://www.anzca.edu.au/resources/professional-documents/
ps28.html Accessed April 2010.
184. Standards New Zealand AS/NZS 4187. From: http://www.
standards.co.nz/web-shop/?action=viewSearchProduct&mod
=catalog&pid=4187:2003(AS|NZS)&searchId=506645&se
archOrderingIndex=1&searchSessionId=395180AE858C951
3B39999368A376D23 Accessed April 2010.
185. Asai T, Liu EH, Matsumoto S, Hirabayashi Y, Seo N, Suzuki
A. Use of the Pentax-AWS in 293 patients with difficult airways. Anesthesiology 2009; 110:898-904.
186. Maharaj CH, Costello JF, Harte BH, Laffey JG. Evaluation
of the Airtraq and Macintosh laryngoscopes in patients at
increased risk for difficult tracheal intubation. Anaesthesia
2008; 63:182-188.
187. Kim JT, Na HS, Bae JY, Kim DW, Kim HS, Kim CS.
GlideScope video laryngoscope: a randomized clinical trial in
203 paediatric patients. Br J Anaesth 2008; 101:531-534.
188. Lange M, Frommer M, Redel A, Trautner H, Hampel J,
Kranke P. Comparison of the Glidescope and Airtraq optical
laryngoscopes in patients undergoing direct microlaryngoscopy. Anaesthesia 2009; 64:323-328.
189. Liu EH, Wender R, Goldman AJ. The LMA CTrach in
patients with difficult airways. Anesthesiology 2009; 110:941943.
190. Frerk CM, Lee G. Laryngoscopy: time to change our view.
Anaesthesia 2009; 64:351-354.
191. Salem MR, Baraka A. Confirmation of tracheal intubation.
In: Hagberg C, ed. Benumof’s Airway Management, 2nd ed.
Philadelphia: Mosby 2007. p. 697-727.

34

P. A. Baker, B. T. Flanagan et al

192. Bozeman WP, Hexter D, Liang HK, Kelen GD. Esophageal
detector device versus detection of end-tidal carbon dioxide
level in emergency intubation. Ann Emerg Med 1996; 27:595599.
193. Sharieff GQ, Rodarte A, Wilton N, Bleyle D. The selfinflating bulb as an airway adjunct: is it reliable in children
weighing less than 20 kilograms? Acad Emerg Med 2003;
10:303-308.
194. Sharieff GQ, Rodarte A, Wilton N, Silva PD, Bleyle D. The
self-inflating bulb as an esophageal detector device in children
weighing more than twenty kilograms: a comparison of two
techniques. Ann Emerg Med 2003; 41:623-629.
195. Cook TM, Nolan JP, Magee PT, Cranshaw JH. Needle cricothyroidotomy. Anaesthesia 2007; 62:289-290.
196. Boon JM, Abrahams PH, Meiring JH, Welch T.
Cricothyroidotomy: a clinical anatomy review. Clinical
Anatomy 2004; 17:478-486.
197. Wong DT, Kumar A, Prabhu A. The laryngeal mask airway
prevents supraglottic leak during ventilation through an
uncuffed cricothyroidotomy. Can J Anesth 2007; 54:151-154.
198. Tighe SQ, Staber M, Hardman JG, Henderson JJ. Emergency
airway access equipment. Anaesthesia 2004; 59:505-506.
199. Frerk C, Frampton C. Cricothyroidotomy; time for change.
Anaesthesia 2006; 61:921-923.
200. Wong DT, Lai K, Chung FF, Ho RY. Cannot intubate-cannot
ventilate and difficult intubation strategies: results of a
Canadian national survey. Anesth Analg 2005; 100:1439-1446.
201. Sdrales L, Benumof JL. Prevention of kinking of a percutaneous transtracheal intravenous catheter. Anesthesiology 1995;
82:288-291.
202. Yildiz Y, Preussler NP, Schreiber T, Hueter L, Gaser E,
Schubert H. Percutaneous transtracheal emergency ventilation during respiratory arrest: comparison of the oxygen flow
modulator with a hand-triggered emergency jet injector in an
animal model. Am J Emerg Med 2006; 24:455-459.
203. Preussler NP, Schreiber T, Huter L, Gottschall R, Schubert
H, Rek H. Percutaneous transtracheal ventilation: effects of a
new oxygen flow modulator on oxygenation and ventilation in
pigs compared with a hand triggered emergency jet injector.
Resuscitation 2003; 56:329-333.
204. Heard AM, Green RJ, Eakins P. The formulation and introduction of a ‘can’t intubate, can’t ventilate’ algorithm into
clinical practice. Anaesthesia 2009; 64:601-608.
205. Practical procedures-airway and breathing. In: MackwayJones K, ed. Advanced Paediatric Life Support: The Practical
Approach, 4th ed. London: BMJ Publishing 2005. p. 224-225.
206. Elliott WG. Airway management in the injured child. Int
Anesthesiol Clin 1994; 32:27-46.
207. Cote CJ, Hartnick CJ. Pediatric transtracheal and cricothyrotomy airway devices for emergency use: which are appropriate
for infants and children? Paediatr Anaesth 2009; 19 (Suppl
1):66-76.
208. Luten R, Kissoon N, Godwin S, Murphy M. Unique Airway
Issues in the Pediatric Population. In: Hung O, Murphy M,
eds. Management of the Difficult and Failed Airway. New
York: McGraw Hill Medical 2008. p. 381-388.

209. Navsa N, Tossel G, Boon JM. Dimensions of the neonatal
cricothyroid membrane – how feasible is a surgical cricothyroidotomy? Paediatr Anaesth 2005; 15:402-406.
210. Ravussin P, Bayer-Berger M, Monnier P, Savary M, Freeman
J. Percutaneous transtracheal ventilation for laser endoscopic procedures in infants and small children with laryngeal
obstruction: report of two cases. Can J Anesth 1987; 34:83-86.
211. Smith RB, Myers EN, Sherman H. Transtracheal ventilation in paediatric patients; case reports. Br J Anaesth 1974;
46:313-314.
212. Craven RM, Vanner RG. Ventilation of a model lung using
various cricothyrotomy devices. Anaesthesia 2004; 59:595599.
213. Schaefer R, Hueter L, Preussler NP, Schreiber T, Schwarzkopf
K. Percutaneous transtracheal emergency ventilation with a
self-made device in an animal model. Paediatr Anaesth 2007;
17:972-976.
214. Ryder IG, Paoloni CC, Harle CC. Emergency transtracheal
ventilation: assessment of breathing systems chosen by anaesthetists. Anaesthesia 1996; 51:764-768.
215. Hamaekers A, Borg P, Enk D. Limitations of self-made jet
devices. Paediatr Anaesth 2008; 18:984.
216. Hamaekers A, Borg P, Enk D. The importance of flow and
pressure release in emergency jet ventilation devices. Paediatr
Anaesth 2009; 19:452-457.
217. Hamaekers AE, Borg PA, Enk D. A bench study of ventilation via two self-assembled jet devices and the Oxygen
Flow Modulator in simulated upper airway obstruction.
Anaesthesia 2009; 64:1353-1358.
218. Advanced Paediatric Life Support, 4th ed. Blackwell
Publishing Ltd. 2005. p. 224-225.
219. Baker PA, Brown AJ. Experimental adaptation of the Enk
oxygen flow modulator for potential pediatric use. Paediatr
Anaesth 2009; 19:458-463.
220. McLaughlin J, Iserson KV. Emergency pediatric tracheostomy: a usable technique and model for instruction. Ann Emerg
Med 1986; 15:463-465.
221. Toye FJ, Weinstein JD. Clinical experience with percutaneous tracheostomy and cricothyroidotomy in 100 patients. J
Trauma 1986; 26:1034-1040.
222. Naguib M, Brull SJ. Update on neuromuscular pharmacology.
Curr Opin Anaesthesiol 2009; 22:483-490.
223. Naguib M. Sugammadex: another milestone in clinical neuromuscular pharmacology. Anesth Analg 2007; 104:575-581.
224. de Boer HD, van Egmond J, van de Pol F, Bom A, Booij LH.
Sugammadex, a new reversal agent for neuromuscular block
induced by rocuronium in the anaesthetized Rhesus monkey.
Br J Anaesth 2006; 96:473-479.
225. Calder I, Yentis SM. Could ‘safe practice’ be compromising
safe practice? Should anaesthetists have to demonstrate that
face mask ventilation is possible before giving a neuromuscular blocker? Anaesthesia 2008; 63:113-115.
226. Benumof JL, Dagg R, Benumof R. Critical hemoglobin desaturation will occur before return to an unparalyzed state following 1 mg/kg intravenous succinylcholine. Anesthesiology
1997; 87:979-982.

Anaesthesia and Intensive Care, Vol. 39, No. 1, January 2011

