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Programme 
Topic 
Registration & coffee 
Welcome & Housekeeping 
Airway anatomy and endoscopy tips 
Equipment (types, function, care) 
Rescuing the airway with rigid bronchoscopy 
Videolaryngoscopy: strategies for mastery 
Questions/panel discussion 
Tea 
Skills Stations: 
Station 1:  VL Masterclass 
Station 2: BronchoBoy - anatomy and dexterity 
Station 3: Dexter - anatomy and dexterity 
Station 4: Rigid bronch & intubating endoscopes 
Station 5: Endoscopic intubation through SGAs 
Station 6: Virtual endoscopy 
Lunch 
Practical awake fibreoptic intubation 
Balancing topicalisation and sedation 
Skills Stations 
Airway topicalisation & endoscopy of participants 
Mannequins available for extra practice/demo 
Wrap-up & closure 

Introduction 
 

Mastery of airway assessment and management remains a key area of knowledge and core skill for 
anaesthetists at all levels.  The specialist anaesthesiologist is expected to have a commanding grasp 
of the majority of airway devices and techniques and should be intimately familiar with dealing with 
airway emergencies.  It is essential to become adept with the use of airway rescue devices and 
techniques in the non-emergency situation, before such skill is required in anger. 

Airway equipment continues to develop along several themes, with new devices appearing with a 
regularity only matched by the paucity of good quality evidence about their clinical efficacy.  
Adequate comparative data frequently takes years to emerge.  Anaesthesiologists, particularly those 
involved in equipment procurement, should familiarise themselves with the medical (not marketing) 
literature, and the suggested guidelines for device assessment.1 

Algorithms for airway rescue and the management of anticipated difficulty continue to be developed 
and renewed.  The major national and professional anaesthesia societies release updated algorithms 
in a roughly 5-year cycle, which are usually to be found on their respective webpages.  The Difficult 
Airway Society (DAS)2 and Vortex3 (see below) guidelines are useful for study and reference in 
theatre.  The 2015 DAS guideline update is anticipated in November 2015.  SASA’s most recent 
version was published 2014 and distributed in March 2015.4  It includes lists of recommended 
equipment for all levels of care.  Significantly trends in the various guidelines include: 
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• Early use of video laryngoscopes where suitable skill exists 
• Including the use of VL as an initial plan in anticipated difficulty 
• Emphasis on supraglottic airways (SGAs) as rescue devices in failed intubation 
• SGAs for cardiac resuscitation to minimise interruptions of chest compressions 
• A move from referring to CICV (can’t intubate, can’t ventilate) to the more focused CICO 

(can’t intubate, can’t oxygenate) nomenclature 
• Planning of multiple strategies (Plan A, B, C etc.) before commencing airway management. 

An updated collection of airway algorithms from various sources (ASA, DAS, Vortex, SASA, etc.) can 
be found at www.openairway.org/algorithms  

Regardless of which algorithm is consulted, the gold standard for the management of predicted 
severe airway difficulty is the use of airway endoscopy to perform intubation. While video 
laryngoscopes continue to increase their usefulness and role, both flexible and rigid intubating 
endoscopes remain critical tools in the armamentarium of the airway master. The skill to operate 
these devices effectively, however, requires a high level of training and practice, and a fundamental 
understanding of the function, strengths, weaknesses and ideal applications of each type.  

The AEIOU workshop is designed to give both novice and experienced practitioners the 
opportunities to expand their hands-on skill with all forms of airway endoscopy.  We aim to achieve 
this through brief and targeted lectures which supplement maximum skills training time on both 
manikins and live patient models.   

Your engagement and interaction during the course, and feedback upon its conclusion will assist us 
in improving the education we can provide in future. 

Contributors 
To remain current and relevant, any academic document should remain away; this is certainly true 
of this manual. We are indebted to the faculty and instructors on the course for providing a wealth 
of material which contained herein. The following individuals deserve credit for the production of 
this foundation for the inaugural AEIOU course: 

• Dr Oskar Edkins, for his elucidation of airway anatomy and rigid bronchoscopy skills 
• Prof Andrie Alberts, for his incisive assessment of the roles of topical as a sedation 
• Dr Brigid Brennan, for her expansive and practical description of how to perform awake 

fibreoptic intubation 
• The entire course instructors selflessly committing the time and expertise sharing 

knowledge. 

We are exceptionally grateful to the University of Cape Town, and in particular the UCT clinical skills 
laboratory, for their ongoing and wholehearted support. 

“The only way to truly take ownership of knowledge is to freely give it away.” 

Dr Ross Hofmeyr 
Associate Professor & Lead: 

UCT-Storz Fellowship in Airway & Thoracic Anaesthesia 
Department of Anaesthesia & Perioperative Medicine 

University of Cape Town 
January 2018 

http://www.openairway.org/algorithms
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Sponsors 
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Department of Anaesthesia at the University of Cape Town, and the excellent technical and financial 
support of the companies providing their equipment for our learning.  We would like to give 
particular thanks to the following institutions and companies for their ongoing investment in clinical 
education: 
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Endoscopic Airway Equipment 
 

Ross Hofmeyr 
Associate Professor & Lead: 

UCT-Storz African Fellowship in Airway & Thoracic Anaesthesia 
University of Cape Town 

Introduction 
Safe, reliable airway management is integral to the practice of anaesthesia.  While some procedures 
may be accomplished without advanced instrumentation of the airway, there are many in which the 
ability to accurately position endotracheal and endobronchial tubes, bronchial blockers, dilators and 
other devices is crucial to success, and ultimately, patient outcomes.  The steady growth and 
refinement of endoscopes used to see within the airway has developed from simple tubes and 
reflected light-sources to sophisticated hybrid devices using fibre-optics and integrated video camera 
systems.  A basic understanding of the physical properties that underlie the construction and function 
of these devices is essential to proper use and care. 

These notes aim to give a brief introduction to the important principles, and a broad overview of the 
main types of endoscopic airway equipment in use.  More information, training materials and video 
tutorials can be found on the open-access airway education web site, www.openairway.org.  Specific 
queries can be directed to ross.hofmeyr@uct.ac.za  

Inclusion of images or mention of specific products by name in these notes is for the purposes of 
discussion and is not an endorsement of the product. 

Basic principles of conventional optics 
Optics is that branch of physics which describes the characteristics and behaviour of light, 
instruments that use, detect or manipulate light, and its interactions with other forms of matter.  
Conventionally, it refers to visible, infrared and ultraviolet light, but as light is a form of 
electromagnetic wave, it has implications for other forms such as x-rays, radio and microwaves. 

Conventional geometric optics describe the phenomena that can be accounted for using the classical 
electromagnetic ray form of light, which presumes travel in straight lines and reflection or refraction 
when meeting or passing through surfaces.  Wave and particle effects such as interference and 
diffraction are described by the more comprehensive physical and quantum optics, but are largely 
beyond the scope of these notes. 

 

Figure 1.  Geometry of reflection and refraction. 

http://www.openairway.org/
mailto:ross.hofmeyr@uct.ac.za
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The fundamental principles of geometric optics are the laws of reflection and refraction.  Angles of 
incidence, reflection and refraction are always measured from the normal, which is perfectly 
perpendicular to the interface.  When a ray of light meets the interface between two transparent 
materials, it is split into reflected and refracted rays, so that: 

The reflected ray lies in the plane of incidence, and the angle of reflection equals the angle 
of incidence (Law of Reflection) 

The refracted ray lies in the plane of incidence, and the sine of the angle of refraction 
divided by the sine of the angle of incidence is a constant for any two materials and a given 
wavelength of light.  (Law of Refraction) 

This can also be expressed as Snell’s Law, which describes the angles from normal for a light ray 
traversing from a medium with refractive index of n1 to a medium with index n2: 

𝒏𝒏𝟏𝟏 𝐬𝐬𝐬𝐬𝐬𝐬𝜽𝜽𝟏𝟏 =  𝒏𝒏𝟐𝟐 𝐬𝐬𝐬𝐬𝐬𝐬𝜽𝜽𝟐𝟐 

 

 

Figure 2.  Snell's Law of refraction. 

The velocity v of light in a transparent medium is determined by the nature of the medium, but is 
always less than the speed of light through a vacuum.  The refractive index n for any given medium is 
therefore calculated as 

𝒏𝒏 = 𝒄𝒄/𝒗𝒗 

where c is the speed of light through a vacuum.  Where there is a marked difference between the 
indexes of refraction from one medium to another (such as between glass and air), Snell’s law 
predicts that there is no θ2 when θ1 is sufficiently large.  In other words, when the angle of incidence 
is sufficiently far from the normal, no light is refracted, and total internal reflection occurs.  This is 
the fundamental principle of the function of fibreoptics (see below). 

Lenses are devices which cause light rays to converge or diverge through refraction.  Converging 
lenses focus incoming parallel rays onto a spot on focal length from the lens, on the opposite side.  
Diverging lenses spread the incoming parallel rays in such a way that they appear to have originated 
at a position one focal length on the same side as the origin. 
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Figure 3.  Converging lens.  Image: DrBob, creative commons. 

Several types of indirect laryngoscope (whereby an image of the vocal cords is produced without a 
direct visual axis) make used of a combination of lenses, mirrors and/or prisms.  Examples include 
the TruView and Airtraq optical laryngoscopes. 

 

Principles of fibreoptics 
 

 

Figure 4.  A laser passing down a Perspex rod illustrating the principle of total internal reflection of light in an optical fibre.  
Source: Wikipedia (User Timwether, creative commons license). 

Optical fibres are flexible structures created by sequentially drawing transparent glass or plastic into 
a very fine diameter, often comparable to or thinner than a single human hair.  Using the principle of 
total internal reflection, they allow transmission of light from one end to the other, potentially over 
long distances, with minimal loss of intensity.  This is referred to as acting as a waveguide.  Often, 
cladding material with a lower index of refraction is used around the optical fibre to further increase 
efficiency.  They have wide-ranging uses in illumination, imaging, sensing and communications. 
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Figure 5.  Schematic diagram of an optical fibre.  Source: Wikipedia, public domain. 

 

Figure 6. Schematic diagram of an optical fibre, showing the numerical aperture.  Light undergoes total internal reflection 
due to Snell’s Law.   Source: Wikipedia, User A1 (English Wikipedia, creative commons license). 

In medical endoscopes, optical fibre bundles (frequently consisting of tens of thousands of individual 
fibres) are used both to provide illumination and to produce an image.  Non-coherent fibre bundles 
convey light from a light source distant from the patient to the end of the scope, thereby avoiding 
having a bulb at the scope’s tip, which would produce heat and can cause burns.  To convey an 
image, coherent bundles (where the fibres maintain their same perfect position parallel to each 
other from one end of the scope to the other) are used.  An objective lens at the tip of the 
endoscope is used to focus the image on the fibre bundle, and an eyepiece at the user’s end allows 
viewing the image.   

Optical fibres allow for the creation of flexible endoscopes, and are used in some types of rigid 
endoscope for either light conduction, or both light and image conduction.  A fibreoptic image is 
easily identifiable by the ‘pixelated’ appearance, as each individual ‘pixel’ is an individual fibre.  Due 
to the very fine nature of optical fibres, however, they are susceptible to breaking through tight 
bends, hard knocks and crushing.  Individual broken fibres can be seen in the image as black ‘dead’ 
spots.  As the number of broken fibres increases, the scope eventually becomes unusable. 
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Figure 7.  Fibreoptic image, showing typical honeycomb appearance and several 'dead' fibres.   
Image: Dr Takayuki Kitamura. 

 

Video camera and display integration into endoscopes 
The value of performing endoscopy is greatly magnified if the image can be enlarged, displayed on a 
screen to enable multiple simultaneous viewers, and recorded for documentation, teaching and 
medicolegal purposes.  The initial method to achieve this was to mount a still or video camera onto 
the eyepiece of an optical scope, and link the camera to a display and/or video recorder.  Using 
modern rod lens telescopes in combination with a high definition (HD) camera, very high-quality 
images can be recorded and displayed.  One downside to this system, however, is that the weight of 
the camera can make holding and manipulating the endoscope more difficult and tiring. 

Using an HD camera with a flexible fibreoptic scope is less effective, as the resolution is limited by 
the density of the fibre bundles themselves.  This is often visible as a prominent ‘honeycomb’ 
pattern on the screen, which can make viewing difficult.  To counter the honeycomb effect, slightly 
defocussing the scope, or the use of advanced imaging filters which interpolate between pixels can 
be used. 

An alternate approach is to completely replace the optical fibres in flexible endoscopes with a digital 
video system.  The advent of very small video camera sensors – and rapid improvement in their 
quality combined with reduction in cost, largely fuelled by the digital camera and mobile phone 
industries – has made these ‘chip-in-tip’ endoscopes increasingly common.  The light source and 
non-coherent fibre bundles are also replaced by one or more light-emitting diodes (LEDs) at the end 
of the scope, which makes flexible video endoscopes lighter, more robust, and either thinner in 
diameter, or the same diameter with a larger working channel. 
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Figure 8.  Schematic representation of a flexible video endoscope with 'chip-in-tip' CCD camera. 

The original video chips were of the CCD (charge-coupled device) design.  A thin silicon wafer is 
divided into a geometric array of light-sensitive regions (picture elements, or ‘pixels’) that locally 
store a charge dependent on the degree of light exposure.  After exposure, the charge accumulated 
by each pixel is transferred across the array in sequence, creating a digital signal which encodes the 
image.  This has been likened to an array of buckets collecting rain: 

 

Figure 9.  CCD 'Bucket Brigade' analogy:  Individual pixels (buckets) collect incoming photons (raindrops) in the form of 
electrical charge.  This is then transferred across the array in orderly steps, and recorded sequentially into a gigital signal. 

A second type of digital image chip is the CMOS (complementary metal-oxide semiconductor) sensor, 
which employs a similar array architecture but allows multi-channel recording from the matrix, greatly 
increasing image capture speed.  CCD sensors are more sensitive to light than CMOS, and therefore 
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produce images with less ‘noise’ at the same light intensity than 
CMOS.  However, in the light-abundant environment of airway 
endoscopy, this is much less of a disadvantage.  CMOS, however, 
are more power-efficient and can be produced at much lower cost.  
Steady improvements in CMOS sensor quality has led to their 
domination of the camera chip market, and most modern video 
endoscopes use a CMOS chip. 

Light-emitting diodes (LEDs) are electroluminescent light sources, 
in which the interface between two semiconductor materials 
produces photons when subjected to a suitable voltage.  They have 
multiple advantages for the use in endoscopes of all types when 
compared to incandescent and fibreoptic light sources:  small size 
(less than 1 mm2, low power consumption, long lifetime (of 
measured in tens of thousands of hours), physical robustness, and 
little or no heat production.  Although the advent of fibreoptic light 
guides ushered in the concept of ‘cold light sources’, only the 
incorporation of LEDs into endoscopes has truly achieved this goal. 

Continually improvement in quality and reduction in both cost and size of both image sensor chips 
and LEDs has led to an explosion in their use in both flexible endoscopes and video laryngoscopes. 

Types of equipment for airway endoscopy 
Devices used for airway endoscopy can be classified by the site of desired use (eg. laryngoscopes, 
bronchoscopes), the method used to transmit an image (eg. direct, standard optics, fibreoptic or 
video), and specific properties of the design (eg. rigid or flexible).  No single system of classification 
exists for all the available devices.  Furthermore, in specific circumstances, equipment from disciplines 
outside of anaesthesia is often used in complex airway procedures (for instance, rigid telescopes or 
suspension laryngoscopes).  In these notes, various types of direct laryngoscope are not discussed, as 
this information is broadly available elsewhere. 

Endoscopes for intubation can be divided into indirect (optical or video) laryngoscopes, and 
endoscopes designed to be placed through an endotracheal tube. Examples of the latter class are 
flexible fibre-optic bronchoscopes (or flexible intubating video endoscopes) and rigid intubating 
endoscopes such as the Bonfils or Shikani Optical Stylet.  The video laryngoscopic devices (and similar 
optical laryngoscopes) are described in the separate section on video laryngoscopy.  There are also 
devices which incorporate video endoscopy into intubating laryngeal masks, such as the CTrach and 
the TotalTrack VLM. 

 

Endoscopic views of the airway. Left to right: video laryngoscope, rigid endoscope through 
 supraglottic airway, flexible video endoscope. 

Figure 10.  Schematic diagram of a light-
emitting diode 
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Laryngoscopes  
Optical laryngoscopes 
Optical laryngoscopes use lenses, prisms and/or mirrors to convey the image to an eyepiece, creating 
an indirect view of the larynx, but allowing guided intubation.  They often have the advantage of being 
either low cost and disposable, or fairly compact and robust.  All of the current devices on the market 
can have some form of camera connected to the eyepiece to allow display on a screen, forming a 
hybrid optical/video device. 

 
Figure 11(a) and (b). Airtraq optical laryngoscope, showing use and internal construction of lenses, with electrical wires for 

the LED light source.  Note the channelled blade shape.  Images:  Manufacturer. 

 

Figure 12.  Truview optical laryngoscope.  Image:  Manufacturer 
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Video laryngoscopes 
The number of video laryngoscope (VL) devices on the market has been rapidly increasing.  All use 
some form of CMOS or CCD camera chip and LED light source, and display the image either on a 
separate screen or display mounted on the handle.  Both disposable and reusable blade devices 
exist.  VLs can be classified according to their blade shape into three groups, which dictates their 
strengths, weaknesses and particular utility in different airway situations: 

• Hyperangulated blades, such as the classical Glidescope blade or CMAC D-blade 
• Traditional Macintosh or Miller shaped blades 
• Channelled blades, such as the Pentax AWS or King Vision VL 

 

Figure 13.  A set of video laryngoscopes, showing hyperangulated and conventional Macintosh and Miller blade shapes with 
a separate video display.  Image:  Manufacturer 

 

Figure 14.  King Vision VL with channelled blades and display mounted on handle. 
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Rigid intubating endoscopes 

Also known as optical or video stylets, these devices are preloaded with an endotracheal tube and 
provide a ‘through the tube’ view during intubation.  They are designed to be used alone, or in 
conjunction with a laryngoscope (known as dual endoscopy).  Common examples include the Bonfils, 
Shikani and Levitan optical stylets, and the Clarus and CMAC-VS video stylets.  The optical stylets use 
fibreoptic bundles for illumination and image creation, but are much more robust than flexible 
fibreoptic scopes due to their rigid construction.  Despite this, they are manufactured in sizes down to 
an external diameter of 2 mm, allowing paediatric tubes of as small as 2.5 mm ID to be used.  These 
devices have the further advantage in very soiled airways of being able to be used as a lightwand if 
intubation under vision is not possible. 

 

Figure 15.  Bonfils rigid intubating endoscope with preloaded endotracheal tube and batter light source. 

Rigid intubating endoscopes are designed to be loaded with the tip of the scope just behind the tip of 
the tube.  This allows a view through the device during intubation.  Two techniques can be used: 
midline, and retromolar. For the midline technique, one hand lifts jaw, or a normal direct laryngoscope 
is used, which aids difficult intubation where there is limited view of the vocal cords or even epiglottis. 
In patients with limited mouth opening, or obstructions of the floor of the mouth (such as tumours or 
submandibular abscess), a retromolar technique can be employed, whereby the scope is passed 
posteriorly to the molars from the side of the mouth, and is brought into the midline from an oblique 
angle. Rigid intubating endoscopes are not designed to be passed beyond the vocal cords, but rather 
to obtain a view of the glottic opening and then allow the tube to be slide of into the trachea. 

 

Bonfils (left) and Clarus (right) rigid intubating endoscopes 
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Flexible endoscopes 
Flexible ‘scopes can be either designed for bronchoscopy, or as dedicated flexible intubating 
endoscopes. They are divided into the fibreoptic endoscopes, such as the well-known flexible 
fibreoptic bronchoscope (FOB), and video endoscopes, where an and LED light source “chip-in-tip” 
video camera are used to give light and create an image, in place of the fibreoptic bundles used to 
transmit light and image in a fibreoptic bronchoscope.  Because video intubating endoscopes do not 
contain the delicate fibreoptic bundles, they tend to have a larger working channel and be more 
robust. However, these devices are still delicate pieces of equipment which require very careful care 
and cleaning. 

 

Features of a modern flexible fibreoptic intubating endoscope or bronchoscope 

Flexible intubating endoscopes are designed for awake intubation of very challenging airways.  
Functionally, they bear very close resemblance to flexible bronchoscopes (see below), and are often 
used interchangeably.  Modern models have an interface between the control body and insertion tube 
(or an additional accessory) to securely hold a pre-loaded endotracheal tube during endoscopy for 
intubation.  Typically, the minimum internal diameter of the ETT should be no less than 1 mm greater 
than diameter of the scope. 

 

Figure 16.  Control body and flexible tip of a flexible intubating video endoscope (FIVE) 
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Bronchoscopes 
Rigid bronchoscopes 
Essentially a straight metal tube with connections to allow passage of light, rigid telescopes and 
operating instruments, rigid bronchoscopes can be used with the naked eye (with a fibreoptic light 
source connected directly to the scope with a prism) or with a telescopic camera.  They are useful to 
gain access to the airway when swelling or external compression causes collapse or obstruction, and 
offer a large diameter working area for surgical tasks and removal of foreign bodies.  Rigid 
tracheoscopes are a slightly shorter variant without side holes, which allows ventilation through the 
scope while working. 

 

Figure 17.  Comprehensive system for rigid brinchoscopy, including rigid telescope, several bronchoscopes, graspers, and 
attachments for jet and conventional ventilation as well as light delivery. 

 
Flexible bronchoscopes 
Practically speaking, there are trivial differences between flexible intubating endoscopes and flexible 
bronchoscopes.  The former are usually slightly (~5 cm) shorter and slimmer (5.0 – 5.5 mm external 
diameter), and the latter place larger emphasis on having a larger working channel for graspers and 
biopsy forceps at the expense of a slight increase in diameter (5.8 – 6.3 mm).  ‘Paediatic’ versions of 
both scope exist, with external diameters of usually 3.0 – 4.0 mm.  However, taking into account the 
implications of scope diameter for endotracheal tube size selection, they function perfectly well for 
intubation. 
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Operative telescopes 

 

Figure 18. Typical construction of an operative endoscopic telescope, utilising a rod lens design.  Image courtesy Fuzhou 
Alpha Optics. 

Originally, endoscopic telescopes had a traditional lens design, which featured small lenses separated 
by large air gaps.  Physicist Harold Hopkins realised, however, that an alternate design in which the 
lenses where long rods separated by small airspaces was more efficient, and did not require structures 
to hold the lenses in place, increasing their size and optical efficiency.  This increased the image quality, 
brightness, and field of vision, while at the same time making the endoscope more robust.  After 
patenting his design in 1959, he was approached by the German optical instrument maker, Herr. Karl 
Storz, to incorporate the design into his endoscopes.  This was a turning point for both men; Hopkins 
became famous for the design (amongst others), and Storz grew his company into the foremost 
manufacturer of rigid endoscopes in the world.  Most modern operative telescopes now use this 
design, which can be used to create scopes with diameters as small as 1.2 mm while still producing 
images far better than those achieved with today’s chip-in-tip sensors. 

 

Figure 19.  Conventional operative telescope (endoscope) in comparison with the Hopkins 'rod lens' design.  Image courtesy 
of Karl Storz GmBH. 
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Care and cleaning 
Cleaning and disinfection of endoscopes is a frequent cause of damage. In this setting, the rigid 
intubating scopes perform much better, as they are far more robust than any type of flexible ‘scope. 
Flexible ‘scopes need to be flushed carefully by suctioning a large quantity of warm water or saline 
through their working channel, wiped clean, and then be placed in an enzymatic detergent to break 
down any protein build-up or blood clots that may have formed.  Thereafter, they are rinsed again 
and sterilised briefly in a sterilising solution such as Medis. Most hospitals have an infectious disease 
control protocol which describes the cleaning process for their ‘scopes, and information on this 
process is also available with recommendations from the various manufacturers. 

The Future 
Clearly, endoscopic airway devices are continuing to evolve, and with them, our surgical and 
anaesthetic techniques.   Patients previously deemed very difficult airways for whom only an awake 
fibreoptic intubation was advocated are now routinely intubated with asleep video laryngoscopy, and 
procedures such as tracheal dilatation which were only performed with rigid bronchoscopes and 
bougies are now being achieved as flexible endoscopic day cases through a supraglottic airway.  Just 
as many procedures in cardiac surgery are not achievable without an ‘echo anaesthetist’ who can 
provide intraoperative echocardiographic views, so too are procedures in ENT and thoracic surgery 
beginning to require an ‘interventional anaesthetist’ who can both control and image the airway.  
However, quantifying the contribution of these novel and advanced techniques to a wide base of 
patient outcomes remains a challenge.  It is incumbent upon the individual practitioner to become 
highly skilled with the tools at their disposal, and to recognise the relative strengths and weaknesses 
of each device in each situation. 
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Rescuing the Airway: Rigid Bronchoscopy 
 

Dr Oskar Edkins 
Department of Otorhinolaryngology 

New Somerset Hospital & UCT 

 

 

 



AEIOU – Airway Endoscopy for Intubation and Other Uses – Workshop Manual, 4th  Edition, January 2018 

 

 

 

 

 

 

  



AEIOU – Airway Endoscopy for Intubation and Other Uses – Workshop Manual, 4th  Edition, January 2018 

Videolaryngoscopy: Strategies for Mastery 
 

Ross Hofmeyr 
Associate Professor & Lead: 

UCT-Storz African Fellowship in Airway & Thoracic Anaesthesia 
University of Cape Town 

Without doubt, the greatest area of development of new airway rescue tools over the last decade has 
been in the field of indirect laryngoscopy.  Although several novel and effective optical laryngoscopic 
devices exist (eg. the AirTraq and Bonfils), the rapid improvement and decrease in cost of miniature 
video camera chips and LED light sources (fuelled by the smartphone industry) has led to an explosion 
of video laryngoscopes (VLs).  At least 13 manufacturers exist at the time of writing: 

• Glidescope – various iterations (original, GVL, AVL, Ranger, Cobalt, Titanium) 
• Storz C-MAC – numerous blades available (MAC 2-4, MIL 0-2, D-blade) 
• McGrath – Series 5, McGrath MAC with multiple blades 
• King Vision – disposable ducted and plain blades 
• AirTraq – Optical laryngoscope now offering a video attachment 
• TrueView – Optical laryngoscope which has a camera attachment 
• Pentax AWS – ducted VL with disposable blades 
• Intubrite VLS – VL with LEDs designed to cause fluorescence of the vocal cords 
• VividTrac VL – ‘Plug&Play’ disposable USB VL, not yet supported in SA 
• CoPilot VL – Not yet supported in SA 
• AP Advance VL – Not yet supported in SA 
• Coopdech VLP – Not yet supported in SA 
• Anatech Disposable VL – Not yet supported in SA 
• Numerous other rather dubious copies and untested devices are available online… 

The most recent devices in the South African market are the King Vision, McGrath MAC and Intubrite 
VL.  The Glidescope Titanium series blades have been available since the end of 2015. 

 

Video laryngoscopes.  Top to bottom, left to right:  Storz C-MAC, King Vision, McGrath MAC, Glidescope Cobalt, Pentax 
AWS, selection of Airtraq sizes, CoopTech VL, CoPilot VL 

It is beyond the scope of these notes to try and compare the features and evidence behind all these 
devices. The Glidescope, C-MAC and AirTraq have the best breadth and depth of literature describing 
their use.  However, it is helpful for the practitioner to understand the fundamental principles and 
function of the major classes of VL.  If the optical/video stylets are omitted, there are 3 basic blade 
shapes, which determine the strengths, weaknesses and appropriate technique for each VL.  Blades 
can either be traditional deeply curved/hyper-angulated or feature a tube guide channel/duct and close 
to 90° bend.  The following table describes the important considerations. 
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Blade shape Traditional Hyper-angulated Channelled/Ducted 
Examples Storz C-MAC 

Glidescope Direct 
TrueView 
Intubrite VL 

Glidescope AVL 
Glidecope Titanium 
C-MAC D blade 
 

Pentax AWS 
AirTraq 
King Vision 

Insertion 
technique 

Right side of mouth with 
subsequent tongue 
sweep (traditional 
technique) 

Mostly in midline 
Devices with flange (C-
MAC D) allow tongue 
sweep 

Midline 

Ideal uses Routine VL use 
Anticipated difficulty 
without abnormal 
anatomy (eg. obesity) 
Teaching intubation 

Anticipated difficulty 
Anatomical abnormalities 
Airways masses 
Failed DL 

C-spine injury 
Airway swelling 
Novice VL users 

Strengths Short learning curve 
DL often possible 
May nor require an 
introducer 

Excellent visualisation in 
many airways that would 
otherwise require flexible 
fibreoptic intubation 

Easiest to co-ordinate aim 
of tube (aim with device) 
Minimal mouth opening 
required 

Weaknesses Least advantage from 
video system 

Require greatest skill  
Always require introducer 

Can be awkward to insert 
due to length of device 
Tendency to insert too 
deeply  

Ideal 
introducer 

Any bougie with coude tip 
Malleable stylet in 
“hockey stick” shape 

GlideRite stylet 
Malleable stylet in 
“hockey stick” shape 
Steerable introducers 

Gum elastic bougie 
through endotracheal in 
channel 

Ideal 
forceps 

Magill  Boedeker5 or Suzy6 
forceps 

Not applicable 

 

It is important to realise that any intubation performed by indirect laryngoscopy should be expected to 
require a device to guide the tube around the increase curvature of the airway.  This may be an 
introducer, bougie or forceps.  The ideal introducers/bougies for the various types of VL are detailed 
above.  When using a hyperangulated VL blade, it may be necessary to use specially curved forceps.5, 

6 

 
Shaped forceps (eg. Suzy or Boedeker) for use with video 

 laryngoscopes, and standard Magill forceps.6   

Intubating laryngeal masks have also been equipped with video capabilities to allow intubation though 
the SGA under indirect video laryngoscopy.  The first device with this ability was the LMA-CTrach, a 
modification of the LMA-Fastrach which included a fibreoptic bundle and video display.  Despite 
promising results, this device was withdrawn from the market.7-21  Recently, the TotalTrack VLM has 
been introduced.  This device feature a disposable intubating laryngeal mask coupled with a reusable 
video camera and display.  Three clinical trials have been completed and are in press.  The results of 
the first clinical trial by a South African group show success rates and efficacy rivalling that of the ILMA 
and CTrach, but further study is required.22 
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Proposed classification of characteristics of indirect laryngoscopes.23 
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Balancing topicalization and sedation in AFOI 
 

Prof Andrie Alberts 
Department of Anaesthesia 

University of Pretoria 

 
AFOI is a procedure performed under topical anaesthesia.  Topicalization therefore, is the 
key to the success of this procedure.  Two additional interventions complete the triad 
required for successful AFOI.  Pre-operative psychological preparation is aimed at 
recruiting and motivating an essential partner for the procedure.  Cooperation from the 
partner is rewarded by judicious administration of sedative agents.  The degree of reward is 
delicately balanced, with both under- and over-rewarding resulting in a loss of cooperation, 
and obstruction of the corporate aim. 
 
Psychological preparation facilitates the procedure. 

a. Time must be set aside for meaningful communication; preferably on the day 
prior to the planned procedure.  Do not hesitate to employ a translator if 
indicated. 

b. The patient’s perception of empathy from the physician is the cornerstone of 
the patient’s acceptance of an AFOI.  It is imperative to describe (in a careful, 
unhurried manner) conventional intubation contrasted with AFOI, to the 
patient.  (I.e. a detailed discussion of the procedure).  The focus needs to be 
on the fact that AFOI is safer in view of the patient’s own anatomy or 
condition.  Most adult patients will appreciate an explanation of the need for 
an awake airway examination and intubation, and will be more cooperative 
once they realize the importance of, and rationale for, any uncomfortable 
procedures.  I personally believe that a degree of frankness is required at 
some point; “Sir, in view of your condition / anatomy we are faced with a 
serious problem relating to your anaesthetic scheduled for tomorrow.  Your 
cooperation is absolutely essential” much better sets the tone for a successful 
AFOI than a “Don’t worry, you won’t feel a thing, you’ll be halfway asleep, 
we’ll see how it goes...“ approach.  In a review of 443 cases of AFOI in which 
various combinations of sedation and analgesia were used, a mean of 17% of 
the patients had partial recall and only 6% had recall with unpleasant 
memories. 

 
Topicalization of the airway with local anaesthetics 

Adequate topicalization of the airway with local anaesthetics (LA) is the key to a 
successful AFOI.  Topically applied LA attenuate the afferent limbs of the powerful 
reflexes that serve to protect the upper airway from aspiration of foreign material.  A 
reduction in upper airway patency has been demonstrated following this loss of 
afferent feedback.  Hence, care is needed when considering an awake airway 
management technique in a patient with evidence of upper airway narrowing.  
Lignocaine, given intravenously, likewise affects airway reactivity.  Topical application 
of LA to the airway is unlikely to cause systemic toxicity, although the safe maximum 
dose is uncertain.  Case reports of toxicity from topical use are rare.  The British 
Thoracic Society recommendation for the use of topical lignocaine with a flexible 
fibreoptic bronchoscope in adults is not to exceed 8.2mg/kg.  Sympathomimetics and 
antimuscarinics are often used in combination with LA. 

c. Sympathomimetics, such as adrenaline and phenylephrine, cause local 
vasoconstriction minimizing tissue vascularity, and reducing oedema.  Topical 
vasoconstrictors such as adrenaline – administered via a nebulizer – can also 
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be used to minimize systemic absorption of topical LA (reducing toxicity), 
improve efficacy, and increase duration of action. 

d. Antimuscarinics, such as glycopyrrolate, inhibit the parasympathetic nervous 
system to reduce salivary gland secretions and dry the upper airway.  
Glycopyrrolate is devoid of central nervous system effects because its 
quarternary amine structure prevents passage through the blood-brain 
barrier.  Its pharmacological profile makes it the drug of choice as an 
antimuscarinic premedicant for AFOI. 

 
Sedative agents 

Sedative agents represent the grip or hold we have on delicately maintaining 
(balancing) patient cooperation throughout the procedure.  Sedation should generally 
be a supplement to, rather than a substitute for, topical anaesthesia of the airway.  
Even the slightest degree of over- or under-dosing may lead to a loss of patient 
comfort, a loss of cooperation, and failure of the procedure (or worse, should upper 
airway obstruction occur).  The appropriate dose of sedative agent is determined by 
judging patient comfort and cooperation; 

a. Patient comfort – clinically this is achieved through analgesia, amnesia, 
and anxiolysis 

b. Patient cooperation – clinically this implies patient responsiveness to verbal 
command 

 
Although almost any sedative agent can be used, some rules should apply to all; 

a. judicious dosing (primarily based on continuous patient cooperation i.e. 
responsiveness to verbal command) 

b. avoid polypharmacy (no more than two agents) 
c. have reversal agents at hand 

 
An appreciation of the effects of sedative agents on the upper airway is crucial to the 
practice of safe airway management.  There is a decrease in muscle tone associated 
with the loss of wakefulness, and this is compounded by specific drug-induced 
inhibition of upper airway neural and muscle activity, and suppression of protective 
arousal responses.  These processes tend to narrow the airway lumen.  Originally the 
upper airway narrowing associated with sedation was attributed to a posterior shift of 
the base of the tongue.  Evidence now suggests that the soft palate and, to a lesser 
extent, the epiglottis are more relevant. 

 
 
 

References available on request 

  



AEIOU – Airway Endoscopy for Intubation and Other Uses – Workshop Manual, 4th  Edition, January 2018 

Practical Awake Flexible/Fibreoptic Intubation 
 

Dr Brigid Brennan 
Department of Anaesthesia & Perioperative Medicine 

University of Cape Town 
 

Awake fibreoptic intubation is an essential skill in the management of the patient with a known or 
suspected difficult airway. Despite technical advances in the field of airway management with new 
devices being added to the arsenal almost daily, AFOI remains the gold standard for the management 
of the anticipated difficult airway without airway obstruction. This should be seen as a core skill for 
which competence should be gained during your registrar time. It is our responsibility as ‘airway 
experts’ to ensure that we have the necessary skills to perform an AFOI safely. The single most 
common cause of a failed FOI is lack of experience and training.  

Airway assessment continues to be an imperfect science but should be performed in every patient 
preoperatively to reduce the risk of patient harm.  A strategy for airway management that preserves 
patient oxygenation and ventilation throughout the perioperative period should be used for every 
patient. The most recent version of the ASA guidelines for management of the difficult airway was 
published in 2013. (Appendix 1). Note the position of the awake fibreoptic intubation in the algorithm.  
In these guidelines there is no role for the fibreoptic bronchoscope If laryngoscopy and mask 
ventilation are impossible after induction of general anaesthesia. Unfortunately there is just not 
enough data to support every recommendation made concerning airway management, in the absence 
of hard evidence expert opinion and group consensus may fill the gaps. 

The Fourth National Audit Project of the Royal College of Anaesthetists (NAP4) highlighted the 
underuse of AFOI in the management of difficult airways as well as a number of factors leading to its 
failure including lack of experience, inappropriate sedation, inability to view landmarks and 
endotracheal tube impingement during railroading. The audit identified numerous cases in which 
awake intubation with a flexible bronchoscope was indicated but was not used. Poor planning 
contributes to poor airway outcomes. It is also important to plan for failure of your primary airway 
plan.1 

Advantages of the awake state for flexible fibreoptic intubation 
 

 

 

 

 

 

Miller’s Anesthesia 7th Edition 

 
Definition of a difficult airway 
ASA: A clinical situation in which a conventionally trained anaesthetist experiences difficulty with 
facemask ventilation, supraglottic device ventilation, tracheal intubation or all three. A more complete 
definition would include difficulty with tracheal access and a consideration of the airway at extubation.  

Difficult intubation has been defined as outright failure, Cormack and Lehane grade 3 or 4 
laryngoscopy, the need to use specialist equipment or more than 2 attempts at intubation. There is a 
lack of consensus for these definitions.  

Spontaneous ventilation maintained 

Oxygenation and ventilation maintained 

Anatomy and muscle tone preserved, intubation therefore easier 

Airway protection preserved 

Safety 

Options preserved 
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Indications 
The main indication for an awake intubation is a suspected or known difficult airway. In a case of easy 
mask ventilation but isolated difficulty with tracheal intubation, an asleep technique may be 
appropriate. The role of AFOI in a partially obstructed airway continues to be debated.  

Another indication is to avoid iatrogenic injury e.g. a patient with an unstable C-spine. The overall 
incidence of secondary cervical injury attributable to intubation is very small. In an observational study 
of 327 patients with cervical spine disease, 39% were intubated with AFOI. Anaesthetists were more 
likely to use this technique if the patient had myelopathy, unstable or fractured vertebrae, or spinal 
canal stenosis. There is no published data to suggest that AFOI improves outcome in cervical spine 
injured patients compared to other intubation methods.6 

Indications:        Contra-indications:  

 

 

 

 

 

 

 

 

 

 

 

 

 

The difficult airway with impending airway obstruction 
AFOI can be successful when done by experts in selected cases, depending on the site of obstruction 
and with nasendoscopy and radiological investigations to aid decision making.  However, AFOI can 
also precipitate complete airway obstruction in this scenario. On the topic of the management of the 
obstructed airway I refer you to an article published in Anaesthesia 2011 titled “Progress in the 
management of the Obstructed Airway9”. Successful use of an AFOI technique for an obstructed 
airway requires skill, an understanding of the nature and level or site of obstruction and recognition 
that with advanced glottic obstruction, fibreoptic techniques fail.  

Patients at risk of aspiration 
Some debate exists about the use of airway topicalisation and AFOI in these patients but numerous 
reports of its success exist when relevant precautions are taken, e.g. aspiration prophylaxis, sitting 
/semi sitting patient position. In patients at risk of aspiration it may be best to avoid the transtracheal 
and possibly superior laryngeal nerve blocks. A spray-as-you-go technique might be safer. 
Postoperative oral intake should only be allowed once cough and swallowing reflex have returned to 
normal.  

Suspected or known difficult airway 

Anticipated difficult laryngoscopy and tracheal 
intubation 

Anticipated difficult mask ventilation 

Anticipated difficult rescue technique 

Avoidance of iatrogenic injury e.g. unstable C-spine 

Absolute:  

Patient refusal or non-compliance 

Relative: 

Lack of skill/equipment 

Critical airway obstruction 

Contamination upper airway 

Grossly distorted anatomy 

Local anaesthetic allergy 

Penetrating eye injury 

??Aspiration risk 

Nasal route:  Fractured base of skull 

  Coagulopathy 
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Requirements for AFOI 
It is essential to have a working knowledge of the anatomy of the normal upper and lower airways, 
from the nasal passage to the bifurcation at the carina. It is also important to know the mechanism of 
action and maximum doses of various local anaesthetics and vasoconstrictors used. Most importantly 
the anaesthetist must have a management plan A, B, C...  

The flexible bronchoscope 
There are 2 types of flexible bronchoscopes, a fibreoptic bronchoscope and a video bronchoscope. 
Be familiar with your device. The fibreoptic scope contains bundles of optical fibres each with a 
diameter of 8-25um that transmit the image, a different group of fibres that transmit light to the distal 
end and cables from a control lever in the handpiece. The hollow channel can be used for aspiration 
of secretions or installation of local anaesthetic. The image can be displayed on a monitor by 
attaching a camera to the eyepiece. A video bronchoscope has a distal video chip from which the 
image is transmitted electronically to a video display.  

The scope can be maneuvered in three planes: Tip flexion-extension, rotation of entire scope, 
advance-withdrawal of entire scope. The external portion of the scope should be kept as straight as 
possible during manipulation so that rotation of the hand piece is transmitted to the distal end.  

Use the dominant hand to perform the finer movements of aiming the tip in the correct direction, 
rotating the tip and advancing/withdrawing the scope. Move the control lever and depress the suction 
valve with the non-dominant hand.2 

Difficulty passing the tracheal tube over a correctly positioned scope is a common problem. The most 
common sites for hold up of the ETT are the inter-arytenoid notch and the right arytenoid cartilage 
and epiglottis. Hold up of the ETT is more likely if there is a significant size discrepancy between the 
diameter of the scope and the ETT. Try to advance the ETT through the cords with the bevel facing 
posteriorly. If hold up occurs withdraw the tube 1-2cm, rotate 90’anticlockwise and advance again. 
Never force the ETT. An alternative is to use a special ETT with a soft tapered end, e.g. the ETT of an 
intubating LMA.  

Nasal vs oral intubation 
The type of surgery may dictate which route is chosen. 

The nasal route is technically easier as there is a less acute angle to negotiate with the bronchoscope 
in the nasopharynx and on extubation a nasal tube is better tolerated and can be left in as a 
nasopharyngeal airway.  

The Berman and Ovassapian airways are devices that facilitate the passage of a fibreoptic scope and 
endotracheal tube through the mouth into the oropharynx. Measure the distance from the corner of 
the mouth to the ear, this should be equal to the distance from the mouth opening to the glottis. 

 

Airway Innervation 

Nasal cavity 
 Anterior third of nasal septum and the nares are innervated by the ethmoidal nerve, a branch of the 
olfactory nerve (CN 1). The posterior cavity is innervated by branches of the maxillary nerve 
(trigeminal nerve). Specifically the greater and lesser palatine nerves from the pterygopalatine 
ganglion innervate the turbinates and most of the nasal septum. The pterygopalatine ganglion is 
located posterior to the middle turbinate in the pterygopalatine fossa. .  

Oropharynx 
The oropharynx is mainly innervated by the glossopharyngeal nerve with both motor and sensory 
fibres. It enters the pharynx between the superior and middle constrictor muscles of the pharynx and 
provides sensory fibres to the posterior third of the tongue, vallecula, anterior surface epiglottis, walls 
of pharynx and tonsils.  
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Larynx 
Branches of the vagus nerve innervate the larynx and trachea. The Internal branch of the superior 
laryngeal nerve provides sensation to vocal cords, posterior epliglottis, arytenoids and aryepiglottic 
folds. Essentially it is the sensory supply to the larynx above the vocal cords.  It originates from the 
superior laryngeal nerve lateral to the greater cornu of the hyoid bone.  

The recurrent laryngeal nerve is the sensory supply to the vocal cords and below, as well as motor 
function of all intrinsic laryngeal muscles except cricothyroid which is innervated by the external 
branch of the superior laryngeal nerve.  

 

Anaesthetising the airway 
The aim here is to reduce sensation over specific regions that will be encountered by the scope and 
ETT and so reduce undesirable elevations in the patient’s sympathetic and parasympathetic outflow 
as well as improve operator success.  

There are many safe and effective ways of achieving suitable airway anaesthesia. Whichever method 
is chosen, adequate airway anaesthesia is the key to a successful awake intubation and should not 
be rushed.  

Some techniques of airway anaesthesia 
 

 

 

 

 

 

Miller’s Anaesthesia, 7th Edition.  

Topical anaesthesia 
Topicalisation of the airway involves spreading of local anaesthetic over a region of the mucosa to 
achieve local uptake and neural block of that region. Adequate time allocation is needed to provide 
optimal conditions. Topical anaesthesia reduces the calibre of a normal airway. Topicalising the 
airway in a patient with critical airway narrowing can lead to complete airway obstruction and should 
only be performed by experts when there is a team ready to perform an immediate surgical airway.  

Lignocaine is the most widely used agent for topical airway anaesthesia as it has a favourable safety 
profile. It is available in a variety of concentrations and can be combined with a vasoconstrictor such 
as adrenalin or phenylephrine. The vasoconstrictor decreases local blood flow, slows the rate of 
absorption of local anaesthetic and prolongs its effect.  

The use of cocaine has largely fallen out of favour in this setting. It has marked sympathomimetic 
activity and may cause cardiac dysrhythmias and myocardial ischaemia. (Maximum dose for topical 
anaesthesia is 1.5mg/kg.) 

The maximum described dose for topical administration of lignocaine is 9mg/kg lean body mass in 
adults, with or without adrenalin, although this high a dose is seldom necessary.  Calculate the 
maximum dose for your patient and do not exceed that. It is important to take note of further local 
anaesthetic that may then be used by the surgeon. Lignocaine has a narrow therapeutic range with 
toxicity being dose related and proportional to plasma levels. The accepted plasma threshold before 
signs of toxicity are seen is 5mg/L. However, factors such as hyperaemia and oedema of the airway 
caused by infection/trauma/tumour can enhance transmucosal systemic absorption of local 
anaesthetic. Hypercarbia and hepatic dysfunction can also facilitate the onset of neurotoxicity with 

Nebulizers: Entire airway 

Topical sprays and gels: Upper airway 

Spray-as-you-go: Larynx and trachea 

Transtracheal injection: Larynx and trachea 

Nerve blocks: Distribution of nerve supply 

Combinations of the above 
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serum concentrations lower than 5mg/L. Care should be taken in such patients and a lower total dose 
used. About 25% of the dose of lignocaine given is absorbed. Most of the lignocaine administered via 
sprays or gels is swallowed and undergoes first pass hepatic metabolism.  

Lignocaine 2-4% should be used. A quicker and denser block can be achieved with a 4% solution.  

Lignocaine can be nebulised, administered as a spray-as-you-go technique (SAYGO), gargled, via 
soaked pledgets judiciously placed or by airway blocks.  

With nebulised lignocaine the density of anaesthesia throughout the airway may be variable and so 
this technique may need to be supplemented by a spray-as-you-go approach.  

Spray-as-you- go technique allows supplementation of topicalisation as you advance the scope. It is 
particularly useful at the cords and below (recurrent laryngeal nerve). It does cause coughing and 
requires time for recovery after each application.  Use an epidural catheter (cut off multihole tip) down 
side port of scope and advance until visible beyond scope, inject 1-2ml 4% lignocaine above and 
below the cords. Alternatively put 2 ml of 4% lignocaine in a 10ml syringe, fill the rest with air and 
inject directly via suction port of scope rapidly onto the vocal cords.   

Lignocaine soaked swabs or cotton pledgets can be left  for 5-15 minutes in the regions of mucosa 
that require anaesthesia e.g. nasal passages. Add adrenaline 1:200 000 or phenylephrine (0.05%). 
Alternatively use a vasoconstricting nasal spray (oxymetazoline) before applying the local 
anaesthetic.  

Various other preparations include remicaine jelly to the nostrils with a pus swab, benzocaine oily 
foam via long spray nozzle, benzocaine lozenges, xylocaine spray (each activation of metered dose 
delivers 10mg lignocaine), amongst others.  

Airway nerve blocks10 
Nerve blocks produce more profound and longer lasting anaesthesia than topical anaesthesia, 
however they are invasive, must be performed bilaterally and can be quite unpleasant for the patient.  

Nose:  Lignocaine soaked swabs to nose.  

Oropharynx:  Glossopharyngeal nerve block will block the gag reflex and facilitate the passage of the 
ETT through the posterior pharynx. It can be blocked most easily as it crosses the palatoglossal arch. 
It can be blocked by topical spray, direct mucosal contact of soaked pledgets in the tonsillar fossa or 
by injection infiltration.  

Intraoral or extraoral approach 
Intraoral:  Anaesthetise tongue with topical anaesthetic. 22G needle. 5ml 2% lignocaine submucosally 
at the caudal aspect of the posterior tonsillar pillar (palatopharyngeal fold).  

Extraoral: Peristyloid approach. With the patient supine draw a line from angle of the mandible to the 
mastoid process. Using deep pressure, palpate the styloid process just posterior to the angle of the 
jaw along this line. Use a short, small gauge needle and seat it on this process. Withdraw needle and 
direct posteriorly off the styloid process. As soon as bony contact lost 5-7ml 2%  lignocaine injected 
after careful aspiration.  

Both intra and extra oral approaches involve deposition of local anaesthetic close to the carotid 
arteries. The palatoglossal arch is a highly vascular area and so accidental vascular injection is an 
ever present risk. Significant absorption of the local anaesthetic can also be expected in this region. 
As with any injection in a highly vascular region this may be contraindicated in patients with 
coagulopathies or on anticoagulation medication.  

Larynx: Superior laryngeal nerve block: The internal branch arises from the superior laryngeal nerve 
lateral to the greater cornu of the hyoid bone. The nerve should pass 2-4mm inferior to the greater 
cornu of the hyoid bone, from here it pierces the thyrohyoid membrane and travels under the mucosa 
in the pyriform recess.  
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Blockade of this nerve can be done by bilateral injections at the level of the greater cornu of the hyoid 
bone. Patient supine, head fully extended. Cornu of hyoid bone located below angle of mandible. 
Palpate outward from the thyroid notch along upper border of thyroid cartilage until greater cornu is 
encountered just superior to its posterolateral margin. Nondominant hand displaces hyoid bone with 
contralateral pressure bringing ipsilateral cornu and internal branch of superior laryngeal nerve toward 
anaesthetist. 25G inserted anteroinferomedial direction until lateral aspect greater cornu contacted. 
Needle walked off inferior border of greater cornu, thyrohyoid pierced and internal branch blocked. If 
needle retracted slightly after contacting hyoid bone both internal and external branches are blocked. 
2ml lignocaine injected after aspiration.  

If the patient is unwilling or unable to tolerate these injections due to distorted anatomy for example, 
soaked pledgets with right angle forceps can be placed in the pyriform fossa on either side of the root 
of the tongue for 5-10 minutes.  

Recurrent laryngeal nerve block: The transtracheal block will prevent coughing as the endotracheal 
tube passes through the vocal cords.  

Transtracheal block:  Cricothyroid membrane located in midline. Small skin wheal of local anaesthetic. 
22G needle on 10ml syringe with 4ml 4% lignocaine (or butterfly needle) passed perpendicular to 
trachea. Needle is advanced with continuous aspiration until air is aspirated. Rapidly inject on end 
expiration. The resultant coughing on injection of the LA disperses the LA solution and blocks sensory 
branches of recurrent laryngeal nerve. Motor function is unaffected. This block can be done with a 
needle cannula and the cannula left in situ for rescue oxygenation and to provide a conduit for the 
passage of a guidewire for seldinger tracheostomy, potential retrograde intubation or 
cricothyroidotomy.  

Alternatively a spray-as-you-go technique with an epidural catheter down the side port of the 
fibreoptic scope can block this nerve.  

Structure Nerve Nerve Block 
Nose Ethmoidal nerve 

Maxillary nerve 
Lignocaine soaked pledgets 

Oropharynx Glossopharyngeal nerve Intraoral palatopharyngeal fold 
Extraoral peristyloid approach 

Larynx Superior laryngeal nerve, 
internal branch 
Recurrent laryngeal nerve 

Greater cornu hyoid bone 
 
Transtracheal injection 

 

Antisialogogue 
Oral secretions can make visualisation difficult and serve as a barrier to effective penetration of the 
local anaesthetic into the mucosa. Glycopyrollate 3-4ug/kg ivi 30 minutes preoperatively or atropine 
0.5-1mg IMI/IVI.  

 

Sedation 
Awake intubation can be achieved using local anaesthesia alone but sedation is often required to 
improve patient tolerance. The safety of AFOI lies in the ability to maintain spontaneous ventilation 
and the ability to stop and perform a different technique if intubation is unsuccessful. The use of 
sedation is generally accepted in a non-obstructed airway. Some argue that it should not be used as it 
is essential to maintain lower airway reflexes to avoid aspiration. It does however assist with patient 
compliance and so improves the chances of a successful intubation.  

It is not easy to strike the balance between patient comfort and good intubating conditions on the one 
hand and maintaining spontaneous ventilation and a patent airway on the other. Oversedation can 
cause airway obstruction, respiratory depression, or apnoea which can result in significant morbidity 
or mortality (NAP4).  
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In order to provide safe sedation the following should be adhered to:   

Patient selection: It has been said that sedation should not be used in a patient with airway 
obstruction or respiratory failure. The emergence of newer therapies may challenge this view.  

Drug selection: The appropriate choice of drug(s) for the patient and the pathology.  

Sedationist: If sedation is used for an AFOI a second anaesthetist must be present and be 
responsible for administering and monitoring the effects of sedation. 

The goals of sedation for an AFOI would be a co-operative patient, maintaining his own airway with 
minimal respiratory depression.  

Due to the relatively small numbers of AFOI performed, and the variable pathologies for which it is 
indicated, there are relatively few well designed RCT’s comparing different sedation regimes/drugs.  

A recent review of the literature on this topic was published by Can J Anaesth 20134. This looked at 
the evidence supporting the use of agents with regard to their efficacy, recommended doses, 
techniques and limitations to their use for AFOI. Benzodiazepines, opioids, propofol, alpha-2 agonists 
and ketamine have all been described to facilitate AFOI. From this review it appears there is good 
evidence to support the use of remifentanil and dexmedetomidine in particular.  

A lot of these studies looked at patient recall of events as an indicator of drug efficacy. In this author’s 
opinion recall is part of the definition of an AFOI. Ideally the recall should not be distressing but I do 
not think amnesia/hypnosis should be a primary target of the sedation regime used.  

The ideal sedative for AFOI would provide anxiolysis, have analgesic properties, suppress the cough 
and gag reflex, be safe and easy to titrate with minimal respiratory and cardiovascular side effects, 
and have an antidote.  

Drugs that are most suitable have both anxiolytic and analgesic properties and would ideally not 
depress ventilation. The ideal choice may vary depending on patient and pathology. For example the 
conditions for safe intubation of a patient with an oropharyngeal mass and respiratory distress are 
very different from those required for the management of a patient with an unstable cervical spine 
injury in whom coughing and straining should be avoided.  

Psychological preparation of the patient is vital and contributes hugely to anxiolysis but this is 
sometimes not enough. The analgesic effects supplement local anaesthesia and may limit respiratory 
and cardiovascular responses to airway instrumentation.  

The use of a combination of drugs during AFOI can result in synergistic or antagonistic effects 
between the drugs used. The effect of this could be over/undersedation as well as respiratory 
depression which could compromise the safety of the technique. While synergism may be desirable it 
can be unpredictable.  

Benzodiazepines 
Midazolam is commonly used in combination with an opioid for AFOI. It might well be one of the most 
commonly used sedatives for AFOI. However a review of the literature with only a small number of 
studies available makes it difficult to arrive at a conclusion on its use. The advantages would be its 
wide availability, availability of an antidote (flumazenil) and user experience with the drug.  However, 
a major disadvantage is the risk of oversedation with bolus injections and the wide inter-patient 
variability in response to the drug.12  

Propofol 
Most studies using propofol use it as a TCI technique with or without remifentanil.  

3 RCT’s compared propofol with remifentanil and 1 RCT compared it with dexmedetomidine.   

In all of these trials Remi/Dex was superior to propofol in terms of intubating conditions. The only 
benefit of propofol seems to be decreased recall. All of these trials show that the balance between 
underdosing (coughing and straining) and overdosing ( airway obstruction and loss of co-operation) 
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can be difficult to achieve. The use of propofol for AFOI is associated with a low incidence of recall at 
the expense of an increased risk of oversedation. 
 
Propofol is definitely unsuitable for sedation for AFOI if airway topicalisation is not used. 
There is no clear consensus on the dose range, however it does seem that the risk of oversedation 
increases with effect site concentrations greater than 3 ug/ml. 
More recently case reports have described the use of propofol with remifentanil. The dose ranges 
used are TCI propofol Cet 0.8-2.0 ug/ml and remifentanil 1.5-3.2 ng/ml.  Although there is no 
evidence to support the use of TCI propofol over fixed rate infusion it is safe to say that TCI has a 
more consistent pharmacodynamic effect and may allow for a more predictable level of sedation.  

Opioids 
AFOI can cause intense nociceptive stimulation especially during passage of the endotracheal tube 
through the nose and larynx. Opioids can help to attenuate the coughing and haemodynamic changes 
associated with airway instrumentation. In situations where local anaesthesia may be inadequate e.g. 
mucosal inflammation, difficult anatomy, excessive secretions, opioids may be beneficial. In the 
history of AFOI most opioids have been administered as boluses. It must be noted that boluses of 
opioids combined with midazolam for sedation can result in significant hypoxaemia, apnoea and 
aspiration. 

Remifentanil 
Remifentanil is a potent, ultra-short acting synthetic u-opioid receptor agonist with a context sensitive 
half-time of 3 minutes and an elimination half-time of 6 minutes. It is metabolised by nonspecific 
plasma and tissue esterases. This makes it easy to titrate while providing profound analgesia and 
suppression of airway reflexes with little effect on cognitive function.  

Initial studies used remifentanil as a fixed rate infusion in ug/kg/min. Even at doses of 0.25-
0.5ug/kg/min where respiratory depression was common, it was always correctable by verbal 
commands to breathe. Further studies have shown that manual administration of remifentanil is more 
likely to be associated with overshoot, interpatient variability and accumulation than effect site 
targeting with TCI models. There is evidence to suggest that remifentanil administered by TCI is 
associated with a lower incidence of complications (apnoea, respiratory depression) compared with 
manual administration.  

In the 3 RCT’s comparing propofol to remifentanil all remifentanil patients were able to open their 
eyes and breathe on command if saturations fell; this was not the case in the propofol group.  

The dose range for TCI remifentanil for AFOI is Cet 3-5ng/ml when used with midazolam 1-2mg or 
when combined with a small effect site concentration of propofol <1ug/ml. With adequate 
topicalisation and counselling of the patient remifentanil alone at <3ng/ml titrated to effect may be 
adequate.  

3 studies have looked at the use of remifentanil for AFOI without topicalisation or any other sedation. 
Obviously the dose ranges here were much higher to achieve suitable intubating conditions.  Cet 6-
8ng/ml.  

Remifentanil is commonly used in combination with propofol in order to reduce the high incidence of 
recall. However patients who do have recall when remifentanil is used alone don’t describe the recall 
as unpleasant.  

Dexmedetomidine 
Dexmedetomidine is a highly selective alpha-2 agonist. It has numerous favourable characteristics for 
AFOI:  It has sedative, antisialogoue and anxiolytic properties as well as moderate analgesic 
properties without having any respiratory depressant effect.  In one study healthy volunteers were 
sedated to a degree that they were non-responsive to shaking and shouting but they still maintained 
spontaneous respiration.  
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Level 1 evidence for the efficacy and safety of dexmedetomidine for AFOI is provided by 5 RCT’s. It 
provides good intubating conditions, high patient tolerance and high reported patient satisfaction. 
There is no evidence though in the form of well-designed randomised control trials demonstrating any 
clear benefit over remifentanil.  

A Cochrane review on the use of dexmedetomidine for AFOI is awaiting further well designed 
randomised control trials.  

Dose: 1ug/kg slow bolus over 10 minutes. Followed by an infusion 0.3-0.7ug/kg/hr.  The time to onset 
of the sedative effect is 10-15 minutes if a loading dose is used. The full sedative effect is seen in 20-
30 minutes. Dexmedetomidine has a rapid distribution phase with a half-life of about 6 minutes. It has 
a terminal elimination half-life of 2 hours.  

The main adverse effects are hypotension and bradycardia. Bradycardia is clinically not usually a 
problem provided the loading dose is administered over the recommended 10 minutes. There can be 
an initial transient hypertensive response with the loading dose followed by hypotension. Hypotension 
may be a problem after induction of general anaesthesia but it should respond to boluses of a 
vasopressor.  

The real advantage of dexmedetomidine may be seen when presented with a patient at risk of airway 
obstruction or respiratory failure. The use of sedation in a patient with impending airway obstruction is 
controversial. Avoidance of drugs that depress consciousness level and ventilatory drive is 
recommended. However, application of topical anaesthesia can also precipitate complete airway 
obstruction. There are no case reports to support the use of remifentanil in this situation but there is 
some evidence in case reports to support the use of dexmedetomidine.  

Conclusion on sedation 
The benefits of sedation during AFOI are now widely accepted and include a greater success rate and 
ease of intubation as well as blunting of the haemodynamic response to intubation and an improved 
experience for the patient. The ideal drug would be predictable, short acting, titratable and reversible. 
It is still essential to have psychologically prepared the patient for the procedure with appropriate 
counselling and if possible to maintain verbal contact with the patient during the procedure.  

The introduction of drugs such as remifentanil and dexmedetomidine, with unique pharmacokinetic 
properties as well as the availability of TCI infusion systems which allow for easy titration and 
maintenance of steady state drug levels, have made the prospect of sedation for AFOI safer. 
However, whether or not to use sedation, and which drug(s) to use should be decided based on 
patient and pathology features. A second anaesthetist ‘sedationist’ should be present to monitor and 
titrate the level of sedation.  

There is enough level 1 evidence in the form of well-designed RCT’s to support the statement that 
propofol is not very effective as a primary sedative agent for AFOI. Avoidance of benzodiazepines 
reduces the potential for pharmacodynamic interactions between drugs, so minimising adverse effects 
such as respiratory depression.  At this point in time the literature supports the use of 2 drugs, 
remifentanil and dexmedetomidine, for sedation for AFOI.   

Can J Anaesth 20134
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Supplemental oxygen 
The use of supplemental oxygen may be advocated in cases of critical airway obstruction either via 
nasal prongs or an upside down face mask over the mouth to provide a safety barrier for the rare time 
when awake intubation precipitates complete airway obstruction. However if this is a concern perhaps 
an awake tracheotomy would be the preferred choice of airway management.  Be aware of the 
danger of using supplemental oxygen when using a sedative that can suppress respiration e.g. 
remifentanil, as the patient may be hypoventilating or apnoeic while maintaining oxygen saturations 
and becoming increasingly hypercapnoeic. When using remifentanil this author prefers not to use 
supplemental oxygen and rather rely on patient saturations as a warning to encourage the patient to 
breathe.  

Complications of AFOI 
Complications of AFOI include failure, bleeding, complete airway obstruction and oversedation. 
Laryngeal trauma and arytenoid dislocation is more common with multiple attempts and the use of 
force to pass the ETT through the cords. Local anaesthetic toxicity can also occur.  

Training 
Complications arising from airway management are an important cause of anaesthesia associated 
morbidity and mortality, and although they are not common, the outcomes are often severe, in the 
form of either hypoxic brain injury or death. Many training programmes don’t offer a structured airway 
management programme and many trainees probably enter practice with limited skills to deal with 
difficult airways. A survey of delegates at the Group of Anaesthetists in Training (UK) meeting showed 
that although most felt that AFOI was a core skill, the majority of final year trainees failed to reach 
their minimum estimated competency target of 10 intubations. It has been shown that the time to 
complete FOI successfully by novice residents after only 10 patients each was in the region of 1.5min.  

A stepwise approach to training would be as follows7:  

Manikins: Manikins and simulators provide a safe validated introduction to the use of fibreoptic scopes 
and as little as 2-4hrs of manikin training has been shown to provide adequate scope skills to enable 
tracheal intubation in patients.  

Asleep fibreoptic intubation with predicted normal anatomy. 

Awake fibreoptic intubation with predicted normal anatomy. 

Awake fibreoptic intubation with predicted abnormal anatomy.  

Competence should be demonstrated at each stage before progressing to the next stage.  
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A needle-free technique for nasal AFOI 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Requirements:  

Knowledge of indications and limitations of procedure.  

Adequate equipment and skill available to perform the procedure.  

Have an airway plan A, B, C.... 

Be patient! A properly conducted AFOI takes time.  

Counsel and consent patient. Psychological preparation is essential.   

As the patient arrives in the induction room, insert IVI and administer glycopyrollate 3-4ug/kg.   

Prepare 4% lignocaine and calculate the maximum dose for the patient (9mg/kg).  

Identify most patent nasal passage. Administer oxymetazoline vasoconstricting nose drops to both 
nostrils.  

Nebulise 4 ml 4% lignocaine with 0.5-1mg 1:1000 adrenalin.  

On completion of nebulised lignocaine, use remicaine jelly on a pus swab or lignocaine soaked 
pledgets (with 1:200000 adrenalin) into nasal cavity and posterior nasal space.  

Allow patient to gargle with 1-2ml 4% lignocaine if possible.  

Consider transtracheal injection.  

Take patient into operating theatre and apply standard monitoring.  Have drugs for GA drawn up.  

Operating table as low as possible. Position patient semi sitting or supine with anaesthetist in front 
of or behind patient depending on operator preference/patient convenience.  Facing patient inverts 
FOI view.   

Check scope, orientation, black notch at 12 o’clock, clear focus on written object, working suction, 
second wall suction with yankauer for oropharynx if needed. Prepare epidural catheter for SAYGO.  

Decide on sedative: Remifentanil 1-3ng/ml TCI or dexmedetomidine 1ug/kg over 10 minutes then 
0.3-0.7ug/kg/hr. Second sedationist present.  

(Supplemental oxygen if indicated via nasal prongs or face mask.) 

Mount the tracheal tube on the scope for the nasal route or within the oral airway for the oral route.  

Use a 6-6.5mm warmed reinforced ETT with adequate lubrication between the scope and ETT and 
around tip/cuff of ETT for passage through the nose. (Alternatively use ETT from intubating LMA 
with tapered tip to avoid hold up at arytenoids). Secure ETT to top of scope with a piece of tape or 
elastic band that can be easily removed. 

Pass scope along floor of nasal cavity directed inferiorly behind soft palate. Identify the nasal 
septum medially, turbinates laterally. Keep black hole (air cavity) in centre.  Patient can assist in 
opening the airway by protruding tongue or deep inspiration. Pink out: mucosa (no cavity); white 
out: secretions; red out: blood.  Suction or withdraw scope and reorientate. 

Targets: Epiglottis, vocal cords, tracheal cartilages, carina.  

Next landmark is epiglottis, advance scope into laryngeal opening, identify vocal cords and 
administer SAYGO lignocaine. Warn patient they may cough. Wait. Pass epidural catheter through 
the cords and administer further spray-as-you-go lignocaine. Advance scope into subglottic space 
and identify the tracheal rings.  
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Advance scope until see carina. 

Advance ETT with gentle pressure and rotation, bevel laterally through nose (facing turbinates) and 
posteriorly through cords (facing arytenoids). Ask patient to inhale deeply just before you go 
through the cords. Do not force ETT, if resistance withdraw ETT rotate through 90’ anticlockwise 
and advance gently. Keep carina in field of vision at all times.  

Once ETT in trachea, remove scope and connect breathing circuit. Confirm ETT position with 
capnography, misting, auscultation. If concern about stability of cervical spine, assess neurology at 
this point.  Induce anaesthesia with inhalational/IVI induction agent.  

Inflate cuff after induction (intensely stimulating).  

Confirm ETT placement with capnography and recheck position of ETT above carina.  

Extubate awake with all equipment available for reintubation.  

If fibreoptic intubation is not successful, options are preserved. Surgery can be postponed and an 
unhurried surgical airway can be performed.  

The keys to success in AFOI include good topical anaesthesia, an excellent rapport with the 
patient, skill and patience.  

 

http://www.totw.anaesthesiologists.org/
http://www.nysora.com/
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Appendix A – ASA Difficult Airway Algorithm 
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Appendix B – Precedex (Dexmedetomidine) AFOI Protocol 
 

 

Source: www.precedex.com 
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Appendix C – DAS FOI via SAD with Aintree Intubation Catheter 
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