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Introduction

Summary

Background: Fiberoptic intubation (FOI) is the gold standard for the tra-
cheal intubation in adults with a difficult airway. However, this technique is
more difficult in the narrow pediatric airway and the evaluation of alternative
devices in children remains desirable. The Bonfils fiberscope (BF) is well
described for the difficult airway, but no clinical data assessing its use in the
difficult pediatric airway are available.

Methods: A controlled clinical study was conducted comparing BF and FOI
in children and infants requiring tracheal intubation with a suspected difficult
airway or who demonstrated a difficult airway which was unanticipated.
Time to successful intubation, quality of imaging and ease of the intubation
procedure were determined.

Results: A total of 26 patients (46% infants) were studied, and all successfully
intubated at the first attempt using either the BF or FOI. Mouth opening was
restricted in 38% of patients. Time required for intubation was shorter with
the BF (52 + 22 s) compared with the FOI (83 4+ 24 s, P = 0.008). The
image quality (excellent in 73% vs 45%, P = 0.129) and the ease of the proce-
dure (excellent in 67% vs18%, P = 0.015) were considered better with BF
than with FOI.

Conclusion: Although both the BF and FOI are suitable devices for the intu-
bation of infants and children with difficult airways, the BF may allow faster
tracheal intubation with a better image quality and ease of use.

Therefore, the evaluation of alternative devices in
children remains desirable.

Difficulties with the pediatric airway are a leading
cause for reported malpractice claims (1). The inci-
dence of difficult direct laryngoscopy is lower in chil-
dren than in adults, but almost 7 times greater in
infants than in children more than 1 year old (2). In
addition, the narrow pediatric airway makes the
‘down-scaling’ of adult recommendations and tech-
niques more difficult (3). Whereas fiberoptic intubation
(FOI) is the gold standard for the tracheal intubation
in adults with difficult airways (4), the navigation of a
pediatric fiberscope can be much more challenging (3).
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The main advantages of the Bonfils fiberscope (BF)
(steep learning curve, full visualization of intubation
process, quick set-up and high transportability) are well
established and have recently been reviewed (5). A par-
ticular advantage may be the reported shorter time
required for tracheal intubation when compared with
FOI (6) and is especially relevant in young children with
their lower apnea tolerance.

The BF improves the laryngeal view compared with
direct laryngoscopy and allows quick and safe tracheal
intubation of children with normal airways (7).
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However, no clinical data assessing its use in children
with difficult airways are currently available.

This controlled clinical study tested the hypothesis
that children with difficult airways can be intubated fas-
ter with the BF than with the FOI without compromis-
ing the visual quality or ease of intubation procedure.

Patients and methods

Study population

All patients (<18 years) with a suspected difficult airway
or who demonstrated a difficult airway which was unan-
ticipated, requiring tracheal intubation for surgery at
Children’s Hospital in Cologne/Germany, were eligible
for participation. Exclusion criteria were children
requiring inotropic support, inadequate ventilation
(facemask or laryngeal mask) or planned airway man-
agement using a supraglottic airway device only. Writ-
ten informed consent was obtained from the parents or
legal guardians prior to the enrollment of all children
with known or suspected difficult tracheal intubation.
IRB permitted retrospective consent for children pre-
senting with an unexpected difficult intubation. Consent
for study participation (and recording of additional out-
come measures) was sought immediately after securing
the airway.

Study design

The study was designed as a prospective, single-center
comparison of the BF and FOI in children with an
expected or unexpected difficult tracheal intubation.
Only two experienced investigators conducted the tra-
cheal intubations, both with regular and extensive
experience of both devices of approximately 200 chil-
dren per annum each. Randomization was rejected
by the local IRB due to the inability to obtain prior
written informed consent in children with an unantic-
ipated difficult airway. However, as both intubation
procedures were part of standard practice at this hos-
pital, the IRB approved a comparison of procedures
based on prospective case series following clinical
routine—contingent on obtaining written informed
consent in retrospect. Specifically, one of the two
study investigators (J.K. or M.L.) was responsible for
each given calendar day and known to all staff. This
investigator was always immediately available
throughout the day at all times with all necessary
equipment prepared and ready to use.

All children were premedicated using oral midazo-
lam and EMLA® cream to an appropriate site. Induc-
tion of anesthesia was performed intravenously or
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inhalational in case of difficult venous access. After
successful ‘test’ facemask ventilation and 100% oxy-
gen, all patients were paralyzed and total intravenous
anesthesia was used for maintenance of anesthesia.
Direct laryngoscopy was performed with Macintosh-
shaped blades in appropriate sizes 3 min following
muscle relaxation. Difficult intubation was defined as
either a direct laryngoscopy Cormack and Lehane
grade 3 or 4, or unsuccessful intubation attempts by
the primary attending pediatric anesthesiologist, even
under optimized conditions (e.g. positioning). Subse-
quently, the principal investigator was notified and
attended immediately. Following confirmation of a
difficult intubation (repeat direct laryngoscopy by the
attending study investigator), the alternative intuba-
tion procedure using the BF or FOI was started. All
patients were intubated during apnea after full oxy-
genation with sufficient ventilation.

Materials

The Bonfils Fiberscope (BF) is a semi-rigid optical stylet
with a 40° distal curved tip and was available in two
pediatric sizes (outer diameter of 2.0 and 3.5 mm; Karl
Storz GmbH, Tuttlingen, Germany) (8). For FOI, two
pediatric fiberscope sizes (outer diameter of 2.7 and 3.7
mm; Karl Storz GmbH, Tuttlingen, Germany) were
used.

Intubation technique

The BF was prepared as described elsewhere (7) and
armed with a tracheal tube of an appropriate size. The
investigator placed a laryngoscope with his left hand
into the mouth with the intention to provide a sufficient
oral space and introduced the BF with his right hand.
After oral suctioning, if required and visualization of
the larynx, the BF was placed under continuous visuali-
zation into the middle of the trachea. While an assistant
then fixed the tube, the BF was removed. Tracheal
positioning was confirmed by bilateral auscultation and
capnography.

The fiberscope was also armed with an appropriate
tube. The bevel of the tube tip was positioned
upwards, if an naso-tracheal intubation was intended
and downwards for an oral intubation (9). The
investigator introduced the intubating fiberscope. An
assistant provided jaw thrust and stabilized the head.
After passing the scope into the middle of the trachea,
the tube was carefully advanced until entering the
visual field. The fiberscope was removed from the
tube and the position confirmed by bilateral
auscultation and capnography.
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Outcome measures

The main outcome measure was the time required to suc-
cessful intubation (TTI) and included time to best view
(TTBV) and positioning of the tube (PT) (definitions see
Figure 1). Secondary subjective outcome measures were
image quality (judged as ‘excellent’, ‘not perfect’ or “diffi-
cult to use’) and the ease of the intubation procedure
(‘excellent’, ‘easy to perform’ or ‘feasible with some
effort’). The characteristics of the difficult airway
(underlying diagnosis, Cormack-Lehane classification
and degree of restricted mouth opening (if less than 3 fin-
gers of the patient) were noted. Additional anesthetic
care data (administered drug doses, lowest oxygen satu-
ration value, and first endtidal carbon dioxide value fol-
lowing intubation) as well as postoperative side effects
(sore throat, stridor, and hoarseness) were recorded.

Sample size

Adult data suggested a 43% increased time for FOI (6),
and therefore, 33 patients per group were required to
detect a standardized effect of 0.7 = 69/98.8 (delta/
sigma, (6)), with 80% power at two-sided alpha of 5%.
To allow for protocol violations, a total of 35 patients in
each group were planned to be recruited into this study.

Statistical analysis

Qualitative data were summarized by count and percent-
age, quantitative data by mean (standard deviation) or

Time

BETOds Time points

First contact of the instrument
with the intention to visualize

End of visualization
Best view to the larynx achieved

Start positioning of tube

Time axis

Time to best view

Time to intubate

First action of tube/instrument
with intention to place tube

End of intubation

First capnometry after
ventilation with at least 4 ml-kg~'

Positioning of tube

Figure 1 Protocol sequence and main outcome measure time defi-
nitions.
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median (minimum to maximum), contingent on appar-
ent skewness. Group differences between time measure-
ments were evaluated by two-sample z-test and ANCOVA.
The latter incorporated the propensity score for ‘having
been treated with FOI’ (calculated from body weight,
age, restricted mouth opening, investigator, and sex by
multiple logistic regression) to adjust for lack of bal-
ance/randomization. Quality judgments were compared
with Wilcoxon’s rank sum test stratified by investigator
(van Elteren test). P < 0.05 was deemed statistically sig-
nificant. Analyses were performed using SPSS 21 (IBM
Corp., Armonk, NY, USA) and Stata/se 12.1 (Stata-
Corp LP, College Station, TX, USA).

Results

Twenty-six patients were enrolled within the first 18
months of the study (Figure 2). Following a period of
4 month without any eligible patient, the feasibility to
complete the study was reviewed. Following discussion
with the IRB and to assess the quality of the observa-
tions obtained so far, an unplanned interim analysis was
conducted. The results indicated a significant difference
in the main outcome measure (posthoc adjustment for
sequential monitoring using a Pocock-type boundary
with two-sided level 2.46%), and permission was
requested and obtained from the IRB to prematurely
terminate this study.

A total of 26 patients were included in the final analy-
sis. Almost one half of the patients (46%) were <lyear
of age, and 38% had a restricted mouth opening. All
patients were easy to ventilate by facemask. Demo-
graphic data and the distribution of the characteristics
of the difficult airway showed no differences between
the study groups (Table 1).

All patients were successfully intubated using either
the BF or FOI at the first attempt. The time required to
obtain the best view on the larynx (TTBV) was compa-
rable in both groups. The advancement of the tube and
its positioning into the trachea (PT) were significantly
shorter in the BF group than in the FOI group. As a
result, a significant shorter time was required for the
whole intubation procedure (TTI) when using the BF
(Table 2, Figure 3). Regarding TTI, we found a signifi-
cant ‘quantitative’ interaction of investigator and device,
that is, the direction of the effect (in favor of BF) was
equal, but size was different. There were no significant
differences between the nasal or oral FOI regarding
TTI.

The ease of intubation was rated as ‘excellent’ more
often while using the BF, whereas the image quality did
not differ between both devices (Table 3). The mode of
induction of anesthesia (85% intravenously) or the
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Suitable Patients

* Patients of a Children's Hospital, below the age of 18 years
* Interventions inevitable necessary endotracheal intubation
» Suspected or unexpected difficult airway (DA)

Assessed for eligibility, 26 patients

Excluded (n =0)
21 patients with suspected DA
5 patients with unexpected DA

Inclusion to the trial,

26 patients

/‘

uoneoo||y

s

Fiberoptic Intubation (FOI
11 patients

\

)

/

Bonfils Fiberscope (BF)
15 patients

¢ 10 times suspected DA
» once unexpected DA

11/11 patients received
allocated intervention

¢ 11 times suspected DA
* 4 times unexpected DA

15/15 patients received
allocated intervention

AN v

26 completed interventions

11/11 patients evaluable J 15/15 patients evaluable J

sisAjeuy

Figure 2 Study flowchart.

Exclusion from analysis (n = 0)

Exclusion from analysis (n = 0)

amount of drugs received did not differ between the
groups.

Only one patient recorded a brief (seconds) desatura-
tion below the 90% during an intubation with FOI with-
out subsequent harm. This was due to accidentally
lodging the tracheal tube in an arytenoid cartilage while
advancing through the larynx. No differences in the
average lowest oxygen saturation or first endtidal car-
bon dioxide values measured immediately after the first
sufficient ventilation were observed. There were no post-
operative side effects.

Discussion

This is the first controlled clinical study comparing the
BF with FOI in children with difficult airways. It could
be demonstrated that the BF and the FOI are both suit-
able devices for the tracheal intubation of infants and

© 2014 John Wiley & Sons Ltd
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small children with difficult airways. A significant
shorter time was required for the intubation using the
BF when compared with FOI. Additionally, the ease of
the intubation procedure was superior with the BF.
Fiberoptic intubation (FOI) is the gold standard for
the tracheal intubation in adults with difficult airways.
However, this technique is more difficult in the narrow
pediatric airway (3). For example, the fiberscope may
cause trauma of the pediatric airway as only the curva-
ture of the tip is controlled, whereas the rest of the fiber-
scope may bend uncontrolled when advancing. In
addition, the tip of the fiberscope needs to be placed into
the trachea before the tube can be positioned there.
Although the passing of the tube through the larynx is
the most critical moment for potential failure and laryn-
geal injury (10), it cannot be visualized while the tip of
the FOI is already placed in the trachea. Therefore, the
evaluation of alternative devices overcoming these
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Table 1 Demographic data and characteristics of difficult airway

J. Kaufmann et al.

Table 2 Times (in seconds) by study groups

FOI(n=11) BF (n=15) FOI(n=11) BF (n=15)  P-alue®
Investigator A (n) 6 5 TTBV [mean (sp) 23.5(14.4) 26.6 (17.9) 0.638
Investigator B (n) 5 10 min/max] 8.7/58.5 7.0/59.3
Male/Female (n) 6/5 6/9 PT [mean (sb) 59.6 (26.9) 25.6 (6.2) <0.001
Age (years, median (range)) 1.7 (0-16) 3.3(0-16) min/max] 20.4/93.9 14.0/36.0
Age <1 year (n) 5 7 TTI [mean (spb) min/max] 83.1(24.2) 52.2 (22.1) 0.008
Weight (kg, mean (range)) 12.1(2.9-36) 19.8 (2.1-60) 30.2/116.1 27.0/94.1
Weight <10 kg (n) 5 4 TTI differentiated by Investigators (A), (B)
Underlying diagnoses (multiple nominations possible) (A) TTI [seconds, 76.1(30.1) 67.8 (24.1) 0.856
Dysmorphic syndromes (8 patients), Epidermolysis bullosa (7), Cleft mean (sp)]
palate (4), Pierre-Robin-sequence (3), Metabolic syndromes (3), (B) TTI [seconds, 91.5(13.0) 44.4 (17.3) <0.001
Mucopolysaccharidosis (2) mean (sp)]
Cormack-Lehane Grade Interaction of investigator 0.038°
1% (n) 1 1 and device
2(n) —- —/— TTI with FOI differentiated by oral or nasal intubation (A), (B)
3(n 4 8 (A) oral [n/mean (sp)] 6/88.0 (21.1)
4(n) 6 6 (B) nasal [n/mean (sb)] 5/77.2 (28.7) 0.491°
P (van Elteren test®) for the difference between devices: P = 0.721
Restricted mouth opening () 3 7 FOI, Fiberoptic Intubation; BF, Bonfils Fiberscope; TTBV, Time to
Of those: average mouth opening 13 cm 20cm best view; PT, Positioning of tube; TTI, Time to intubate; s, Standard
DA expected (n) 10 1 deviation.
DA unexpected (n) 1 4 Maximum of t-test and ancova (adjusted for propensity score for

FOI, Fiberoptic Intubation; BF, Bonfils Fiberscope; DA, difficult air-
way; sp, standard deviation.

Difficult tube passage despite of good visualization due to oral
tumor/palatal cleft.

bStratified by investigator.

difficulties remains desirable and requires direct compar-
ison to the FOI ‘gold standard’ for the difficult intuba-
tion of pediatric patients.

There are some well-known advantages of BF com-
pared with other devices (e.g. fast set-up, very mobile,
and steep learning curve) (5). However, a fundamental
advantage of the BF is the continuous visualization of
the advancement of the tube (due to the tip of the tube
visibly positioned at the tip of the scope throughout the
whole passage into the trachea). This appears to be par-
ticularly valuable in children with their narrow airways.
It allows the tube to be positioned atraumatically into
the larynx, where most FOI problems occur (10) and
into the subglottic area, where injuries are more likely to
happen (11).

The BF enables quick and safe tracheal intubation in
children with normal airways (7). Previous contradic-
tory observations (8,12) are likely due to a lack of suffi-
cient oral space for the navigation of the BF and do not
follow the recommendation of its inventor (13). This
space is crucial to avoid contact of the mucosa, contami-
nating the lens and can be easily created by the addi-
tional use of a laryngoscope (5,7,14,15). It is not
necessary to insert the entire laryngoscope blade but
enough to provide a slight lift of the tongue. The
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‘having been treated with FOI" (calculated from body weight, age,
restricted mouth opening, investigator, and sex by multiple logistic
regression).

bTwo-way ANOVA.

“Two-sided t-test.

introduction of about half the length of the blade into
the mouth is often enough to permit safe navigation of
the BF. This is possible even with a considerably
restricted mouth opening as demonstrated in this study.
The delicate navigation of the tube might be especially
beneficial in children with epidermolysis bullosa, who
frequently present with restricted mouth opening and
are threatened by blistering caused by traumatic manip-
ulation of the airway (16).

Another important, clinical benefit of the BF is the
rapidity of the tracheal intubation even in difficult air-
ways and is consistent with other reports (6). A quick
tracheal intubation procedure is desirable especially in
infants with a low apnea tolerance to avoid hypoxia
(17). FOI in the preoxygenated apneic patient is the clin-
ical practice of the investigators and others (18,19). FOI
via a facemask can be difficult and time-consuming and
the alternative FOI intubation via a laryngeal mask air-
way may not always be feasible (20). FOI via a laryngeal
mask airway with intermittent ventilation/oxygenation
is particularly useful if a sufficiently long apnea period is
not possible in a small or compromised patient.

Although only two experienced investigators partici-
pated in this study the quick set-up of the BF as well as
steep learning curve (5) may potentially make this tech-
nique attractive as a first alternative following failed ini-

© 2014 John Wiley & Sons Ltd
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P=0.638 P <0.001 P=0.008
120 -
100 —
l °
80 -
w
g 60 >
S (5
Figure 3 Time periods during intubation
with BF or FOI. BF, Bonfils fiberscope; FOI, 40 -
Fiberoptic Intubation; TTBV, time to best
view; PT, Positioning of tube; TTI, time to @
intubate. The median is identified by a line 20 4
inside the box, and the length of the box is >
the interquartile range (IQR). Values more
than 1.5 I1QR’s but less than 3 1QR's from the
end of the box are labeled as outliers (o). 0 T T T T T T
P-values = maximum of ttest and Aancova o FOl BE ol B RO
(adjusted for propensity score). Best view (TTBV) Positioning (PT) Intubation (TTI)

Table 3 Descriptive observances during the intubation procedure

FOB (n=11) BF (n=15)

Success at first attempt (n) 11 15
Lowest oxygen saturation

[%, mean (sp)] 95.1 (10.0) 99.5(1.1)

[%, min/max] 66/100 96/100
First endtidal CO, after Intubation

[kPa, mean (sp)] 5.9(1.6) 5.4(1.2)

[kPa, min/max] 3.5/8.3 2.7/7.3
Image quality (n)

1 = excellent 5 1N

2 = not perfect 5 4

3 = difficult to use 1 0

P (van Elteren testa) for the difference between devices: P = 0.129
Ease of Intubation (n)

1 = excellent 2 10
2 = easy to perform 7 5
3 = feasible with some effort 2 0

P (van Elteren test®) for the difference between devices: P = 0.015

FOI, Fiberoptic Intubation, BF, Bonfils Fiberscope, DA, difficult
airway, sp, standard deviation.
Stratified by investigator.

tial tracheal intubation attempts in the unexpected diffi-
cult airway even for less experienced operators (21).
Basic tracheal intubation equipment such as a (video)-
laryngoscope should always be available to provide suf-
ficient lift of the tongue to navigate the BF even with
restricted mouth opening.

FOI is essential in some clinical situations, such as
naso-tracheal intubation, but requires maintenance of

© 2014 John Wiley & Sons Ltd
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routine practice (21). It is of note that tracheal intu-
bations with the BF also demand regular practice
and the BF is, therefore, a valuable device only for
operators, who can maintain sufficient experience
with the device.

Study limitations

The inclusion of patients with unexpected difficult intu-
bations made it impossible to randomize the intubation
procedure. Consequently, following routine clinical
practice, one investigator more often used BF and BF
was also more often used in the unexpected difficult air-
way. However, we adjusted for the inevitable selection
bias by taking a propensity score approach. Early termi-
nation of the study, primarily due to recruitment prob-
lems, lowered the power of the study. Although the
subsequent interim analysis demonstrated statistically
significant differences in the main outcome measures, it
also resulted in a reduced precision of the estimated dif-
ferences. Accordingly, an additional separate analysis of
each of the two investigators of the TTI revealed a sta-
tistically significant difference in favor of BF for only
one investigator and only a trend in the same direction
for the other investigator. Nevertheless, both investiga-
tors consistently needed shorter time to intubate with
BF. It is evident that the number of children with a diffi-
cult airway is low even in a large pediatric hospital and
recruitment into a single-center study is difficult. How-
ever, publication of the currently largest study data still
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provides clinically useful information for the use of the
BF in difficult tracheal intubation in children.

Conclusions

This study demonstrated that both the BF and the FOI
are suitable devices for the tracheal intubation of infants
and small children with difficult airways. We observed a
significantly shorter time to intubation and easier intuba-
tion with the BF while maintaining or improving image
quality. However, the advantage of a more rapid intuba-
tion and a fully visualized, atraumatic tracheal tube pas-
sage may make the BF preferable in some clinical
situations. This study was also able to demonstrate that
a restricted mouth opening does not preclude the suc-
cessful use of the BF, as long as a sufficient oral space is
provided. The BF will not be able to completely replace
the FOI, but it is a valuable device for those operators,

J. Kaufmann et al.
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