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Preface!

!
Anaesthetic management for the shared airway requires special equipment, close co-

operation and good communication between anaesthetist and surgeon for a safe 

procedure and adequate surgical exposure. !

This thesis incorporates over 20 years of clinical work, airway research, innovation and 

new techniques I have developed during anaesthesia for operations on the adult airway. 

This represents the largest individual experience of anaesthetising adult airway patients  

(> 6,000 procedures) with benign, malignant and stenotic airway lesions in the UK, 

probably Europe and possibly the world. It includes seven peer-reviewed original articles, 

two book chapters and one editorial.!

My research studies compromise four areas: (i) principles of shared airway surgery in 

adults and their limitations, (ii) clinical application and laboratory investigations into jet 

ventilation techniques, (iii) management of the obstructed adult airway and investigation 

into optimal ventilation, (iv) introduction and investigations into new shared airway 

techniques.!

These four areas illustrate the evolution of shared airway practice over the last 20 years 

describing changes in clinical practice and the advantages and disadvantages of the 

various techniques.!

The commentary provides a summary of this research in the context of current practice for 

the shared airway in adults, guidelines for the management of the difficult airway, the 

current clinical environment, international research efforts and the available literature. The 

original articles in their full text format are included at the end of this thesis!

!
!
!
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Abstract!

Traditional practice for maintaining an airway during anaesthesia is to place a tube through 

the larynx and into the trachea through which anaesthetic gases and oxygen keep the 

patient alive. During shared airway surgery on the larynx or trachea itself the presence of a 

tube may impair or make surgery impossible. !

The presented work comprises a series of papers, research trials and commentary that 

describe the advantages and disadvantages of the various techniques that have been 

used for shared airway surgery. !

The principles of shared airway surgery are described, including the influence of laser 

surgery on the technique selected, and the influence of temperature on the success of 

tracheal intubation.!

Clinical application and laboratory investigations of various jet ventilation techniques are 

discussed. The influence of frequency, laryngoscope alignment and driving pressure on 

the efficiency of ventilation is described.!

Management of the obstructed airway and the challenges posed during shared airway 

procedures are considered. The role of inhalational induction in these patients is 

challenged with research describing the improved ventilation following positive pressure 

ventilation in patients with severe laryngotracheal stenosis and stridor.!

The introduction of Transnasal Humidified Rapid Insufflation Ventilatory Exchange 

(THRIVE) has improved shared and difficult airway management. For shared airway 

surgery, the advantages include no requirement for instrumentation of the airway and 

therefore no anaesthetic related trauma, a motionless surgical field for the surgeon and 

extended apnoea times in patients who may be difficult to visualise.!

Future work will focus on the implementation of research data and new techniques into 

clinical practice.!

!
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1.Commentary: Approaches to the anaesthetic management of the shared airway!!!
1.1! Introduction to the approaches for the anaesthetic management of the shared 
! ! airway!!!
Traditional practice for maintaining an airway during anaesthesia is to place a tube through 

the larynx and into the trachea through which anaesthetic gases and oxygen keep the 

patient alive. When surgery is on the larynx or trachea itself the presence of a large tube 

can partially or totally obstruct the operative field or make surgery difficult or impossible.1,2 

Historically, attempts to improve visualisation for surgery have included (i) placing the 

smallest possible tube, (ii) removing the tube altogether for a short period, (iii) jet 

ventilation techniques, and (iv) more recently the concept of THRIVE3 a new technique 

using high flow nasal oxygen to oxygenate patients during surgery with an open 

unobstructed surgical field.!

The management of the airway is a core competency in anaesthesia and it is expected 

that all anaesthetists should be able to assess difficulty with an airway, predict difficulty, 

maintain an airway and provide definitive airway management. Failure of airway 

management can lead to hypoxia, brain injury and death. Patients presenting for shared 

airway surgery have a greater incidence of difficulty with airway management.4 In 2011, 

the Fourth National Audit Project of the Royal College of Anaesthetist’s and the Difficult 

Airway Society (NAP4) presented on all major airway incidents in the UK over a one year 

period (death, brain damage, emergency surgical airway, unanticipated intensive care unit 

admission) associated with airway management. Of the 184 total reports that met the 

inclusion criteria 72 (39%) involved patients with a shared airway component associated 

with acute or chronic disease processes of the head, neck or trachea and 70% of these 

patients were associated with an obstructed airway.4,5 !! ! ! ! ! !

!
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For the majority of benign vocal cord lesions and early malignant lesions, airway 

obstruction is not a feature.6  Anaesthetic techniques for the shared airway can be broadly 

classified into two groups. ‘Closed’ systems in which a cuffed tracheal tube is employed 

with protection of the lower airway and ‘Open’ systems in which no tube is used, leaving 

the airway ‘open’. Open systems include spontaneous ventilation, intermittent apnoea, jet, 

or THRIVE techniques. Spontaneous ventilation techniques involve adequate depth of 

general anaesthesia whilst continuing to breath, and allowing placement of surgical 

instruments into an open unobstructed airway. Intermittent apnoea techniques under 

general anaesthesia involve muscle paralysis and placement of a tracheal tube which is 

intermittently removed allowing brief periods of surgery on an unobstructed field. THRIVE 

uses high flow nasal oxygen to oxygenate patients during surgery with an unobstructed 

surgical field.!

The decision to use a ‘closed’ or ‘open’ technique is dependant upon the experience of the 

anaesthetist, the experience of the surgeon, the equipment available, the requirements for 

surgical access and laser, the size, mobility and location of the lesion and its vascularity.

7-11!

This thesis incorporates over 20 years of clinical work, airway research, innovation and 

new techniques I have developed during anaesthesia for operations on the larynx and 

trachea from professional voice users such as singers and actors through to patients with 

severe life threatening airway obstruction.12-16 !

!
!
!
!
 !

!
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1.2 Principles of shared airway surgery and their limitations!

!
My publications describe the principles of shared airway surgery from simple benign 

airway lesions through to complex life threatening airway obstruction.12-16!

The ideal anaesthetic technique for shared airway surgery would be simple to use, provide 

complete control of the airway with no risk of aspiration, have total control of ventilation 

with optimal oxygen supply and carbon dioxide removal, provide smooth induction and 

maintenance of anaesthesia, provide a clear motionless surgical field free of secretions, 

impose no time restrictions on the surgeon, have no risk of an airway fire or cardiovascular 

instability, allow safe emergence without coughing, bucking, breath holding or 

laryngospasm and finally produce a pain-free, comfortable, alert patient with no hangover 

effects. The ideal anaesthetic technique for all shared airway procedures does not exist.6!

Closed systems employ a tracheal tube with an inflatable cuff and include 

microlaryngoscopy tubes and laser tubes. Their advantages include (i) Protection of the 

lower airway, (ii) Control of the airway, (iii) Control of ventilation, (iv) Minimal pollution by 

volatile agents and (v) Routine technique for all anaesthetists. Their disadvantages include 

(i) Limitation of visibility and surgical access, (ii) Risk of laser airway fire, (iii) Risk of air 

entrapment and pneumothorax / hypotension with small tubes and, (iv) Risk of high 

inflation pressures and inadequate ventilation.6, 12-16!

Open systems include spontaneous/insufflation techniques, intermittent apnoea 

techniques, jet ventilation techniques and more recently THRIVE. Their advantages 

include (i) Complete laryngeal visualisation, (ii) Minimal risk of tube related trauma to the 

glottis and (iii) relative laser safety (excluding THRIVE). Their disadvantages include (i) 

Unprotected lower airway, (ii) Requirements for specialist equipment, (iii) Requirements for 

specialist knowledge and experience.6, 12-16! ! ! ! ! ! ! !
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Shared laser airway surgery requires specific knowledge and an understanding of the 

principles of laser technology, types, classification and hazards.17 I have described the 

implications of shared laser airway surgery for the anaesthetist and investigated the laser 

resistant properties of various airway devices. In one study we compared how robust four 

different laser resistant tracheal tubes would be when subjected to CO2 laser strike.18 The 

product information that accompanied these tubes detailed the laser resistant properties of 

the protected parts, namely the shafts, but limited information was given regarding the 

characteristics of the unprotected cuff and tip. We compared how susceptible the 

protected and unprotected areas of the tubes were to increasing laser power. We found 

airway fires were possible with laser resistant tubes. The risk of a fire increased with 

increasing power and duration of the laser strike on the tube and demonstrated the ease 

of penetration of the unshielded components. This highlighted to clinicians that the use of 

a laser resistant tube could under certain circumstances still result in an airway fire and 

demonstrated the vigilance required in any type of laser airway surgery.!

In another study, we compared the laser resistant properties of three jet ventilation 

catheters.19 We found two of the devices, the Hunsaker and LaserJet marketed as laser 

compatible did not produce a flame or melting of the component material when subjected 

to a laser. The Hunsaker additionally contained a stainless steel wire along its length which 

gave additional protection against total fracture of the shaft when lasering.!

If closed systems (tracheal, microlaryngoscopy or laser tube) are employed during shared 

airway surgery it is important to minimise the risk of traumatising the airway during their 

placement.20 When placement is difficult, bougies are often employed as the first line 

airway adjunct. Anecdotally we had found the temperature the bougie was kept at 

influenced the success of tube placement. We were the first to investigate the effect of 

temperature on single use and reusable bougies.21 We found the odds of success at 10oC 

were six times that at 30oC and concluded that bougies performed best at 10oC and 
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recommended they be kept in the fridge when ambient temperatures in the anaesthetic 

room were high. We also investigated the effect of temperature on ease of insertion of 

microlaryngoscopy tubes.22 We highlighted the differences between single-use disposable 

and non-disposable bougies and described the problems encountered with the failure of a 

single-use device in a critically obstructed patients with acute epiglottitis.23!

We audited the airway management techniques during microlaryngoscopy procedures for 

95 patients with airway tumours.24  We found 74% involved the use of a laser, with tracheal 

intubation favoured for supraglottic tumours, and supraglottic jet ventilation most 

commonly used for glottic tumours.!

During difficult direct laryngoscopy, and placement of a tracheal tube changes in the 

anaesthetist’s posture can be seen. We investigated the influence of experience, height 

and technique on anaesthetic posture changes during simulated difficult laryngoscopy.25 

Twenty-six anaesthetists of varying experience were marked with reference points 

corresponding to anatomical landmarks on the head, neck, shoulder, arm and head. The 

anaesthetist was filmed in real time and various distances calculated during the 

laryngoscopy procedure. We found (i) the anaesthetist head flexed significantly on the 

neck as they got closer to the mannequin, (ii) as a consequence of the head flexing on the 

neck the line of vision for the anaesthetist changed and the eyes look upward, (iii) the 

changes in position and posture were not linked to anaesthetists height or their relative 

height to the mannequin. We concluded that during a difficult laryngoscopy changes in 

position and posture of the anaesthetist were not linked to experience or height but to 

laryngoscopy technique.25!

When anterior lesions of the vocal cord or anterior aspect of the airway are difficult to 

visualise it can be impossible for surgery to take place because the surgeon cannot see 

the lesion. We described a new technique for the management of these inaccessible 

anterior glottic lesions incorporating the use of a laryngeal mask airway (LMA), a flexible 
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bronchoscope with biopsy channel and a KTP/532 nm laser with laser fibre.26 We used 

this technique successfully to treat two patients with short, inflexible necks in which 

conventional laryngoscopy had been attempted and abandoned previously. !

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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1.3 Clinical application and laboratory investigation of jet ventilation techniques!

!
Since 1995 I have been regularly using jet ventilation techniques for the shared airway. Jet 

ventilation techniques employ the delivery of oxygen as a jet of gas into an open airway 

with entrainment of ambient air . My personal experience involves over 4,500 jet ventilation 

procedures including over 1,500 Supraglottic jet, 3,500 Subglottic jet and 116 Transtrachel 

jet placements. This is the largest individual experience of jet ventilation procedures in the 

UK, probably Europe and possibly the world.!

My publications have described the principles of jet ventilation techniques along with their 

limitations and complications. Jet ventilation techniques involve the intermittent 

administration of high-pressure jets of air, oxygen or air-oxygen mixtures with entrainment 

of room air. In 1967 Sanders first described a jet ventilation technique using a 16-gauge jet 

placed down the side arm of a rigid bronchoscope relying on air entrainment to continue 

ventilation with an open bronchoscope.  Sanders used intermittent jets of oxygen (rate 8 

per minute, 3.5 bar driving pressure) to entrain air and showed the technique maintained 

supranormal oxygen pressure with no rise in the carbon dioxide pressure. !

Since 1967, modification to Sanders’ original jet ventilation technique have been made for 

endoscopic airway surgery.  These modifications include the site at which the jet of gas 

emerges (supraglottic, subglottic, transtracheal)27 and the frequency of jet ventilation (low 

frequency < 1 Hz, < 60 breathes/min or high frequency > 1 Hz, > 60 breaths/min).!

In 1971 Spoerel demonstrated transtracheal jet ventilation and in 1983 Layman reported 

the use of transtracheal jet ventilation in 60 patients with difficult airways. In 1985, 

Ravussin designed a dedicated transtracheal catheter, and the Difficult Airway Society 

included it in techniques for the difficult airway. !

Jet ventilation techniques are suitable for the vast majority of benign glottic pathology and 

early malignancy where airway obstruction is not anticipated.6, 12-19!
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Supraglottic jet ventilation describes a technique in which the jet of gas emerges in the 

supraglottis by attachment of a jetting needle to the rigid suspension laryngoscope. The 

advantages of the technique include a clear, unobstructed view with no risk of a laser 

induced airway fire. Disadvantages include the risk of barotrauma, gastric distension, 

fragments blown into the distal trachea, significant vibration of the glottis and an inability to 

monitor end tidal CO2. Subglottic jet ventilation allows delivery of a jet of gas directly into 

the trachea by the placement of a small (3 mm outer diameter) catheter or specifically 

designed tube (Hunsaker) through the glottis and into the trachea. Advantages include a 

greater efficiency of ventilation for any given driving pressure and less vocal cord 

movements. Disadvantages include trauma on placement of the catheter and barotrauma.!

We described our experience with 142 consecutive patients with a grade 1 laryngoscopy 

view, undergoing suspension laryngoscopy, using a subglottic (Hunsaker) jet catheter.28!

There were few complications, none serious, associated with this technique in this series. 

The subglottic catheter never proved impossible to insert and required replacement by 

supraglottic jet in two patients because there was limited visualisation of the posterior 

glottis. The technique was used in a variety of surgical pathologies from benign hyper 

function related laryngeal pathology through paralytic vocal fold conditions through 

papilloma. This was the first series to describe a new technique using a laryngeal mask 

airway (LMA) introduced following induction of anaesthesia and placement of the 

Hunsaker catheter. The presence of an open LMA (not connected to a circuit) prevented 

upper airway collapse and obstruction whilst subglottic jet ventilation was continued, 

optimising air entrainment and exit. The LMA was removed prior to surgical laryngoscope 

introduction at the start of surgery and re-introduced at the end of the procedure for a 

smooth recovery. We found the technique to be a safe, repeatable technique that allowed 

for adequate surgical exposure while causing little risk to the patient with a grade 1 

laryngoscopy view.!
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Following on from this we reviewed a further 352 adults treated with suspension 

microlaryngoscopy with high-frequency subglottic jet ventilation.29,30 Of these, 89 patients 

had difficult airways as defined by (i) > 50% airway occlusion, (ii) grade 2 (partial) 

laryngoscopy view with external laryngeal pressure, (iii) grade 3 laryngoscopy view. In this 

series of patients with a difficult airway we found the Hunsaker catheter was able to be 

placed in all patients, although trauma to the vocal cords was seen on surgical exposure in 

some patients. It was unclear if this was due to Hunsaker placement or surgical 

laryngoscopy. In three cases the catheter was removed and replaced by supraglottic 

jetting to aid visualisation. Two patients early in the series desaturated to < 90% despite 

maximal driving pressures. This was subsequently found to be due to endobronchial 

catheter placement.!

We investigated the influence of frequency of jet ventilation on minute volume using a 

mannikin as an anatomical model.31 We found (i) minute volumes with jet ventilation 

techniques were higher than predicted and CO2 elimination less of a problem than 

originally considered, (i) for any given respiratory frequency subglottic jet ventilation 

produced a greater minute volume compared with supraglottic jet ventilation and, (iii) 

commonly used frequencies (80-120 min-1) provided optimal minute ventilation.!

We investigated the influence of driving pressure on supraglottic and subglottic jet 

ventilation.32 We found at 100 Hz, (i) there was a direct relationship between increasing 

driving pressure and tidal and hence minute volumes and, (ii) at any given driving pressure 

subglottic ventilation produced greater minute ventilation compared to supraglottic jet 

ventilation.!

We investigated the influence of degrees of laryngoscope alignment on supraglottic and 

subglotttic jet ventilation.33 We looked at minute volume with the suspension laryngoscope 

aligned at +25, 0 and -25 degrees from the vertical plane, where 0 degrees showed 

complete alignment of the laryngoscope with the laryngotracheal axis. We found, (i) 
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subglottic jet ventilation was higher than supraglottic at each of the set frequencies and, (ii) 

optimal minute volumes were found at 0 degrees when there was complete alignment of 

the laryngoscope with the laryngotracheal axis. We recognised the clinical significance in 

that those patients who had a difficult airway were often the patients that desaturated early 

and had more difficulty in laryngoscope alignment.!

In another study we demonstrated air entrainment during supraglottic jet ventilation using 

dry ice and a series of stills showing the proportion of entrainment visually as carbon 

dioxide fog entering the airway.34!

My clinical observations and laboratory investigations highlighted the superiority of 

subglottic compared to supraglottic jet ventilation. This was highlighted in a patient with 

80% airway obstruction and morbid obesity, where despite maximal supraglottic jet 

ventilation significant desaturation occurred and was rescued by subglottic jet ventilation.35!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
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1.4! Management of the obstructed adult airway and investigation into optimal 

ventilation!

!
The obstructed airway describes any obstruction within the airway from the nasopharynx, 

pharynx, and larynx through to the trachea and lower airways.15,36-38!

My personal experience involves anaesthesia for and management of the shared airway in 

more than 1,000 patients with compromised airways due to obstruction, burns, 

radiotherapy, stenosis, difficult laryngoscopy or bleeding, including more than 500 patients 

with stridor.!

As one of the founders of The Airway Reconstruction Unit in 2003, we regularly saw 

extreme airway stenosis secondary to iatrogenic (tracheal intubation and tracheostomy) 

and disease states from all over the world. These patients had extreme airway stenosis, 

typically airway diameters of 2-5 mm on initial presentation, resulting in severe airflow 

obstruction, chronic stridor, and for some patients complete airflow obstruction with a 

tracheostomy on initial presentation to us.!

We have looked at many aspects of both the surgical and anaesthetic management of 

these severely compromised and challenging patients. This group of patients is unique in 

its complexity but from a research perspective we have severely compromised airway 

patients on scheduled operating lists. This allows us to look at anaesthetic techniques on 

patients presenting on a scheduled list with severe stridor. Our work allowed us to 

challenge the conventionally held views around gas or inhalational induction for severely 

compromised adult airways.!

We compared spontaneous and positive-pressure ventilation in patients undergoing 

general anaesthesia for the treatment of extra thoracic, intraluminal laryngotracheal 

stenosis to assess the best method of ventilation in this patient group.39 We found positive-

pressure ventilation through an LMA was an effective method of ventilation in patients with 
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severe laryngotracheal stenosis. We found spontaneous ventilation created negative 

inspiratory intratracheal pressures that exacerbated an extra-thoracic lesion, whereas 

positive pressure ventilation generated positive intratracheal pressure that improved 

ventilation.40-42 These findings challenged the traditional views around inhalational 

induction and maintenance of spontaneous ventilation in obstructed airways due to 

laryngotracheal stenosis and stridor. !

Transtracheal jet ventilation (TTJV) placed under local anaesthetic has been described in 

the elective setting for elective laryngeal surgery and in patients with significant airway 

pathology with obstruction.43 In the emergency ‘cannot intubate, cannot 

oxygenate’ (CICO), TTJV may be life saving.!

We reported our experience of TTJV in the elective setting in 50 patients with severe 

airway compromise and stridor.44 Of the 50 procedures, 44 were carried out electively in 

awake patients under local anaesthetic and six after induction of anaesthesia because of 

difficulty with face-mask ventilation. The site of insertion was evenly distributed between 

the cricothyroid membrane (28%), below first tracheal ring (38%), and below second 

tracheal ring (34%). Insertion was successful at the first attempt in 84%, second attempt in 

10%, and third attempt in 6%. Ten complications occurred, kinking of the catheter (14%), 

bleeding (4%), surgical emphysema (2%). There were no episodes of desaturation below 

95%, no pneumothoraces, no cardiovascular instability, and no post-operative 

complications.!

In NAP4 during emergency CICO, narrow bore cannulas and jet ventilation were 

attempted in 19 patients, with the technique failing in 12 (64%). Problems included 

misplacement, misuse and device failure.5, 45!

The technical aspects, stress levels, urgency, practical experience and equipment 

availability vary between an emergency and elective placement of a TTJV. This may 
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explain the significant differences between the success rate of elective and emergency 

TTJV.6, 44!

In clinical practice I noticed a difference in the effectiveness of minute ventilation during 

elective transtracheal jet ventilation using different extension tubing. The extension tubing 

connects the jet delivery device to the patient. We investigated the effectiveness of seven 

types of extension tubing readily available in most anaesthetic rooms by measuring the 

minute ventilation at different driving pressures.46 We found, (i) significant differences in 

minute ventilation dependant on the driving pressure, (ii) as expected from the Hagen-

Poiseuille equation, extension tubing with a small radius required higher driving pressures 

to generate effective minute ventilation, (iii) extension tubing supplied with the Manual jet 

device showed the best linear correlation between driving pressure and minute ventilation 

and, (iv) in the setting of poorly compliant lungs small-bore extension tubing may be 

ineffective.!

In the emergency CICO the upper airway is likely to be obstructed. We investigated the 

minute ventilation generated using TTJV with an open and significantly occluded upper 

airway.47 The obstruction just allowed for lung deflation following each breath. We found, (i) 

adequate minute ventilation was generated in the obstructed airway typically at half the 

driving pressure required in an open airway, (ii) barotrauma was a significant risk with 

upper airway obstruction and high driving pressures. Our results highlighted the 

importance of maintaining an open upper airway when using TTJV techniques in the 

emergency or elective setting.48!

Historically, high pressure source (jet) ventilation was not always immediately available 

when a CICO developed. It was recommended to use the oxygen flush device of an 

anaesthetic machine to generate a high pressure oxygen source. We investigated 

Emergency TTJV, comparing a Sanders injector with an anaesthetic machine oxygen flush 

�20



valve.49  We found the tidal volumes generated were significantly greater with a Sanders jet 

injector compared to the anaesthetic oxygen flush device. !

My work on the management of the obstructed shared airway has challenged conventional 

views on inhalational induction and the maintenance of spontaneous ventilation with the 

obstructed airway, and described the advantages and hazards of both elective and 

emergency TTJV.!

!
!
!
!
!
!
!
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1.5! Introduction of a new shared airway technique - Transnasal Humidified Rapid 

Insufflation Ventilatory Exchange (THRIVE)!

In 2013 we introduced warmed and humidified high-flow nasal oxygen using the OptiflowTM  

system (Fisher and Paykel healthcare Ltd., Auckland, New Zealand) in order to deliver 

more comfortable and optimal pre oxygenation to patients with known or anticipated 

difficult airways. We expected an increase in apnoea time on the basis of ‘apnoeic 

oxygenation’, but in fact observed that not only were apnoea times significantly improved, 

but carbon dioxide was also being cleared, as evidenced by the rate of rise of CO2 being 

approximately 1/3 of what would have been expected during apnoeic oxygenation. This 

observation was first made during an unanticipated difficult intubation in which a prolonged 

period of apnoea sustained adequate oxygen saturation levels and a lower than expected !

rise of CO2. This could only occur if actual ventilatory exchange was taking place, which 

suggested that a different physiological mechanism was driving “ventilation without 

ventilatory movement”, and this led us to coin the term and propose the concept of 

Transnasal Humidified Rapid Insufflation Ventilatory Exchange (THRIVE).3!

THRIVE is a physiological mechanism for oxygenating and ventilating patients who are 

apnoeic.!

In 2015 we published the original THRIVE paper, commenting it had the potential to 

transform the practice of anaesthesia by changing the nature of securing a definitive 

airway in emergency and difficult intubations from a pressurised stop-start process 

potentially traumatising the airway, to a smooth and unhurried undertaking. 3!

THRIVE has revolutionised shared airway practice and improved patient safety in difficult 

and potentially difficult airways, and in cases where precipitous desaturation on induction 

has previously been likely. Using THRIVE I have managed over 1,000 patients with shared 

airway procedures with an average apnoea time of 31 minutes. !
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The advantages of THRIVE for shared airway surgery include no instrumentation of the 

airway and therefore no anaesthesia related trauma to the larynx or trachea, a motionless 

surgical field and extended apnoea times in patients who may be difficult to visualise. !

Following our initial work, multiple centres (UK, USA, Sweden, India, France, Ireland, 

Taiwan, Australia, Singapore) have shown similar oxygenation profiles and similar reduced 

rates of rise of CO2 using THRIVE.50-68!

In 2017 we published the first randomised controlled trial comparing THRIVE pre-

oxygenation with face mask pre-oxygenation in patients undergoing rapid sequence 

induction (RSI) of anaesthesia.69 We found patients in the THRIVE group had a longer 

apnoea time which provided an additional margin of safety before oxygen desaturation in 

patients undergoing RSI. THRIVE was a practical method for pre-oxygenating patients 

during RSI of general anaesthesia for emergency surgery. We found that it maintained an 

equivalent blood gas profile to face mask pre-oxygenation, in spite of a significantly longer 

apnoea time. Subsequent studies during RSI have found similar optimisation.70-74!

In 2017 I wrote an editorial describing the evolution of airway management, new concepts 

and conflicts with traditional practice.75!

Through the period 2013 - 2018 whilst multiple centres were describing similar 

oxygenation and carbon dioxide clearances to our original paper, the mechanism by which 

this was occurring was still not clear. We investigated this using three laboratory airway 

models of carbon dioxide clearance in apnoeic patients.76 We determined (i) flow patterns 

using particle image velocimetry in a two-dimensional models using particle-seeded 

fluorescent solution, (ii) visualised gas clearance in a three-dimensional printed trachea 

model in air and, (iii) measured intra-tracheal turbulence levels and carbon dioxide 

clearance rates using a three-dimensional printed model in air mounted on a lung 

simulator. We found enhanced carbon dioxide clearance was observed under apnoeic 

conditions with THRIVE, as compared with classical apnoeic oxygenation, explained by an 
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interaction between entrained and highly turbulent supraglottic flow vortices created by 

high-flow nasal oxygen and cardiogenic oscillations.76!

We found carbon dioxide clearance during THRIVE is mediated by the interaction between 

supraglottic flow vortices and flow oscillations caused by cardiogenic oscillations.!

!
!
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1.6! Impact of Work!

!
My research interests are clinically based around all aspects of shared and difficult airway 

management and my work has been cited 1,855 times from researchers around the world. !

I am interested in the clinical performance of various types of jet ventilation techniques 

including supraglottic, subglottic and transtracheal. I have a considerable clinical 

experience base and practice around which to (i) evolve these techniques further (I have 

identified a new technique which I have called suprastomal jet ventilation) (ii) identify which 

groups of patients will benefit from these techniques (iii) identify which patients are not 

suitable for these techniques (iv) invent and evaluate new types of catheter (v) undertake 

laboratory/benchtop type research around the physics and movement of airflow with 

varying airway obstruction!

My collaboration with industry has resulted in excess of £10 million pound investments in 

my ideas. I have helped develop an award winning video laryngoscope, A.P. Advance 

Videolaryngoscope (The Red Dot Award for ‘Best of the Best’ design 2011, Medical Design 

Excellence Awards 2011). The APA video laryngoscope has been used throughout the 

world for teaching, training, improving airway management and patient care. !

My contribution and work on High Flow Nasal Oxygen/THRIVE has facilitated (i) creation 

of an Anaesthesia Division within F&P Healthcare, (ii) early adoption of this technology 

globally, (iii) > 30 randomised controlled trials internationally looking at sedation, 

anaesthesia and apnoea with THRIVE, (iv) integration of THRIVE equipment into the next 

generation of GE Healthcare anaesthesia machines, (v) research engineers, physicists 

and clinicians looking into the proposed mechanism of action for carbon dioxide clearance 

in an apnoeic patient with no lung movement.!

The technique of using THRIVE during airway management of the shared and difficult 

airway, has I believe, the potential to transform airway practice and patient care.!

�25



1.7 ! Future work!

!
The ideal anaesthetic technique for all shared airway surgery is still elusive. !

Aspects of airway management have improved and advanced over the last twenty years, 

the introduction of videolaryngoscopes, supraglottic airway devices, airway ultrasound, 

THRIVE and the recognition of the importance of human factors in airway disasters. !

I plan to pursue the following topics with my ongoing and future work:!

1.As DAS President (2015-2018) I set up a human factors group of leading experts to 

provide guidance on the role and importance of human factors in airway management, I 

look forward to the implementation of these findings.!

2.As DAS President I encouraged a group to provide guidance on Awake Tracheal 

Intubation for the difficult airway. The DAS ATI group will be publishing its guidance this 

year. We hope these guidelines aimed at the non-expert will encourage greater use of 

awake tracheal intubation techniques when appropriate.!

3.Continued improvements in the APA videolaryngoscope with the recent introduction of a 

series of laryngoscope blades that allow visualisation of the airway from paediatric to 

adult difficult airways.!

4.Continuing research in THRIVE will involve further work on the use of THRIVE in the 

shared airway, limitations of the technique, complications of use, better understanding of 

the mechanism in obstructed airways and enhancing the technology.!

!
!
!
!
!
!
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! (i) Local Meetings !!
! Over 200+ talks, tutorial, lectures!!
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India, National Anaesthesia Meeting, Mumbai 2004!
Italy, National Anaesthesia Meeting, Rome, 2005!
Spain, National Anaesthesia Meeting, Gijon, 2005!
Italy, National Anaesthesia Meeting, Padua, 2005!
France, Difficult Airway Society, Lille 2005!
USA, National Anaesthesia Meeting, Houston 2006!
Romania, National Anaesthesia Meeting 2006!
Ireland, National Anaesthesia Meeting, Dublin 2006!
Italy, National Anaesthesia Meeting, Pisa 2006!
Singapore, National Anaesthesia Meeting 2006!
Jordan, National Anaesthesia Meeting, Aman 2007!
China, National Anaesthesia Meeting, Beijing 2007!
Hong Kong, National Anaesthesia Meeting, 2007!
Thailand, National Anaesthesia Meeting, 2007!
China, National Anaesthesia Meeting, Shangai 2008!
Malaysia,  National Anaesthesia Meeting,  2008!
Borneo, National Anaesthesia Meeting 2009!
South Africa, National Anaesthesia Meeting, Durban 2009!
Italy, National Anaesthesia Meeting, Rome 2009!
Switzerland, National Anaesthesia Meeting, Zurich 2009!
USA, National Anaesthesia Meeting, Las Vegas & New Orleans 2009!
USA, National Anaesthesia Meeting, Houston, 2010!
Australia, National Anaesthesia Meeting, Melbourne, 2010!
Denmark National Anaesthesia Meeting, Copenhagen 2011!
Italy, National Anaesthesia Meeting, Padova, 2012!
France National Anaesthesia Meeting, Paris, 2012!
Portugal National Anaesthesia Meeting, Da Balia, 2012!
USA National Anaesthesia Meeting, ASA Washington, 2012!
Morroco National Anaesthesia Meeting, Marrakech, 2012!
Thailand National Anaesthesia Meeting, NWAC Bangkok, 2013!
USA National Surgical Meeting, Boston, 2013!

�50



Wales National Anaesthesia Meeting, AWAG Cardiff, 2013!
Spain National Anaesthesia Meeting, ESA Barcelona, 2013!
Singapore National Anaesthesia Meeting, 2013!
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USA,  National Anaesthesia Meeting, ASA Chicago 2016!
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Australia,  National Anaesthesia Meeting, ANZCA Brisbane 2017!
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South Korea, National Anaesthesia Meeting, Seoul, 2017!
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France, National Anaesthesia Meeting, IRCAD Strasbourg 2018 !
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!
4. Metrics, contributions and original versions of the presented body of work!!
!
Metrics, contributions, and original versions of the publications submitted in support of this 

PhD by publication are listed in the order of appearance in the commentary!

!
!
!
Overall metrics!

Google Scholar (full research papers) citation 1,855!

H-Index: 17!

G-score: 37!

!
!!!!!!!!
!
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Original article!

!
Patel A, Nouraei SAR. !

Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE): a physiological 

method of increasing apnoea time in patients with difficult airways. !

Anaesthesia 2015 70 (3): 323-9.!

!
Impact Factor 5.431!

!
Contributions by Anil Patel!

! Concept & Planning!

! Data analysis!

! Manuscript writing & Editing!

! Submission and revision!

!
Citation Metrics!

! Google Scholar: 322 citations!

!
!
!
!
!
!
!
!
!
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Original Article

Transnasal Humidified Rapid-Insufflation Ventilatory Exchange
(THRIVE): a physiological method of increasing apnoea time in
patients with difficult airways
A. Patel1,2 and S. A. R. Nouraei3

1 Consultant Anaesthetist, The Royal National Throat Nose and Ear Hospital, London, UK
2 Consultant Anaesthetist, 3 Specialist Registrar in Academic Otolaryngology, University College Hospital NHS
Foundation Trust, London, UK

Summary
Emergency and difficult tracheal intubations are hazardous undertakings where successive laryngoscopy–hypoxaemia–
re-oxygenation cycles can escalate to airway loss and the ‘can’t intubate, can’t ventilate’ scenario. Between 2013 and
2014, we extended the apnoea times of 25 patients with difficult airways who were undergoing general anaesthesia for
hypopharyngeal or laryngotracheal surgery. This was achieved through continuous delivery of transnasal high-flow
humidified oxygen, initially to provide pre-oxygenation, and continuing as post-oxygenation during intravenous induc-
tion of anaesthesia and neuromuscular blockade until a definitive airway was secured. Apnoea time commenced at
administration of neuromuscular blockade and ended with commencement of jet ventilation, positive-pressure ventila-
tion or recommencement of spontaneous ventilation. During this time, upper airway patency was maintained with jaw-
thrust. Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE) was used in 15 males and 10
females. Mean (SD [range]) age at treatment was 49 (15 [25–81]) years. The median (IQR [range]) Mallampati grade
was 3 (2–3 [2–4]) and direct laryngoscopy grade was 3 (3–3 [2–4]). There were 12 obese patients and nine patients were
stridulous. The median (IQR [range]) apnoea time was 14 (9–19 [5–65]) min. No patient experienced arterial desatura-
tion < 90%. Mean (SD [range]) post-apnoea end-tidal (and in four patients, arterial) carbon dioxide level was 7.8 (2.4
[4.9–15.3]) kPa. The rate of increase in end-tidal carbon dioxide was 0.15 kPa.min!1. We conclude that THRIVE com-
bines the benefits of ‘classical’ apnoeic oxygenation with continuous positive airway pressure and gaseous exchange
through flow-dependent deadspace flushing. It has the potential to transform the practice of anaesthesia by changing
the nature of securing a definitive airway in emergency and difficult intubations from a pressured stop–start process to
a smooth and unhurried undertaking.
.................................................................................................................................................................

Correspondence to: A. Patel
Email: anil.patel@uclh.nhs.uk
Accepted: 25 September 2014

Introduction
The principal objective of airway management during
anaesthesia is maintenance of oxygenation. As the
patient transitions from wakefulness to anaesthesia and
receives neuromuscular blockade, the anaesthetist is

afforded a finite time (‘apnoeic window’) during which
to secure a definitive airway. Failure to do so normally
results in recommencement of facemask ventilation,
re-oxygenation and a further attempt at securing a
definitive airway. In some patients, the combination of

© 2014 The Authors Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists of Great Britain and Ireland 323
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Chapter

25 ENT surgery

Anil Patel

Ear, nose and throat (ENT) patients probably present
more airway management problems than any other
branch of surgery. ENT procedures encompass a
range of operations varying in duration, severity and
complexity from high-volume cases such as myrin-
gotomy, tonsillectomy and simple nasal procedures
through to complex head and neck cancer patients.
For a successful outcome these shared airway proced-
ures require close cooperation between anaesthetist
and surgeon, an understanding of each other’s prob-
lems, knowledge of specialist equipment, and a thor-
ough pre-operative evaluation to identify potential
problems.

Airway safety and maintenance
Factors affecting airway safety and maintenance
during ENT surgery may be classified into eight
groups.
1. Patient factors. Patients may present with

distorted upper airway anatomy or airway
obstruction.

2. Remote surgery. After surgery has begun the
anaesthetist is remote from the airway, making
adjustments more difficult and disruptive.

3. Surgical factors. Significant lateral rotation of the
head may be required for ear procedures and head
extension for neck procedures. During intra-oral
procedures instruments to keep the mouth open
may obstruct the airway. Occasionally a tracheal
tube may be damaged or inadvertently sutured
during surgery. Surgery may result in a narrowed
or oedematous airway making extubation/
emergence more difficult.

4. Shared airway. Shared airway procedures
involving surgery of the glottis, subglottis and

trachea require an understanding of specialist
equipment, techniques and laser safety.

5. Throat packs. Oropharyngeal and nasopharyngeal
packs should be specifically recorded and
accounted for at the end of the procedure.
A recent communication from the National
Patient Safety Agency on throat packs suggests
a procedure involving a visual check and
a procedure involving documented evidence
should be used (Table 25.1).

6. Airway soiling. For nasal and intraoral surgery the
airway requires protection from blood and debris.

7. Coroner’s clot. Direct inspection and suction
clearance of blood and debris from the oro-
nasopharynx should be undertaken at the end
of the procedure to prevent possibly fatal
aspiration of blood clot on emergence.

8. Recovery. ENT operations particularly intra-oral,
laryngeal, subglottic and tracheal procedures have
an inferior recovery profile compared to the
general surgical population with a higher
incidence of coughing, laryngospasm and
desaturation following tracheal tube extubation.

Facemask
Historically a facemask was used for simple, short ear
procedures such as myringotomy and tube insertion.
The patient retained spontaneous ventilation but this
required the anaesthetist to hold the facemask and the
surgeon to ‘work around’ the anaesthetist’s hands and
facemask. Most of these short duration procedures
are now undertaken with a laryngeal mask airway.
The quality of airway management with the laryngeal
mask airway is superior to a facemask with better
oxygenation, improved seal with less oropharyngeal

Core Topics in Airway Management, Second Edition, ed. Ian Calder and Adrian Pearce. Published by Cambridge University Press.
# Cambridge University Press 2011.
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Chapter 40 

Anesthesia for Laser Airway Surgery
ANIL PATEL

 I. Introduction

 II. Principles of Laser Technology
 A. History
 B. Physics
 C. Laser Parameters

1. Exposure Time
2. Spot Size
3. Power

 D. Laser-Tissue Interaction
 E. Laser Classification
 F. Types of Laser

1. Carbon Dioxide Laser
2. Flexible-Fiber Carbon Dioxide Laser
3. Potassium Titanyl Phosphate Laser
4. Argon Laser
5. Neodymium : Yttrium-Aluminum-

Garnet Laser
6. Ruby Laser
7. Diode Laser
8. Other Lasers

 III. Laser Hazards
 A. General Laser Hazards

1. Eye Damage
2. Skin and Drape Damage
3. Laser Plume
4. Gas Embolism
5. Misdirected Laser and Laser Protocol

 B. Airway Laser Hazards
1. Fuel Source
2. Oxidant Source
3. Ignition Source

 IV. Preventing Airway Fires
 A. Fuel Source Considerations

1. Use of Metallic Foil Tapes to Protect 
Endotracheal Tubes

2. Laser-Guard Protective Coating
3. Prevention of Endotracheal Tube 

Cuff Fires with Saline

4. Special Endotracheal Tubes for Laser 
Airway Surgery

 B. Oxidant Source Considerations
1. Effect of Anesthetic Gases on 

Endotracheal Tube Flammability
2. Flammability Limits of Potent Inhaled 

Anesthetics
 C. American Society of Anesthesiologists 

Practice Advisory for the Prevention 
and Management of Operating Room 
Fires

 D. Management of an Airway Fire

 V. Airway Pathology

 VI. Anesthetic Techniques for Laser Airway 
Surgery
 A. Laryngeal Mask Airway
 B. Management of Anesthesia

1. Preoperative Evaluation
2. Premedication
3. Induction and Maintenance of 

Anesthesia

 VII. Anesthesia Management for Laryngeal 
Laser Surgery
 A. Laser Tube
 B. Spontaneous Ventilation and 

Insufflation Techniques
 C. Intermittent Apneic Technique
 D. Jet Ventilation Techniques

1. Site of Jet Delivery
2. Jet Ventilation Frequency

 VIII. Anesthetic Management for 
Tracheobronchial Tree Laser Surgery
 A. Rigid Ventilating Bronchoscopy
 B. Flexible Bronchoscopy

 IX. Conclusions

 X. Clinical Pearls

I. INTRODUCTION
The use of laser technology in medicine and surgery has 
expanded greatly since its development in the 1960s, and 
lasers are found in some form throughout most hospitals 
in the world. Laser technology has been incorporated  
into most aspects of modern life, from computers to 

supermarket bar code readers, and lasers have been used 
increasingly in a wide variety of clinical applications, from 
diagnostic medicine to laser airway surgery.

In medical practice, the type of laser used depends on 
the procedure to be undertaken, the type of surgery, the 
location, and the requirements of the physician. They are 
used in superficial or cutaneous procedures, such as those 

Downloaded for Poltekkes Kemenkes Bengkulu (ckuser.poltekkesbengkulu@gmail.com) at McGill University from ClinicalKey.com by Elsevier on July 07, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.
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The effect of temperature on bougies: a photographic
and manikin study*

O. Mingo,1 P. Suaris,2 S. Charman,3 C. Ferguson2 and A. Patel2

1 Specialist Registrar, 2 Consultant Anaesthetist, Royal National Throat Nose and Ear Hospital, 330 Gray’s Inn Road,
London WC1X 8DA, UK
3 Statistician, University College Hospital, London

Summary
We investigated the effect of temperature on single use and reuseable bougies. In a photographic
study, three bougies (Portex! Venn reuseable (R), Portex single use (S) and BreathesafeTM

single use (B)) were exposed to increasing temperatures and sequential photographs were taken of
the bougies uncoiling from a preformed curve. Bougie type was associated with rate of uncoiling,
type R maintaining its curve the longest but changing temperature did not affect this. In a
randomised cross-over manikin study, 16 anaesthetists attempted to pass two bougies (Portex
reuseable (R) and Portex single use (S)) at three temperatures (10, 20 and 30 "C) into the trachea of
a manikin. Type R was significantly associated with higher success rate of tracheal placement
compared to type S. Change of temperature was significant with success rate increasing with lower
temperature. The odds of success at 10 "C was six times that at 30 "C (OR (95%) 6.7 (1.7, 25.7)).
We concluded that both bougies performed best at 10 "C.

........................................................................................................

Correspondence to: Dr O. Mingo

E-mail: oliviamingo@hotmail.co.uk
*Part of this study was presented at the Difficult Airway Society 2007

meeting in Portsmouth.
Accepted: 12 February 2008

Bougies are a useful aid when intubation is difficult. Their
use as a first line airway adjunct when a poor view is seen
at laryngoscopy has been highlighted in the Difficult
Airway Society guidelines for an unanticipated difficult
airway [1]. There have been several studies comparing the
effectiveness of bougies in a simulated difficult airway,
particularly comparing single use and reuseable bougies.
Annamaneni et al. [2] showed the superiority of the
multiple use over the single use Portex bougie based on
their success rates of tracheal placement in a simulated
difficult intubation in a manikin. Another manikin-based
study showed that a curved Portex reuseable bougie was
more easily placed in the trachea than a straight one [3].

We could find no studies in the literature investigating
whether the temperature the bougie was kept at had an
effect on successful tracheal placement. Anecdotally in the
warm summer months in a nonairconditioned anaesthetic
room we have found that the Portex reuseable bougie
becomes more difficult to place in the trachea. This may

be because it becomes more flexible and less able to hold
its preformed shape when it is warm.

We postulated that cooling the bougie in a refridger-
ator may help it to maintain its curvature for longer and
aid tracheal placement. We also thought that changes in
temperature may have less of an effect on single use than
reusable bougies due to their different plastic properties.

We decided to look at the effect of temperature on
three bougies : the Portex! Venn reuseable bougie (Sims
Portex, Hythe, UK), the Portex single use and the
BreathesafeTM single use bougie (OGM Ltd, Eynsham,
UK). The first part of the study examined the uncoiling of
bougies which had been stored at different temperatures
by taking sequential photos of the bougies uncoiling after
being shaped into a curve.

In the second part of this study, we compared the
success rate of tracheal placement in a manikin of the
Portex reuseable bougie and the Portex single use bougie
at three different temperatures. The Breathesafe bougie

Anaesthesia, 2008, 63, pages 1135–1138 doi:10.1111/j.1365-2044.2008.05580.x
.....................................................................................................................................................................................................................
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Progress in management of the obstructed airway

A. Patel1 and A. Pearce2

1 Consultant Anaesthetist, Royal National Throat Nose & Ear Hospital and University College Hospital, London, UK
2 Consultant Anaesthetist, Guy’s and St Thomas’ Hospital, London, UK

Summary
There is no consensus as to the ideal approach for the anaesthetic management of the adult
obstructed airway and there are advocates of awake fibreoptic intubation, inhalational induction
and intravenous induction techniques. This review considers the different options available for
obstruction at different anatomical levels. Decisions must also be made on the urgency of the
required intervention. Particular controversies revolve around the role of inhalational vs
intravenous induction of anaesthesia, the use or avoidance of neuromuscular blockade and the
employment of cannula cricothyroidotomy vs surgical tracheostomy.

........................................................................................................

Correspondence to: Dr Anil Patel
Email: anil.patel3@nhs.net

Accepted: 12 Sept 2011

Optimal management of the obstructed adult airway
remains controversial with no consensus as to the ideal
approach. Opinions differ as some experts propose
techniques that other experts find unacceptable and
explicitly criticise [1–3]. There are advocates of
inducing general anaesthesia by an inhalational route
and avoiding neuromuscular blockade [4]; of inducing
general anaesthesia by the intravenous route and using
neuromuscular blockade [5]; of avoiding general
anaesthesia altogether and securing an airway by an
awake fibreoptic intubation technique [6, 7]; of
tracheostomy under local anaesthesia [8]; or of inser-
tion of a transtracheal catheter under local anaesthesia
[9]. The advocates of these various techniques claim
that each respectively provides the best management
and the range of choices can appear very confusing for
the anaesthetist who is actually faced with a patient
who has an obstructed airway. Will they be later
criticised for using any particular technique? What
should they do if the technique they have chosen fails?

It is important to remember that the quality of
evidence for the management of the obstructed airway
is of a relatively low level. At best, reports are non-
analytical case control or cohort studies with a high risk
of confounding or bias [10]. So a more pertinent
question may be: what is the best technique or
techniques for the management of the obstructed
airway, considering the experience of the anaesthetist,

the team available, the location, the surgical expertise,
the equipment available, the urgency, the patient’s
comorbidity and the site and extent of airway
obstruction?

It is also useful to remember that all airway plans can
fail. Back-up plans (‘Plans B, C, D’, etc.) are probably
just as, if not more, important than any primary plan
(‘Plan A’) [11]. These back-up plans require the same
level of thought as the primary airway plan. There
needs to be early recognition by the team that the
original plan is not working, and good communication
and execution of the predetermined back-up plan.
Whilst this may seem self-evident, unless this has been
thought through, the clinical situation can quickly
deteriorate.

For example, unless there is prior communication,
the absence of a scrubbed surgeon for an emergency
surgical airway when the airway becomes unmanage-
able, or the absence of vital equipment such as
high-pressure source ‘jet’ ventilation and a rigid
bronchoscope, may all contribute to failure. While
there may be little consensus on the initial plan for the
management of the obstructed airway, the concept of a
team approach with surgeon and theatre team is
essential [11].

The Fourth National Audit Project (NAP4) of the
Royal College of Anaesthetists and the Difficult
Airway Society is the largest and most comprehensive

Anaesthesia, 2011, 66 (Suppl. 2), pages 93–100 doi:10.1111/j.1365-2044.2011.06938.x
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Physiological comparison of spontaneous and positive-pressure
ventilation in laryngotracheal stenosis

S. A. R. Nouraei1*, D. A. Giussani2, D. J. Howard1 3, G. S. Sandhu1 3,
C. Ferguson3 and A. Patel3

1Department of Otolaryngology, National Centre for Airway Reconstruction, Charing Cross Hospital, London
W6 8RF, UK. 2Department of Physiology, Neuroscience and Development, Cambridge University,

Cambridge, UK. 3Royal National Throat Nose and Ear Hospital, London, UK

*Corresponding author. E-mail: rn@cantab.net

Background. We compared spontaneous and positive-pressure ventilation in patients under-
going general anaesthesia for the treatment of extrathoracic, intralumenal laryngotracheal ste-
nosis to assess the best method of ventilation in this patient group.

Methods. Records of 30 patients with laryngotracheal stenosis, but not with a tracheostomy,
undergoing lumen-restoring surgery were prospectively reviewed. Awake spirometry and flow-
volume loops were recorded before the procedure. Patients received i.v. anaesthesia induction,
muscle paralysis, and positive-pressure ventilation through a laryngeal mask airway (LMA).
Anaesthetized tidal volume (TV) and flow-volume loop measurements were obtained.

Results. We studied 19 males and 11 females [mean age 47 (SD 19) yr], ASA Grade III or IV,
with lesions at 31 (10) mm below the vocal cords. Peak inspiratory flow (PIF) and peak expira-
tory flow (PEF) rates were 2.0 (1.2) litre s21 and 3.2 (1.7) litre s21 when awake. Tidal volumes
were 657 (193) ml [9.2 (3.6) ml kg21] and 586 (158) ml [8.3 (3.1) ml kg21], respectively, when
anaesthetized. There was a significant reduction in the PEF/PIF ratio, from a mean of 2.4 (1.3)
awake to 1.0 (0.1) when anaesthetized (P,0.0001). A significant correlation was noted
between awake PEF and anaesthetized expiratory TV (r¼0.57; P,0.001) but not between
awake PIF and anaesthetized inspiratory TV.

Discussion. Positive-pressure ventilation through an LMA is an effective method of ventilating
patients with laryngotracheal stenosis. Spontaneous ventilation creates negative inspiratory
intratracheal pressure that exacerbates an extrathoracic lesion, whereas positive-pressure ven-
tilation generates positive intratracheal pressure that improves ventilation. This helps explain
the apparent resolution of airway obstruction after positive-pressure ventilation.

Br J Anaesth 2008; 101: 419–23

Keywords: airway, obstruction; equipment, laryngeal mask; laryngotracheal stenosis;
ventilation, intermittent positive pressure; ventilation

Accepted for publication: May 4, 2008

Laryngotracheal stenosis is a rare but serious condition
with an approximate annual incidence of 1 in 200 000
adults.1 It causes exertional dyspnoea and without prompt
treatment can progress to life-threatening airway compro-
mise (Fig. 1).2 The most critical aspect of laryngotracheal
reconstruction is securing and maintaining a safe airway
throughout surgery, particularly at induction of anaesthesia
when the patient moves from an upright to supine position
and from wakefulness to anaesthesia.3 4 These changes
reduce the patient’s functional residual capacity, and make
the upper airways more collapsible and therefore more

prone to obstruction5 6 and increase the work of breathing.7 8

Laryngotracheal stenosis can also be encountered in the
rare scenario of an acute respiratory emergency with a pre-
sumptive lower airway aetiology9 being, in fact, the result
of central airway obstruction, identified through the anaes-
thetist’s inability to advance a tracheal tube to secure the
airway.

A clear understanding of ventilatory changes associated
with induction of anaesthesia and a safe approach to man-
agement that is based on sound physiological principles
is essential in ensuring patient safety. To address this,

# The Board of Management and Trustees of the British Journal of Anaesthesia 2008. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org

British Journal of Anaesthesia 101 (3): 419–23 (2008)

doi:10.1093/bja/aen171 Advance Access publication June 24, 2008
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Original Article

A randomised controlled trial comparing transnasal humidified
rapid insufflation ventilatory exchange (THRIVE) pre-oxygenation
with facemask pre-oxygenation in patients undergoing rapid
sequence induction of anaesthesia*
F. Mir,1 A. Patel,2 R. Iqbal,1 M. Cecconi1 and S. A. R. Nouraei3

1 Consultant, Department of Anaesthesia, St George’s University Hospital NHS Foundation Trust, London, UK
2 Consultant, Department of Anaesthesia, The Royal National Throat Nose and Ear Hospital, London, UK
3 Specialist Registrar, Department of Otolaryngology – Head and Neck Surgery, University College Hospital NHS
Foundation Trust, London, UK

Summary
Pre-oxygenation is an essential part of rapid sequence induction of general anaesthesia for emergency surgery, in
order to increase the oxygen reservoir in the lungs. We performed a randomised controlled trial of transnasal humid-
ified rapid insufflation ventilatory exchange (THRIVE) pre-oxygenation or facemask pre-oxygenation in patients
undergoing emergency surgery. Twenty patients were allocated to each group. No patient developed arterial oxygen
saturation < 90% during attempted tracheal intubation. Arterial blood gases were sampled from an arterial catheter
immediately after intubation. The mean (SD) PaO2 was 43.7 (15.2) kPa in the THRIVE group vs. 41.9 (16.2) kPa in
the facemask group (p = 0.722); PaCO2 was 5.8 (1.1) kPa in the THRIVE group vs. 5.6 (1.0) kPa in the facemask
group (p = 0.631); arterial pH was 7.36 (0.05) in the THRIVE group vs. 7.34 (0.06) in the facemask group
(p = 0.447). No airway rescue manoeuvres were needed, and there were no differences in the number of laryn-
goscopy attempts between the groups. In spite of this, patients in the THRIVE group had a significantly longer
apnoea time of 248 (71) s compared with 123 (55) s in the facemask group (p < 0.001). Transnasal humidified rapid
insufflation ventilatory exchange is a practicable method for pre-oxygenating patients during rapid sequence induc-
tion of general anaesthesia for emergency surgery; we found that it maintained an equivalent blood gas profile to
facemask pre-oxygenation, in spite of a significantly longer apnoea time.
.................................................................................................................................................................
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Introduction
Induction of general anaesthesia in patients undergo-
ing emergency surgery can be challenging, because of

the often suboptimal circumstances under which
anaesthesia has to be delivered, as well as potential
physiological derangements caused by their underlying

© 2016 The Association of Anaesthetists of Great Britain and Ireland 439
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The evolution of airway management – new concepts
and conflicts with traditional practice
A. F. McNarry1,* and A. Patel2

1NHS Lothian, Edinburgh, UK and 2Royal National Throat Nose and Ear Hospital and University College
London Hospital, London, UK

*Corresponding author. E-mail: althegasman@btinternet.com

Abstract
In the last 25 yr, there have been several advances in the safe management of the airway. Videolaryngoscopes and supra-
glottic airways, now in routine use by new trainees in anaesthesia, have had their genesis in the recent past. The 4th

National Audit Project of the Royal College of Anaesthetists and the Difficult Airway Society published in 2011 a seminal
report that has influenced airway management worldwide . Understanding how the report’s recommendations were con-
structed and how clinical guidelines compliment rather than contradict them is important in understanding the tenets of
safe airway management. Over the last 25 yr there has been an increasing understanding of the effects of human factors in
anaesthesiology: we may not perform in a predictable or optimal manner when faced with unusual and threatening chal-
lenges. The place of cricoid pressure in anaesthetic practice has also evolved. Current recommendations are that it be
applied, but it should be released rapidly should airway difficulty be encountered. The need to prevent hypoxaemia by
preoxygenation has long been recognized, but the role of high-flow nasal oxygen in anaesthesia is now being realized and
developed. Clinicians must decide how novel therapies and long-standing practices are adapted to best meet the needs of
our patients and prevent harm during airway management.

Key words: airway management; laryngeal mask airway; oxygen, Inhalation therapies; intubation, endotracheal

Airway management is the cornerstone of anaesthetic practice,
and virtually every anaesthetic innovation in the past 25 yr has
had an impact on some aspect of airway care. Pulse oximetry,
sevoflurane, remifentanil, disposable equipment, rocuronium
and sugammadex have all altered clinical practice. The chal-
lenge when considering these innovations is knowing how they
will effect clinical practice in the next 25 yr.

Supraglottic airway devices
Brain’s description of the classic Laryngeal Mask Airway1 (cLMA,
manufactured by Bivona and initially distributed by Colgate
Medical) in the British Journal of Anaesthesia in 1983 was not the

first description of a supraglottic airway,2 but it was and still
remains a revolution in safe airway management. In Verghese
and Brimacombe’s 1993 study3 the cLMA was being used in
almost one third of cases with a success rate of 99.8%. They
noted that fewer than 5% of patients had a laryngeal mask in
situ for procedures lasting more than two hours. By the time of
the 4th National Audit Project (NAP4), supraglottic airway devi-
ces (SADs) were being used in 56.2% of general anaesthetics.4 In
2017, a case series described SAD use in patients for up to 11 h.5

Similar SADs were developed by other companies, and an
entirely new nomenclature based on the seal of the mask with
the oropharynx (oropharyngeal leak pressure) was created.2 6 7

Underlining its place in safe airway management, the term

VC The Author 2017. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
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