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Preface 
 

Airway management is a field of anaesthesia, critical care and emergency medicine that is 

highly relevant for patients and clinicians. This thesis incorporates 10 years of clinical research 

on difficult airway management. It includes 8 peer-reviewed original articles and 3 case reports 

and editorials on airway management that I have authored or co-authored over this period of 

time.  

My research studies comprise three areas: tools for tracheal intubation such as rigid scopes 

and videolaryngoscopes, the use of supraglottic airway devices, and the use of ultrasound for 

front of neck access. These areas represent distinct techniques, which all play an important 

role at different stages in the management of a difficult airway. 

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

for the management of a 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 
 

Airway management is a core competency in anaesthesia, critical care and emergency 

medicine and a crucial task for these medical specialties. Problems with airway management 

and subsequent inadequate ventilation of the lungs can rapidly lead to hypoxia, hypoxic brain 

injury or death. It is known that problems with airway management contribute significantly to 

morbidity and mortality in anaesthesia.  

The presented work comprises a series of trials that investigated a variety of different 

approaches to the management of difficult airways in adults. The trials were mostly 

randomized controlled clinical trials. Areas of research included the use of tools for tracheal 

intubation such as rigid scopes and videolaryngoscopes, the use of supraglottic airway 

devices, and the use of ultrasound for front of neck access.  

Rigid scopes were shown to be highly successful for tracheal intubation in patients with a 

simulated difficult airway. They also proved useful for intubation of spontaneously breathing 

patients under conscious sedation. We identified clinically important differences with regard 

to the performance of different videolaryngoscopes and showed that in the hands of 

experienced anaesthetists an added channel for tube guidance does not seem to improve the 

success of videolaryngoscopes. The publications on supraglottic airway devices assessed 

performance, risk factors for device failure, and describe a rare complication of supraglottic 

airway devices. The use of ultrasound was assessed as an aid to identify the tracheal midline 

for front of neck access. 

The results of the trials provide a foundation for an evidence-based choice of airway devices 

and management strategies. Future research will focus on the implementation of research 

data and new techniques into clinical practice, improvement of institutional airway 

management strategies, and new techniques such as clinical applications of high flow 

humidified oxygen.
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1. Commentary: Approaches to the management of difficult 

airways in adults 
 

1.1. Introduction to airway management and to the difficult airway 
 

Airway management is a core competency in anaesthesia, critical care and emergency 

medicine and a crucial task for these specialties. Essentially, airway management relates to 

the control of a patient’s airway when the patient has lost the control over his or her airway 

due to anaesthesia, or due to illness or trauma. Different techniques share the common goal 

of providing adequate ventilation to assure oxygenation and carbon dioxide elimination. 

Failure to do this can rapidly lead to hypoxia, hypoxic brain injury and death. Airways can be 

managed by different means such as by a facemask (with or without adjuncts such as 

oropharyngeal or nasopharyngeal airways), by supraglottic airway devices (SGA), by tracheal 

tubes or by emergency front of neck access (e-FONA: cricothyroidotomy or tracheostomy).  

Trained anaesthetists can ultimately manage most airways, but minor or major airway 

related incidents occur in approximately 15% of anaesthesia cases.1 Following the “Swiss 

cheese model” of accident causation introduced by Reason,2 a cluster of minor airway 

incidents at different levels of the process can lead to fatal airway failures. In 2011, the Fourth 

National Audit Project of the Royal College of Anaesthetists and the Difficult Airway Society 

(NAP4) revealed a reported incidence of major complications of airway management in the 

UK of one per 22 000 anaesthetics, with an estimated true incidence of up to one per 5 500 

anaesthetics.3 These major incidents were defined as death, brain damage, emergency 

surgical airway, or unanticipated intensive care unit admission.3  

Major incidents of airway management are a main reason for fatal and severe 

complications in anaesthesia. They often occur in previously fit and healthy patients 

undergoing elective surgery and are a catastrophe for involved patients, relatives and 

healthcare professionals. Given the clinical relevance of this field, I have chosen difficult 

airway management as my core research topic. The underlying theme of all my studies and 

publications on airway management is the question on how to improve airway management 

with the goal to ultimately improve patient safety in anaesthesia.  

In their latest Practice Guidelines, the Task Force on Management of the Difficult 

Airway of the American Society of Anesthesiologists (ASA) defines a difficult airway as follows: 

“For these Practice Guidelines, a difficult airway is defined as the clinical situation in which a 

conventionally trained anesthesiologist experiences difficulty with facemask ventilation of the 
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upper airway, difficulty with tracheal intubation, or both.”4 The guidelines also state: “The 

difficult airway represents a complex interaction between patient factors, the clinical setting, 

and the skills of the practitioner.”4 

Difficulties can be encountered with facemask ventilation, with the use of supraglottic 

airway devices or with tracheal intubation. The worst-case scenario is the cannot intubate, 

cannot oxygenate situation (CICO) in which the patient is not breathing spontaneously and 

cannot be oxygenated following failure of both facemask ventilation and tracheal intubation. 

This situation is acutely life-threatening. The incidence of difficult facemask ventilation has 

been reported as 0.8-7.8%, and the incidence of difficult laryngoscopy as 0.8-7.0%, with 0.9-

1.9% of patients requiring three or more intubation attempts.5 

In patients with certain anatomical characteristics such as a small mouth opening, a 

short neck or retrognathia, or with certain pathological characteristics such as oropharyngeal 

cancer or other masses involving the airway, in airway bleeding, airway trauma or after 

previous airway surgery or irradiation of the airway, difficulties with airway management can 

be expected (anticipated difficult airway). Airway management in these situations has to be 

planned accordingly. For the management of an anticipated difficult airway, flexible fibreoptic 

intubation of the spontaneously breathing patient under conscious sedation has traditionally 

been the gold standard. With recent technological developments, this gold standard has been 

challenged. It has been proposed that other techniques such as videolaryngoscopy of the 

spontaneously breathing patient under conscious sedation could be valid alternatives.6-8 The 

key principle for all techniques is to maintain spontaneous breathing while securing the airway. 

Importantly, a difficult airway can in many instances be unexpected. In Denmark, for 

example, unanticipated difficult intubations have been reported to occur in around 1.9% of 

anaesthesia cases.9 Unanticipated difficult airways must be managed very promptly since the 

patient is usually apnoeic, deeply anaesthetised and usually paralysed. Various anaesthesia 

societies have developed difficult airway algorithms to guide clinicians in managing these 

unexpected emergency situations.4, 5, 10-12 Separate algorithms also exist for children.13 

Overall, these algorithms emphasize that a technique that is not working should be abandoned 

if nothing can be changed that would increase the likelihood of success. Repeated intubation 

attempts are associated with worse outcomes.14-16 They are time consuming and can cause 

trauma and airway swelling, which can convert an airway with possible facemask ventilation 

into a cannot intubate, cannot oxygenate situation. This is what happened in the case of Elaine 

Bromiley, a 37-year-old healthy woman who died in 2005 from a failed airway during 

anaesthesia for an elective sinus operation.a Deterioration of a cannot intubate, CAN 

                                                             
aText and video information available on http://simpact.net.au/bromiley.html, last accessed 
May16th, 2018 
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oxygenate situation into a cannot intubate, CANNOT oxygenate situation by multiple 

intubation attempts has also more recently been reported by the Fourth National Audit Project 

of the Royal College of Anaesthetists and the Difficult Airway Society (NAP4).3, b  

The algorithm of the UK-based Difficult Airway Society for management of 

unanticipated difficult tracheal intubation is shown in Figure 1.10 It leads the clinician from Plan 

A (facemask ventilation and intubation) with a maximum of three intubation attempts plus an 

additional attempt by a more experienced colleague to Plan B (maintaining oxygenation with 

a supraglottic airway device) with a maximum of three attempts. In case of failure of Plan A 

and Plan B, the guidelines proceed to Plan C (a final attempt of facemask ventilation) and then 

to Plan D (emergency front of neck access by scalpel cricothyroidotomy). Besides the focus 

on an early “call for help” and the importance of non-technical skills in airway management, 

the latest guidelines from 2015, in contrast to the older guidelines from 2004,17 include the use 

of videolaryngoscopes as an alternative to the classic Macintosh laryngoscope within Plan A. 

They also specifically state: “All anaesthetists should be trained to use, and have immediate 

access to, a videolaryngoscope.”10 This reflects the important technical advances that have 

been made in the field of applied video technology for laryngoscopy over the last decade. 

Also, flexible fibrescopes and rigid scopes like the Bonfils are specifically mentioned in the 

guidelines as options for Plan A.10 Apart from the technical skills and specialised airway 

equipment, it has become clear that non-technical skills and human factors play a major role 

in airway emergencies. In the case of Elaine Bromiley, for example, task fixation was identified 

as a major problem in management. It seems that task fixation, communication errors, the 

hierarchical structure of the current health care system, and an overall reduced performance 

of health care professionals in situations with high levels of stress all contribute to poor 

outcomes of airway emergencies. In the NAP4 analysis, other common themes were poor 

airway assessment, poor planning of airway management and repeated airway management 

attempts. Elements of care were judged as poor in three quarters of the NAP4 cases.3    

My research focuses on the technical aspects of airway management and targets the 

mentioned management strategies at different levels. My studies on tools for intubation 

comprise studies on rigid scopes and videolaryngoscopes, and aim to improve the success of 

Plan A. My publications on supraglottic airway devices apply to Plan B of the difficult airway 

algorithm as well as to the elective use of supraglottic airway devices. Finally, my study on 

ultrasound in front of neck access targets the final rescue plan, Plan D, aiming to improve the 

accuracy and success of front of neck access.

                                                             
bFull PDF of NAP4 available on the website of the Royal College of Anaesthetists at 
https://www.rcoa.ac.uk/system/files/CSQ-NAP4-Full.pdf, relevant cases described in chapter 
24, last accessed May 16th, 2018 
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Figure 1: Algorithm of the Difficult Airway Society (DAS) for the management of unanticipated difficult tracheal intubation in adults.10  

SAD: supraglottic airway device. Reproduced from: Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation 

in adults. C. Frerk, V. S. Mitchell, A. F. McNarry, C. Mendonca, R. Bhagrath, A. Patel, E. P. O’Sullivan, N. M. Woodall and I. Ahmad, Difficult 

Airway Society intubation guidelines working group. British Journal of Anaesthesia, 115 (6): 827–848 (2015) doi:10.1093/bja/aev371
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1.2. Approach to research on difficult airway management 
 

During conventional laryngoscopy, the oral, pharyngeal and tracheal axes must be 

aligned to gain visibility of the vocal cords.18 The so-called sniffing position has been 

established to favour this alignment and is therefore part of standard intubation procedures. It 

involves manipulation of the head and the cervical spine with near-full extension of the 

occipito-atlanto-axial articulations and flexion of the lower cervical spine.19 During 

laryngoscopy, elevation of the laryngoscope blade also causes extension in all cervical motion 

segments, particularly in the high segments.20 As this motion has to be avoided in patients 

who have sustained trauma to their spine to prevent secondary spinal cord trauma, stiff 

cervical collars have been used for more than 30 years to stabilize the cervical spine following 

trauma and form part of international trauma guidelines.21 These collars are used to inhibit 

cervical spine movement, in particular the extension of the atlanto-occipito and atlanto-axial 

joints and the flexion of the lower cervical spine. It is known that they also reduce mouth 

opening,22 can cause compression of soft tissues of the neck and the airway, and can cause 

respiratory restriction.21 

As outlined above, anticipated difficult airways should be managed while patients are 

breathing spontaneously. Unanticipated difficult airways are rare and acutely life-threatening. 

Clinical research in the form of randomized controlled trials in real difficult airways is therefore 

not feasible and would be ethically questionable. Therefore, many airway-related studies are 

performed in manikins, but it is known that findings from these studies cannot be extrapolated 

to patients.23 As a more clinically relevant alternative to manikin studies, many clinical studies 

on difficult airway management are carried out in a setting which is called the “simulated 

difficult airway”.24-29 In this approach, a difficult airway is artificially and reversibly created in 

patients with an anticipated normal airway by manual inline stabilization28 or by tightly 

adjusting a stiff cervical collar.24-27, 29 Manual inline stabilization inhibits neck movement which 

makes airway management significantly more difficult. Stiff cervical collars, as outlined above, 

inhibit head extension and flexion of the lower cervical spine, and limit mouth opening.22 

Inhibited neck movement and a small mouth opening are frequent and important factors 

leading to a difficult airway.30, 31 With the help of a tightly-fitting stiff cervical collar a difficult 

airway can therefore be simulated in a very reproducible and standardized way, which is ideal 

for clinical studies. Of note, difficult airways in clinical anaesthesia can present with varying 

degrees of difficulty caused by a variety of factors. While the described simulated difficult 

airway does not simulate factors such as secretions and upper airway masses, it enables 

randomization of different airway management techniques to relatively uniform, standardized 

difficult airways. Also, the simulated difficult airway in this research setting can immediately 
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be reversed by removing manual inline stabilization or the stiff cervical collar whenever a 

studied technique fails or in case of unexpected medical problems. The reversibility of the 

created difficulty, detailed patient information and clear and unambiguous study protocols 

including criteria that lead to restoration of the airway to its normal condition are paramount to 

assure the ethical conduct of these clinical studies.23 Also, since difficult airways can be 

caused by a variety of factors, results of clinical studies using a simulated difficult airway 

cannot directly be translated to all difficult airway settings and, strictly-speaking, are only valid 

for the described airway situation. However, the simulated difficult airway focuses on technical 

aspects and is the only approach that allows for randomized controlled trials on management 

of unexpected difficult airways. Outside this approach only clinical studies on airway 

management of normal airways, manikin or cadaver studies, or case series on the 

management of real difficult airways are feasible. 

Most of the studies presented for this PhD by Publication were carried out in a 

simulated difficult airway setting. Other studies assessed airway management techniques in 

patients with a predicted normal airway. The studies were carried out while I was working at 

the Bern University Hospital and University of Bern in Switzerland, where I worked as a 

research fellow in 2008 and as a registrar in anaesthesia from 2009 to 2016. My mentor and 

supervisor for all presented studies was Professor Robert Greif, MD, MME, FERC, Professor 

at the Department of Anesthesiology and Pain Therapy at the Bern University Hospital and 

University of Bern in Switzerland. Other members of the research group were Lorenz Theiler, 

MD (consultant anaesthetist), Natalie Urwyler, MD (consultant anaesthetist), Christine 

Riggenbach (study nurse), and several research fellows and medical students.  

 

With my studies, I have explored several options for the management of difficult 

airways: 

- Tracheal intubation with rigid scopes or videolaryngoscopes 

Rigid scopes are metal stylets which enable a view from the tip of the stylet. These 

scopes can be guided to the glottis or into the trachea to railroad a tracheal tube 

over the scope into the trachea. Rigid scopes have long been used in respiratory 

medicine and otorhinolaryngology,32 and are very fast to set up. In a randomized 

controlled trial in a simulated difficult airway scenario, I compared the performance 

of two scopes that had been developed for airway management.33 

Similar to rigid scopes, videolaryngoscopes provide a view from the tip of the 

device to enable a view of the glottis during insertion of the tracheal tube. 

Videolaryngoscopes essentially combine the features of a standard laryngoscope 

with the optical features of a fibrescope. Blades of different shapes have been 
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developed for optimal performance in different situations, including blades 

resembling the classic Macintosh blade and difficult airway blades which are more 

angulated. A wide variety of videolaryngoscopes has been marketed. I compared 

the performance of several videolaryngoscopes in a simulated difficult airway 

setting,34-36 explored the usefulness of an added channel for tube guidance,37 and 

the performance of videolaryngoscopes under extreme outdoor conditions.38 

- Placement of supraglottic airway devices to ventilate the patient’s lungs  

Supraglottic airway devices are a good option in many non-emergency cases, but 

also in cannot intubate, cannot oxygenate (CICO) situations. As such, the use of 

supraglottic airway devices constitutes Plan B of the DAS difficult airway 

algorithm.10 In an observational multicentre trial I assessed the performance of the 

supraglottic airway device i-gel in adults and studied risk factors for device failure.39  

- Emergency front of neck access 

Front of neck access is the last resort of airway management when all other options 

have failed. As such, it constitutes Plan D of the DAS difficult airway guidelines.10 

Identification of the trachea can often be challenging, particularly in patients with 

an altered anatomy that leads to a difficult airway. I have therefore explored the 

use of ultrasound to identify the midline of the trachea to facilitate front of neck 

access.40 

In summary, all my studies explore different approaches to the management of difficult 

airways in adults. Since airway complications are a leading cause of anaesthesia-related 

morbidity and mortality, advances in airway management carry a large potential to improve 

patient safety in anaesthesia.  
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1.3. Tools for intubation: Rigid scopes and videolaryngoscopes  

 
As alternatives to the standard Macintosh laryngoscope, other tools can be used to 

attempt direct tracheal intubation. The main groups of tools are flexible or rigid fibrescopes 

and videolaryngoscopes.  

Flexible fibrescopes have been the established gold standard for management of 

predicted difficult airways. It is, however, well-known that flexible fibreoptic intubation is a 

complex technique and it has recently been proposed to use alternative techniques such as 

awake videolaryngoscopy for the management of predicted difficult airways.6-8 Rigid scopes 

might be valuable alternatives since existing data suggest high intubation success rates in 

difficult airway scenarios26 and faster intubation with rigid scopes compared to flexible 

fibreoptic scopes.41, 42 Since data were overall very scarce, I compared the two rigid scopes 

Bonfils and SensaScope in a randomized controlled trial for intubation of 200 patients with a 

simulated difficult airway.33 The scopes substantially differ in design: The Bonfils features a 

straight rigid shaft with a curved rigid tip, while the SensaScope has an S-formed shaft with a 

short flexible tip. In my study, both devices achieved overall success rates approaching 90%.33 

This is similar to videolaryngoscopes25, 35, 36 in this airway situation and much better than the 

performance of the standard Macintosh laryngoscope.26, 36 In a case series we also showed 

that the rigid scope SensaScope can be used for intubation of spontaneously breathing 

patients with a predicted difficult airway,43 confirming that rigid scopes could in fact be valuable 

alternative tools for the management of both predicted and unpredicted difficult airways. 

Similar to rigid scopes, videolaryngoscopes provide a view from the tip of the device 

to facilitate visualisation of the oropharynx and the glottis. In contrast to rigid scopes which are 

essentially made of a long and rigid shaft, videolaryngoscopes are laryngoscopes which have 

been equipped with a video function and which have been adjusted in their blade design to 

facilitate a view of the glottis. After videolaryngoscopes became commercially available in 

2001, they very rapidly became popular among clinicians and a variety of devices was 

marketed. Data also became rapidly available, but these data were mainly data from rather 

small clinical trials and from manikin trials. Nevertheless, they all supported the notion that 

videolaryngoscopes improved visualisation of the vocal cords and intubation success.25, 28, 44, 

45 It was, however, immensely difficult to compare data of different studies on 

videolaryngoscopes, since study protocols and study settings differed substantially. In a 

multicentre, randomized controlled trial we compared six different videolaryngoscopes in 720 

patients with a simulated difficult airway. The study protocol was published in the journal 

Trials34 and the main study article was published in the British Journal of Anaesthesia.35  
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Three of the six studied videolaryngoscopes featured an extra channel to guide the 

tube into the trachea (channelled videolaryngoscopes) and three of them did not 

(unchannelled videolaryngoscopes). Interestingly, we found very profound differences in 

performance between the devices: Two of the unchannelled devices (McGrath and C-MAC) 

showed success rates above 90% and low complication rates, while one of the channelled 

devices (A.P. Advance) showed a success rate of only 37%. This might have been due to the 

fact that mouth opening was limited in our setting, favouring slim devices over devices 

featuring an extra guiding channel. Given these results, we followed up with another 

randomized controlled trial that studied the unchannelled versions of the channelled 

videolaryngoscopes which had been assessed in the described study. We assessed the 

performance of these 3 unchannelled videolaryngoscopes (unchannelled KingVision, Airtraq 

and A.P. Advance) and the standard Macintosh laryngoscope, again in a simulated difficult 

airway setting and using the same methods that were used for the first study on 

videolaryngoscopes.36 Success rates again differed significantly with Macintosh laryngoscope 

and A.P. Advance performing substantially inferior to the KingVision and the Airtraq. 

Interestingly, success rates with the unchannelled KingVision and the unchannelled Airtraq 

were very similar to the success rates of their channelled versions. This was confirmed in a 

separate data analysis which directly compared the channelled with the unchannelled versions 

of the KingVision, the Airtraq and the A.P. Advance.37 It indicates that in the hands of 

experienced anaesthetists the performance of videolaryngoscopes largely depends on the 

design of the devices and their blades, and not on the presence or absence of a guiding 

channel for the tracheal tube. 

Despite the fact that in difficult airways many videolaryngoscopes perform much better 

than the standard Macintosh laryngoscope, there are some potential drawbacks. For example, 

many videolaryngoscopes rely on visibility of anatomical structures on a screen. We 

performed a manikin study assessing the ease of intubation with different devices in outdoor 

conditions in bright sunlight on a glacier. We showed that the sunlight was hindering the 

intubation success with videolaryngoscopes due to decreased visibility on the screen. Wearing 

sunglasses did improve success rates with some devices and covering the doctor and the 

patient with a blanket overcame the detrimental effects of sunlight during intubation 

completely.38 Usefulness and limitations of videolaryngoscopes were also addressed in an 

editorial.46 These limitations include the fact that even with a good view of the glottis, 

advancement of the tube into the trachea is sometimes impossible with videolaryngoscopes. 

This is by now a well-recognized problem of videolaryngoscopes which is often referred to as 

“you see that you fail”. 

Overall, my studies on rigid scopes and videolaryngoscopes showed high success 

rates with the rigid scopes Bonfils and SensaScope and with several videolaryngoscopes, 
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indicating that these devices can be valuable tools for the management of difficult airways. In 

adverse environmental conditions in a prehospital setting, additional equipment such as a 

blanket might be required to maintain the high level of performance. Tube-guiding channels 

of videolaryngoscopes do not seem to provide advantages in the hands of experienced 

anaesthetists. This might differ when videolaryngoscopes are used for awake intubations 

where minimal stimulation of the airway is desirable. Results might also differ when the same 

devices are used in other settings such as in normal airways, other types of difficult airways, 

or when used by other healthcare providers such as anaesthetic trainees or paramedics. 

Direct transference of the results to such settings is difficult and the optimal tool for intubation 

will depend on the specific characteristics of the patient’s airway and the healthcare provider 

performing airway management. However, my studies provide solid evidence of a generally 

high level of performance of videolaryngoscopes and rigid scopes in challenging airways with 

a severely limited mouth opening and no neck movement.  
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1.4. Supraglottic airway devices 

 

In contrast to tracheal tubes, supraglottic airway devices are positioned in the 

hypopharynx and sit above the level of the vocal cords (Figure 2). Supraglottic airway devices 

are undoubtedly the biggest invention in anaesthesia over the last decades. They were 

invented by Dr Archie Brain and were developed and first assessed in the early 1980s.47 Since 

then, they have revolutionized airway management as an alternative to tracheal intubation 

and facemask ventilation. Nowadays, supraglottic airway devices are widely used as the 

primary airway tool in elective anaesthesia. In 2000, it was reported that at least 30% of 

patients in the UK and 20% of patients in the USA were anaesthetised using supraglottic 

airway devices.48 More recently, in 2013, it was reported that in the UK supraglottic airway 

devices are used for over 50% of anaesthesia cases.49 They also are the main rescue tool for 

difficult airways.10 Since supraglottic airway devices are so widely used, new devices are often 

marketed without prior proper clinical investigation. In this context, the Difficult Airway Society 

developed the “Airway Device Evaluation Project Team” (ADEPT) guidance to facilitate the 

assessment and choice of devices.50 Overall, too little is known about the performance and 

complications of specific supraglottic airway devices and about risk factors for supraglottic 

airway device failures. 

 

 

Figure 2: Position of the supraglottic airway device i-gel in the hypopharynx, above the level 

of the vocal cords. Image courtesy of Intersurgical Ltd. 
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In most supraglottic airway devices, an inflatable cuff assures a tight airway seal to 

allow for positive pressure ventilation. The supraglottic airway device i-gel was designed 

without an inflatable cuff, which was a true novelty at the time. It still is the only supraglottic 

airway device without an inflatable cuff.  

In a small, randomized controlled trial with 60 patients I compared the i-gel to the 

supraglottic airway device LMA Supreme. It is not included in this body of work as it was my 

MD thesis at the University of Bern, Switzerland. Surprisingly, even without an inflatable cuff, 

the i-gel had success rates (i-gel 93%, LMA Supreme 95%, p = 1.0) and leak pressures (i-gel 

27 ± 9 cm H20, LMA Supreme 26 ± 8 cm H20, p = 0.44) similar to the LMA Supreme, which 

has an inflatable cuff to provide a seal of the airway.51 The trial indicated a high performance 

of the i-gel. However, assessing the safety of airway devices is much more difficult since rare 

complications can be missed in randomized controlled trials with small patient numbers. We 

therefore chose to follow-up on the initial trial by assessing the i-gel in a prospective, 

observational multicentre study with over 2000 patients.39 This allowed more accurate 

assessment of indicators of performance such as success rates and leak pressures, but also 

enabled assessment of adverse events and risk factors for failure. The study confirmed the 

previously established high success rates of the i-gel: The first attempt success rate was 93% 

and the overall success rate was 96%. Also, similar to the previous study, the mean airway 

leak pressure of the i-gel in this large observational multicentre study was 26 ± 8 cm H2O, 

which allows for positive pressure ventilation of most patients. Risk factors for i-gel failure were 

male sex, impaired mandibular subluxation, poor dentition, and older age. Some similar risk 

factors had previously also been identified as risk factors for failure of facemask ventilation 

(Langeron et al.: age older than 55 years, lack of teeth; Kheterpal et al.: male sex),52, 53 and 

for failure of the Laryngeal Mask Airway Unique (male sex, poor dentition).54 This indicates 

that supraglottic airway devices like the i-gel might be at risk of failing when other techniques 

like facemask ventilation have already failed. This could compromise their usefulness as a 

rescue tool. In accordance with this, Ramachandran et al. reported a three-fold increase in 

difficult mask ventilation in patients with supraglottic airway device failure.54  

One important feature of the i-gel is the option to insert a gastric catheter, aiming to 

prevent aspiration of gastric contents by enabling evacuation of gastric contents through the 

catheter. No aspiration was observed in our study. Adverse events were overall rare and 

included laryngeal spasms (1.2%), blood stained airway devices (3.9%), transient nerve 

damage (0.1%), one case of transient vasovagal asystole, and one glottic haematoma. 

Comparison of the incidence of these complications to other supraglottic airway devices is 
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impossible due to a lack of data for other devices and the rare occurrence of these 

complications.  

A complication that we experienced with a different supraglottic airway device was that 

the LMA Supreme caused airway obstruction by epiglottic downfolding and by obstruction of 

the laryngeal inlet by the cuff of the LMA. This was published as a case report.55 

The mentioned publications have added evidence to clinical practice and the i-gel has 

become widely used in adult anaesthesia. Besides the scientific evidence, other factors such 

as familiarity with the devices, availability and cost play an important role in clinical choices. 

Second generation supraglottic airway devices are currently recommended for use. However, 

a survey among UK anaesthetists shows that despite this recommendation, 88% of paediatric 

anaesthetists preferentially use first generation supraglottic airway devices.49 This highlights 

that apart from further clinical trials, effort is also needed to translate the gathered evidence 

into clinical practice. 
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1.5. Ultrasound in front of neck access 
 

If the less invasive approaches of managing a difficult airway fail, the last resort of 

airway management is the emergency front of neck access. One crucial factor with all front of 

neck access techniques is the correct identification of anatomical structures to allow for a quick 

and safe access to the trachea. However, identification of landmarks is often difficult and 

correct identification of the ligamentum conicum has been reported to be as low as 30%.56  

In a cadaver study that was controlled by computer-tomography I assessed the use of 

ultrasound for identification of anatomical landmarks for front of neck access.40 The study 

assessed the success of ultrasound-guided placement of a guidewire in the midline of the 

trachea, as it is done for dilatational tracheostomies. Insertion was successful at the first 

attempt in 89% of cases and in 100% on the second attempt. The wire was placed in the 

midline of the trachea in 89% of cases, showing that an anatomically optimal position was 

achieved in the majority of cases when using ultrasound. Of note, the study assessed tracheal 

puncture as it would be done for tracheostomies and not for emergency cricothyroidotomies. 

The study did, however, demonstrate successful ultrasound-guided identification of tracheal 

rings, of the ligamentum conicum and of the tracheal midline, which would be required equally 

for tracheostomies and for cricothyroidotomies. In accordance with this publication, Curtis et 

al. described a successful technique for ultrasound-guided, open cricothyroidotomy,57 and 

Kristensen described further applications of ultrasound in airway management.58 Also it was 

recently suggested that the cricothyroid membrane should be identified by ultrasound in all 

patients prior to induction of anaesthesia.59 However, while airway ultrasound is becoming 

increasingly popular in the literature and in airway management courses, the technique of 

airway ultrasound has not yet been translated into broadly applied clinical practice.  
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1.6. Impact of work 
 

Measuring the impact of research on scientific and clinical communities is very 

challenging. One method is to indicate how often publications are cited by other authors. This 

is done below in chapter 4 on metrics, contributions and original versions of the presented 

body of work. Not surprisingly, older publications generally have more citations as more time 

has passed for them to be cited by other authors. For example, my first full research paper 

(Crossover comparison of the laryngeal mask supreme and the i-gel in a simulated difficult 

airway scenario in anesthetised patients. Anesthesiology 2009)51 has 144 citations, and my 

second full research paper (Performance of the pediatric-sized i-gel compared with the Ambu 

AuraOnce Laryngeal Mask in anesthetised and ventilated children. Anesthesiology 2011)60 

has 78 citations according to Google Scholar. 

My work is cited from researchers around the world including researchers from 

Europe,10 New Zealand,61 Singapore,62 India,12 and the United States.63 Importantly, it is being 

cited by several airway guidelines,10, 12 which are likely to be the most widely read publications 

in anaesthesia and airway management. As such, airway guidelines likely have the most 

important impact on clinical practice as they are not only read by researchers and airway 

enthusiasts, but by a wider range of anaesthetists who are mostly working clinically. Amongst 

other publications, the British guidelines of the Difficult Airway Society cite my work. They 

conclude that a maximum of three attempts at insertion of a supraglottic airway device is 

recommended, and that a different type of supraglottic airway device should be trialled after 

two failed attempts.10 In agreement with my study on the use of ultrasound for front of neck 

access, the guidelines state that ultrasound might be helpful in identifying airway landmarks.10 

The Indian guidelines come to very similar conclusions.12  
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1.7. Future work 
 

Airway management is a field in anaesthesia, intensive care and emergency medicine 

that is constantly changing as new technologies evolve. This is well illustrated by the impact 

that the introduction of supraglottic airway devices in the 1980s and the introduction of 

videolaryngoscopes in the 2000s had on anaesthesia practice, to name a few. Some of the 

new developments have been excellent and anaesthesia has become safer over time. 

Nevertheless, important challenges remain and I plan to pursue the following topics with my 

ongoing and future work: 

- New airway devices are often marketed without prior appropriate clinical research, 

since companies, unlike pharmaceutical companies, do not need to provide 

evidence regarding clinical performance and safety of airway devices prior to 

marketing. I will continue to evaluate airway devices regarding their performance 

and safety. 

- Evolving technologies will require thorough investigation. Such new technologies 

and techniques include apnoeic ventilation and ventilation through small calibre 

cannulas. In adults, it has been proposed that transnasal high-flow humidified 

oxygen can achieve apnoeic oxygenation combined with a degree of continuous 

positive pressure and carbon dioxide elimination (transnasal humidified rapid-

insufflation ventilatory exchange - THRIVE).64 This is extremely promising as it 

could facilitate a degree of ventilation of apnoeic patients in situations such as 

induction of anaesthesia, in difficult airway situations and for specific surgical 

procedures such as laryngeal surgery. In children, data on the effects of THRIVE 

are scarce and knowledge on the effectiveness and usefulness of this new 

technique in children is warranted. I am working on studies aiming to clarify the 

effect and possible applications of high-flow humidified oxygen in children. 

- Evidence from clinical trials is often not translated into clinical practice. For 

example, first generation supraglottic airway devices are still widely used in the 

UK,49 despite the fact that second generation devices are recommended by the 

DAS guidelines on the grounds of available data.10 Also, complications in airway 

management are often not caused by poor equipment, but by organisational and 

human factors. I am working on a study which is aiming to improve airway 

management at an institutional level. 
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Randomized clinical trial of the i-gel and Magill tracheal tube or single-use ILMA and 

ILMA tracheal tube for blind intubation in anaesthetized patients with a predicted difficult 

airway.  

British Journal of Anaesthesia 2011; 107(2):243-50 

Impact factor 6.238 
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18. Kleine-Brueggeney M and Theiler L (first authors), Urwyler N, Vogt A, Greif R: 

Randomized trial comparing the i-gel and Magill tracheal tube with the single-use ILMA 

and ILMA tracheal tube for fibreoptic-guided intubation in anaesthetized patients with a 

predicted difficult airway.  

British Journal of Anaesthesia 2011; 107(2):251-7 

Impact factor 6.238 

 

19. Stamer UM, Lee EH, Rauers NI, Zhang L, Kleine-Brueggeney M, Fimmers R, Stuber F, 

Musshoff F: CYP2D6- and CYP3A-Dependent Enantioselective Plasma 

Concentrations of Ondansetron in Postanesthesia Care.  

Anesthesia Analgesia 2011; 113(1):48-54 

Impact factor 4.014 

 

20. Kleine-Brueggeney M, Greif R, Ross S, Eichenberger U, Moriggl B, Arnold A, 
Luyet C: Ultrasound-guided percutaneous tracheal puncture: a computer-
tomographic controlled study in cadavers.  
British Journal of Anaesthesia 2011; 106(5):738-42 
Impact factor 6.238 

 

21. Theiler LG, Kleine-Brueggeney M (first authors), Luepold B, Stucki F, Seiler S, Urwyler 

N, Greif R: Performance of the Pediatric-sized i-gel Compared with the Ambu AuraOnce 

Laryngeal Mask in Anesthetized and Ventilated Children.  

Anesthesiology 2011; 115(1):102-110 

Impact factor 5.66 

 

22. Theiler L, Kleine-Brueggeney M, Kaiser D, Urwyler N, Luyet C, Vogt A, Greif R: 

Crossover comparison of the laryngeal mask supreme and the i-gel in simulated difficult 

airway scenario in anesthetized patients.  

Anesthesiology 2009; 111(1):55-62 

Impact factor 5.66  
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3.2. Editorials, Reviews, Case Reports and Correspondence 
1. Kleine-Brueggeney M: Abstract presentations at the Third European Airway Congress. 

Trends in Anaesthesia and Critical Care 2017; 12: 19; Editorial 

CiteScore 0.46 

 

2. Noppens R, Kleine-Brueggeney M: Original research articles on airway management 

in TACC - What we can expect.  

Trends in Anaesthesia and Critical Care 2016; 10: 1; Editorial 

CiteScore 0.46 

 

3. Kleine-Brueggeney M: Airway management in a changing environment: The impact of 

advances in technology on standard procedures and training.  

Trends in Anaesthesia and Critical Care 2016; 10: 20-21; Editorial 

CiteScore 0.46 

 

4. Kleine-Brueggeney M, Greif R, Theiler L: Reply to: blind intubation through Air-Q SP 

laryngeal mask in morbidly obese patients.  

European Journal of Anaesthesiology 2016; 33(4):302-3; Correspondence 

Impact factor 3.570 

 

5. Kleine-Brueggeney M, Theiler L: Videolaryngoscopy - may the force be with you! 
Minerva Anestesiologica 2015; 81(8):825-6; Editorial 
Impact factor 2.623 

 

6. Kleine-Brueggeney M, Kranke P, Stamer U: [Prophylaxis and therapy of postdural 

puncture headache - a critical evaluation of treatment options].  

Anästhesiologie, Intensivmedizin, Notfallmedizin, Schmerztherapie: AINS 2011, 46(7-

8):516-24; Review 

Impact factor 0.367 

 

7. Kleine-Brueggeney M, Musshoff F, Stuber F, Stamer UM: Pharmacogenetics in 

palliative care.  

Forensic Science International 2010, 15; 203(1-3):63-70; Review 

Impact factor 1.989 
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8. Greif R, Kleine-Brueggeney M, Theiler L: Awake tracheal intubation using the 
Sensascope in 13 patients with an anticipated difficult airway.  
Anaesthesia 2010; 65(5):525-8; Case report 
Impact factor 4.741 

 
9. Theiler L, Kleine-Brueggeney M, Greif R: Detecting the etiologies of acute airway 

obstruction associated with the laryngeal mask airway Supreme.  

Anesthesiology 2009; 111(2):452-453; Correspondence 

Impact factor 5.66 

 

10. Kleine-Brueggeney M, Theiler L, Luyet C, Greif R: Acute airway obstruction 
caused by the new single use laryngeal mask airway Supreme.  
Anesthesiology 2009; 110(1):189-90; Case report 
Impact factor 5.66  
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3.3. Invited Talks and Faculty at Scientific Meetings 
1. Instructor: Pre-Congress Course on current concepts in airway management. 

Euroanaesthesia, Annual Meeting of the European Society of Anaesthesiologists, UK 

2016 and Switzerland 2017 

 

2. Invited talk: The role of preoxygenation in airway management. Eighth Annual Spring 

Symposium in Anesthesiology and Intensive Care, Serbia 2017 

 

3. Instructor: Airway Management Course. German Anaesthetists’ Annual Conference 

DAC, Germany 2017 

 

4. Instructor: Basic and Advanced Airway Management Course, University Hospital Bern, 

Switzerland, 2015 – 2018 

 

5. Instructor: Airway Management Course, European Airway Management Society 

EAMS Annual Meeting, Spain 2016 

 

6. Invited talk: Training the Airway Trainers - How to improve and maintain airway 

management competencies? World Airway Management Meeting WAMM, Ireland 

2015  

 

7. Instructor: Airway Workshop at the World Airway Management Meeting WAMM, 

Ireland 2015 

 

8. Invited talk: Use of laryngeal masks and laryngeal tube in emergency medicine. 

Euroanaesthesia, Annual Meeting of the European Society of Anaesthesiologists, 

Spain 2013 

 

9. Invited talk: Genomics: Why do “similar” patients have different outcomes? Review 

Course Lecture, International Anesthesia Research Society Annual Meeting, Canada 

2011, Co-talk with DA Schwinn 

 

10. Invited talk: Pharmacogenomics and anesthesia. 26th International Winter Symposium, 

Update in Cardiothoracic Anesthesia, Belgium 2011 
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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 

Cumulative impact factor (full research papers only): 92.342 

Cumulative impact factor (all publications): 116.952 

H-Index (Scopus): 11 

H-Index (Google Scholar): 13 
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The performance of rigid scopes for intubation: A randomised controlled trial in patients with 

a simulated difficult airway.  
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Original article 

Theiler L, Hermann K, Schoettker P, Savoldelli G, Urwyler N, Kleine-Brueggeney M, Arheart 

KL, Greif R:  

SWIVIT - Swiss video-intubation trial evaluating video-laryngoscopes in a simulated difficult 

airway scenario: study protocol for a multicenter prospective randomized controlled trial in 

Switzerland.  

Trials 2013; 14(1):94  

 

Impact factor 1.969 
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Evaluation of six videolaryngoscopes in 720 patients with a simulated difficult airway - A 

multicentre randomised controlled trial.  

British Journal of Anaesthesia 2016; 116 (5): 670-679  
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Original article 

Kleine-Brueggeney M, Buttenberg M, Greif R, Nabecker S, Theiler L:  

Evaluation of three unchannelled videolaryngoscopes and the Macintosh laryngoscope in 

patients with a simulated difficult airway: a randomised controlled trial.  

Anaesthesia 2017; 72(3):370-378 
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Effect of the tube-guiding channel on intubation success with videolaryngoscopes.  
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Since John Pacey, a surgeon, introduced the 
GlideScope® into clinical practice in 2001, 

videolaryngoscopes (VLS) have become increas-
ingly successful. Similar to the use of ultrasound 
guided techniques for vascular puncture and 
nerve blocks, VLS have very quickly gained 
popularity among anesthesiologists. They are 
becoming more and more indispensable tools 
for teaching purposes, for the management of 
difficult airways and as documentation tools for 
everyday cases. Many different VLS are available 
and their number keeps steadily increasing. Prior 
to marketing, all these devices lack evidence of 
efficacy or safety. Hence, without academic guid-
ance, the choice to use and to buy one particular 
VLS will depend on marketing strategies of the 
companies. The British Difficult Airway Society 
has addressed this problem in an article that de-
fines “a minimum level of evidence needed to make 
a pragmatic decision about the purchase or selection 
of an airway device”.1 In this issue of Minerva 
Anestesiologica, Pieters et al. provide some of the 
necessary evidence about efficacy and safety of 
three VLS.2 From everyday clinical practice we 
know that the force necessary to obtain a good 
view of laryngeal structures is markedly de-
creased with VLS. This has also been shown by 
Goto et al.3  Pieters and the study group led by 
André van Zundert present more data enforcing 
this knowledge. They confirm their previously 
published finding that the force exerted on the 
maxillary incisors is lower with the use of VLS 
compared to the use of the Macintosh laryngo-
scope.2, 4, 5 We cannot directly deduct that the 

incidence of dental lesions is reduced by using 
VLS, but it is difficult to study the incidence of 
dental lesions because they occur in only about 
1/2000 (0.05%) of anesthesia cases.6 The force 
exerted on the teeth appears to be an acceptable 
surrogate parameter. Importantly, those findings 
apply to the non-difficult airway, not the non-
anticipated difficult airway: the title of the study 
might be misleading.

VLS can be divided into devices without a 
guiding channel for the tracheal tube (such as 
the three devices evaluated by Pieters et al.) and 
devices with a guiding channel. Additionally, 
VLS blades may resemble the standard Macin-
tosh blade (e.g. the C-MAC® blades evaluated 
in the study) or may feature a more pronounced 
curve (e.g. the MacGrath® series 5 and the Gli-
deScope® 7  evaluated by Pieters et al., or the C-
MAC “D-blade”). Curved blades are primarily 
designed for the difficult airway and direct com-
parisons with Macintosh blades are difficult. The 
more curved the blade, the more essential it is 
to introduce a stylet into the tracheal tube for 
guidance. If a stylet is not used, tracheal intuba-
tion will be more difficult, as shown by Pieters et 
al. who did not use stylets in their study.2 Most 
likely, this is why the GlideScope® seemed to 
perform inferiorly.

Facing the emerging importance of VLS, a 
crucial question becomes whether we should 
abandon the 80-year old standard Macintosh 
blade in favor of VLS. While superiority has 
been claimed for VLS in the ICU setting 8 and 
evidence shows that in normal airways, laryn-
goscopy becomes even easier when using vide-
olaryngoscopes, there are important advantages 

Videolaryngoscopy: may the force be with you!
M. KLEINE-BRUEGGENEY, L. G. THEILER

Department of Anaesthesiology and Pain Medicine, Inselspital, University of Bern and Bern University Hospital, Bern, 
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of direct laryngoscopy using the Macintosh 
blades. The most obvious one is the fact that 
one drop of blood or mucus may be sufficient to 
completely obstruct the view obtained by vide-
olaryngoscopes. Also, equipment failure remains 
a problem.9 The Macintosh laryngoscope is a 
simple, reliable tool that is difficult to break. It 
is cheap, transportable, available in all sizes and 
usable in all settings, even in the pre-hospital 
setting in bright sunlight. Of note, VLS have so 
far not been incorporated into difficult airway 
algorithms, although this may change in the 
near future.10 While VLS seem to be very valu-
able assets to the airway tool library, we risk los-
ing our skills with two important techniques by 
more and more using VLS: intubation with the 
ubiquitously available Macintosh laryngoscope 
and fibreoptic intubation. Several studies on 
VLS in the simulated difficult airway situation 
using manual inline stabilization have been con-
ducted, mostly demonstrating a better visibility 
of the vocal cords and some showing a higher in-
tubation success rate with VLS compared to the 
Macintosh laryngoscope.9, 11 Despite that, it is 
also known that even with a good view obtained 
by the VLS, there still might be problems to ac-
tually intubate the trachea (“you see that you 
fail”).11 Therefore, alternative techniques like the 
flexible fibreoptic intubation must continue to 
be taught and used on a regular basis. To secure 
the airway in the spontaneously breathing pa-
tient (awake intubation) remains the gold-stand-
ard in the management of the anticipated dif-
ficult airway, especially when difficult face-mask 
ventilation is suspected, and should not be aban-
doned. Videolaryngoscopes are additions, not 
replacements to our airway tool library. Their 
role in securing patients’ airways is increasingly 
being supported by evidence like the study by 

Pieters et al. More evidence will have to follow 
in the future, especially about the role of VLS in 
the setting of difficult airway management.
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