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Background: To evaluate the usefulness of Bonfils intubation fiberscope assisted by direct laryngoscopy (BIF-

DL) and flexible fiberoptic bronchoscope assisted by direct laryngoscopy (FOB-DL) using video recording in cases 

of unanticipated difficult intubation with respect to the time required to visualize the vocal cords and place the 

endotracheal tube.  We compared two fiberscopes in patients with authentic difficult airways.

Methods: In this randomized, controlled clinical trial, 40 patients (grade 3 according to grades of difficulty in 

laryngoscopy), scheduled for surgery under general anesthesia were randomly allocated to BIF-DL group or FOB-DL 

group.  Number of attempts, time required for visualization of the vocal cord (T1) and placement of the endotracheal 

tube (T2) from insertion of instrument during the last successful attempt, and duration of scope manipulation during 

all attempts (Ttotal) were recorded.  If intubation failed with one method, the other method was tried; these cases were 

then excluded. The incidence of sore throat and hoarseness was assessed.

Results: T1, T2, and Ttotal were significantly shorter in BIF-DL group (T1: 21.9 ± 8.2 sec vs. 80.4 ± 29.9 sec, P < 0.001, 

Ttotal: 77.9 ± 41.2 sec vs. 145.5 ± 83.9 sec, P = 0.003).  In two cases, it was impossible to intubate with BIF-DL, but the 

procedure was subsequently successful using fibreoptic bronchoscope.

Conclusions: Intubation of difficult airways can be performed more rapidly with BIF-DL, but sometimes it may not 

be possible to intubate with the scope.  (Korean J Anesthesiol 2010; 58: 249-255)
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Introduction

    Failed or difficult endotracheal intubation is an important 

cause of morbidity and mortality during anesthesia [1]. Several 

methods have been introduced to identify patients who are in 

danger of difficult intubation before the initiation of anesthesia 

[2,3]. Not all cases can be identified before anesthesia, however, 

and many cases of difficult intubation arise after trying to find 

the vocal cords by direct laryngoscopy once unconsciousness 

has been induced and the skeletal muscles relaxed. The actual 

difficulties surrounding intubation can only be determined by 

grading the exposure of the vocal cords by conventional direct 

laryngoscopy [4]. A number of devices are available to manage 

the difficult airway including flexible fiberoptic bronchoscopes, 

the rigid optical stylet, light wands, rigid fiberscopes, the Bullard 

laryngoscope, the Augustine Scope, the intubation laryngeal 

mask airway, and a visualized endotracheal tube [5].

    Among the preferred methods, flexible fiberoptic broncho-

scope (FOB), which used to be regarded as the gold standard 

in planning predicted difficult airway management [6,7], but 

numerous hours of training are necessary to optimize control 

of FOB [8,9]. Unlike FOB, Bonfils intubation fiberscope (BIF) 

can be easier to control than FOB [5,10], because BIF is covered 

by hard metal and its end is fixed and slightly curved upward. 

In addition, BIF requires a short preparation time and it can 

be used quickly in an emergency situation [11]. Although 

intubation can be done using an FOB or BIF without any 

assisting device, even in difficult airways, there have been 

several studies that the difficult intubation can be facilitated 

by direct laryngoscopy (DL) [11-13]. Accordingly, it might be 

preferable to perform intubation using FOB or BIF assisted by 

direct laryngoscopy in difficult intubation patients. 

    The main objective of this study was to evaluate the FOB 

assisted by direct laryngoscopy (FOB-DL) and BIF assisted by 

direct laryngoscopy (BIF-DL) using video recording in cases 

of unanticipated difficult intubation with respect to the time 

required to visualize the vocal cords and place the endotracheal 

tube in the last successful attempt. In addition, the number of 

intubation attempts and duration FOB or BIF manipulation 

were observed. 

Materials and Methods

    After protocol approval by the institutional review board 

(IRB), 40 patients scheduled for elective surgery under 

general endotracheal anesthesia between January 2006 and 

December 2007, were selected in this study. We did not seek 

informed consent since airway management strictly followed 

the standard operating procedures of our institution which, in 

turn were based on the ASA difficult airway algorithm [14], but 

patients gave written consent to data analysis and publication. 

The order of patients intubated using FOB or BIF was decided 

randomly by the order of odd (FOB) or even (BIF) numbers 

from a random number table. Patients with a history of difficult 

or impossible mask ventilation, morbidly obese (BMI > 35 kg/

m2), or known anatomical anomalies of the airway (i.e., limited 

mouth opening, limited cervical spine mobility, retrognathia, 

Cruzon syndrome and Pierre Robin sequence), and younger 

than age 8 (or who required an endotracheal tube smaller than 

an internal diameter of 6.0 mm), were excluded. Patients were 

also excluded if oxygenation could not be maintained by mask 

ventilation, or if performing a direct laryngoscopy had the 

potential to cause harm, such as with cervical spine instabilities.

    After pre-oxygenation via a facemask for 3 min, anesthesia 

was induced with 2 mg/kg propofol or 5 mg/kg thiopental 

sodium. After adequate mask ventilation with 100% oxygen and 

3 vol% sevoflurane was ensured, 0.6 mg/kg rocuronium was 

administered to facilitate tracheal intubation. After adequate 

neuromuscular blockade was confirmed with double burst 

stimulation using a nerve stimulator (Innervator252Ⓡ, Fisher & 

Paykel Healthcare, Auckland, New Zealand), the patient’s head 

was put in the sniffing position. Direct laryngoscopy was then 

performed using a Macintosh blade size 3 or 4, as appropriate, 

and the laryngoscopic view graded according to Cormack & 

Lehane [4]. 

    The subjects of this study were patients whose vocal cords 

were not visualized; only the epiglottises were seen by direct 

laryngoscopy (grade 3 according to grades of difficulty in 

laryngoscopy). At least two certified anesthesiologists, who 

were specialized in airway management, confirmed the grade 

of difficulty for each patient. The anesthesiologists checked to 

see if the grade was changeable by head elevation or pressing 

on the thyroid cartilage. If the grade declined to 2 or 1 as a result 

of these maneuvers, the patient was excluded from the study.

    After the presence of a difficult airway was confirmed, endo-

tracheal intubation was tried with FOB-DL or BIF-DL with a 

Macintosh blade size 3 or 4, as appropriate, according to the order 

determined by random numbers. Direct laryngoscope was 

manipulated by a 3-yr resident in anesthesiology in FOB-DL 

group, and by operator by himself in BIF-DL group (Fig. 1, 2). 

The endotracheal tubes used in this study were conventional 

(Hi-LoTM, Mallinckrodt, Athlone, Ireland) or reinforced (Safety-

FlexTM, Mallinckrodt, Athlone, Ireland) endotracheal tubes. A 

flexible fiberoptic bronchoscope with an external diameter of 

3.8 mm (PortaViewⓇ LF-GP, Olympus optical co., ltd., Tokyo, 

Japan) was used for the FOB-DL group. A Bonfils intubation 

fiberscope with an external diameter of 5.0 mm (BonfilsⓇ, Karl 

Storz Endoscope, Tuttlingen, Germany) was used for the BIF-

DL group and inserted using a midline approach with the uvula 

and epiglottis as landmarks. During intubation, the FOB and 
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BIF were attached to the camera of a video processing system 

(Tele Pack, Karl Storz-endoscope, Tuttlingen, Germany). 

The FOB and BIF were operated by the only two certified 

anesthesiologists specialized in airway management and 

familiar with both devices. If intubation was not successful at 

the first attempt, it was retried with the same device up to a 

maximum of five times until intubation was successful. One 

attempt was defined as a single passage of the device until it was 

withdrawn again. Mask ventilation was maintained between 

attempts. If it was determined that intubation was impossible 

with the first device by at least two certified anesthesiologists, 

the second device was attempted, and the reason for failure 

was recorded. These cases were excluded from comparisons 

between groups.

    Videos of all endoscopies were converted into video files (*.avi) 

and stored in a computer connected with Tele Pack. Endoscopy 

duration was measured by replaying the video files after the 

procedures were complete. The following parameters were all 

measured by another anesthesiologist who did not participate 

in the procedures - number of intubation attempts, the time 

frame from the point of FOB or BIF insertion until the vocal 

cords were visualized (T1), the time frame from the point of 

FOB or BIF insertion until the placement of the endotracheal 

tube (T2), and the total duration of FOB or BIF manipulation 

(Ttotal). The parameters T1 and T2 are measured only on the 

last successful attempt, and Ttotal was measured from the first 

attempt until the last successful attempt, and does not include 

mask ventilation periods during intervals of failed intubation 

attempts. The measurement of time at unsuccessful attempts 

began at the moment the endoscope was inserted into the 

mouth opening and stopped at the moment the endoscope was 

withdrawn from the patient. Ttotal, T1, and T2 were measured 

by checking the time scale of the video-playing software. The 

time required to initially prepare the FOB or BIF, for mask 

ventilation, and for preparation between intubation attempts, 

was excluded. Mean arterial blood pressure and pulse rate were 

measured just before the first direct laryngoscopy and just after 

successful intubation. Sore throat and hoarseness were checked 

by another anesthesiologist who was blinded to this study 

using visual analogue scales (VAS, ranges 0 to 10) 24 hours after 

surgery.

    We considered a difference of 20 seconds on the time required 

to place the endotracheal tube successfully from the beginning 

of the procedure (T2) to be clinically relevant. A standard 

deviation of 20 seconds was estimated for this difference. On 

the basis of the formula for normal theory and assuming a two-

sided error type I error of 0.05 and a power of 0.90, 13 patients 

in each group were required to show a difference in the mean 

time of 20 seconds between two groups. We elected to evaluate 

20 patients in each group (i.e., 25% more) to compensate for 

possible protocol violations during the study period. Differences 

between the two groups in endoscopy duration, mean arterial 

blood pressure, pulse rate, and patient characteristics such 

as height, weight, and age were compared with an unpaired 

Student’s t-test. The number of intubation attempts between the 

two groups was compared with a Chi-square test. The incidence 

and severity of sore throat and hoarseness were compared with 

the Chi-square test and Mann-Whitney U-test. P values less 

than 0.05 were considered to indicate a significant statistical 

difference between the two groups.

Results

    Patient characteristics were not significantly different between 

Fig. 2. Intubation with a Bonfils intubation fiberscope assisted by 
direct laryngoscopy. The video camera is attached at the eyepiece 
of the scope. Note that the anesthesiologist holds the direct 
laryngoscope with his left hand and manipulates the fiberscope with 
his right hand.

Fig. 1. Intubation with a flexible fiberoptic bronchoscope assisted by 
direct laryngoscopy. The video camera is attached at the eyepiece of 
the scope. Note that the assistant holds the direct laryngoscope and 
the anesthesiologist manipulates the bronchoscope with two hands.
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the two groups (Table 1). Intubation was successful at the first 

attempt in about half of the cases, and the number of intubation 

attempts was not significantly different between groups (Table 2). 

All measures of endoscopy duration (T1, T2 and Ttotal) were signi-

ficantly shorter in the BIF-DL group (T1: 21.9 ± 8.2 sec vs. 32.1 ± 

14.0 sec, P = 0.011, T2: 41.3 ± 20.3 sec vs. 80.4 ± 29.9 sec, P < 0.001, 

Ttotal: 77.9 ± 41.2 sec vs. 145.5 ± 83.9 sec, P = 0.003) (Fig. 3-5). In two 

cases, it was impossible to intubate with BIF, but subsequent 

intubation was achieved with FOB. Pulse rate and mean arterial 

blood pressure were not significantly different between the two 

groups both before and after intubation (Table 3).

    Three patients from FOB-DL group and one from BIF-DL 

group complained of sore throat (VAS < 3). Two patients from 

FOB-DL group and one from BIF-DL group complained of 

hoarseness (VAS < 3). The scores of sore throat or hoarseness 

according to the visual analogue scale were not statistically 

different between groups.

Fig. 3. Comparison of the time required to visualize the vocal cords 
during the last successful attempt (T1) between the two groups. 
T1 was significantly shorter in the Bonfils intubation fiberscope 
(BIF) group. Box plot shows the median (thick line in the box), 
interquartile range (box), and range (whiskers).

Fig. 4. Comparison of the time required to place the endotracheal 
tube in the last successful attempt (T2) between the two groups. 
T2 was significantly shorter in the Bonfils intubation fiberscope 
(BIF) group. The box plot shows the median (thick line in the box), 
interquartile range (box), range (whiskers), and outliers (small 
circle).

Fig. 5. Comparison of the duration of scope manipulation during the 
entire attempt (Ttotal) between the two groups. Ttotal was significantly 
shorter in the Bonfils intubation fiberscope (BIF) group. The box plot 
shows the median (thick line in the box), interquartile range (box), 
and range (whiskers).

Table 1. Patient Characteristics

FOB-DL group BIF-DL group

Age (years)
Sex (M/F)
Height (cm)
Weight (kg)
ASA class
    1
    2
    3

48 ± 21
14/6

162 ± 17
63 ± 17

7
9
4

56 ± 14
13/7

162 ± 11
68 ± 12

9
8
3

Data are mean ± SD or number. There were no significant differences 
between groups. BIF-DL: Bonfils intubation fiberscope by direct 
laryngoscope, FOB-DL: Fiberoptic bronchoscope by direct laryn-
goscope.

Table 2. Comparison of Number of Intubation Attempts

Attempts FOB-BL group (n/%) BIF-BL group (n/%)

1
2
3
4
5

10 (50) 
  2 (10)
  2 (10)
  2 (10)
  4 (20)

11 (55)
  3 (15)
  2 (10)
  2 (10)
  2 (10)

Data are numbers (%). No significant differences between groups 
were observed. BIF-DL: Bonfils intubation fiberscope by direct 
laryngoscope, FOB-DL: Fiberoptic bronchoscope by direct laryn-
goscope.
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Discussion

    Many methods and instruments have been developed to 

assist difficult intubation [15-19]. Most approaches emphasize 

visualizing vocal cords that cannot easily be seen by direct 

laryngoscopy [20-24]. In this study, we compared the 

effectiveness of two tools, the BIF-DL and FOB-DL, in the same 

situation (grade 3 difficulty of laryngoscopy). Many methods 

have been suggested to facilitate FOB or BIF use, such as jaw 

thrust, use of devices, lingual traction, direct laryngoscopy, or a 

combination of methods [11-13]. Direct laryngoscopy has either 

proven to be more helpful than other methods in assisting FOB 

use [12], or at least has been no worse for FOB use in the general 

population [13]. Hagberg and Westhofen [25] also reported 

a useful two-person technique using FOB in combination 

with direct laryngoscopy for extubation/reintubation in two 

intensive care unit patients with known difficult airways. With 

direct laryngoscopy, the space available in the oral cavity to 

manipulate the scopes can be expanded, and the epiglottis 

can be elevated to secure the pathways of the scopes to the vocal 

cords. Accordingly, we selected direct laryngoscopy to facilitate 

orotracheal intubation using either FOB or BIF in difficult airways.

    In this study, all evaluated time parameters were significantly 

shorter in BIF-DL group, demonstrating that intubation was 

faster with BIF-DL than FOB-DL in difficult airways. We felt it 

was important to measure not only the entire time needed to 

complete the intubation, but also the time of the last successful 

attempt. It should be noted that intubation failure was not 

always a direct result of the instrument being used. For example, 

direct laryngoscopy also affected the success of the procedure. 

Sometimes the tip of the direct laryngoscope was located at 

the wrong place, or slipped away from the vallecula during 

the procedure. In such cases, the length of the procedure was 

affected by operator error rather than actual airway difficulties. 

By evaluating the time needed for the successful attempt, we 

ensured that the intubation was performed under optimum 

conditions with minimal human errors. Nevertheless, all time 

parameters were shorter in the BIF-DL group, suggesting 

that it may be easier to intubate difficult airways with BIF 

regardless of human error. The time parameters were measured 

accurately, because the whole procedure was recorded by a 

video processing system with cameras attached to the scope 

eyepieces. Attaching the camera to the scopes might be 

another advantage of using BIF. Operators can manipulate 

the direct laryngoscope and BIF simultaneously, because 

BIF can be manipulated with one hand if the video camera is 

present (Fig. 1). FOB must be manipulated by both hands of 

the operator, making it necessary for an assistant to handle the 

direct laryngoscope (Fig. 2). Verbal communication between 

the operator and assistant is needed for optimal intubation, 

inevitably causing a time delay. In contrast, the BIF operator 

could optimize intubation without communicating with an 

assistant. The duty of the assistant in BIF-DL group was to insert 

the endotracheal tube at the request of the operator, a much 

simpler communication compared to FOB-DL group. In FOB-

DL group, the endotracheal tube was inserted by the operator.

    Insertion of the endotracheal tube through the vocal cords 

might also explain the observed time delay in FOB-DL group. 

FOB was passed through the vocal cords, and then the tube 

was inserted by using the shaft of FOB as a stylet. Moreover, 

sometimes the tube could not be inserted the first time after 

passing the scope in the FOB-DL group, requiring rotation to 

pass through the vocal cords. In contrast, in the BIF-DL group, 

the tube could be inserted on first attempt right after visualizing 

the vocal cords without passing the scope through the vocal 

Fig. 6. Illustration of the vertical section of Bonfils intubation 
fiberscopy. In this case, intubation was impossible because the 
endotracheal tube was stuck between the teeth and shaft of the scope 
when the operator tried to visualize the vocal cords (the proximal 
part must be pushed down towards the direction of arrow to lift 
up the distal end of the scope). The intubation was subsequently 
achieved with flexible fiberoptic bronchoscopy.

Table 3. Mean Arterial Blood Pressure and Pulse Rate just before the 
Intubation Attempt and After Completion of Intubation

FOB-BL group BIF-BL group

Mean arterial blood pressure (mmHg)
    Before intubation 
    After intubation
Pulse rate (/min)
    Before intubation  
    After intubation

75 ± 8
94 ± 8

70 ± 10
76 ± 10

73 ± 9
91 ± 9

67 ± 11
75 ± 12

Data are mean ± standard deviation. There were no significant 
differences between groups. BIF-DL: Bonfils intubation fiberscope 
by direct laryngoscope, FOB-DL: Fiberoptic bronchoscope by direct 
laryn goscope.
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cords in almost all cases. These technical distinctions could 

explain why the difference in T2 was larger than the difference 

in T1 between the two groups. 

    Intubation with the BIF was impossible in two cases. In 

one case, the vocal cord could not be visualized. In the other 

case, intubation was impossible due to a failure to advance 

the endotracheal tube because it was stuck between the teeth 

and shaft of the BIF (Fig. 6). Intubation was successful in both 

cases with FOB-DL. All cases in which FOB-DL was tried first 

were successful, although more time was needed to complete 

intubation. 

    Rudolph et al. [26] reported comparable results using similar 

methods, although there were some differences with our study. 

They did not use a direct laryngoscope in all cases, which may 

have made some procedures more difficult. It is also not clear if 

their time measurements included equipment preparation or 

ventilation time between attempts. We felt that preparation time 

should be excluded to focus on the true performance of the 

two scopes. If intubation was not successful in the first attempt, 

patients would be ventilated between attempts, and ventilation 

time would vary case by case. They indicated that there is likely 

a difference in the duration of procedures between the two 

scopes in real clinical settings. Because of our study design, our 

study probably reflects the mechanical differences between 

the use of the two scopes more accurately. Finally, they did 

not use a video camera attached to the eyepiece to record the 

procedures.

    In conclusion, orotracheal intubation was performed more 

rapidly and easily with BIF-DL than FOB-DL in patients with 

grade 3 difficult airways. Rapid securement of the airway is 

unquestionably the most important task in patients presenting 

with difficult airway and laryngoscopy. Despite the 10% failure 

rate with BIF-DL, we recommend the use of BIF first over 

FOB with the assistance of direct laryngoscopy. However, 

considering that it was not always possible to intubate with BIF-

DL, FOB should be available as a backup choice.
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