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STELLINGEN 

behorende bij het proefschrift: 

The Merits of Videolaryngoscopy during Glottic Visualisation 
for Endotracheal Intubation

(1)  The performance of videolaryngoscopy is superior to classic direct laryngoscopy in 
the easy and difficult airway (dit proefschrift)

(2)  Videolaryngoscopy will become the “golden”standard for all intubations, not only 
those predicted to be “difficult” (dit proefschrift)

(3)  A Cormack & Lehane grade III or IV equals failed direct laryngoscopy

(4)  Extralaryngeal manoeuvres may be a hindrance to endotracheal intubation
 (dit proefschrift)

(5)  Less need for the “difficult airway trolley” thanks to videolaryngoscopy

(6)  Videolaryngoscopy is as receiving a free upgrade of a hotel booking
 (dit proefschrift)

(7)  To err is human, to forgive is divine (Alexander Pope 1688-1744) 

(8)  An old error is always more popular than a new truth

(9)  Een tevreden mens is schatrijk een ontevreden mens straatarm (Toon Hermans)

(10)  De stelling: “bezit is het einde van de droom” geldt niet voor het afronden van een 
promotietraject. Het biedt namelijk vele nieuwe inzichten en is het begin van nieuwe 
dromen.
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Abbreviations 

ASA American Society of Anesthesiologists

C&L  Cormack and Lehane

DA Difficult airway

DL Direct Laryngoscopy

ETT Endotracheal tube 

VLS(s)  Videolaryngoscope(s)

GS  GlideScope® (GS), RangerTM; Verathon Inc., Bothell, WA, USA 

Storz V-MACTM  V-MACTM Storz® Berci DCI®, Karl Storz, Tuttlingen, Germany 

Storz C-MACTM  C-MACTM Storz®, Karl Storz, Tuttlingen, Germany

McGrath® McGrathTM Series 5; Aircraft Medical, Edinburgh, UK
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Chapter 1

Aims Of The Study



8 Aims Of The Study

1.1. Background

The American Society of Anesthesiologists (ASA) states that an important cause of 
anaesthesia-related injury is the inability to intubate the trachea and secure the Airway (can’t 
ventilate, can’t intubate scenario) [1-3]. In the majority (85%) of these cases, the outcome is 
fatal, resulting in death or brain damage.1 In patients who undergo a difficult intubation, the 
morbid nonfatal events4-7 are also increased. The latter refers to damage to soft tissue of the 
oropharynx (e.g. lips, tongue, palatopharyngeal fold, teeth), and more seriously damage to the 
glottis entrance (e.g. vocal cords, arytenoids, epiglottis). Moreover, the ASA closed claims 
analysis involving incidents of airway injury found that 80% of laryngeal injury occurs when 
laryngoscopy and intubation was experienced as being easy [8].

The reported incidence of difficult intubation is 1.15-3.8% in the general population, 
while failed intubation is much more infrequently (0.13-0.3%) [2, 9]. Worldwide, up to 
600 patients are estimated to die annually as a result of the complications that occur during 
endotracheal intubation.10 The development of difficult airway algorithms, new devices and 
alternative techniques to secure the airway, goes hand in hand with these facts.

A plethora of new airway management devices and techniques, such as intubation 
through a supraglottic airway, use of different laryngoscope blades, gumelastic bougies or 
stylets, blind oral or nasal intubation, retrograde intubation, a variety of rigid fibreoptic 
techniques and flexible (awake) fibreoptic intubation have been introduced in airway 
management.11 However, many of these techniques are complex, have low reliability, high 
cost and limited availability. Moreover, some of them are blind techniques as they do not 
enable us to visualize the passage of the endotracheal tube through the glottis. Successful 
intubation in the absence of an adequate laryngeal view, should be regarded as a “near miss” 
and a “failed laryngoscopy”.

Poor laryngeal visualization (C&L grade 3 and 4) with classic direct laryngoscopy (DL) 
is encountered between 1% and 9% of attempts, requiring prolonged or multiple intubation 
attempts [2, 12]. This phenomenon probably goes hand-in-hand with complications.

Table 1 shows the range of difficulty in direct laryngoscopy and success rate of 
endotracheal intubation during poor laryngeal visualisation.
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Table 1. Range of Difficulty in Direct Laryngoscopy and Endotracheal Intubation

C&L grade at best,

ETT insertion outcome

RANGE OF INCIDENCE

%
References

C&L grade 2 or 3 at best,

ETT insertion successful*
1-18

4, 15 

C&L grade 3 at best, 

ETT insertion successful*
1-4 4, 16, 17

C&L grade 3 or 4 at best, 

ETT insertion unsuccessful
0.05-0.35 4, 15, 16

ETT: Endotracheal tube; C&L: Cormack and Lehane

*multiple attempts and/or blades may be required

Modified from: Benumhof J, Hagberg C. (eds) Airway Management. Third Edition, Chapter 8, 2013.

Difficult DL (C&L grade 3 or 4) goes hand-in-hand with difficult intubation in most 
patients. However, there is a discordance between difficult DL and difficult endotracheal 
intubation. This can be explained, based on inter-observer variation of the C&L grade and the 
need for extra adjuncts or different blades. Furthermore, pathologic conditions in the glottic 
entrance (such as laryngeal web, laryngeal tumors or tracheal stenosis), may disassociate 
ease of laryngoscopy from difficult intubation.
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1.2. History of Laryngoscopy

In 1880 the Scot William Macewen (1848-1924) described 
how to relieve airway obstruction by passing an oral tube into the 
trachea [18]. However, he practiced blind, digital intubation. In 
1854, a Spanish vocal pedagogist named Manuel García (1805-
1906) became the first man to view the functioning glottis and 
larynx in a living human. García developed an instrument that used 
two mirrors for which the sun served as an external light source. 
Using this device, he was able to observe the function of his own 
glottic apparatus and the uppermost portion of his trachea. He 
presented his findings at the Royal Society of London in 1855.

Several years later the American Joseph O’Dwyer developed 
a metal tube system that could be passed blindly to relieve airway 

obstruction in children suffocating from diphtheria infections [19]. In Germany, Hans Kuhn 
modified O’Dwyer’s tube system to create a flexometallic endotracheal tube with matching 
introducer intended for blind insertion [20]. An important problem associated with the 
O’Dwyer’s intubation system and its variants was that they had to be placed blindly.

The next important development in clinical airway management was the development 
of direct laryngoscopy, which allowed visualisation of the glottic structures. Towards the end 
of the 19th century, Alfred Kirstein developed an instrument which he called an “autoscope” 
[21], after he experienced how an endoscope intended for esophagoscopy had inadvertently 
slipped into the trachea. His design was subsequently modified in 1913 by Chevalier Jackson, 
by providing distal illumination with a light source on the distal tip, rather than the proximal 
light source used by Kirstein [22]. This new blade incorporated a component that the operator 
could slide out to allow room for passage of an endotracheal tube or bronchoscope.

In the 1940s Miller and Macintosh developed laryngoscopes which are still used in 
clinical airway management today. In 1941, Robert Miller described his straight laryngoscope 
blade [23], while in 1943 Robert Macintosh described his curved blade [24].

Macintosh hoped that by minimizing contact with the epiglottis, this laryngoscope 
would be less stimulating. At the same time, in Montreal, Canada in 1942, Harold Griffith 
introduced curare as a muscle relaxant, facilitating abdominal surgery and other surgical 
procedures [25]. Even 70 years later, variations of the Macintosh and Miller laryngoscopes 
are still in common use, occasionally both fail to provide adequate glottic visualization. 
Therefore, the result has been a continuing series of innovations in laryngoscope design, 
including developments such as fibreroptic bronchoscopes, the Bullard laryngoscope and 
its variants, the McCoy articulating laryngoscope, various optical stylets and the current 
available videolaryngoscopes.

Manuel García
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1.3. Indirect Videolaryngoscopy (VLS)

In recent years, indirect videolaryngoscopy plays an increasingly more important role 
in the management of patients with an (un)anticipated difficult airway or failed laryngoscopic 
intubation [13]. VLS intubation blades incorporate optics in their tip used for video imaging 
on a monitor. The view angle is increased from 15 degrees during direct laryngoscopy into 60 
degrees during videolaryngoscopy (Figure 1). This distal point of viewing has been proven 
advantageous in improving glottic view and upgrading of Cormack and Lehane (C&L) grades 
compared to direct laryngoscopy (DL).

Figure 1. From: Van Zundert et al. Videolaryngoscopy allows a better view of the pharynx and larynx 

than classic laryngoscopy. Br J Anaesth 2012; 109: 1014-1015. A. Direct Laryngoscopy (15°); Indirect 

videolaryngoscopy (60°) using a Macintosh-form blade (B) and a Difficult Curved D-Blade (C).

Note: point of view starts where the optics are placed at the tip of the blade (B+C).
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Several VLSs with differing specifications, user interfaces and geometries have been 
developed. In general the VLSs can be divided in two main groups: channelled and non- 
channelled VLSs.

The VLSs tested in our performance studies (Table 2) are of the non-channelled 
type and can respectively be devided in: (a) VLSs with standard Macintosh blades (e.g. 
Storz® V-Mac and C-Mac VLSs) and (b) VLSs with angulated blades (e.g. GlideScope® and 
McGrath® Series 5 VLSs). Other available VLSs, not tested in our studies are VLSs with 
a tube channel (Pentax® Airway Scope (AWS)) and optical laryngoscopes (e.g. Bullard®, 
Wuscope®, Airtraq® VLSs).

Table 2. Videolaryngoscopes’ features studied in this thesis

VLS Blade shape 

Anti-fog

Monitor Portability Disposability Size range Mechanism

Storz V-Mac Standard 

Macintosh 

Blade

Separate 8 In. 

LCD monitor

No Reusable Pediatric, 

adultNo

Storz C-Mac Standard 

Macintosh 

Blade

Separate 7 In. 

TFT monitor

Yes Reusable Sizes 2-4 Yes

GlideScope 

Cobalt

Angulated 

blade

Separate 7 In. 

LCD monitor

Yes Single use 

blades

Sizes 1-4 Yes

GlideScope 

Ranger

Angulated 

blade

Separate 3.5 In. 

LCD monitor

Yes Reusable or 

Single use

Reusable: 

3-4 Single 

use: 1-4

Yes

McGrath 

(5-series)

Angulated 

blade

Integrated 1.7 In. 

LCD monitor

Yes Single use 

blades

Three adult 

lengths Yes
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1.4. Objectives of thesis

The aim of this thesis is to determine the answers to the following questions:

videolaryngoscopes show differences in patient outcome? (Chapter 4, 5)

normal and morbidly obese airways? (Chapter 4, 5)

videolaryngoscopy compared to direct classic laryngoscopy in patients with and 
without beta blockade? (Chapter 7)

and mean area between the vocal cords after backward upward rightward pressure 
(BURP) and cricoid pressure (CP)? In this study the videolaryngoscope was used as a 
research tool. (Chapter 8)

1.5. Outline of thesis

Previous studies from our research group on videolaryngoscopy gave the spin off for 
this thesis and an extra ordinary study case (Chapter 2) describes the anaesthetic management 
of an obese patient with a difficult airway and the merits of videolaryngoscopy, specifically 
in terms of the reduced risk of dental damage during intubation.

In Chapter 3, several advantages of videolaryngoscopy over direct classic laryngo-
scopy are suggested. Despite the clear advantages of videolaryngoscopy over classic 
direct laryngoscopy, there are differences in patient outcome between the commercially 
available VLSs. In this chapter the need for clinical performance studies is stressed 
by the authors. Furthermore, we pointed out that videolaryngoscopy is a promising 
improvement in airway management and we believe that videolaryngoscopy will become 
the “golden” standard for all intubations, not only those predicted to be “difficult”. 
In 2008, we already suggested the need for adjusting the “Difficult Airway Algorithm” with 
the introduction of new tools in our practice, such as videolaryngoscopy.

To overcome certain deficits of videolaryngoscopes, several manufacturers advocate 
the use of a styletted endotracheal tube, which may in itself be traumatic to the patient. 
Subsequently, we performed clinical performance studies with three common (in our 
hospital) available VLSs in normal and difficult airways to study the need for stylet use. In 
videolaryngoscopes with a Macintosh-form blade there was significantly less need for stylet 
use in normal airways (Chapter 4) and in airways of morbidly obese patients (Chapter 5).
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In a Letter-to-the-Editor (Chapter 6) we explained why we disagree with the statement 
that evaluation of videolaryngoscopes in the clinical setting receives little if any independent 
evaluation. McElwain et al. performed a manikin study where they compare the C-MAC VLS, 
with the classic Macintosh laryngoscope, the GlideScope and the Airtraq. Their findings in 
this manikin study are congruent to the results we experienced in our clinical performance 
studies (Chapter 4 and 5).

In Chapter 7, we examined the cardiovascular responses during videolaryngoscopy and 
classic direct laryngoscopy. The cardiovascular response curves were both tested for patients 
with and without beta blocker therapy. The cardiovascular responses during endotracheal 
intubation using videolaryngoscopy were less compared to direct classic laryngoscopy for 
all patients.

In Chapter 8, we used the VLS as a research tool and examined the effect of cricoid 
pressure (CP) and backward upward rightward pressure (BURP) on airway dimensions. This 
study shows a significant distortion of the upper airway anatomy after both CP and BURP 
manoeuvers in patients with perimetrics of a normal airway.

Chapter 9 is entitled: General Discussion and Practical Implications.
In this chapter our work on the merits of videolaryngoscopy is guardedly reviewed 

in order to assess the present position of videolaryngoscopy in airway management, using a 
SWOT analysis.

Chapter 10 includes an English and Dutch summary.
The addenda contain curriculum vitae, acknowledgment and list of publications.
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Abstract

This report describes the anesthetic management of an obese patient with a diffi cult airway 
and the merits of videolaryngoscopy, specifi cally in terms of the reduced risk of dental damage 
during intubation. A 49-year-old woman (body mass index; BMI, 36 kg·m-2), was scheduled 
to undergo an elective laparoscopic cholecystectomy because of cholelithiasis. Based upon 
the obesity of the patient and preoperative metrics (Mallampati grade IV; interdental distance 
of 2.9 cm; thyromental distance, 5.5 cm) a diffi cult airway was anticipated. Classic direct 
laryngoscopy using a Macintosh blade size IV failed, despite three intubation attempts - each 
resulting in a Cormack- Lehane grade IV view. Intubation using a video-assisted Macintosh 
laryngoscope (V-Mac; Karl Storz, Tuttlingen, Germany) was successful upon the first 
attempt. The maximum force exerted on the patient’s maxillary incisors was 61 N by direct 
laryngoscopy and 7.6 N using the indirect videolaryngoscope, both using a Macintosh blade.

Key words: General anesthesia, Intubation, Videolaryngoscopy, Difficult airway, Force 
measurement

Introduction

The recent introduction of laryngoscopes incorporating optics into the blade has improved 
glottic visualization [1-5]. However, it is not yet clear that this reduces airway trauma or 
reduces intubation times. Common tests, designed to predict difficult laryngoscopy, are of 
uncertain relevance when videolaryngoscopy is employed [6-8].
In this report, we review a case that demonstrates the value of a videolaryngoscope for the 
management of a difficult airway in an obese patient, using the V-Mac Storz videolaryngoscope 
(Karl Storz, Tuttlingen, Germany). We measured forces applied to the maxillary incisors 
during direct laryngoscopy using a Macintosh blade size IV and the videolaryngoscope. This 
challenging case was an extraordinary inclusion in a recent study [9] measuring forces on the 
maxillary incisors during intubation, in which the attending anesthesiologist was blinded to 
the applied forces. Institutional Medical Ethics Committee approval and the patient’s written 
informed consent were obtained.

Case report

A 49-year-old woman (height, 1.69 m; weight, 104 kg; body mass index [BMI], 36.4 kg·m-2) 
presented for elective laparoscopic cholecystectomy. She was classified as American Society 
of Anesthesiologists (ASA) II. Airway characteristics included a reduced interdental distance 
(2.9 cm), full dentition, reduced oropharyngeal view (Mallampati grade IV), reduced 
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thyromental distance (5.5 cm), and normal neck movement. Both a poor glottic view and 
difficult intubation were anticipated.

Patient positioning was duly adjusted carefully into the ramped position prior to the 
induction of anesthesia, using pillows and blankets to bring the patient’s sternal notch and 
the external auditory meatus into an imaginary horizontal line [10, 11]. Direct laryngoscopy 
using a Macintosh blade size IV was initially selected for use with this patient. According 
to the study protocol, if intubation by direct laryngoscopy could not be achieved within 90 
s, a backward, upward and rightsided pressure on the thyroid and cricoid cartilages (BURP) 
maneuver [12, 13] was to be employed. If the BURP maneuver failed to produce laryngeal 
exposure, the protocol called for the use of a videolaryngoscope.

We measured the forces on the laryngoscope blades with Flexiforce sensors (A201-
25; Tekscan, South Boston, MA, USA) attached to the blade of the laryngoscope at the area 
of contact with the maxillary teeth [9] (Fig. 1). Three sensors were mounted along the length 
of the blade to sufficiently cover the surface likely to contact the teeth, given that the contact 
point could vary for the patient. Calibration was performed by applying a known mass (1 to 
12 kg, in steps of 1 kg), using a flat-headed screwdriver (as geometrical approximation of the 
contact with the teeth), to the sensors mounted upon the blade. The sensors were invariant 
to the contact point of the applied load. Data acquisition was achieved with a National 
Instruments DAQ6009 (National Instruments, Austin, TX, USA) card at 500 Hz, using 

Fig. 1. Macintosh laryngoscope with sensors attached; detail of the placement of the Flexiforce (Tekscan, 

Boston, MA, USA) sensors used. The schematic shows the location of the sensors toward the rear of the 

laryngoscope blade.
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Labview 7.0 (National Instruments) on a laptop computer (Hewlett Packard, Palo Alto, CA, 
USA). Peak forces were subsequently noted for the laryngoscopy of the patient.

After preoxygenation for 3 min, induction of anesthesia was carried out with 
intravenous 1 μg·kg-1 fentanyl, 3 mg·kg-1 propofol, and rocuronium 0.7 mg·kg-1. The lungs 
were manually inflated via a facemask, using sevoflurane in oxygen. The laryngoscope was 
inserted approximately 2 min after completion of induction. Three intubation attempts with 
direct laryngoscopy failed to secure the airway, and despite external laryngeal manipulation 
and BURP, all revealed a Cormack-Lehane (C&L) grade IV view. The anesthesiologist then 
decided to use the V-Mac Storz videolaryngoscope (Karl Storz, Tuttlingen, Germany) [14] 
being trialled in the hospital. Videolaryngoscopy revealed a C&L grade I view and intubation 
was successful on the first attempt. The force measurements were made by an assistant, and 
the intubating anesthesiologist was blinded to these measurements. The maximum force on 
the maxillary teeth was 61.0 N using Macintosh direct laryngoscopy, and 7.6 N using indirect 
videolaryngoscopy (Fig. 2).
 

Fig. 2. Three attempts (indicated) at intubation with the classic (direct) laryngoscope show a high force 

applied to the maxillary incisors of the patient while trying to acquire a view of the glottis, whereas a much 

smaller force was applied with the (indirect) videolaryngoscope
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Peripheral oxygen saturation during this procedure stayed at more than 95%, due to 
intermittent manual bag ventilation with 100% oxygen, between the laryngoscopy attempts. 
At the end of the surgical procedure, following reversal of the neuromuscular blockade, 
the patient resumed spontaneous ventilation and was extubated, fully awake in an upright 
position. No complications were encountered.

Discussion

Numerous studies using a variety of devices have compared direct laryngoscopy and 
indirect videolaryngoscopy.All have shown that videolaryngoscopy consistently results in 
improved glottic visualization [1-5]. But it remains to be demonstrated that this ensures that 
intubation is either faster or less traumatic. To this end, measurement of the forces applied 
to the maxillary incisors could be an objective measurement of the intubation difficulty or 
the potential for dental injury [15, 16]. Recently, our group found that, when using video- 
assisted laryngoscopes, the forces exerted by the intubating anesthesiologist on the patient’s 
maxillary incisors were reduced compared with the forces exerted with the classic Macintosh 
laryngoscope [9]. However, it still has to be proved whether the same will be the case in 
patients with difficult airways.

We were able to make continuous registrations of the forces exerted on the maxillary 
teeth during the intubation process in the patient reported here. The forces measured in 
this case report were significantly reduced when using the Storz indirect video-assisted 
laryngoscope compared with direct laryngoscopy, both with a Macintosh blade. The attending 
anesthesiologist was unaware of the forces he was exerting. Additionally, the glottic view was 
considerably better and intubation was successful with the videolaryngoscope on the first 
pass. Videolaryngoscopy does not just display the same view on a monitor screen as that 
shown by convenventional direct laryngoscopy; the video captured by a videolaryngoscope 
is very different from that of conventional direct laryngoscopy. It not only offers visualization 
of the glottic entrance but also shows a distal viewpoint unachievable with direct classical 
techniques. The Storz videolaryngoscope is inserted in a way similar to that used for 
a classic laryngoscope blade, as both use a Macintosh blade, diverting the tongue to the 
midline, making room for the insertion of an endotracheal tube. The manufacturers of other 
videolaryngoscopes (GlideScope, Verathon, WA, USA and Mc.Grath Series 5, Aircraft 
Medical, Edinburgh, UK) advocate midline insertion and the use of a styletted endotracheal 
tube. Both the Airway Scope (Pentax-AWS system; AWS; Pentax, Tokyo, Japan) and the 
Airtraq (ATQ; Prodol Meditec, Vizcaya, Spain) are anatomically shaped rigid indirect 
videolaryngoscope intubation devices with an adjustable built-in monitor; both devices 
provide an indirect view of the glottis without requiring the laryngoscope’s line of sight 
[17-19]. These devices use a tube channel in the right side of the blade which holds the 
endotracheal tube and directs it towards the vocal cords.
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The application of the BURP technique and careful positioning of the patient 
had little influence on the laryngeal view [20, 21]. Difficult airways pose a grave risk to 
the patient, especially in emergency situations. In a case such as the one described above 
(obese patient; Mallampati grade IV; C&L, grade IV), it would often be necessary to enlist 
the help of additional devices and personnel. The excellent glottic view provided by the 
videolaryngoscope made such ancillary equipment unnecessary, and, as this case shows, 
reduced the need for excessive force on the laryngoscope.

A caveat remaining is that this case points to reduced forces applied to the maxillary 
incisors of a single patient, with a single videolaryngoscope; it is yet to be demonstrated this 
is also the case with different models of videolaryngoscopes. Although any contact with the 
maxillary teeth is undesirable, it is sometimes unavoidable when difficult laryngoscopies are 
encountered with classical direct laryngoscopy. Indeed, the incidence of accidental dental 
damage points to this phenomenon, which undoubtedly goes hand in hand with difficulty of 
intubation [22, 23]. Perianesthetic dental injury (incidence varies from 0.04% to 12.08%) is 
considered to be the most frequent (one third of total) anesthesia-related cause for insurance 
claims [22, 24].

In planned studies we intend to more extensively investigate the performance of various 
types of videolaryngoscopes; specifically, the ease of intubation in the most challenging 
patients previously - those with high BMI and poor Mallampati grades.

Conclusion

The present case report shows that less force was needed to visualize the glottis entrance 
during laryngoscopy with Macintosh blades using indirect videolaryngoscopy compared 
with direct laryngoscopy. Dental damage may be reduced through better facilitated viewing 
of the glottis. Visualization and intubation were easy with the videolaryngoscope; especially 
in obese patients, the videolaryngoscope may provide an alternative intubation device and 
show better, less traumatic intubation conditions than the classic laryngoscope.
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Securing a patent airway in patients undergoing general anesthesia is routinely 
performed using direct laryngoscopy with a Macintosh laryngoscope blade. However, 
successive intubation attempt to pass the vocal cords can have a tremendous impact on 
patient outcome. A good laryngeal view is often a prerequisite, if not a guarantee, for 
successful intubation. There are numerous difficulties associated with intubation which can 
have an important effect on patient morbidity or mortality such as: 1) difficult laryngoscopy 
(obtaining a non-optimal view of the glottis entrance or no view of the vocal cords at all); 
2) difficult intubation (for which extra tools, such as a gum elastic bougie, stylet, Bonfils, 
Trachlight, fiberoptic intubation, intubating laryngeal mask, ... are required); and 3) failed 
intubation.

Previously the paradigm for safe intubation has been built on the foundations of 
adequate pre-operative measurement of a patient’s airway. The plethora of metrics for 
intubation difficulty (i.e., Mallampati, Cormack Lehane grade, BMI, mouth opening, 
dentition, thyromental or sternomental distances, protruding teeth, overbite, limited 
neck movement, are, however, usually very disappointing in predicting difficult cases of 
intubation. Preoperative metrics that indicate a difficult airway are not necessarily correct, 
while patients deemed to have ‘normal’ airways are not precluded from possibly difficult 
intubations. Therefore, the ubiquitous assessment of preoperative metrics of a potentially 
difficult airway by anaesthesiologists, is incomplete at best, but, furthermore, less relevant 
regarding videolaryngoscopy.

The recent introduction of videolaryngoscopes incorporating optics in the tip of the 
intubation blade has proven advantageous qua improved viewing of the glottis (Fig. 1). 
Further, it is assumed in literature that there are fewer traumas to the patient, with faster 
intubation times, even in problematic cases (Table 1). Since videolaryngoscopy facilitates 
indirect vision of the vocal cords, and it is no longer required to visualize the glottic 
entrance directly, less force is needed to lift the jaw. This has the advantage that less forces 
are exerted on the maxillary incisors, relative to classical direct laryngoscopy, irrespective 
of anaesthesiologist experience, patient characteristics, or common metrics of intubation 
difficulty. This potentially results in less trauma to teeth during intubation.

Videolaryngoscopes are potentially superior even for easier patients, but are most 
beneficial for use with difficult-to-intubate patients [1]. Especially in patients where pre-
operative metrics do not indicate a difficult airway and the anaesthesiologist is confronted 
with an unexpectedly difficult intubation the videolaryngocope can be superior to direct 
classic laryngoscopy.
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Figure 1. Example of a new videolaryngoscope (C-Mac™, Storz, Tuttlingen, Germany).
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Table 1. Suggested advantages of videolaryngoscopes

CLINICAL - 

Airway management

TECHNICAL OTHER APPLICATIONS

indirect (video-assisted) 

larygoscopy possible

entrance and surroundings

√ near perfect view of glottic 

entrance and surroundings

√ viewpoint closer to vocal cords

√ wider angle of view

√ better viewing without 

excessive angulation of 

laryngoscope blade

√ better view of passage of 

endotracheal tube between 

vocal cords

√ better evaluation of exact depth 

of tube insertion

√ better view of passage gastric 

tube into oesophagus

√ reduction in dental damage

√ less attempts

√ shorter intubation time

√ seldom need for extra tools

√ usually no need for external 

manipulation trachea/ cricoid

situations

laryngoscope and cable

better viewing of glottis

battery power

chip

 

(stainless steel)

Steris)

videolaryngoscope

√ better view results in more 

diagnoses of cysts and tumours

√ other specialists can use it as 

√ no more “look over the 

shoulder”

√ both anaesthesiologist and 

resident can simultaneously 

see intubation

√ recording possible for 

education purposes

√ documented monitoring of 

tracheal intubation possible
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Despite the clear advantages over classic direct laryngoscopy, there are differences in 
patient outcome between the commercially available videolaryngoscopes, Differences exist 
(e.g. successful intubation, first pass success, intubation time, use of extra tools) between the 
different devices. To overcome certain deficits certain manufacturers advocate using a styletted 
endotracheal tube, which may in itself have disadvantages. Further studies should investigate 
strategies for optimizing the ergonomic design of the blades for videolaryngoscopes. The 
integration of the videolaryngoscope blade and endotracheal tube geometry is the most 
pressing point for further development.

Conclusion

Successful laryngoscopy and subsequent intubation depends on the patient’s 
characteristics and position during intubation, the intubator’s skills, the technique used and 
the intubation tools. Besides placing the patient in an optimal position, we cannot change 
the patient’s anatomy. The plethora of methods to predict difficult intubation conditions 
yield inclusive results. We, therefore, should focus our attention to technical or procedural 
improvements, especially the design of better laryngoscopes. Indirect videolaryngoscopy is 
one such improvement, as it offers a better viewpoint of the glottic entrance, often unachievable 
with direct classical techniques. Videolaryngoscopy is shown to have promising features. 
We believe that videolaryngoscopy will become standard for all intubations, not only those 
predicted to be ‘difficult‘. Consequently, the ‘Difficult Airway Algorithm’ guidelines have 
to be adjusted according to the development of the introduction of new tools in our practice, 
such as videolaryngoscopy.
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Abstract

Background: Although most tracheal intubations with direct laryngoscopy are not 
performed with a styletted endotracheal tube, it is recommended that a stylet can be used with 
indirect videolaryngoscopy. Recently, there were several reports of complications associated 
with styletted endotracheal tubes and videolaryngoscopy. In this study, we compared three 
videolaryngoscopes (VLSs) in patients undergoing tracheal intubation for elective surgery: 
the GlideScope® Ranger™ (GlideScope, Bothell, WA), the V-MAC™ Storz® Berci DCI® 
(Karl Storz, Tuttlingen, Germany), and the McGrath® (McGrath series 5, Aircraft medical, 
Edinburgh, UK) and tested whether it is feasible to intubate the trachea of patients with 
indirect videolaryngoscopy without using a stylet.

Methods: Four hundred fifty consecutive adults (ASA PS I-II) undergoing tracheal 
intubation for elective surgery were randomly allocated for airway management with one 
of the three devices. Anesthesia induction for tracheal intubation consisted of fentanyl-
propofol-rocuronium. An independent anesthesiologist used the Cormack-Lehane grading 
system to score an initial direct laryngoscopic view using a classic metal Macintosh blade. 
After subsequent positive-pressure ventilation using a face mask and an oxygen-sevoflurane 
mixture for 1 min, the trachea was intubated using one of the three VLSs. During intubation, 
the following data were collected: intubation time, number of intubation attempts, use of 
extra tools to facilitate intubation, and overall satisfaction score of the intubation conditions.

Results: The trachea of every patient was intubated using the VLSs, and none of the 
patients required conversion to the classic Macintosh laryngoscope. All three VLSs offered 
equal or better view of the glottis as assessed by the mean Cormack-Lehane grade, compared 
with the traditional Macintosh laryngoscopy, including a larger viewing angle of the glottic 
entrance. The average intubation time was 34 ± 20 s for the GlideScope, 18 ± 12 s for the 
V-MAC Storz, and 38 ± 23 s for the McGrath VLS. Intubation with the Storz was faster (P 
< 0.05) than the other two VLS tested and necessitated fewer additional tools (P < 0.01), 
resulting in a higher first-pass successful intubation rate. A stylet had to be used in 7% of the 
patients in the Storz group versus about 50% of the patients when the other two VLS were 
used.

Conclusions: The trachea of a large proportion of patients with normal airways can 
be intubated successfully with certain VLS blades without using a stylet, although the three 
studied VLSs clearly differ in outcome. The Storz VLS displaces soft tissues in the fashion 
of a classic Macintosh scope, affording room for tracheal tube insertion and limiting the need 
for stylet use compared with the other two scopes. Although VLSs offer several advantages, 
including better visualization of the glottic entrance and intubation conditions, a good 
laryngeal view does not guarantee easy or successful tracheal tube insertion. We recommend 
that the geometry of VLSs, including blade design, should be studied in more detail.
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Introduction

There is clear evidence that indirect videolaryngoscopy offers improved viewing of the 
glottic entrance over direct classic laryngoscopy [1, 2]. A better view is assumed to facilitate 
easier intubations, but this is not entirely confirmed [3, 4], as a good laryngeal view does 
not guarantee easy or successful endotracheal tube (ETT) insertion. Several manufacturers 
are producing videolaryngoscopes (VLSs) with differing specifications, user interface, and 
geometry. However, the relative performance of the different models is unknown because no 
comparative studies have been published. Most tracheal intubations using direct laryngoscopy 
are performed without instruments other than the ETT itself. However, the 60° angle of some 
VLS flanges limits the advancement of the ETT through the vocal cords into the trachea [5-7]. 
Some manufacturers of VLSs advocate the use of stylets with the ETT to facilitate an easier 
insertion into the trachea [8-10]. However, recent reports have shown rare but potentially 
serious complications associated with styletted ETT and VLSs [3, 11-16].

In this prospective, randomized comparative study, we evaluated, in clinical 
circumstances, the effectiveness of three commonly used VLSs in laryngoscopy and tracheal 
intubation of patients with normal airways and tested whether it is feasible to intubate the 
trachea with indirect videolaryngoscopy without using a stylet. Our first objective was to 
assess the necessity of stylet use with the VLS. It is of clinical interest to determine which VLS 
has the most suitable geometric and ergonomic designs for tracheal placement of a standard 
ETT without the use of a stylet. We hypothesized that there are significant differences in the 
ease of insertion of the ETT given the substantially different laryngoscope blade designs of 
the VLSs studied. Second, we considered intubation conditions between the blades with use 
of a styletted ETT. Because the stylet essentially compensates for the geometrical mismatch 
of the VLS with the laryngeal anatomy of the patient, we expected no discernable differences 
among the three VLSs. Finally, we performed a comparative assessment of the glottic view 
among the respective VLSs and classic direct Macintosh laryngoscopy. We hypothesized 
that all indirect VLSs are equal or superior to classic direct laryngoscopy in terms of the 
glottic view and that there are no significant differences in visualization quality among the 
respective VLSs.
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When the patients arrived at the operating room, they were placed in the “sniffing 
position” with their head placed on a pillow, connected to standard monitoring devices and 
breathed 100% oxygen for at least 3 min. Anesthesia induction consisted of IV fentanyl 1.5 
f.Lg/kg, propofol 3 mg/kg, and rocuronium 0.7 mg/kg, and the lungs were manually inflated 
through a face mask using sevoflurane in oxygen.

After approximately 3 min, guided by objective confirmation of adequate degree of 
neuromuscular blockade (train-of-four monitoring), the same independent anesthesiologist 
not involved in this study performed an initial direct laryngoscopy using a classic metal 
Macintosh (Heine Optotechnik GmbH & Co. KG, Herrsching, Germany) blade; laryngoscopic 
view was scored according to the Cormack-Lehane (C&L) grading system, although no 
intubation took place. After subsequent positive-pressure ventilation using a face mask and 
an oxygen-sevoflurane mixture for 1 min, the trachea was intubated using one of the three 
VLSs available in our hospital. The anesthesiologist performing the intubation was blinded 
to the C&L laryngoscopy score given by the first anesthesiologist. All tracheal intubations 
were performed by one of five different anesthesiologists, all of whom were experienced 
in anesthesia, and the use of the VLS was studied (introduction of VLS course in airway 
skills laboratory and minimal of 30 uses with each VLS). During intubation, intraprocedural 
metrics of intubation difficulty (C&L grade) and our dependent variables of intubation time, 
number of attempts, and use of extra tools to facilitate tracheal intubation were measured. 
In a pilot study, the use of a stylet was favored over the gum-elastic bougie. Therefore, the 
choice was made to use a specific rigid stylet, formed in the shape of a hockey stick with 
a 90° bend, optimized for use with the VLS (GlideScope Rigid Stylet, Saturn Biomedical 
Systems, Burnaby, BC, Canada), as the first option if intubation was not feasible after two 
intubation attempts [17, 18].

The number of intubation attempts was counted as each approach of the ETT to the 
glottis entrance. Intubation time was measured (by an assistant) as the time between picking 
up the ETT (Hi-contour™, Mallincrodt Medical, Athlone, Ireland) and the visual passage of 
the ETT until the vocal cords were between the two black line markings on the distal end 
of the ETT. Interim bag and mask ventilation time, if needed, was not included in the total 
intubation time. More than five attempts or 120 s were regarded as failure of intubation. 
If failure to secure the airway occurs with the VLS, then conventional difficult intubation 
protocols from the hospital were to be implemented.

An overall satisfaction score of the intubation conditions was rated on a scale from 0 
to 4: 0 = failure, intubation not possible; 1 = poor (had to use a tool other than the VLS); 2 = 
fair (need for an extra tool plus intubation time >90 s); 3 = moderate (need for extra tool to 
intubate the trachea, but intubation time <90 s); and 4 = good (intubation successful on first or 
second attempt, within 90 s, and no need for extra tools to secure the airway). Attention was 
paid to insert and remove the VLS smoothly not to damage the oral cavity, the tongue, or the 
patient’s dentition. After removal of the VLS, the oral cavity was inspected for any bruises, 
lacerations, bleedings, dental damage, or other possible complications.

Methods

After approval of the hospital medical ethics committee (Catharina Hospital, 
Eindhoven, the Netherlands) and obtaining informed consent, 450 consecutive adult patients, 
undergoing intubation for elective surgery, were randomly selected to receive general 
anesthesia and tracheal intubation using one of three VLSs: GlideScope® (Ranger, Verathon 
Bothell, WA), V-Mac™ Storz® Berci DCI® (Storz, Karl Storz, Tuttlingen, Germany), and 
McGrath® (McGrath Series 5, Aircraft Medical, Edinburgh, UK) (Fig. 1). Randomization 
was done through sealed envelope. Exclusion criteria were physical status ASA Class III-V; 
age <18 yr; body mass index (BMI) >35 kg/m2; and patients with known airway pathology 
or cervical spine injury.

The preanesthetic visit of the patient (performed by an anesthesiologist not involved 
in this study) determined history of difficult intubation, measurement of common predictive 
indices for difficult intubation (BMI, thyromental distance, Mallampati grade, interdental [or 
intergum] distances), and evaluation of status of dentition and neck movement.

Figure 1. Photo compilation of the three videolaryngoscopes (VLSs) studied. 

From left to right: the GlideScope® Ranger™, the Storz® V-MAC™, and the McGrath® Series-5™ VLS.
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When the patients arrived at the operating room, they were placed in the “sniffing 
position” with their head placed on a pillow, connected to standard monitoring devices and 
breathed 100% oxygen for at least 3 min. Anesthesia induction consisted of IV fentanyl 1.5 
f.Lg/kg, propofol 3 mg/kg, and rocuronium 0.7 mg/kg, and the lungs were manually inflated 
through a face mask using sevoflurane in oxygen.

After approximately 3 min, guided by objective confirmation of adequate degree of 
neuromuscular blockade (train-of-four monitoring), the same independent anesthesiologist 
not involved in this study performed an initial direct laryngoscopy using a classic metal 
Macintosh (Heine Optotechnik GmbH & Co. KG, Herrsching, Germany) blade; laryngoscopic 
view was scored according to the Cormack-Lehane (C&L) grading system, although no 
intubation took place. After subsequent positive-pressure ventilation using a face mask and 
an oxygen-sevoflurane mixture for 1 min, the trachea was intubated using one of the three 
VLSs available in our hospital. The anesthesiologist performing the intubation was blinded 
to the C&L laryngoscopy score given by the first anesthesiologist. All tracheal intubations 
were performed by one of five different anesthesiologists, all of whom were experienced 
in anesthesia, and the use of the VLS was studied (introduction of VLS course in airway 
skills laboratory and minimal of 30 uses with each VLS). During intubation, intraprocedural 
metrics of intubation difficulty (C&L grade) and our dependent variables of intubation time, 
number of attempts, and use of extra tools to facilitate tracheal intubation were measured. 
In a pilot study, the use of a stylet was favored over the gum-elastic bougie. Therefore, the 
choice was made to use a specific rigid stylet, formed in the shape of a hockey stick with 
a 90° bend, optimized for use with the VLS (GlideScope Rigid Stylet, Saturn Biomedical 
Systems, Burnaby, BC, Canada), as the first option if intubation was not feasible after two 
intubation attempts [17, 18].

The number of intubation attempts was counted as each approach of the ETT to the 
glottis entrance. Intubation time was measured (by an assistant) as the time between picking 
up the ETT (Hi-contour™, Mallincrodt Medical, Athlone, Ireland) and the visual passage of 
the ETT until the vocal cords were between the two black line markings on the distal end 
of the ETT. Interim bag and mask ventilation time, if needed, was not included in the total 
intubation time. More than five attempts or 120 s were regarded as failure of intubation. 
If failure to secure the airway occurs with the VLS, then conventional difficult intubation 
protocols from the hospital were to be implemented.

An overall satisfaction score of the intubation conditions was rated on a scale from 0 
to 4: 0 = failure, intubation not possible; 1 = poor (had to use a tool other than the VLS); 2 = 
fair (need for an extra tool plus intubation time >90 s); 3 = moderate (need for extra tool to 
intubate the trachea, but intubation time <90 s); and 4 = good (intubation successful on first or 
second attempt, within 90 s, and no need for extra tools to secure the airway). Attention was 
paid to insert and remove the VLS smoothly not to damage the oral cavity, the tongue, or the 
patient’s dentition. After removal of the VLS, the oral cavity was inspected for any bruises, 
lacerations, bleedings, dental damage, or other possible complications.
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Table 1. Patient Characteristics and Preprocedural Intubation Conditions

Videolaryngoscope GlideScope Ranger

(n = 150)

Storz V-Mac

(n = 150)

McGrath Series-5

(n = 150)

Male:female

 n

 (%)

54:96

(36:64)

62:88

(41:59)

60:90

(40:60)

Age (yr) 50.4 ± 16.3 54.4 ± 16.4 56.2 ± 15.3

Weight (kg) 76.3 ± 15.7 77.1 ± 14.6 76.1 ± 14.6

Height (m) 1.71 ± 0.09 1.71 ± 0.09 1.70 ± 0.09

ASA  1.52 ± 0.51 1.59 ± 0.51  1.59 ± 0.49

Body mass index (kg/m2) 26.1 ± 4.27 26.3 ± 4.04 26.3 ± 4.10

Thyromental distance (cm) 7.3 ± 1.1 7.4 ± 1.0 7.5 ± 1.1

Max mouth opening (cm) 4.4 ± 0.6 4.3 ± 0.6 4.3 ± 0.6

Mallampati grade

 Mean ± sd

 (I:II:III:IV)

1.65 ± 0.66

68:66:16:0

1.75 ± 0.65

55:77:18:0

1.70 ± 0.66

61:72:17:0

 Dentition

 Double denture:single:none, n

 Percentage

117:6:27

78:4:18

104:12:34

69:8:23

101:13:36

67:9:24

ASA = American Society of Anesthesiologists.

A priori sample size testing was conducted assuming an analysis of variance (ANOVA) 
model for the time measurements. Using three treatments (blade), an effect size of 5 s from 
clinical experience, a highdesired statistical power level of 0.95 and a level of 0.05, we 
calculated a sample size of 50 patients. We expanded the patient group to account for the three 
hypotheses tested and necessary correction of the sample size (i.e., Bonferroni). Data were 
reported as mean (±sd) and incidences (both absolute and percentage). ANOVA was used to 
assess any differences among the groups regarding the patient-specific characteristics (i.e., 
age, BMI, thyromental distance, and interdental distance). Nonparametric patient metrics 
(i.e., gender, ASA PS, and dentition) were evaluated for differences among the groups using 
Kruskal-Wallis one-way ANOVA. The differences in the dependent parameters of intubation 
time, attempts, use of additional tools, and overall satisfaction for the respective VLS groups 
was evaluated using Kruskal-Wallis non-parametric one-way ANOVA (to forgo assumptions 
of normality) and Bonferroni correction for the multiple hypothesis testing. Finally, the 
C&L grades were compared for each of the tested VLSs and the classical Macintosh blade 
again using Kruskal-Wallis one-way ANOVA. All statistical analysis was performed using 
MATLAB® 7.2 (R2006a) (Mathworks, MA). P < 0.05 was considered statistically significant.
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Results

Patient characteristics and preprocedural intubation conditions did not differ among 
patient groups (Table 1). Patients underwent a large variety of general surgery, orthopedic 
surgery, urology, gynecology, and plastic surgery. Peripheral oxygen saturation was 
maintained above 95% in all patients throughout the laryngoscopy and intubation period. All 
operations were completed uneventfully. We did not detect any injury of the palatoglossal 
arch or dental injury in any patient. Minor lip lacerations were seen in four patients.

The first hypothesis concerned the differences between the VLSs studied in their 
effectiveness for intubation without a stylet. Intubation was successful on the first attempt in 
46 patients (53%) with the GlideScope, 118 patients (84%) with the Storz, and 32 patients 
(52%) with the McGrath VLS, all without using a stylet (Table 2). A stylet had to be used to 
successfully intubate almost half the patients in the GlideScope group (n = 64, 43%) and the 
McGrath group (n = 88, 59%); however, it was less for the Storz group (n = 10,7%), (P < 0.01) 
(Fig. 2). The Storz group required fewer attempts to secure the airway (Kruskal-Wallis, χ2 = 
126, P < 0.01), (Table 2) with and without stylet. The average intubation times were 34 ± 20 s 
for the GlideScope, 18 ± 12 s for the Storz, and 38 ± 23 s for the McGrath VLS (Table 2), again 
considering the total intubation attempts, both with and without stylet. Intubation with the Storz 
VLS was faster than the other two VLSs tested (Kruskal-Wallis, χ2 = 116, P < 0.01) (Fig. 3).

Concerning the second hypothesis, there were no differences using a stylet among the 
three VLSs with regard to the number of required intubation attempts (P > 0.05). A successful 
intubation was achieved on the first pass with the stylet in 49 patients (76%) who used the 
GlideScope, eight patients (80%) who used the Storz, and 65 patients (74%) who used the 
McGrath. However, because we did not differentiate the time before and after using a stylet, 
we cannot draw any conclusions regarding differences in intubation time. Subjectively, there 
did not seem to be any differences concerning the intubation time among the three VLSs when 
using a stylet. All VLSs performed well in terms of effective intubation time necessary for 
securing the airway because it was not necessary to revert to standard difficult airway protocols.

No dropouts were encountered, as the tracheas of all patients could be intubated 
using the VLSs. All the VLSs tested offered an equal or better view of the glottis as assessed 
by the mean C&L grade compared with traditional direct intubation techniques (P <0.01) 
(Fig. 4). Only very few patients had C&L grades other than Grade I with the VLS, and none 
of the patients included in this study had a C&L grade poorer than II. The VLSs tested were 
rated favorably for their larger viewing angle of the glottic entrance compared with classic 
laryngoscopy techniques. This proved useful for guidance of the ETT and nasogastric tube 
into position and avoidance of contact with soft tissues of the mouth and pharynx. In general, 
visualization of the glottis entrance with the VLS was not a problem, although intubation was 
not always straightforward. In the context of this study, overall satisfaction was greater using 
the Storz VLS compared with the other two VLSs (Kruskal-Wallis, χ2 = 95, P < 0.01).
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Table 2. Intubation Metrics

GlideScope Ranger

(n = 150)

Storz V-Mac

(n = 150)

McGrath Series-5

(n = 150)

Intubation attempts

 Mean ± sd 2.23 ± 1.00* 1.30 ± 0.63** 2.52 ± 1.00

 1:2:3:>4 46:40:49:15* 118:22:8:2** 32:30:65:23

 Percentage 31:27:33:10 79:15:5:2 22:20:44:15

Intubation attempts without stylet

 1 attempt, n (%) 46 (53) 118 (84)** 32 (52)

 2 attempts, n (%) 40 (47) 22 (16)** 30 (48)

 Total, n (% from all subjects) 86 (57) 140 (93)** 62 (41)

Intubation attempts with stylet

 1 attempt, n (%) 49 (76) 8 (80) 65 (74)

 >2 attempts, n (%) 15 (24) 2 (20) 23 (26)

 Total, n (% from all subjects) 64 (43) 10 (7) 88 (59)

Intubation Time

 Mean ± sd (s) 34 ± 20* 18 ± 12** 38 ± 23

Cormack-Lehane grade, mean ± sd

 Classic laryngoscope 1.68 ± 0.76 1.68 ± 0.81 1.77 ± 0.83

 VLS 1.01 ± 0.11 1.01 ± 0.11 1.01 ± 0.08

Overall satisfaction score

 Good:moderate:fair:poor:failure, n 87:59:4:0:0* 140:10:0:0:0** 62:83:5:0:0

 Percentage 58:39:3:0:0 93:7:0:0:0 42:55:3:0:0

*  Statistically significant difference over McGrath (P < 0.05).

** Statistically significant difference over other tested videolaryngoscopes (VLSs) (P < 0.01).
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Figure 2. Comparison of necessary intubation attempts using three VLSs. There are less attempts necessary 

with the Storz® VLS than with both the GlideScope® and the McGrath® VLS (P < 0.01) and less attempts 

necessary with the GlideScope than with the McGrath VLS (P < 0.05). The gray shading indicates attempts 

that were done with the addition of a stylet (i.e., more than two attempts).

Figure 3. Comparison of necessary intubation time for three VLSs. There is less time required to intubate with 

the Storz® VLS than with both the GlideScope® and the McGrath® VLS (P < 0.01), and less time necessary 

with the GlideScope than with the McGrath VLS (P < 0.05).
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Figure 4. Comparison of Cormack-Lehane (C&L) grades for the pooled VLSs versus the direct Macintosh 

blade. There were significantly better C&L grades for each of the indirect VLS compared with the direct view 

(P < 0.01).

Discussion

This study compares three VLS devices in a clinical setting during endotracheal 
intubation and confirms that a stylet is not necessary with some VLSs (Storz) but highly 
recommended when other VLSs (e.g., GlideScope and McGrath) are used. When using a 
stylet, the VLSs studied did not differ in intubation time or number of intubation attempts. 
This study also confirms the excellent unobstructed view of the glottic opening obtained 
indirectly with a VLS as opposed to the direct classic Macintosh laryngoscope.

No conversion to direct laryngoscopy was necessary in any patients studied. An 
equal or better C&L grade could be obtained in all cases, which is in agreement with other 
studies.19,20 There were no significant differences in the visualization quality of the glottis 
among the three VLSs except for the dimension of the device monitor. Good visualization 
of the glottic entrance is paramount for successful tracheal intubation. However, providing 
a good view of the glottis does not always correlate with successful intubation. Indeed, this 
study shows that devices that offer the same unhindered view of the glottis are not alike in 
their ease of use.
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This study demonstrates that stylet use is not always required with certain VLSs. The 
Storz VLS group was associated with a shorter intubation time, required significantly fewer 
attempts to secure the airway compared with the other two groups, and a stylet was required 
only in a minority (7%) of the patients, whereas a styletted ETT had to be used in almost 
half of the patients in the GlideScope and McGrath VLS groups. Presumably, this is due 
to the fact that the Storz VLS uses the same Macintosh laryngoscope blade as with direct 
laryngoscopy, providing a better view and better access, which decreases the need for stylet 
use. During direct laryngoscopy, a stylet is rarely used routinely at first attempt in our clinical 
practice. Given the fact that styletted ETT have rare but potentially significant complications, 
we believe it is important to reserve their use for difficult intubations [3, 11-16].

Using a styletted ETT with the GlideScope VLS, the first pass success rates were 
higher in the studies performed by Sun et al. [21]. (94%) and Xue et al. [22]. (97%) compared 
with our study. However, the other studies used a different definition of a “single pass” in 
which a successive attempt was only recorded on retracting the ETT completely out of the 
mouth; in our study, each approach to the vocal cords was counted as an attempt. Similarly, 
Shippey et al. [10]. also found a first pass success rate of 93% when using the McGrath 
VLS and a styletted ETT. In our study, successful intubation (without using a stylet) in the 
Storz group was 93%, supporting our contention that a stylet is not needed at all times and, 
thus, preventing potential complications. Successful intubation with the Storz VLS (without 
stylet) is as good as with the reported success rate in the literature using the GlideScope/ 
McGrath VLS (with stylet). [10, 20-22]. The direct laryngoscope and the indirect Storz VLS 
are generally inserted on the right side of the tongue, which is compressed and deflected 
laterally, whereas the indirect GlideScope and McGrath VLS are inserted in the midline and 
advanced over the tongue because there is no need to sweep the tongue laterally. It might be 
that the greater success rate using the Storz VLS without a stylet depends on the angle of its 
blade, which is similar to the conventional direct Macintosh laryngoscope and the fact that 
the tongue is displaced laterally. Presumably, use of a styletted ETT from the outset would 
mitigate the differences among the VLSs that we found; however, this may also increase 
the risk of injury. The addition of a stylet essentially compensates for the geometrical 
shortcomings of some of the VLS designs.

Since its commercial introduction in 2002, numerous studies have reported the 
efficacy and safety of the GlideScope VLS for tracheal intubation in patients (and simulators) 
with easy and difficult airways [1, 5, 20, 23, 24].
However, some authors have noted that the GlideScope VLS is difficult to insert into the 
patient’s mouth, does not reach deep enough in some cases, insertion of ETT is not easy, the 
advancement of the ETT after removal of the stylet is difficult,22 and complications because 
of the use of a styletted ETT and a VLS may occur [3,11-16].
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The arytenoid cartilages, the interarytenoid soft tissues, anterior commissure of the 
glottis, or the anterior wall of the cricoid cartilage sometimes interfere with advancement of 
the ETT into the trachea. Manipulation of the ETT orientation is often not sufficient because 
the curvature of the distal end of the ETT is insufficient; in such cases, an extra tool is 
necessary. Additionally, patient characteristics, such as dentition and mouth opening, may 
greatly influence the ease of insertion of the ETT. The VLS essentially positions the operator’s 
eye proximal to the larynx. Therefore, care should be taken to do the initial introduction 
(passing the teeth and first part of mouth) of the ETT directly, until the distal end comes into 
view of the VLS. Indeed, the VLS is essentially a standard laryngoscope in form and function 
until the critical insertion of the ETT through the vocal cords is performed.

A number of techniques can be used during the intubation procedure to improve the 
success rate. Previously, Xue et al. [22]. noted that the use of a malleable stylet, preheating of 
the blade to body temperature, and avoiding the use of superfluous lubricant were important 
considerations for successful use of the GlideScope. Also, increased lifting force, withdrawal 
and reinsertion of the blade, and external laryngeal pressure have been proposed as helpful 
measures for successfully securing the airway [23]. Several maneuvers may overcome the 
problem of inserting the ETT: relaxing the VLS; withdrawing the VLS 1-2 cm; use of a 
StyletScopeTM (Nihon Kohden Co., Tokyo, Japan) in which the operator can adjust the angle 
of the ETT tip between 30° and 90° by gripping the handle strongly [25]; or the use of a stylet-
ETT that can increase the angle between the axis of the ETT tip and the tracheal axis. We 
neither experience any improvement in the ease of intubation when using external laryngeal 
pressure nor withdrawal and reinserting the blade. In this study, it was noticed that the use of 
a stylet with a relatively pronounced curve (the best angle is reported to be 90°) [17, 18] at the 
distal end was most helpful in advancing the tip of the ETT to the glottic opening.

Further study is required to determine optimal geometrical forms for the stylet or gum-
elastic bougies used for difficult intubations. More importantly, the integration of the ETT 
with the VLS blade is the major issue for redesign in future generations of VLS, especially 
considering that the classical problem of visualization now seems to be resolved (all patients 
in our study showed a C&L I or II with all three types of VLSs).

The McGrath VLS that uses a disposable blade and the recent introduction of the 
GlideScope Cobalt single-use disposable blades [26] are promising developments, especially 
in busy settings in which there may not be sufficient time to sterilize the blades between 
uses. Portability of the VLS systems is also an issue, and there are clear advantages of the 
McGrath and GlideScope VLS over the Storz. The integration of an antifogging mechanism 
on the McGrath and the GlideScope VLS is advantageous over the Storz V-Mac VLS, which 
lacks this feature. Preheating the VLS with the former two is unnecessary because the light 
emitting diode heats a window over the video chip. If fogging does occur, it likely means that 
the VLS is defective. However, it is still possible to blur the view if the lubricated ETT makes 
contact with the imaging system.
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This study has several limitations: 1) The attending anesthesiologist was not blinded 
to the type of VLS used, which this may have introduced bias, despite being blinded to 
the preoperative metrics and initial C&L grade with the use of the classic Macintosh 
laryngoscope; 2) There are more VLSs available on the market so this review is not complete, 
but the three most common models available in our hospital are included; 3) There was very 
low patient morbidity in this study, and it remains debatable how important the metrics of 
intubation time, attempts, and satisfaction are with regard to patient morbidity; 4) It is clear 
that if the study were performed using a stylet routinely in all cases, then the second or 
third intubation attempt would not have been necessary; 5) The selection of patients lacking 
features associated with a difficult airway may have reduced the potential superiority of VLS 
over direct laryngoscopy and minimized the differences among the three VLS models; 6) 
Failure to routinely use a stylet may bias our study in favor of a device which most closely 
resembles a conventional Macintosh laryngoscope; 7) A study of patients with difficult airway 
anatomy may be needed to determine the need for the routine use of a stylet; and 8) Finally, 
this study deals with a specific population of elective surgical patients with normal airways 
and no conclusions can be made for patients in whom difficult tracheal intubation is expected.

Conclusions

The use of a styletted ETT is not ideal during tracheal intubation because it can 
potentially contribute to complications. Our study confirms that a large proportion of patients 
with normal airway anatomy can be intubated successfully with certain VLS blades without 
using a stylet, although there is a large difference among the types of VLSs tested. Certainly, 
the problem of visualization of the glottic arch is resolved by a VLS, but this does not 
guarantee easy or successful endotracheal intubation. The stylet essentially compensates for 
the geometrical mismatch between the VLS blade and the laryngeal anatomy of the patient.

The Storz VLS performed better in overall satisfaction, intubation time, and number 
of attempts, including attempted intubations without a stylet, most probably due to the better 
view and access, which limited the need for stylet use. The GlideScope and McGrath VLS are 
equally successful in achieving good visualization and intubation in all patients. It seems that 
geometry and integration of ETT with the VLS is the next question that needs to be addressed 
in blade design for intubation.
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Abstract

Background: Many manufacturers are producing videolaryngoscopes (VLSs) with 
differing specifications, user interfaces, and geometry. It is clinically relevant to know the 
relative performance of the blades. Visualization of the glottis and intubation are often 
problematic in (extremely) obese patients, and the new video technology may offer better 
functionality and performance. Although many tracheal intubations with direct laryngoscopy 
are performed with an unstyletted endotracheal tube, it is recommended to use a stylet for 
intubation using videolaryngoscopy. In this study, we compared 3 VLSs in morbidly obese 
patients undergoing intubation for elective surgery and tested whether it is feasible to intubate 
the tracheas of morbidly obese patients without using a stylet.

Methods: One hundred fifty consecutive adult morbidly obese patients (body mass 
index >35 kg/m2) were randomly selected to receive one of 3 VLSs: GlideScope®, Storz® 
V-Mac™, and McGrath®. Direct laryngoscopy scored the best possible view of the glottis; 
subsequently, the respective VLS was used, and the patient’s trachea was intubated. Common 
preprocedural (e.g., Mallampati grade) and intraprocedural (Cormack-Lehane grade) metrics 
of intubation difficulty were measured, as well as the dependent variables of intubation time, 
number of attempts, and subjective difficulty.

Results: All 3 VLSs tested offered an equal or better view of the glottis compared with 
traditional direct laryngoscopy. The number of attempts necessary to intubate the trachea 
differed significantly among VLSs (average 2.6 ± 1.0 attempts for the GlideScope, 1.4 ± 0.7 
for the Storz, and 2.9 ± 0.9 for the McGrath VLS). The average intubation times were 33 ± 18 
s for the GlideScope, 17 ± 9 s for the Storz, and 41 ± 25 s for the McGrath VLS.

Conclusions: In this study, the VLS with the Macintosh blade (Storz VLS) had a better 
overall satisfaction score, intubation time, number of intubation attempts, and necessity of 
extra adjuncts, compared with the 2 other tested devices.
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Introduction

Difficult tracheal intubation using direct laryngoscopy is more common in 
morbidly obese patients (body mass index [BMI] 2:35 kg/m2).1,2 It has been shown that 
videolaryngoscopy improves intubation conditions in this challenging (and growing) patient 
population.3 The routine use of a styletted endotracheal tube (ETT) with videolaryngoscopy 
is advocated by some manufacturers4-6 but has been questioned recently7 because styletted 
ETTs have rare but potentially important complications when videolaryngoscopes (VLSs) 
are used.6,8 -16 We therefore hypothesize that it is important to reserve stylets for difficult 
intubations.

In this study, we compared 3 VLSs in morbidly obese patients undergoing intubation 
for elective surgery: the GlideScope® Ranger™, the Storz® V-MAC™, and the McGrath® 
VLS and tested whether it is feasible to intubate the tracheas of obese patients with a VLS 
without using a stylet.

Methods

After approval from the hospital medical ethics committee (Catharina Hospital, 
Eindhoven, The Netherlands) and obtaining informed consent, 150 consecutive adult patients 
scheduled for surgeries requiring endotracheal intubation, with a BMI more than 35 kg/m2, 
were randomly selected to undergo tracheal intubation using one of 3 VLSs: GlideScope 
(Ranger, Verathon, Bothell, WA); V-MAC Storz Berci DCI (Karl Storz, Tuttlingen, Germany); 
and McGrath (McGrath Series 5, Aircraft Medical, Edinburgh, UK). Exclusion criteria were 
ASA physical status III-V, patients younger than 18 yr, patients with a BMI <35 kg/m2, and 
patients who had known airway pathology or cervical spine injury. Randomization was done 
prospectively with a sealed envelope technique.
The preanesthetic visit (performed by an anesthesiologist not involved in this study) 
ascertained history of difficult intubation, measurement of common predictive indices 
for difficult intubation (BMI, thyromental distance, Mallampati grade, interincisal [or 
intergingival] distances), and evaluation of status of dentition and neck movement.

When the patients arrived at the operating room, they were connected to standard 
monitoring devices and administered oxygen for at least 3 min. Anesthesia induction consisted 
of IV fentanyl 1.5 1-g/kg and propofol 3 mg/kg based on estimated lean body weight. Manual 
mask ventilation and inflation of the lungs was attempted via a face mask using sevoflurane 
in oxygen before rocuronium 0.7 mg/kg was administered once the ability to mask ventilate 
the patient was verified.
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After approximately 3 min, all patients underwent an initial direct laryngoscopy, by an 
independent anesthesiologist, using a classic metal Macintosh (Heine Optotechnik GmbH & 
Co. KG, Herrsching, Germany) blade to score the Cormack-Lehane (C&L) grade, although 
no intubation took place. After subsequent mask positive pressure ventilation, the trachea was 
intubated using the patient’s designated VLS. The anesthesiologist performing the intubation 
was blinded to the laryngoscopy (C&L) score as assessed by the first anesthesiologist. All 
tracheal intubations were performed by one of 5 different anesthesiologists, all of whom were 
experienced in anesthesia and the use of the VLS studied (introductory videolaryngoscopy 
course in airway skills laboratory and a minimum of 50 uses of each VLS). During 
intubation, intraprocedural metrics of intubation difficulty were measured, as well as the 
dependent variables of intubation time, number of attempts, and use of rigid stylet to facilitate 
intubation. In a pilot study, using a stylet was favored to a gum-elastic bougie. Therefore, the 
choice was to use a specific rigid stylet17,18 formed in the shape of a hockey stick with 
a 90° bend, optimized for use with the VLS (GlideScope Rigid Stylet, Saturn Biomedical 
Systems, Burnaby, B.C., Canada), and was the first option if intubation was not feasible after 
2 intubation attempts in all 3 VLSs. A gum-elastic bougie was always at hand, as was the 
difficult intubation cart.

The number of intubation attempts was counted as each approach of the ETT to the 
glottic entrance. Intubation time was measured (by an assistant) as the time between picking 
up the ETT (Hi-contour™, Mallincrodt Medical, Athlone, Ireland) and the visual passage of 
the tube until the vocal cords were between the 2 black line markings on the distal end of the 
ETT. Interim bag and mask time, if needed, was not included in the intubation time. More 
than 5 attempts or 120 s was regarded as failure of intubation. If failure to secure the airway 
occurred with the VLS, then conventional difficult intubation protocols approved by the 
hospital were to be implemented. Attention was paid to insert and remove the VLS smoothly 
in order not to damage the oral cavity, the tongue, or the patient’s dentition. After removal of 
the VLS, the oral cavity was inspected for any bruises, lacerations, bleeding, dental damage, 
or other possible complications.

The intubating anesthesiologist was asked to provide an overall satisfaction score of 
the intubation conditions scoring from 0 to 4: 0 = failure (intubation not possible); 1 = poor 
(had to use an adjunct other than the VLS); 2 = fair (need for an extra adjunct plus intubation 
time >90 s); 3 = moderate (need for extra adjunct to intubate the trachea but intubation time
<90 s); 4 = good (intubation successful on first or second attempt, within 90 s, and no need 
for extra adjunct to secure the airway).

A priori sample size testing was conducted assuming an analysis of variance (ANOVA) 
model for the time measurements. Using 3 treatments (blades), an effect size of 5 s from 
clinical experience, a high desired statistical power of 0.95, and a value of 0.05, we calculated 
a sample size of 50 patients. Data are reported as mean (±sd) and incidences (both absolute 
and percentage). ANOVA analysis was used to assess any differences among the groups 
regarding the patientspecific characteristics (BMI, thyromental distance, and interincisal 
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distance). Nonparametric patient metrics (gender, ASA status, and dentition of the patient) 
were evaluated for differences among the groups using Kruskal-Wallis one-way ANOVA. 
The differences in the dependent variables of intubation time, number of attempts, use of 
additional adjuncts, and overall satisfaction for the respective VLS groups were calculated 
using Kruskal-Wallis nonparametric one-way ANOVA (to forgo assumptions of normality). 
We applied a conservative correction using Bonferroni. The C&L grades were compared for 
each of the tested VLSs and the classical Macintosh blade using Kruskal-Wallis one-way 
ANOVA. All statistical analyses were performed using SPSS 16.0 (SPSS, Chicago, IL). P < 
0.05 was considered statistically significant.

Results

Patient characteristics and preprocedural intubation conditions did not differ among patient 
groups (Table 1). Peripheral oxygen saturation was maintained above 95% in all patients 
throughout the laryngoscopy and intubation period. In this study, no dropouts were 
encountered, because all patients were intubated successfully using the VLS. No patients 
required conversion to classic Macintosh laryngoscopy, and all operations proceeded 
uneventfully. We did not detect any injury of the palatoglossal arch or dental injury in any of 
the patients.

Table 1. Patient Characteristics and Preprocedural Intubation Conditions

Videolaryngoscope GlideScope® Ranger™ 

(n = 50)

Storz® V-MAC™

(n = 50)

McGrath® Series-5™

(n = 50)

Male/female, n (%) 16/34 (32/68) 21/29 (42/58) 15/35 (30/70)

Age (yr) 45.9 ± 15 47.7 ± 14  44.3 ± 14

Weight (kg) 127.0 ± 26 126.9 ± 28 128.1 ± 20

Height (m) 1.71 ± 0.1 1.73 ± 0.10 1.72 ± 0.1

ASA (median, range) 2 (1-2) 2 (1-2) 2 (1-2)

Body mass index (kg/m2)  43.2 ± 8 42.4 ± 8 43.3 ± 7

Thyromental distance (cm) 7.7 ± 1 7.8 ± 1 7.8 ± 1

Interincisal distance (cm) 4.4 ± 1 4.4 ± 1 4.4 ± 1

Mallampati grade (median, range) 

 I/II/III/IV

2 (1-4)

10/27/11/2

2 (1-4)

10/27/11/2

2 (1-3)

12/26/12/0

Dentition

 Full dentures/single/none, n (%) 37/4/9 (74/8/18) 36/2/12 (72/4/24) 38/5/7 (76/10/14)
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All of the VLSs tested offered an equal or better view of the glottis (Grades I and II) 
as assessed by the C&L grade, compared with traditional direct laryngoscopy intubation 
techniques (Grades I–IV) (P 0.01). In general, visualization of the glottic entrance with the 
VLS was never a problem, although intubation was not always straightforward. The number 
of attempts necessary to intubate the trachea differed significantly among the VLS blades 
(average 2.6 1.0 attempts for the GlideScope, 1.4 0.7 for the Storz, and 2.9 0.9 for the 
McGrath VLS). The Storz group required statistically fewer attempts to secure the airway 
(Kruskal-Wallis, χ2 = 56, P < 0.01) (Fig. 1) when considering the total number of intubation 
attempts (i.e., with and without stylet). Intubation was successful on the first attempt in 8 
patients with the GlideScope, 34 with the Storz, and 4 with the McGrath, all without using a 
stylet (Table 2). A stylet had to be used in the majority of the patients in the GlideScope group 
(n = 30, 60%) and the McGrath group (n = 38, 76%). However, this was not the case for the 
Storz group, which showed less need for a stylet (n = 5, 10%) (P < 0.01).

The C&L grade as assessed with classic VLS influenced the number of attempts 
necessary (P < 0.01) to intubate the trachea (Fig. 2). All VLSs performed well in terms of 
effective intubation time necessary for securing the airway. The average intubation times 
were 33 ± 18 s for the GlideScope, 17 ± 9 s for the Storz, and 41 ± 25 s for the McGrath, 
again considering the total intubation time, both with and without stylet. Intubation with the 
Storz VLS was significantly faster than with the other 2 VLSs tested (Kruskal-Wallis, χ2 = 60, 
P < 0.01) (Fig. 3). In the context of this study, overall satisfaction was greater using the Storz 
VLS (Kruskal-Wallis, χ2 = 56, P < 0.01).

Figure 1. Comparison of number of laryngoscopy attempts for intubation using 3 videolaryngoscopes (VLSs). 

There are significantly fewer attempts necessary with the Storz® VLS than with both the GlideScope® and 

McGrath® (P < 0.01), and fewer attempts necessary with the GlideScope than with the McGrath VLS (P < 0.05).



R. Maassen et al.: Videolaryngoscopes in Morbidly Obese Patients 53

Discussion

This study confirms that a styletted ETT is highly desirable to intubate the trachea in morbidly 
obese patients when certain VLSs are used (e.g., GlideScope and McGrath), whereas with the 
Storz VLS, the use of a stylet is not essential. This finding is in agreement with our previous 
study in a group of 450 nonobese adult patients (ASA physical status I–II).7 The importance 
of the VLS in improving intubation conditions in this challenging (and growing) patient 
population has been shown.3 The various VLSs available on the market differ significantly in 
their ease of use (in terms of intubation time, number of attempts, and the need for additional 
adjuncts), even when the visual quality is essentially identical. 

Table 2. Intubation Metrics

Videolaryngoscope GlideScope® Ranger™ 

(n = 50)

Storz® V-MAC™  

(n = 50)

McGrath® Series-5™ 

(n = 50)

Intubation attempts

 Mean ± sd 

 1/2/3/2:4, n (%) 

2.6 ± 1.0**

8/12/20/10** 

(16/24/40/20)

1.4 ± 0.7* 

34/11/5/0*

(68/22/10)

2.9 ± 0.9

4/8/26/12

(8/16/52/24)

Intubation attempts without stylet

 One attempt, n (%) 

 Two attempts, n (%) 

 Total, n (% from all subjects)

8 (40)

12 (60)

20 (40)

34 (76)* 

11 (24)* 

45 (90)* 

4 (33)

8 (67)

12 (24)

Intubation attempts with stylet

 One attempt, n (%) 

 More than or equal to two

  attempts, n (%)

 Total, n (% from all subjects)

20 (33)

10 (67)

30 (60)

5 (100)

0 (0)

 5 (10)

26 (68)

12 (32)

38 (76) 

Intubation time, mean ± sd (s) 33 ± 18** 17 ± 9* 41 ± 25

Cormack-Lehane (CL) grade

 Classic laryngoscope, CL

  mean ± sd

 Classic laryngoscope, CL

  I/II/III/IV, n

 VLS, CL mean ± sd 

2.1 ± 0.80

11/22/15/2

1.1 ± 0.24

2.0 ± 0.90

16/20/11/3

1.1 ± 0.26

2.0 ± 0.83

16/20/12/2

1.1 ± 0.28

Overall satisfaction

 Good/moderate/fair/poor/

  failure, n (%)

21/28/1/0/0** 

(42/56/2/0/0) 

45/5/0/0/0* 

(90/10/0/0/0) 

 11/37/2/0/0 

(22/74/4/0/0)

*  Statistically significant difference over other tested videolaryngoscopes (P < 0.01).

** Statistically significant difference over McGrath® VLS (P < 0.05).
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Figure 2. Comparison of required intubation attempts for 3 videolaryngoscopes (VLSs) for Cormack and 

Lehane (C&L) grade as assessed with a classic laryngoscope. The Storz® VLS performed better than both the 

GlideScope® and McGrath® VLSs with fewer attempts required across the spectrum of patient C&L grades 

(P < 0.01). C&L grade as assessed by classic laryngoscopy was a significant factor in the number of intubation 

attempts with the different VLSs (P < 0.01).



R. Maassen et al.: Videolaryngoscopes in Morbidly Obese Patients 55

Use of the Storz VLS was associated with shorter intubation time, significantly fewer 
attempts to secure the airway compared with the other 2 VLS groups, and a need for a stylet 
in only a minority (10%) of the patients, whereas a styletted ETT had to be used in 60% and 
76% of this patient population in the GlideScope and McGrath VLS groups, respectively. 
Presumably, this is due to the fact that the Storz VLS uses the same Macintosh laryngoscope 
blade as with direct laryngoscopy, affording additional room for ETT insertion, and limiting 
the need for stylet use. The study was not powered to show that any one blade was superior 
for all respective C&L grades, and this should be further investigated in subsequent clinical 
trials. Furthermore, the view provided by the VLS, especially in the case of the GlideScope 
and the McGrath VLS, does not necessarily correspond with the path followed by the ETT, 
making the hand-eye coordination exceptionally difficult. Indeed, the hockey stick profile of 
the stylet is necessary to match the sharp distal curve of the GlideScope and the McGrath VLS. 
Conceivably, the sharp angle of the GlideScope and McGrath VLSs might be advantageous in 
patients with difficult anatomy, such as micrognathia, neck immobility, or sublingual tonsillar 
hypertrophy.

Figure 3. Comparison of required intubation time for 3 videolaryngoscopes (VLSs). Significantly less time 

was required to intubate with the Storz® VLS than with both the GlideScope® and McGrath® VLSs (P < 0.01), 

and less time necessary with the GlideScope than with the McGrath VLS (P < 0.05).
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We used a very stringent definition of an intubation attempt as the number of intubation 
attempts was counted as each approach of the ETT to the glottic entrance, even without 
complete withdrawal of the ETT out of the mouth. This strict criterion certainly influenced 
the observation that half of all patients required 3 or more intubation attempts. The ETT 
usually followed a path more dorsal to the view provided by the VLS. In other words, the 
view that is provided by the sharply curved VLS is not the same as the path of the less curved 
ETT (without stylet).

In direct laryngoscopy, a stylet is an adjunct rarely used at first attempt in our clinical 
practice. Given the fact that styletted ETTs have rare but potentially important complications 
with videolaryngoscopy [6, 8-16], but also when direct laryngoscopy with a classic Macintosh 
blade is used [19-22], we believe it is important to reserve the use of a stylet for difficult 
intubations. Morbidly obese patients are rarely “routine” in their intubation requirements. 
However, morbid obesity does not automatically portend a difficult airway, and metrics 
that only consider macro patient characteristics are incomplete at best and less relevant to 
videolaryngoscopy [23]. Besides often having more difficult airways, the time pressure is 
also greater, because desaturation develops more quickly in obese than in nonobese patients 
[24, 25]. Less routine use of a stylet for some VLSs does not imply that intubation adjuncts, 
such as a stylet or a difficult airway/ intubation cart, should be not readily at hand for 
unanticipated difficult intubations.

This study has several limitations as follows: 1) The attending anesthesiologist was 
not blinded to the type of VLS used, which may have introduced slight bias, although the 
anesthesiologist was blinded to the preoperative metrics and initial C&L grade with the use of 
the classic Macintosh laryngoscope; 2) Failure to routinely use a stylet may have biased our 
study in favor of a device that most closely resembles a conventional Macintosh laryngoscope; 
3) There are still other VLSs available on the market, so this review is not complete, but 3 of 
the most common manufacturers (as available in our hospital) were included; 4) Our study 
group consisted of morbidly obese patients, of which certainly a portion could be intubated 
easily by conventional direct laryngoscopy, because morbid obesity does not automatically 
define a population of difficult intubation patients; 5) Although we used the GlideScope stylet 
(90° angle) as our standard adjunct if intubation failed after 2 attempts, other shapes of stylets 
can be superior for one or more of the VLSs studied; and 6) Other intubation adjuncts were 
not studied and could have influenced the results in this study.
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Conclusion

Videolaryngoscopy offers superior viewing of the glottis, which can be problematic 
in morbidly obese patients. However, the VLSs available on the market differ significantly in 
their ease of use, even when the visual quality is essentially identical. In this study, the Storz 
VLS performed better in overall satisfaction, intubation time, number of intubation attempts, 
and necessity of extra adjuncts, compared with the other 2 devices. Furthermore, successful 
intubation (without using a stylet) in the Storz group was 90%, supporting our hypothesis 
that a stylet may not be needed at all times when using a VLS, therefore preventing potential 
complications. A good view of the glottis is important but not alone sufficient. The interaction 
of the blade with the ETT is similarly critical and seems to be the remaining obstacle in 
developing an optimal laryngoscope design.

Acknowledgments

The videolaryngoscopes were made available to the study center, on a temporary basis, at 
no cost by the respective manufacturers: Ranger™ GlideScope®, Verathon Inc., Bothell, 
WA; V-Mac™ Storz® Macintosh, Karl Storz, Tuttlingen, Germany; and McGrath® Series 5, 
Aircraft Medical, Edinburgh, United Kingdom.

References

1.  Gonzalez H, Minville V, Delanoue K, Mazerolles M, Concina D, Fourcade O. The importance of increased neck 

circumference to intubation difficulties in obese patients. Anesth Analg 2008; 106:1132-6.

2.  Juvin P, Lavaut E, Dupont H, Lefevre P, Demetriou M, Dumou- lin JL, Desmonts JM. Difficult tracheal 

intubation is more com- mon in obese than in lean patients. Anesth Analg 2003; 97: 595-600.

3.  Marrel J, Blanc C, Frascarolo P, Magnusson L. Videolaryngos- copy improves intubation conditions in morbidly 

obese pa- tients. Eur J Anaesthesiol 2007; 24: 1045-9.

4.  Shippey B, Ray D, McKeown D. Case series: the McGrath videolaryngoscope–an initial clinical evaluation. Can 

J Anaesth 2007;54:307-13 5. Shippey B, Ray D, McKeown D. Use of the McGrath videolaryn- goscope in the 

management of difficult and failed tracheal intubation. Br J Anaesth 2008; 100: 116-9.

6.  Vincent RD Jr, Wimberly MP, Brockwell RC, Magnuson JS. Soft palate perforation during orotracheal 

intubation facilitated by the GlideScope videolaryngoscope. J Clin Anesth 2007;19: 619-21.

7.  Van Zundert A, Maassen R, Lee R, Willems R, Timmerman M, Siemonsma M, Buise M, Wiepking M. A 

Macintosh laryngo- scope blade for videolaryngoscopy reduces stylet use in patients with normal airways. 

Anesth Analg 2009; 109: 825-31.

8.  Choo MK, Yeo VS, See JJ. Another complication associated with videolaryngoscopy. Can J Anaesth 2007; 54: 

322-4.



58 R. Maassen et al.: Videolaryngoscopes in Morbidly Obese Patients

9. Cooper RM. Complications associated with the use of the GlideScope videolaryngoscope. Can J Anaesth 2007; 

54: 54-7.

10. Hirabayashi Y. Pharyngeal injury related to GlideScope videolaryngoscope. Otolaryngol Head Neck Surg 2007; 

137: 175- 6.

11. Hsu WT, Hsu SC, Lee YL, Huang JS, Chen CL. Penetrating injury of the soft palate during GlideScope 

intubation. Anesth Analg 2007;104:1609 -10.

12. Hsu WT, Tsao SL, Chen KY, Chou WK. Penetrating injury of the palatoglossal arch associated with use of the 

GlideScope videolaryngoscope in a flame burn patient. Acta Anaesthesiol Taiwan 2008; 46: 39-41.

13. Malik AM, Frogel JK. Anterior tonsillar pillar perforation dur- ing GlideScope video laryngoscopy. Anesth 

Analg 2007; 104: 1610 -1.

14. Cross P, Cytryn J, Cheng KK. Perforation of the soft palate using the GlideScope videolaryngoscope. Can J 

Anaesth 2007; 54: 588 -9,

15. Manickam BP, Adhikary SD. Soft palate perforation during orotracheal intubation facilitated by the GlideScope 

videolaryn- goscope. J Clin Anesth 2008; 20: 401-3.

16. Leong WL, Lim Y, Sia AT. Palatopharyngeal wall perforation during GlideScope intubation. Anaesth Intensive 

Care 2008; 36: 870-4.

17. Doyle DJ. The GlideScope video laryngoscope. Anaesthesia 2005; 60: 414-5

18. Jones PM, Turkstra TP, Armstrong KP, Armstrong PM, Cherry RA, Hoogstra J, Harle CC. Effect of stylet 

angulation and endotracheal tube camber on time to intubation with the GlideScope. Can J Anaesth 2007; 54: 

21-7.

19. Chen EH, Logman ZM, Glass PSA, Bilfinger TV. A case of tracheal injury after emergent endotracheal 

intubation: a review of the literature and causalities. Anesth Analg 2001; 93: 1270-1.

20. Besmer I, Schu¨ pfer G, Stulz P, Jöhr M. [Tracheal rupture: delayed diagnosis with endobronchial intubation]. 

Anaesthesist 2001; 50: 167-70.

21. Moschini V, Losappio S, Dabrowska D, Iorno V. Tracheal rupture after tracheal intubation: effectiveness of 

conservative treatment. Minerva Anestesiol 2006; 72: 1007-12.

22. Fan CM, Ko PC, Chiang WC, chang YC, Chen WJ, Yuan A. Tracheal rupture complicating emergent endotracheal 

intubation. Am J Emerg Med 2004; 22: 289-93.

23. Van Zundert A, Lee R. Intubation difficulties in obese patients. Anesth Analg 2009; 108: 1051-2.

24. Benumof J, Dagg R, Benumof R. Critical hemoglobin desatura- tion will occur before return to an unparalyzed 

state following 1 mg/kg intravenous succinylcholine. Anesthesiology 1997; 87: 979-82.

25. Jense HG, Dubin SA, Silverstein PI, O’Leary-Escholas U. Effect of obesity on safe duration of apnea in 

anesthetized humans. Anesth Analg 1991; 72: 89 -93.



 59

Chapter 6

doi: 10.1111/j.1365-2044.2010.06464.x

Comparison of the C-MAC® videolaryngoscope 
with the Macintosh, Glidescope® and Airtraq® 

laryngoscopes in easy and difficult laryngoscopy 
scenarios in manikins

R. Maassen, A. van Zundert

Catharina Hospital, Brabant Medical School, Eindhoven, The Netherlands

Email: ralph.maassen@planet.nl

No external funding and no competing interests declared.

Previously posted at the Anaesthesia Correspondence website: http://www.anaes thesiacorrespondence.com.



60 R. Maassen and A. van Zundert: The Association of Anaesthetists of Great Britain and Ireland

Letter-to-the Editor

We read the manikin study of McElwain et al. [1] with great interest. However, we 
disagree with their conclusion that evaluation of videolaryngoscopes in the clinical setting 
receives little if any independent evaluation.

The results of their manikin study are congruent to several studies we have published 
[2-4], in which we clinically tested the performance of the following three videolaryngoscopes: 
GlideScope® (RangerTM; Verathon Inc, Bothell, WA, USA); V-MACTM Storz® Berci DCI® 
(Karl Storz, Tuttlingen, Germany); and McGrath® (McGrathTM Series 5; Aircraft Medical, 
Edinburgh, UK). Our findings showed better clinical performance in normal [2] and difficult 
airways [3] and less need for adjuncts (e.g. stylet), with videolaryngoscopy using a Macintosh 
type blade compared with the other videolaryngoscopes tested. Additionally, we showed 
reduced forces on the upper teeth during intubation using videolaryngoscopy incorporating a 
Macintosh type blade when compared to direct laryngoscopy [4, 5].

The finding that the Glidescope® performed least well in McElwain’s manikin study 
did not surprise us at all, and confirms what we experienced in clinical practice.

A reply

We would like to thank Drs Maassen and van Zundert for their interesting comments 
regarding our paper [1] and welcome the opportunity to respond. We respectfully suggest that 
the authors may have misinterpreted our comments, which were not conclusions, but rather a 
statement in the early part of the discussion outlining the rationale for these studies. The point 
we made was that many novel videolaryngoscopes receive little or no independent evaluation 
before being introduced into clinical practice, a point also made by other authors [2]. As we 
stated in the paper, the need to determine the clinical utility of these devices, ideally before 
their widespread adoption into clinical practice, is clear if we are to avoid a situation where 
a poorly designed device contributes to the failure to perform tracheal intubation, leading to 
patient harm.
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Abstract

Introduction: Previous studies comparing Glidescope and classic direct laryngoscopy did 
not show an attenuation of CV responses to endotracheal intubation. In the present study, 
we hypothesize that indirect videolaryngoscopy can attenuate cardiovascular responses to 
endotracheal intubation.
Methods: In a randomized cross-over study, eighty adults (ASA PS II-III) were included.
Both direct and indirect videolaryngoscopies were used in a random order, in the same 
patient. Cardiovascular responses to intubation were recorded as a relative change in rate 
pressure product (RPP = systolic blood pressure times heart rate) from baseline values.
A linear mixed model was used to study the association between the outcome variable RPP 
and the type of laryngoscope used.
Results: The relative increase of the RPP at intubation was significantly smaller (i.e. 27%, 
P < 0.001) using videolaryngoscopy compared to the classic direct laryngoscopy.
Cardiovascular responses were blunted by an additional 10. 2% (P = 0.029), when the patient 
was on beta blockade.
Conclusions: Our study shows less hemodynamic responses during endotracheal intubation 
using indirect videolaryngoscopy compared to classic direct laryngoscopy.

Key words: Cardiovascular responses, videolaryngoscopy, classic laryngoscopy.

Introduction

Cardiovascular responses to endotracheal intubation have been well documented for 
direct laryngoscopy and are caused by the noxious stimuli to the oropharyngeal structures 
(laryngoscopy) and the larynx and trachea (exerted by the tracheal tube insertion) [1]. 
Previous studies showed diminished cardiovascular responses to endotracheal intubation after 
beta blocker therapy [2].The improved glottic view provided by indirect videolaryngoscopy 
reduces the need for excessive force on the laryngoscope [3].

A comparison of the cardiovascular responses to endotracheal intubation using both 
indirect videolaryngoscopy and direct laryngoscopy within the same patient has not yet been 
described.

The primary goal of this randomized cross-over study is to determine whether there 
is a difference between cardiovascular responses to endotracheal intubation using direct 
laryngoscopy compared to indirect videolaryngoscopy. Secondly, we tested cardiovascular 
responses in patients with and without beta-blocker therapy.
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Introduction

We hypothesized that there would be diminished cardiovascular responses to 
endotracheal intubation when using indirect videolaryngoscopy compared to direct classic 
laryngoscopy. Additionally, we hypothesized that diminished cardiovascular responses 
during videolaryngoscopy might not be seen in patients on beta-blocker therapy, as these 
patients already have diminished responses to endotracheal intubation.

Methods

Study design

We performed a randomized cross-over study, in which each patient received sequential 
treatments in a random order (intubation with direct and indirect laryngoscopy), separated by 
a washout period. Each patient is able to act as his or her own control and permits between 
and within group comparisons [4]. To prevent carry-over effect, the washout period in this 
study was three minutes, based on a pilot study.

In- and exclusion criteria

After approval by the hospital medical ethics committee (Catharina Hospital 
Eindhoven, the Netherlands) and obtaining informed consent, 80 adult patients (ASA physical 
status II-III), scheduled for elective coronary artery bypass surgery requiring endotracheal 
intubation and intra-arterial blood pressure monitoring, were included in this study (January-
June 2010).
The preanesthetic visit (performed by an anaesthesiologist not involved in this study) 
ascertained history of difficult intubation, measurement of common predictive indices 
for difficult intubation (BMI, thyromental distance, Mallampati grade, interincisal (or 
intergingival) distances), and evaluation of status of dentition and neck mobility.

We excluded patients who were obese (BMI > 35 kg/m2); who had chronic obstructive 
pulmonary disease ; who had a history of difficult intubation; a mouth opening < 3 cm, 
inadequate neck mobility or if the patient had a left ventricular ejection fraction (LVEF) 
< 45%.

All patients were fasted overnight and were restricted to oral intake of clear fluid 
for two to three hours before operation. Medications were continued until the morning of 
surgery, except angiotensin-converting enzyme inhibitors. Premedication was administered, 
using oral midazolam 0.1 mg/kg (maximum 7.5 mg) one hour before induction.
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Monitoring

After arrival of the patient in the operating theatre, standard monitoring was attached 
using a pulse oximeter, a five-lead ECG and bispectral index monitoring (BIS), using a 
multifunction monitor (Datex Ohmeda F-CU 8 ; Datex instrumentarium Helsinki, Finland).

ST segment analysis (leads II and V) was performed, using standard criteria for 
myocardial ischemia [5]. Well before induction of anesthesia the patient received a standard 
18 gauge intravenous cannula and an intra-arterial cannula. A stabilisation period of three 
minutes was allowed to acquire patient’s actual blood pressure values.

Laryngoscopy

All patients underwent endotracheal intubation using both the classic (direct) 
laryngoscope and the indirect videolaryngoscope in a random order, separated by a washout 
period of three minutes.

Intra-procedural metrics

During intubation, intra-procedural metrics of intubation difficulty (Cormack-Lehane 
grade) were measured, as well as our dependent parameters of effective airway time, number 
of attempts, and use of extra adjuncts to facilitate intubation. The need for extra maneuvers to 
optimize the visualization of the glottis entrance (e.g. backward upward rightward pressure 
(BURP)) was also recorded. The number of intubation attempts was counted as each approach 
of the endotracheal tube (ETT) to the glottis entrance. If after two attempts the patient still 
could not be intubated, a stylet or gum elastic bougie was used to facilitate intubation.

Effective airway time, using a stopwatch, was measured (by an assistant) as the time 
between picking up the ETT (Hi-contour™, Mallincrodt Medical, Athlone, Ireland) and the 
visual passage of the tube until the vocal cords were between the two black line markings 
on the distal end of the ETT. Interim bag and mask time, if needed, was not included in the 
effective airway time. Patients requiring an effective airway time of more than two minutes, 
were excluded from statistical analysis of data.

Anesthesia & hemodynamic measurements

Following a three minutes stabilization period, with the patient positioned horizontally, 
systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP) 
and heart rate (HR) were obtained. Patients were randomly allocated to receive first either 
direct Macintosh laryngoscopy or indirect videolaryngoscopy (VLS), using the C-Mac™ 
Storz® (Karl Storz, Tuttlingen, Germany) by selecting a sealed card.
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Anesthesia was induced, after routine preoxygenation, with fentanyl 5 µg/kg i.v., 
followed by etomidate 0,3 mg/kg and rocuronium 1 mg/kg based on lean body mass, followed 
by 2% sevoflurane in oxygen. Three minutes after administering rocuronium, adequate neuro-
muscular relaxation was tested using train of four (TOF)-monitoring.

Subsequently, the ETT was inserted, using both direct laryngoscopy and indirect 
video laryngoscopy in a random order. Measurements were taken during the first endotracheal 
intubation, without inflating the cuff of the ETT. Subsequently, the ETT was withdrawn and 
the patient was mask ventilated with sevoflurane 2% for a stabilization (washout) period 
of three minutes. The follow-up measurements were taken at one and three minutes after 
withdrawal of the ETT and new baseline values were obtained. Then, the second endotracheal 
intubation was carried out, including inflation of the cuff of the ETT. Again hemodynamic 
measurements were obtained at intubation (before inflation of the cuff) and at one and three 
minutes after endotracheal intubation.

The bispectral index (BIS) values were kept between 40 and 50 (on average 45), to 
standardize the depth of anesthesia and 2% sevoflurane in oxygen was added if needed.

Cardiovascular responses to intubation were calculated as a relative change in rate 
pressure product (RPP = systolic blood pressure times heart rate) from baseline values.

Anesthesia was maintained with sevoflurane 2% in oxygen. The ventilator settings 
were adjusted to maintain the end tidal CO2 level between 4,5 kPa and 5,2 kPa.

Postoperative care was given at the postoperative anesthesia care unit (PACU). Within 
two weeks after surgery, an independent operator interviewed all patients using a standard 
questionnaire. We assessed whether, and to which extent, the patients complained of a sore 
throat postoperatively.

Statistics

A linear mixed model was used to study the association between the outcome variable 
RPP and the type of laryngoscope used. The linear mixed model enabled us to extend the 
classical cross-over analysis and allowed us to correct for additional covariates (i.e., beta 
blocker administration and effective airway time). P-values less than 0.05 were considered 
as statistically significant.

To achieve a significance level (alpha) of 0.05, a power of 95%, a standard error of 
8% and a response difference in RPP from 15 to 20% between both devices, we calculated 
a sample size of 72 patients. The calculated standard error was based on a pilot study of 20 
patients. We included 80 patients.

All statistical analyses were performed using SAS® (SAS Institute Inc. Cary, NC, 
USA) version 9.2.
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Results

A total of 80 patients, of whom 48 were on beta-blocker therapy, were included in 
this study, and all were successfully intubated using both indirect videolaryngoscopy and 
direct classic laryngoscopy, without adverse events. No patients were excluded from analysis 
because of prolonged effective airway time.

Patient characteristics and pre-procedural intubation conditions did not differ 
substantially between patients (Table 1). Peripheral oxygen saturation was maintained above 
95% in all patients throughout the laryngoscopy and intubation period. We did not detect any 
injury of the palatoglossal arch or dental injury in any of the patients. Only three patients, who 
had an effective airway time of more than 50 seconds, reported postoperatively minor, self-
limiting sore throat complaints, which did not require any treatment. No signs of myocardial 
ischemia were seen on the ECG during induction or recovery. The effective airway time 
was significantly longer when using classic laryngoscopy (10.3 ± 13.8 s) compared to 
videolaryngoscopy (6.1 ± 5.9 s, P = 0.002). There was no significant correlation between 
effective airway time and RPP after correction for laryngoscope type and beta blocker effect.

The relative increase of the RPP at intubation was significantly smaller (i.e. 27%, 
P < 0.001) using videolaryngoscopy compared to the classic direct laryngoscopy.

Cardiovascular responses were blunted by an additional 10.2% (P = 0.029), when the 
patient was on beta blockade (Fig. 1).

Based on mean RPP values (Table 2), maximal values of RPP during observation 
increased by 48.3% and 189% of their baseline values during indirect videolaryngoscopy and 
direct classic laryngoscopy, respectively. Table 2 shows the mean RPP values for the different 
measurement occasions within the different groups (i.e. classic laryngoscope and VLS with 
and without beta blockade).

Table 1. Patient characteristics, pre- and intraprocedural intubation conditions

Incidence n = 80

Male: female, n (%) 55:25 (69:31)

Age, yrs 66.2 ± 10.2

Weight, kg 80.9 ± 15.5

Height, cm 172 ± 9

ASA physical status; I:II:III:IV, n (%) 0:67:13:0 (0:84:16:0)

Body mass index, kg.m-2 27.0 ± 4

Thyromental distance, mm 77.8 ± 8

Mallampati grade; I:II:III:IV, n (%) 34:41:5:0 (43:51:6:0)

Dentition; full dentures:single:none, n (%) 32:6:42 (40:7.5:52.5)

Data are reported as n (%), or mean ± SD.
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Discussion

This study clearly demonstrated less cardiovascular responses to endotracheal intubation 
using indirect (Macintosh) videolaryngoscopy, compared to direct (classic) laryngoscopy.

Direct laryngoscopy and endotracheal intubation affect the cardiovascular system 
and lead to an average increase in blood pressure by 40-50% and 20% increase in heart 
rate [6]. It has been demonstrated that cardiovascular responses can be attenuated by beta-
blockers [2]. Studies [7, 8] that investigated cardiovascular responses to endotracheal 
intubation, comparing direct laryngoscopy and indirect videolaryngoscopy with the use of 
the Glidescope®, were not able to show an attenuation of the cardiovascular responses when 
videolaryngoscopy was used. The GlideScope® videolaryngoscope offers an excellent view 
of the glottis, but intubation is not always straightforward. The use of a stylet with a relatively 
pronounced curve (the best angle is reported to be 90°) [9, 10] at the distal end is the most 
helpful and needed in the majority of the cases in order to advance the tip of the ETT to the 
glottic opening [11]. Stylet use goes hand in hand with more manipulations and increases the 
potential noxious stimulation to the trachea, which can provoke cardiovascular responses.

Figure 1. Relative change in Rate Pressure Product (RPP) from baseline. Following intubation a peak in 

RPP is seen with direct and indirect videolaryngoscopy, with a diminished peak at intubation when using 

the videolarygoscope (VLS) compared to direct (classic) laryngoscopy (CL) for both patients with (Beta) and 

without beta blockade (No beta).
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Table 2. Mean RPP values for the different measurement occasions

Measurement Occasion No Beta CL Beta CL No Beta VLS Beta VLS

Baseline 7638 ± 1873 6663 ± 1632 7777 ± 1852 7284 ± 1883

Intubation 11022 ± 3400 8529 ± 3078 8953 ± 2782 7834 ± 2236

Intubation + 1 min 9869 ± 2853 7939 ± 2569 8901 ± 3038 7725 ± 2668

Intubation + 3 min 8220 ± 1863 7246 ± 2052 7992 ± 2254 6847 ± 2181

Mean RPP values (± SD) for the different measurement occasions within the different groups (i.e. classic laryngo-

scope and videolaryngoscope with and without beta blockade).

Previous studies [11, 12] demonstrated that clinical differences do exist between 
different brands of videolaryngoscopes and found that a Macintosh blade results in better 
intubation scores and less need for a styletted ETT than videolaryngoscopes which use other 
than Macintosh blades. In our study we therefore used the Storz® C-MAC videolaryngoscope 
which incorporates a Macintosh blade.

By testing the cardiovascular response curve for both devices - in a random order - within 
the same patient (cross-over design), we were able to register and compare hemodynamic 
responses within the same experimental environment and minimized confounding factors 
(e.g. medication use) which itself could influence the cardiovascular response curve.

RPP (= systolic blood pressure times heart rate) is an index of myocardial oxygen 
consumption [13]. A RPP of 22,000 is commonly associated with myocardial ischemia [14]. 
Our results showed that although the maximal values of RPP during observation increased 
by 48.3% and 189% of their baseline values during indirect videolaryngoscopy and direct 
classic laryngoscopy, respectively, they never exceeded 22,000 in our study.

Takahashi and colleagues concluded that hemodynamic changes following endotracheal 
intubation are likely to occur because of direct tracheal irritation rather than stimulation 
of the larynx [15]. In our study both indirect videolaryngoscopy and direct laryngoscopy 
were performed in a random order, followed by endotracheal intubation. We showed less 
cardiovascular responses to endotracheal intubation using indirect videolaryngoscopy, 
compared to direct (classic) laryngoscopy. This implicates that laryngeal stimulation might 
play a greater role in cardiovascular responses to endotracheal intubation than suggested in 
the literature.
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This study has several limitations :

1) the attending anaesthesiologist was not blinded to the type of laryngoscope used, although 
the order of use (indirect videolaryngoscopy or direct laryngoscopy) was randomized ;

2) the observer recording time to intubation and the RPP were not blinded ;
3) beta-blocked and non-beta-blocked patients in the conventional laryngoscopy group did 

not re-achieve their pre-intubation baseline values, while those in the videolaryngoscope 
group did (Fig. 1). This could potentially affect the results of the group having undergone 
direct laryngoscopy first (n = 42). This group may have been limited as to the maximal 
RPP obtainable if they started the second period at a higher HR/SBP than those who 
underwent videolaryngoscopy first (n = 38) ;

4) the protocol (e.g. drugs and doses) applied, is our own protocol in cardiac anaesthesia, 
which may be different in other institutions ;

5) this study restricts itself by using only one type videolaryngoscope, and therefore 
cannot give any conclusion about the results in other VLS. More studies with other 
videolaryngoscopes are needed to confirm whether a Macintosh blade shows superiority 
over other blades.

Evidence suggests that the Macintosh VLS has several advantages above direct classic 
laryngoscopy [3, 11, 12]. Additionally, this study clearly demonstrates less cardiovascular 
responses to endotracheal intubation when using Macintosh videolaryngoscopy (even in 
patients on betablockade).

Although it has been shown recently that cardiovascular responses to laryngoscopy 
and tracheal intubation - in patients with and without beta blockade - were not associated 
with cardiac ischaemia (as assessed by ST-segment monitoring) [16], specific conditions 
(e.g. intracranial hypertension, cerebral aneurysms, large aortic aneurysms, cardiac ischemia 
or recent myocardial infarction) benefit from anaesthetic management diminishing the 
cardiovascular responses to laryngoscopy and intubation [17]. Macintosh videolaryngoscopy 
seems to be contributory to achieve this.

Conclusion

Our study provides evidence of less hemodynamic responses during endotracheal 
intubation using indirect videolaryngoscopy incorporating a Macintosh blade compared to 
classic direct laryngoscopy.

Even if the patient is on beta-blocker therapy, diminished cardiovascular responses at 
intubation are recorded after indirect laryngoscopy compared to direct laryngoscopy.
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Abstract

Study Objective. The impact of extralaryngeal manoeuvers, on the effective glottic area for 
passage of the endotracheal tube is unknown. The objective of this study was to measure the 
change in mean anterior-posterior rima glottidis (APRIMA) distance and mean area between 
the vocal cords after backward upward rightward pressure (BURP) and cricoid pressure (CP).
Design. Prospective Study
Setting. Operatingroom
Patients. 200 adult patients (ASA PS I-III) scheduled for elective surgery requiring 
endotracheal intubation, were included in this study.
Measurements. The measurements assessed during BURP and CP, using a specially created 
module in the program DeVIDE, were expressed relative to the measurements when no 
external pressure was applied.
Main Results. The APRIMA distance decreased significantly (P < 0.01) from 100% (no 
external pressure) to 51.9 ± 27.2 % (BURP) and 81.1 ± 36 % (CP). The mean glottic area 
(surface between the vocal cords), also decreased substantially (P < 0.01) from 100% (no 
external pressure) to 29.7 ± 22.6 % (BURP) and 53.2 ± 38.3 % (CP).
Conclusion. This study shows a significant distortion of the upper airway anatomy after both 
BURP and CP manoeuvers. Further study regarding these manoeuvers in patients with a 
difficult airway is warranted.

Keywords: cricoid pressure, backward upward rightward pressure, airway dimensions

Introduction

Cricoid pressure described by Sellick in 1961 [1], and the backward-upward-
rightward pressure (BURP) manoeuver described by Knill in 1993 [2], are extralaryngeal 
manoeuvers which are widely applied during endotracheal intubation, respectively offering 
potential protection against passive gastric regurgitation and improved laryngeal view in 
emergency airway management. Their validity in achieving an improvement of the laryngeal 
view has been questioned [3-5]. The impact of these manoeuvers on the effective glottic area 
for passage of the endotracheal tube is unknown, yet clinically relevant as effective airway 
management involves both achieving optimal laryngeal exposure and successfully securing 
the airway.

We hypothesized that both CP and the BURP manoeuvers both result in a decrease 
in the anterior-posterior rima glottidis (APRIMA) distance and the area under the vocal cords, 
resulting in a reduced effective area for passage of the endotracheal tube. The objective of this 
study was to measure the change in visible mean APRIMA distances and mean areas between 
the vocal cords following the application of BURP and CP, respectively.
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Materials and Methods

Study design

A prospective study to assess the influence of extralaryngeal manoeuvers (BURP 
manoeuver and cricoid pressure) on the effective area for passage of the endotracheal tube 
(ETT).
To quantify this effective space for the ETT, we measured anterior-posterior rima glottidis 
(APRIMA) distances and areas between the vocal cords (Fig. 1). The measurements assessed 
during BURP manoeuver and CP were expressed relative to the measurements without 
external pressure.

Selection criteria

After obtaining approval from the hospital medical ethics committee (Catharina hospital 
Eindhoven, the Netherlands) and obtaining written informed consent, 200 consecutive adult 
patients (ASA physical status I-III) scheduled for elective surgery requiring endotracheal 
intubation, were included in this study. The study was registered at ClinicalTrials.gov 
(registration nr: NCT01679626). The preanesthetic visit (performed by an anesthesiologist 
not involved in thisstudy) ascertained a history of difficult intubation, measurements of 
common predictive indices for difficult intubation (BMI, thyromental distance, Mallampati 
grade, interincisor or intergingival distances), and evaluation of dentition status. Patients who 
were obese (BMI > 35 kg.m-2); who had a history of chronic obstructive pulmonary disease or 
difficult intubation; a mouth opening < 3 cm, inadequate neck mobility or any oropharyngeal 
pathology, were excluded.

On arrival at the operating room, patients were connected to standard monitoring 
devices and administered oxygen for at least 3 min. A standardized sniffing position was 
applied to all patients. Anesthesia induction consisted of propofol 2.5 mg.kg-1 and fentanyl 
2.0 μg.kg-1 based on estimated lean body weight. Manual mask ventilation and inflation of 
the lungs were attempted via a face mask using sevoflurane in oxygen. Rocuronium 0.6 
mg.kg-1 was administered once the ability to mask ventilate the patient was verified. Three 
minutes following the administration of rocuronium, adequate neuromuscular relaxation was 
tested using train of four (TOF)-monitoring. When adequate relaxation was not achieved, 
an additional dose of rocuronium was administered. Videolaryngoscopy was performed 
using the C-MAC® videolaryngoscope, with recording options for still images (Karl Storz, 
Tuttlingen, Germany). The Cormack Lehane grade was determined and recorded during 
direct laryngoscopy.



78 R. Maassen et al.: Airway manoeuvers - implications for airway management?

Figure 1. Photographs taken during laryngoscopy: I) before applying any external pressure on the trachea; 

II) during BURP manoeuver; III) during cricoid pressure; and IV) provide a screenshot of measurement in 

DeVIDE.
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An optimal view of the glottis was obtained on the monitor of the videolaryngoscope 
(VLS) by manipulating the VLS and three images were taken: 1) without any external pressure 
on the trachea, 2) during BURP maneuver, and 3) while applying CP (Fig. 1). The view of 
the glottis was blinded to the individual who performed any of these external manoeuvers. 
The operator paid attention not to alter the position of the videolaryngoscope while taking 
the pictures. Once the three images were obtained, direct laryngoscopy was performed with a 
Macintosh size 3 blade, Cormack and Lehane grading was assigned, the ETT was placed and 
normal anesthesia care was provided.
All images were stored on a laptop computer for analysis by an independent engineer not 
involved in the clinical part of the study, once the data of all patients was collected. The 
visible APRIMA distances and glottic areas were measured (Fig. 1-IV) by the engineer on 
the photographs using a specially created module (larynx measurement) in the program 
DeVIDE* (SimVis®, Magdeburg, Germany). Each patient served as his or her own control. In 
this study, when no pressure was applied, the APRIMA distance was considered to be 100%.
The extra-laryngeal pressures were always applied by the same anesthesiologist and the 
measurements were all performed by the same engineer. The measurements assessed during 
the BURP manoeuver and CP were expressed relative to the measurements when no external 
pressure was applied.

Statistical Analysis

Statistical analysis was performed using SPSS for Windows version 16.0 (SPSS Inc.®, 
Chicago, USA). Four t-tests were used for comparison of the relative changes in baseline 
mean glottic area and mean APRIMA distance before and after applying BURP and CP, 
respectively. Applying a Bonferroni correction for the 4 hypotheses yields a significant 
difference if P < 0.0125.

 

Results

Two hundred patients were recruited and included in this study. Patient characteristics and 
pre-procedural intubation conditions are listed in Table 1. The pre- and intra-operative airway 
evaluation was normal in all patients: Mallampati grades1 and 2 in 95% of patients, mean 
thyromental distance (78 ± 12mm), a normal distribution of the Cormack and Lehane grades 
(grade I 54.5%; grade II 40.5%; grade III 5%; and grade IV 0%). Peripheral oxygen saturation 
was maintained above 95% in all patients throughout videolaryngoscopy and extralaryngeal
manoeuvers. Endotracheal intubation and surgical procedures proceeded uneventfully.

* Botha CP, Post FH (2008) Hybrid scheduling in the DeVIDE dataflow visualisation environment.  

Presented at simulation and visualization 2008 (SimVis 2008), Magdeburg, Germany).
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Table 1. Patient characteristics and pre- and intra-procedural intubation conditions.

Incidence n = 200

Male: female, n (%) 82:118 (41/ 59)

Age, yrs 53.9 ± 18

Weight, kg 79.9 ± 21

Height, cm 170 ± 8

ASA physical status; I:II:III:IV, n (%) 57:135:8:0 (28.5:67.5:4:0)

Body mass index, kg.m-2 27.6 ± 7.7

Thyromental distance, mm 78 ± 12

Mallampati grade; I:II:III:IV, n (%) 109:81:10:0 (54.5:40.5:5:0)

Cormack and Lehane; grade I:II:III:IV, n (%) 111:58:31:0 (55.5:29:15.5:0)

Dentition; full dentures:single:none, n (%) 115:30:55 (57.5:15:27.5)

Data are reported as n (%), or mean ± SD 

This study demonstrated a significant decrease in both the mean APRIMA distance 
and mean glottic area. The mean APRIMA distance decreased significantly (P < 0.01) from 
100% (no external pressure) to 51.9 ± 27.2 % during the BURP manoeuver and 81.1 ± 36 % 
during cricoid pressure (Fig. 2). The mean glottic area (surface between the vocal cords), also 
decreased substantially (P < 0.01) from 100% (no external pressure) to 29.7 ± 22.6 % during 
the BURP manoeuver and 53.2 ± 38.3 % during CP (Fig. 3).

Discussion

This study provides further evidence to the possible detrimental effects of extralaryngeal 
pressure (i.e. BURP and CP) during endotracheal intubation, as both manoeuvers may 
result in a significant decrease in glottic dimensions. The BURP manoeuver and CP in this 
study resulted in significant reductions of the APRIMA (48% and 19%, respectively) and 
the area between the vocal cords (70% and 47%, respectively). Keeping in mind that these 
manoeuvers have two different purposes (CP to protect the lungs from aspiration, BURP to 
improve visualization), this study was intended to determine the effect of each on airway 
dimensions regarding overall effectiveness at securing the airway.

 To secure an airway requires both optimal visualization, as well as ability to place 
the ETT; however, these manoeuvers may seriously reduce the effective area for passage 
of the ETT and possibly traumatize the vocal cords in an already challenging airway, as 
the diameter of the ETT may be larger than the available glottic area. Although the latter 
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Figure 2. Box and whisker plots (median, upper and lower quartiles, range and outliers indicated) of the mean 

APRIMA distance for BURP and cricoid pressure. Both manoeuvers result in decreased APRIMA distances 

(P < 0.01).

Figure 3. Box and whisker plots (median, upper and lower quartiles, range and outliers indicated) of the 

mean glottic area for BURP and cricoid pressure. Both manoeuvers result in smaller glottic areas (P < 0.01).
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was not specifically tested, this study measured the relative changes in APRIMA distance and 
mean glottic areas without measuring absolute distances and areas. Based on the significant 
reductions in mean APRIMA distance and mean area between the vocal cords even in normal 
airways, it is likely that these airway manoeuvres could seriously interfere with optimal 
airway management in a difficult airway. However, if a small tube is used, a greater decrease 
in the measured values might be without any untoward effect on the ease of intubation.

Disadvantages of cricoid pressure have been extensively described in the literature, 
such as: partial or complete airway obstruction, difficult ventilation, deterioration of laryngeal 
view during direct laryngoscopy, difficult endotracheal intubation, decreased tidal volumes 
and increased inspiratory pressures [6-11].

The effect of CP on laryngeal view during direct laryngoscopy has recently been 
demonstrated in a prehospital setting by Harris and colleagues. They found that CP often 
causes blurring of the laryngeal view and makes the removal of CP necessary, thereby 
improving the laryngeal view in 50% of cases, confirming the results obtained in this study. 
Even authors who have reported CP to have beneficial or neutral effects on laryngoscopy have 
emphasized that it has the potential to hinder laryngoscopy when performed with excessive 
force [5].

Although the BURP manoeuver may be helpful in cases of difficult direct laryngoscopy 
in order to visualize at least some parts of the vocal cords or arytenoids 12, a straightforward 
endotracheal intubation is not guaranteed. Snider and colleagues demonstrated that when 
the modified BURP manoeuver (a combination of BURP and CP) was applied to the cricoid 
cartilage, an additional worsening of the laryngoscopic view was observed in 30% of cases 
[13]. In our study, we determined that the BURP manoeuver compromises the effective area 
for passage of the ETT, more so than CP.

This study has several limitations: 1) the pressure applied to the larynx was not 
standardized using force measurement, however the force used was always applied by the 
same anaesthesiologist each time. Furthermore, extralaryngeal manoeuvers without a force 
measurement, resemble normal clinical practice; 2) Although the operator paid attention not 
to alter the position of the videolaryngoscope while taking pictures, small movements of 
the position of the videolaryngoscope could have occurred resulting in small errors on the 
pictures. Since this is an ad random deviation, positive and negative errors should cancel each 
other out and affect the results only marginally; 3) We did not test effective airway times (i.e. 
total time spent in the airway) while applying extralaryngeal pressure versus effective airway 
times without applying pressure; 4) This study was limited to patients whose preoperative 
examination suggested a normal airway anatomy with favorable intubation conditions. In 
other patients, the impediments of BURP and CP may be easily outweighed by their role in 
improving the glottic view during direct laryngoscopy.
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Conclusion

This study demonstrates a significant distortion of the upper airway anatomy following 
application of the BURP manoeuver and CP in patients with perimetrics of a normal airway. 
Further study regarding these manoeuvers in patients with a difficult airway is warranted.
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Introduction 

The difficult airway (DA) refers to different aspects, such as: difficult mask ventilation, 
difficult direct laryngoscopy (DL), difficult flexible bronchoscopic visualisation and difficult 
endotracheal intubation. Poor glottic visualisation is more likely to require prolonged or 
multiple laryngoscopies and intubation attempts and may subsequently be associated with 
complications, such as oxygen desaturation or airway and dental injuries. To minimize the 
risk due to difficult laryngoscopies and intubations, most of the national anaesthesia societies 
have developed guidelines for the management of the (un)expected difficult airway.

In the majority of patients, indirect videolaryngoscopy solves the problem of difficult 
or failed direct laryngoscopy and may play an important role in the unanticipated difficult 
airway and failed direct laryngoscopy.

This thesis focuses on the merits of videolaryngoscopy during glottic visualisation for 
endotracheal intubation and provides evidence that videolaryngoscopy is less traumatic than 
DL (i.e. less pressure on the upper incisors and less cardiovascular responses). Furthermore, 
we carried out performance studies using various videolaryngoscopes (VLSs) in normal and 
difficult airways.

Finally, we describe the effects of extralaryngeal manoeuvres on the glottic entrance, 
using the VLS as a research tool.

In this chapter, the outcome of our work on the merits of videolaryngoscopy is 
guardedly reviewed in order to assess the present position of videolaryngoscopy in airway 
management. The reassessment is performed by means of a SWOT analysis. The SWOT 
analysis is an excellent tool for understanding and decision-making for all sorts of situations 
in new technologies, business and health care organizations. SWOT analysis is an effective 
way to determine the Strengths, Weaknesses, Opportunities and Threats of our results as 
described in this thesis and might contribute to the final destination of videolaryngoscopy in 
airway management.
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Strengths 

Indirect Videolaryngoscopy versus Direct classic Laryngoscopy and Practical I mplications 

Technical aspects of (video)laryngoscopy - Improved glottic visualisation

During direct laryngoscopy, the larynx is viewed from outside the oral cavity. The 
distance between the vocal cords and the laryngoscopist’s eye is substantial (30-40cm), 
which reduces the anterior angle of view to 15º with a classic laryngoscope. Indirect 
videolaryngoscopy solves the problem of difficult or failed direct laryngoscopy by obtaining 
a much wider angle of view as captured on the camera monitor. The total (anterior and 
posterior) angle of view is in theory 80º. This is provided by a digital camera and light source 
which are mounted very close (2-3cm) to the tip of the videolaryngoscope and substantially 
closer to the vocal cords. However, the 80º view angle provided by the lens is not visible 
in total because the anterior view is restricted by the tip of the blade itself, resulting in a 
visual angle of view of 60º. The alignment of the visual axis (necessary for adequate direct 
laryngoscopy), is not necessary during videolaryngoscopy and the need for optimizing 
manoeuvres is less during videolaryngoscopy [1].

VLS & Clinical performance - A less traumatic way of securing the airway

The benefits of videolaryngoscopy are undoubtedly more distinct in difficult 
airways (C&L grades III or IV) compared to the more easy ones (C&L grades I and II), as 
videolaryngoscopy converts “blind” intubations into endotracheal intubations under visual 
control. In easy airways the intubation time was prolonged in videolaryngoscopy or was not 
significantly different compared to direct laryngoscopy [1-5].

In difficult airways, videolaryngoscopy offers not only upgrading of the C&L grades 
but also results in higher intubation success rates, faster intubations and less need for 
optimizing manoeuvres.1 The Macintosh blade mounted on a VLS seems to reduce, but not 
replace stylet use in easy and difficult to intubate patients [6, 7]. As no stylet and pre-shaping 
of the ETT is required in most of the cases, the endotracheal intubation is usually performed 
much faster when a Macintosh blade is used for videolaryngoscopy, preventing potential 
complications from the stylet use.

When three VLSs were tested in morbidly obese patients, the Storz V-Mac had a better 
overall satisfaction score, faster intubation, less intubation attempts and less necessity for 
extra adjuncts compared with the GlideScope and the McGrath 5- series VLSs. The McGrath 
5-series showed the worst performance among the three [7].
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In addition, VLS seems to be less traumatic compared to direct classic laryngoscopy. 
Extreme forces on the upper incisors have been described during classic direct laryngoscopy 
in a difficult airway [8]. It seems needless to say that less oropharyngeal injuries and possible 
less dental injuries are caused if less force is applied to the soft tissues and upper incisors. 
Recent studies show that the force produced during videolaryngoscopy on the upper incisors 
is less if a Macintosh blade is used for videolaryngoscopy [9]. Furthermore, Macintosh-form 
blades create the widest palatopharyngeal arch, reducing the risk of palatopharyngeal injury 
during endotracheal intubation [10]. Cardiovascular responses during endotracheal intubation 
are less when VLS is used compared to DL, even when the patient is on beta blockade [11].

With adequate training and a short learning curve in the use of VLS, it has proven to 
be a fast, atraumatic technique. It is generally accepted that multiple attempts at classic direct 
laryngoscopy can convert a “cannot intubate but able to ventilate” situation to an “unable 
to intubate and ventilate” situation due to airway trauma and subsequent airway swelling 
[12-15]. Multiple attempts can cause airway bleeding which may make even VLS-guided 
endotracheal intubation difficult to perform. In February 2013 the VLS was finally adopted 
in the updated ASA “Difficult Airway Algorithm” [16]. A new step forward in patient safety.

Weaknesses 

The clinical performance studies of various VLSs in normal and morbidly obese 
patients were restricted to the non-channelled type VLSs. The channeled VLS types were not 
studied in this thesis.

Our study comparing cardiovascular responses between VLS and classic DL, was 
also restricted to the use of a non-channelled type VLS. As our studies were restricted to 
non-channelled VLSs, we therefore cannot make any conclusion regarding the performance 
of channelled VLSs. Although we focused our attention on the extra space a Macintosh blade 
can achieve, we did not study further improvements in blade design.

It remains to be shown which geometry is optimal for various patient populations, 
and this should be a spin off for future research. Since line-of-sight in videolaryngoscopy 
is not required, the concept of axial alignment is redundant and it is perhaps more relevant 
to consider the curvature of the oral-pharyngeal-tracheal tract in the development of better 
optimized laryngoscopes. Considering the development of a new metric for identification 
of difficult patients for endotracheal intubation, the evidence that geometry plays such an 
important role should mean that patient mouth and throat anatomy is a key factor.
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Opportunities 

A balance between the existence of two skills

In our opinion VLS will become the “golden” standard for all intubations, not only 
those predicted to be “difficult”. However, we share the statement of El-Orbany [17] that 
the retention and development of DL skills are a necessity for all anaesthesiologists. There 
is however an alternative that preserves skill in DL whilst offering the advantages of VLS. 
Videolaryngoscopes with a Macintosh-form blade mounted, have the full functionality of 
either DL or VLS, providing two options for the attending anesthesiologist. It is an ideal 
tool for teaching and learning endotracheal intubation. VLS is far superior to the exclusive 
‘look over my shoulder’ training available with DL alone. Additionally, VLS can be used as 
a research tool in airwaymanagement.

We published a performance study of different VLS in obese patients comparing the 
use of adjuncts with a variety of VLSs and DL in a population of morbidly obese patients [7]. 
The results of this study are quite consistent with the results of Andersen et al. [18] where the 
laryngeal view was superior with a videolaryngoscope (VLS) [GlideScope® (GS), Verathon 
Inc., Bothell, WA, USA], as was ease of intubation scored by the Intubation Difficulty Scale 
(IDS) as developed by Adnet et al. [19]. Although the latter demonstrated that the difference 
in intubation time between the GS and DL is not of clinical consequence, he showed that the 
intubation ease as assessed by the IDS was superior with the GS. If the ease of the intubation 
is greater, then there is a likely improvement of patient safety, not only to be measured in 
intubation time [20].

A failed laryngoscopy (i.e. Cormack and Lehane grades III and IV) seems to belong 
to the past in the overall majority of the patients undergoing endotracheal intubation using 
videolaryngoscopy. Even in rare cases when a C&L grade III or IV is encountered with 
videolaryngoscopy, the VLS can prove helpful to achieve the best possible view and space of 
the laryngeal inlet for the insertion and navigating of another adjunct (e.g. the Bonfils® (Karl 
Storz, Tuttlingen, Germany) to secure the airway [21].

In our opinion the preferential use of a DL with (obese) patients, is to be considered 
as a potential disservice to the patient when a VLS is readily available. The ongoing 
improvement of VLS-blade design with superior light sources for the more distal airway 
should be encouraged to optimize glottic visualisation, enhance safety and further reduce the 
risk for trauma to the patients airway.
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Threats 

Be aware of the “blind spot”

Airway trauma is described for both the “non-channelled” and the “channelled” VLS. 
Recently, it has been shown, in manikins (Airway Trainer®, Laerdal Medical AS, Stavanger, 
Norway), that the space between the right side of the flange of the laryngoscope blade and 
the palatopharyngeal arch differs substantially across the VLS brands, with the widest space 
becoming available when a Macintosh-form blade (15 mm) is used. With the GlideScope® 
(Verathon Medical, Bothell, WA, USA) and McGrath® (Aircraft Medical Ltd, Edinburgh, 
UK) videolaryngoscopes, the room available for insertion of the ETT is reduced substantially 
(7 and 8 mm, respectively). Sometimes, this space is even less than the diameter of the ETT, 
making the insertion of the ETT even more prone to traumatize the soft palate [10].

However, no reports of traumata can be found when (video)laryngoscopy is performed 
using a Macintosh-form blade. Furthermore, our clinical performance studies showed that 
the need for stylet use in different “non-channelled” VLS types is substantially less when a 
Macintosh-form blade is used [6,7]. In the minority of patients, a stylet may be needed as 
the less curved Macintosh blade laryngoscopes allows better illumination of the oral cavity, 
preventing possible airway trauma during insertion of the ETT.

Manufacturers of VLSs should focus on both blade design (leaving enough space for 
ETT insertion and other adjunctive equipment) and illumination of the oral cavity. Be aware 
of the “blind spot” of the current available “channelled “ and “non- channelled” VLSs.

Loss of proper DL skills

The chance of losing proper DL skills is true for all VLS types, not having a Macintosh-
form blade mounted [22]. Earlier In this SWOT-analysis we emphasized the need for retention 
and development of DL skills and focused on the balance between DL and VLS skills.

There is a general concern that new technologies might affect an already familiar skill. 
However, by means of multi-disciplinary awareness, investigations and understanding of the 
superiority of VLS, patient outcome and quality of airway management have been shown to 
increase and further enhance safety.
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Medical companies and new technologies

In an over enthusiastic interest in bringing new VLS-types on the market, the possibility 
arises that the creation of new VLS-types might become a company driven activity, instead of 
a well-studied medical adjunct to airway management.

However, putting some newly introduced VLS-types on the market into perspective it 
is reassuring that manufacturers are convinced of the superiority of a Macintosh-form blade 
mounted on a VLS.

We have to ensure that the implementation of new VLS-types will be based on proper 
validation, using manikin and clinical performance studies.

Summarized SWOT analysis results regarding videolaryngoscopy 

Strengths 

-  Less need for styletted ETT when a Macintosh-form blade is mounted
-  Less force applied to soft tissue and upper teeth
-  Less cardiovascular responses
-  Palatopharyngeal arch becomes widest when a Macintosh-form blade is used, reducing 

the risk of palatopharyngeal injury during endotracheal intubation

Weaknesses 

- Note: patient safety in airway management should not only be measured in intubation 
time
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Opportunities 

for all endotracheal intubations, not only for anticipated but also in the non- anticipated 
difficult airways.

the risk for trauma to the patients airway

and as a diagnostic tool

Threats 

from mouth to larynx)

clinical performance studies
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This thesis deals with technological advancement around airway management, laryngoscopy, 
laryngoscope design and especially the merits of videolaryngoscopy during glottic 
visualisation for endotracheal intubation. Endotracheal intubation is a common technique 
applied with general anesthesia whereby a tube is inserted into the mouth and through the 
trachea of the patient for the purposes of respiration.

To perform a safe endotracheal intubation, atraumatic glottic visualisation is essential. 
Classically endotracheal intubation is performed using direct laryngoscopy. However 
poor glottic visualization (Cormack and Lehane (C&L) grades 3 and 4) with classic direct 
laryngoscopy is encountered between 1% and 9% of attempts,
requiring prolonged or multiple intubation attempts. This phenomenon goes hand-in- hand 
with complications that may have serious consequences. A failed laryngoscopy (i.e. C&L 
grades III and IV) seems to belong to the past in the overall majority of the patients undergoing 
endotracheal intubation using videolaryngoscopy.

Previous studies from our research group on videolaryngoscopy gave the spin off for this 
thesis and an extra ordinary study case (Chapter 2) describes the anaesthetic management of 
an obese patient with a difficult airway and the merits of videolaryngoscopy, specifically in 
terms of the reduced risk of dental damage during intubation.

In Chapter 3, several advantages of videolaryngoscopy over direct classic laryngoscopy 
are suggested. Despite the clear advantages of videolaryngoscopy over classic direct 
laryngoscopy, there are differences in patient outcome between the commercially available 
VLSs. In this chapter the need for clinical performance studies is stressed by the authors. 
Furthermore, we pointed out that videolaryngoscopy is a promising improvement in airway 
management and we believe that videolaryngoscopy will become the “golden” standard for 
all intubations, not only those predicted to be “difficult”. In 2008, we already suggested the 
need for adjusting the “Difficult Airway Algorithm” with the introduction of new tools in our 
practice, such as videolaryngoscopy.

To overcome certain deficits several manufacturers of videolaryngoscopes advocate the use 
of a styletted endotracheal tube, which may in itself be traumatic to the patient. Subsequently, 
we performed clinical performance studies with three common (in our hospital) available 
VLSs in normal and difficult airways to study the use of adjuncts (e.g. stylet, gum elastic 
bougie), time and subjective intubation ease when using modern VLSs compared to a classic 
Macintosh blade.
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In chapter 4, we investigated the ease of intubation using three VLSs in an elective surgery 
patient population. We considered the quality and ease of laryngoscopy with both classic 
Macintosh blade and one of the three videolaryngoscopes in a population of 450 elective 
surgery patients. The study illustrated that the use of an adjunct is significantly reduced by 
using a Macintosh blade form. Although all VLSs provided a unanimously excellent view of 
the glottic arch, the insertion of the endotracheal tube was not equally straightforward. This 
led to greater satisfaction in relation to the use of the Macintosh shaped blade.
Essentially the stylet seems to compensate for the geometrical mismatch between some 
laryngoscope blade forms and the patient anatomy. The use of adjuncts is undesirable as it 
requires additional dexterity and is associated with rare but sometimes serious complications.

In chapter 5, the same three VLSs were also examined in a more challenging patient population 
of morbidly obese patients (BMI exceeding 35 kg.m-2). As with the previous study, the 
VLSs provided an unequivocally superior view of the glottic arch compared to the classic 
Macintosh laryngoscope. As with the ‘normal’ patient population, the ease of intubation was 
not equal between the different videolaryngoscopes. The VLS with the Macintosh blade form 
required significantly less attempts to secure the airway and less need for stylet use. High 
quality visualization of the glottic arch is not sufficient to ensure an easy intubation. The 
geometrical form of the laryngoscope blade seems an important parameter in determining the 
ease of endotracheal intubation.

In a Letter-to-the-Editor (Chapter 6) we explained why we disagree with the
statement that evaluation of videolaryngoscopes in the clinical setting receives little if any 
independent evaluation. McElwain et al. performed a manikin study where they compared 
the C-MAC® VLS, with the classic Macintosh laryngoscope, the GlideScope® and the 
Airtraq®. Their findings in this manikin study are congruent to the results we experienced in 
our clinical performance studies (Chapter 4 and 5).

In Chapter 7, we examined the cardiovascular responses during videolaryngoscopy and 
classic direct laryngoscopy. The cardiovascular response curves were both tested for patients 
with and without beta blocker therapy. The cardiovascular responses during endotracheal 
intubation using videolaryngoscopy were less compared to direct classic laryngsocopy for 
all patients.
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In Chapter 8, we used the VLS as a research tool and examined the effect of cricoid pressure 
(CP) and backward upward rightward pressure (BURP) on airway dimensions. This study 
shows a significant distortion of the upper airway anatomy after both CP and BURP 
manoeuvers in patients with perimetrics of a normal airway.

Chapter 9 is entitled: General Discussion and Practical Implications.

In this chapter our work on the merits of videolaryngoscopy is guardedly reviewed in order 
to assess the present position of videolaryngoscopy in airway management, using a SWOT 
analysis.

Chapter 10 includes an English and Dutch summary.

The addenda contain curriculum vitae, acknowledgment and list of publications.
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Dit proefschrift gaat over de technologische ontwikkelingen ten aanzien van luchtweg 
management, laryngoscoop design en met name de verdiensten van videolaryngoscopie 
tijdens visualisatie van de glottis ten behoeve van endotracheale intubatie. De glottis is 
de combinatie van de stembanden en de ruimte daartussen (rima glottidis of stemspleet). 
Endotracheale intubatie is een veel toegepaste techniek tijdens algehele anesthesie, waarbij 
een buisje (tube) wordt ingebracht via de mond. De tube wordt tussen de stembanden door in 
de luchtpijp van de patiënt ingebracht om te kunnen beademen.

Om een veilige endotracheale intubatie te kunnen uitvoeren, is het atraumatisch in beeld 
brengen van de stemspleet van essentieel belang. Klassiek wordt de intubatie uitgevoerd met 
behulp van directe laryngscopie. Echter, een slechte visualisatie van de stemspleet (Cormack 
and Lehane (C&L) graad 3 en 4) tijdens directe laryngoscopie komt voor tussen de 1% en 9% 
van de pogingen tot intubatie. Dit kan zorgen voor een vertraging met multipele pogingen om 
de intubatie tot stand te brengen. Dit fenomeen gaat gepaard met complicaties die serieuze 
gevolgen hebben voor de patiënt. Een mislukte laryngoscopie (C&L graad 3 en 4)
lijkt in de meerderheid van de gevallen tot het verleden te behoren sinds de ontwikkeling van 
videolaryngoscopie.

Eerdere studies met betrekking tot videolaryngoscopie van onze onderzoeksgroep zorgden 
voor de start van dit proefschrift. Een uitzonderlijke studiecasus (Hoofdstuk 2) beschrijft het 
anesthesiologisch beleid van een obese patiënt met een moeilijke luchtweg en de verdiensten 
van videolaryngoscopie met betrekking tot het gereduceerde risico op tandschade tijdens 
intubatie.

In Hoofdstuk 3 worden verschillende voordelen van videolaryngoscopie boven directe 
laryngoscopie beschreven. Ondanks de duidelijke voordelen van videolaryngoscopie boven 
directe laryngoscopie, zijn er verschillen in gebruiksgemak en veiligheid voor de patiënt 
tussen verschillende gangbare videolaryngoscopen. In dit hoofdstuk wordt de noodzaak van 
klinische perfomance studies benadrukt. Wij zijn van mening dat de videolaryngoscoop een 
belangrijke technologische ontwikkeling is in het kader van veiliger luchtweg management. 
Videolaryngoscopie zal uiteindelijk de “gouden standaard” worden voor alle endotracheale 
intubaties. In 2008 suggereerden wij reeds dat technologische ontwikkelingen met een 
bewezen vooruitgang in de klinische praktijk, zoals de videolaryngoscoop, een plaats 
verdienen in het ASA “Difficult Airway Algorithm”.

In Hoofdstuk 4 hebben we het intubatiegemak getest in een electieve chirurgische patiënten 
groep (450 patiënten), waarbij drie videolaryngoscopen met elkaar vergeleken werden. De 
kwaliteit en gemak van de laryngoscopie werden getest. Hierbij werd de directe klassieke 
laryngoscopie met een Macintoshblad vergeleken met een van de drie videolaryngoscopen. 
De studie toonde dat de noodzaak tot het gebruik van een hulpmiddel (bijv. stylet) significant 
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gereduceerd was wanneer de videolaryngoscoop was uitgerust met een Macintosh blad.

Alle drie de videolaryngoscopen zorgden voor een betere weergave van de glottisapertuur in 
vergelijking met klassieke directe laryngoscopie. Echter, de daadwerkelijke endotracheale 
intubatie was niet altijd even gemakkelijk. Er was sprake van een grotere tevredenheid bij 
de videolaryngoscoop die was uitgerust met een Macintosh blad. In essentie lijkt de stylet te 
compenseren voor de geometrische wanverhouding tussen verscheidene laryngoscoopbladen 
en de anatomie van de patiënt. Het gebruik van dit soort hulpmiddelen is niet wenselijk 
aangezien het extra behendigheid vereist en geassocieerd is met zeldzame maar ernstige 
complicaties.

In Hoofdstuk 5 werden dezelfde drie videolaryngoscopen onderzocht in een meer 
uitdagende patiënten groep bestaande uit 150 patiënten met morbide obesitas (BMI > 35 
kg.m2). In deze studie zorgden de videolaryngscopen eveneens voor een betere visualisatie 
van de glottisapertuur in vergelijking met klassieke directe laryngoscopie. Ook in deze 
complexere patiëntenpopulatie was het intubatiegemak niet hetzelfde voor de verschillende 
videolaryngoscopen. De videolaryngoscoop uitgerust met het Macintosh blad vereiste 
minder pogingen om de luchtweg te zekeren. De noodzaak tot het gebruik van een stylet was 
het minst noodzakelijk bij de videolaryngoscoop met een Macintosh blad. De geometrie van 
het laryngoscoop blad lijkt ook in deze populatie de sleutel tot succes.

In een Letter-to-the-Editor (Hoofdstuk 6) leggen we uit waarom we het niet eens zijn met 
de stelling dat de evaluatie van videolaryngoscopen in de klinische setting weinig tot geen 
aandacht krijgt. De onderzoeksgroep van McElwain voerde een mannequin studie uit 
waar zij de C-MAC® videolaryngoscoop vergeleken met de klassieke directe Macintosh 
laryngoscopie, de GlideScope® en de Airtraq®. Hun bevindingen waren vergelijkbaar met de 
resultaten van onze klinische performance studies.

In Hoofdstuk 7 worden de cardiovasculaire responscurves tijdens videolaryngoscopie 
vergeleken met klassieke directe laryngoscopie. Deze responscurves werden zowel getest 
voor patiënten met als zonder bèta blokkade. De hemodynamische responsen tijdens 
endotracheale intubatie waren minder uitgesproken tijdens videolaryngoscopie dan tijdens 
directe klassieke laryngoscopie.

In Hoofdstuk 8 wordt de videolaryngoscoop gebruikt als een onderzoeksinstrument om het 
effect van cricoid druk en “backward upward rightward pressure” (BURP) te meten. De 
reductie van de glottisapertuur tijdens deze manoeuvres wordt in maat en getal uitgedrukt. 
Het blijkt dat deze extralaryngeale manoeuvres een significante verstoring geven van de 
bovenste luchtweg anatomie bij patiënten met een normale luchtweg.
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Hoofstuk 9 is de Discussie waarin dit proefschrift kritisch wordt geanalyseerd door middel 
van een SWOT analyse. Hierbij wordt de plaats van de videolaryngoscoop in de huidige 
anesthesiologische praktijk bepaald.

Hoofdstuk 10 bevat de Engelse en Nederlandse Samenvatting van dit proefschrift.

De addenda bevatten curriculum vitae, dankwoord en lijst van publicaties.
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