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Summary
We hypothesised that in obese patients, tracheal intubation with the GlideScope� would be

advantageous compared with flexible fibreoptic intubation. Seventy-five anaesthetised obese

patients were randomly assigned to oral intubation by either GlideScope or flexible fibreoptic

bronchoscope. We compared the two devices for time to intubate (p = 0.19), difficulty of

intubation (p = 0.58), successful intubation on first attempt (p = 0.29), number of attempts (p -

= 0.24), incidence of hypoxaemia (p = 0.57), amount of post-intubation bleeding (p = 0.79) and

sore throat (p = 0.82). None differed significantly. Median (IQR [range]) time to intubation was

37 (25–48 [19–81]) s and 95% of the first attempts were successful with the GlideScope, vs 43 (35–

58 [26–96]) s and an 86% first-attempt success rate with the flexible fibreoptic bronchoscope. For

experienced users, the time required to intubate the trachea in anaesthetised obese patients is similar

with the GlideScope and a flexible bronchoscope.
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Difficulty with tracheal intubation, particularly in

patients with an unanticipated difficult airway, remains

a much feared cause of anaesthetic morbidity and

mortality. Adherence to a standard airway management

strategy (such as the American Society of Anesthesiol-

ogists’ or Difficult Airway Society’s difficult airway

algorithms) may help reduce respiratory-related mor-

bidity and mortality during airway management [1,2],

but it is likely that instruments that facilitate intubation,

such as various forms of videolaryngoscopes, also help.

The GlideScope� Video Laryngoscope (Verathon

Medical Inc, Bothell, WA, USA) provides better

glottic views [3,4] than the Macintosh laryngoscope

in simulated easy and difficult airways [5] as well as

in clinical experience [6–8]. Nonetheless, clinicians

continue to encounter occasional difficulty in intubat-

ing the trachea with the GlideScope [6,9,10]. One

difficulty arises from the fact that the tip of the tracheal

tube tends to impinge on the anterior tracheal wall.

Consequently, successful oral tracheal tube insertion

with the GlideScope often requires some form of stylet

bent at 90� [11,12].

Fibreoptic intubation with a flexible bronchoscope

is an important airway management skill in which

anaesthesiologists should be proficient. Unfortunately,

clinical experience shows that even with reasonable

experience and practice, fibreoptic intubation can

be challenging [13]. It requires a high degree of

manual dexterity, an ability to manoeuvre quickly

under stressful clinical situations [14], and rigorous
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training and practice to maintain a high level of skill

[15,16].

Thus, whereas fibreoptic intubation can be used

rapidly for intubation [17], videolaryngoscopy may be

an effective alternative, especially in patients with an

anticipated difficult airway. However, it remains

unclear whether video-assisted airway management

using the GlideScope provides significant advantages

over flexible bronchoscopy in patients with potentially

difficult airways [18], such as those who are morbidly

obese [19]. We therefore tested the hypothesis that

intubation using the GlideScope is faster than intuba-

tion with a flexible bronchoscope in obese patients.

Methods

With ethical approval and written informed consent,

we enrolled 75 patients. Patients were included if they

were > 18 years old with a body mass index (BMI)

‡ 30 kg.m)2 and scheduled for elective surgery requir-

ing orotracheal intubation. Patients were not studied if

they had a known difficult airway requiring awake

tracheal intubation, or if they had loose teeth, were

pregnant, required rapid-sequence induction, or if the

attending anaesthesiologist requested a non-standard

tracheal tube (e.g. a laser-resistant tube).

Patients were randomly assigned (by computer-

generated codes maintained in sequentially numbered

opaque envelopes) to oral intubation using the Glide-

Scope or to oral fibreoptic intubation under general

anaesthesia. Tracheas were intubated with Flex-Tip

tracheal tubes (Parker Medical, Highlands Ranch, CO,

USA); size 7.0 for women and size 7.5 for men. The

Parker tube is made of polyvinylchloride and has a soft,

curved centred tip designed to reduce airway trauma.

The tip is flanked by double Murphy eyes, and flexes as

it advances into the airway structures. When the

GlideScope was used the tracheal tube was used with

the Mallinckrodt� Satin-Slip Intubating Stylet. To

minimise the effect of operator inexperience, all

intubations were performed by two experienced

anaesthesiologists (BBA and DJD).

Patients were pre-oxygenated to an end-tidal oxy-

gen concentration ‡ 80% while in the sniffing position

with the head elevated by a ramp positioned under the

shoulders. Induction and maintenance of anaesthesia

were overseen by the attending anaesthesiologist, who

also chose the neuromuscular blocking drug and its

dose. After induction, the patient’s lungs were venti-

lated with 100% oxygen until the operator confirmed

effective neuromuscular blockade by clinical observa-

tion and deemed it appropriate to begin intubation.

Only then was the randomisation envelope opened

(both devices were prepared and on standby for each

case).

Intubating investigators were permitted to use

external laryngeal manipulation or to change the

position of the patient’s head to improve the glottic

view or to facilitate intubation. When necessary,

ventilation by mask was permitted between attempts.

An intubation attempt > 3 min was deemed a failure

and the trachea was intubated with a different device

(e.g. Macintosh laryngoscope).

Our primary outcome was time to intubation,

defined as the time from insertion of either the

GlideScope or in the case of fibreoptic intubation, a

Williams airway (SunMed, Largo, FL, USA) into the

mouth, to the time when end-tidal PCO2 exceeded 2.7

kPa (20 mmHg).

Secondary outcomes included intubation difficulty

as recorded by the operator on a 100-mm visual

analogue scale (100 mm = extremely difficult);

successful intubation on the first attempt; and the

number of intubation attempts. Two minutes after

successful intubation, the operator suctioned the oro-

pharynx three times in a back-and-forth sweeping

motion using a Yankauer suction catheter, and qual-

itatively graded the amount of blood present in the

suction tubing as none, trace, moderate, or copious.

Arterial oxygen saturation was recorded 1 min before

intubation, at intubation, and at 2, 4, 6, 8 and 10 min

thereafter; hypoxaemia was defined by an arterial

oxygen saturation < 90% at any of these measure-

ments. On the first postoperative day, patients were

asked if they had a sore throat and if so, to grade its state

qualitatively as none, mild, moderate, or severe. All

these intubation-related outcomes and the means to

measure them are frequently reported in the clinical

airway literature [20].

Randomised groups were compared for balance on

baseline variables using standard summary statistics.

Any imbalanced variables were adjusted for in our

intention-to-treat analyses, unless otherwise noted.

For our primary aim – assessing the difference in

time to intubation between the GlideScope and the

flexible fibreoptic bronchoscope – we used a Cox

proportional hazards regression. Intubations accom-

plished with another device because of difficulty with

the initially assigned device, and those that took longer

than 180 s, were considered as failed intubations in the

analysis, with time censored at 1 s beyond the longest

successful intubation time for any patient using the
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assigned method. Kaplan–Meier estimates for the

GlideScope and the flexible fibreoptic groups with

equal precision 95% confidence bands were calculated

and plotted.

Secondary endpoints (mean intubation difficulty

score, number of intubation attempts, and sore throat

grade on the first postoperative day) were compared

between the two groups by analysis of covariance (after

logarithmic transformation), the Wilcoxon rank-sum

test, and a proportional odds logistic regression model,

respectively. Other binary outcomes were compared

with the Cochran–Mantel–Haenszel test.

We planned a maximum of 78 patients in order to

reach 90% power at the 0.05 significance level to detect

a difference of 45 s or greater, assuming a standard

deviation of 60 s and allowing for an interim analysis.

The final analysis was conducted with 75 patients; the

group sequential p value boundaries for efficacy and

futility were p £ 0.038 and p > 0.06, respectively.

SAS version 9.2 (SAS Institute, Cary, NC, USA),

R version 2.8.1 (The R Foundation for Statistical

Computing, Vienna, Austria), and EAST 5 software

(Cytel Inc., Cambridge, MA, USA) were used for all

statistical analyses and graphics.

Results

At the interim analysis, the study could be stopped for

futility on statistical grounds. However, the Executive

Committee (composed of three senior investigators,

two physicians and a biostatistician) decided to enroll

an additional 25 patients to obtain a more precise

estimate of the treatment effect. In the final analysis

(n = 75) most factors were visually balanced between

the randomised groups (Table 1), except that patients

having flexible fibreoptic intubation appeared more

likely to be men (51% vs 32%). Thus, sex was adjusted

for in all analyses.

Median (IQR [range]) time to intubation was 37

(25–48 [19–81]) s with the GlideScope and 43 (35–58

[26–96]) s with the flexible fibreoptic bronchoscope

(Fig. 1). Under general anaesthesia, tracheal intubation

with the GlideScope was not significantly faster than

with a flexible fibreoptic bronchoscope (p = 0.19).

Furthermore, the between-group difference in time

to intubation did not depend on BMI (time to

intubation-by-BMI interaction p = 0.82). Within the

Table 1 Baseline characteristics of
patients undergoing intubation with
the GlideScope or fibreoptic scope.
Values are number (proportion),
median (IQR [range]) or mean (SD).

Variables
GlideScope
(n = 38)

Fibreoptic
(n = 37)

Male 12 (32%) 19 (51%)
Weight; kg 104 (93–117 [79–159]) 117 (95–141 [81–178])
Height; cm 167 (10) 171 (12)
Body mass index; kg.m)2 36 (34–44 [30–56]) 37 (33–49 [31–64])
Caucasian 33 (87%) 36 (97%)
Age; years 52 (16) 54 (11)
ASA physical status

1 3 (8%) 1 (3%)
2 18 (47%) 21 (57%)
3 17 (45%) 15 (41%)

Modified Mallampati
classification
1 8 (22%) 7 (19%)
2 19 (51%) 19 (51%)
3 8 (22%) 10 (27%)
4 2 (5%) 1 (3%)

Figure 1 Kaplan–Meier density function estimates and equal
precision 95% confidence intervals for intubation with the
Glidescope (n = 38; grey region with solid line) and fibre-
optic intubation (n = 37; hashed region with dashed line).
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severely and morbidly obese patients (BMI > 35, 63%

and 62% of patients in the GlideScope and fibreoptic

groups, respectively), no difference in the time to

intubation was found (p = 0.11).

Results of secondary analyses are summarised in

Table 2. Successful intubation on the first attempt was

achieved for 95% of the GlideScope patients and 86%

of the flexible fibreoptic bronchoscope patients; these

successful intubation rates were not statistically differ-

ent. Moreover, no significant difference in the number

of attempts was found. In each group, there was one

patient in whom a fourth attempt and a crossover to

the other technique was necessary to secure the airway.

No group difference was found in the intubation

difficulty score, the occurrence of hypoxaemia, the

amount of post-intubation bleeding, or the sore throat

grade on the first postoperative day.

Discussion

Our main finding is that in obese patients, securing

tracheal intubation under general anaesthesia using the

GlideScope was not faster than with the flexible

fibreoptic bronchoscope.

Intubations required < 1 min using either technique

– a result that does not support the claim that fibreoptic

intubation is a time-consuming technique [14]. How-

ever, the time required surely depends upon operator

experience [21]. In fact, Xue et al. reported similar

results in time-to-intubate in their study of 56 patients,

although the patients were healthy and not obese [22].

Also comparable are the results of Pandit et al. [17] in

their study of time to orotracheal intubation using the

flexible fibreoptic scope in a simulated rapid sequence

scenario in non-obese patients.

Brull et al. reported that it can be difficult to advance

conventional polyvinylchloride tubes over the fibre-

optic scope in up to 35% of patients undergoing

fibreoptic intubation [23], and others have reported

even higher difficulty rates – up to 53% [24]. It is likely

that an ordinary tube increases impingement on the

laryngeal structures secondary to the gap between

the external surface of the fibreoptic scope and inner

surface of the tracheal tube [21, 23]. Reducing the gap

between the fibreoptic scope and the tracheal tube wall

may reduce the difficulty in railroading the tube over

the fibreoptic scope and into the trachea [25]. Rai et al.

utilised an elegant two-scope technique to examine

Table 2 Secondary outcomes in patients undergoing intubation with the GlideScope or fibreoptic scope. Values are median
(IQR [range]) or number (proportion).

GlideScope
(n = 38)

Fibreoptic
(n = 37)

Estimated intervention
effect (GlideScope vs
fibreoptic) p value

Ratio of medians

Intubation difficulty score;
Median (IQR [range])

15 (10–21 [3–92]) 20 (11–40 [2–80]) 0.89 (95% CI 0.58–1.35) 0.58

Relative risk

Successful intubation on
1st attempt 36 (95%) 32 (86%)

1.08 (95% CI 0.93–1.26) 0.29

Occurrence of hypoxaemia* 4 (11%) 2 (5%) 1.67 (95% CI 0.28–10.2) 0.57
Trace bleeding† (vs none) 1 (3%) 1 (3%) 0.69 (95% CI 0.05–10.4) 0.79

Sore throat grade Odds ratio

None 21 (57%) 19 (53%) 1.11 (95% CI 0.45–2.76) 0.82
Mild 11 (30%) 14 (39%)
Moderate 3 (8%) 2 (6%)
Severe 2 (5%) 1 (3%)

Number of attempts – 0.24
1 36 (95%) 32 (86%)
2 1 (3%) 3 (8%)
3 0 (0%) 1 (3%)
4‡ 1 (3%) 1 (3%)

*Occurrence of arterial oxygen saturation < 90% at any time from 1 min before intubation to 10 min after.
†Amount of post-intubation bleeding present in the suction tube.
‡For one patient in each group a crossover to the other technique was necessary to secure the airway after four attempts.
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the difference between the intubating laryngeal mask

airway (ILMA) tube and flexometallic tubes in the rate

of laryngeal impingement and its mechanism in nasal

fibreoptic intubation. They reported that although both

tubes had a high rate of first-pass intubation success, the

ILMA tube fared much better, probably as a result of its

design. They noted that the ILMA tube has a silicone

rubber bevel that is soft and hemispherical, with the

leading edge in the middle. Finally, they identified

the most common site for a tube’s holdup as the

posterior part of the right arytenoid cartilage [26].

The use of the Parker Flex-Tip tube, in contrast to a

standard tube, has also reduced from 89% to 29%

(p < 0.0001) the number of occurrences in which it

was necessary to reposition the tube during insertion

into the trachea [27]. It thus seems likely that our

choice of a Parker tube contributed to rapid and

successful intubations.

Minor and severe laryngeal trauma has been

previously reported with both fibreoptic intubation

[24, 28] and the GlideScope [29–31]. The low rates

of complications (for example 3% trace bleeding and

�10% incidence of even moderate sore throat in our

cohort) suggest that neither device is indisputably

associated with these intubation-related complications.

It is possible, though unlikely, that differences in

mucosal characteristics (such as vocal cord erythema)

might have been observed on direct follow-up

laryngoscopy.

Neither technique was superior to the other with

respect to successful intubation on the first attempt, the

number of attempts, or the incidence of hypoxaemia.

However, intubation was occasionally unsuccessful

with each device and there was one patient in each

group for whom it was necessary to switch to the

alternative method. This observation suggests that

anaesthesiologists should become proficient in more

than one intubation technique so that an alternative

can be skilfully applied if the initial approach fails [18].

In summary, the time required for experienced users

to intubate the trachea in anaesthetised obese patients is

similar with the GlideScope and a flexible fibreoptic

bronchoscope. The incidence of minor complications

such as bleeding and sore throat was also similar with

each approach. Accordingly, either technique can be

used, according to a clinician’s preference.
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