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Abstract

Objective: Flexible fibreoptic intubation is challenging in paediatric patients. Very few studies have compared fibreoptic intubation via oral and
nasal routes in children. We hypothesised that the total time to a successful fibreoptic-guided tracheal intubation would be faster through the
nasal route when compared to the oral route.

Methods: Sixty children aged 6-12 years were randomised to receive fibreoptic tracheal intubation through oral (group FFOI) or nasal route
(group FNI). We measured the time to glottic view and total time to successful tracheal intubation. The number of attempts needed, first attempt
and overall success rate, external manoeuvres needed to obtain an adequate laryngeal view, subjective assessment of ease of intubation and
complications, if any, were also recorded.

Results: The time to glottic view (76.26%.7 s vs. 46.33£16.9 s; p=0.001) and total intubation time (4.55+1.07 min vs. 3.05+0.60 min; p<0.0001)
were significantly higher in the FOI group as compared to the FNI group. An overall success rate was 100% in the FNI group and 96.6% in the
FOI group. The haemodynamic parameters (mean heart rate and blood pressures) changes were comparable in the two groups at all time inter-
vals. The subjective assessment of ease of intubation was comparable in the two groups (p=0.21). Complications were minor and self-limiting

Conclusion: Intubation guided by a nasal flexible fibreoptic bronchoscope is easier and faster when compared to oral intubation in children
aged 6-12 years with normal airway, and it should be preferred for intubation in children requiring fibreoptic intubation.
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Introduction

Flexible fibreoptic bronchoscope (FFB)-guided intubation has been considered as the gold standard for the man-
agement of difficult airway (DA) cases in both adults and paediatric patients (1-5). The children have an increased
incidence of difficult laryngoscopy and are prone to rapid decrease in oxygen saturation due to higher rates of oxy-
gen consumption (5-7). The advantages of FFB for managing DA scenarios include a more extensive range of view
within the tracheobronchial tree along with the ability to navigate past any malformations of the airway with a high
degree of safety and excellent patient tolerance. So, it is important that all paediatric anaesthesiologists possess the
technical expertise in FFB-guided intubation (8, 9).

The technique of performing fibreoptic intubation in children can be a challenging task due to various anatomical
and physiological differences as compared to adults (7, 10). Furthermore, intubation with FFB is technically difficult
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in children due to smaller fiberscopes with a reduced field of
vision, decreased range of tip angulation and delicate inser-
tion cord (11).

Despite airway management being an important concern in
children, and FI'B being an important component of the arma-
mentarium for the management of DA, astoundingly, there are
very limited prospective randomised trials on fibreoptic intuba-
tion in children with regard to evaluation of the preferred route
(oral versus nasal). Also, these two routes have not been com-
pared with regard to time required for intubation, ease of in-
sertion and other complications in children of aged 6-12 years.

We hypothesised that the time to successful fibreoptic-guided
tracheal intubation would be faster with the nasal route than
the oral route in children aged 612 years.

Methods

The study was conducted in a tertiary care hospital in Delhi,
after obtaining clearance from the hospital ethics committee
(IEC/VMMC/SJH/ Thesis/November-2014/424) and writ-
ten informed consent from parents/legal guardians of the
children. Assent was also taken from children >7 years of age.

Sixty elective surgical, ASA Grades 1 and 2 patients of both
sexes in the age group 6—12 years weighing >20 kgs requir-
ing endotracheal general anaesthesia were randomly assigned
into two equal groups using the sealed envelope technique.
Group FOI underwent fibreoptic-guided oral intubation,
while group FNI underwent fibreoptic-guided nasal intu-
bation. Patients with anticipated DA, tonsillar/adenoid hy-
perplasia, congenital airway anomalies, coagulation defects,
history of a recent upper respiratory tract infection or those
posted for upper airway surgery were excluded from the study.

All the patients underwent a detailed pre-anaesthetic evalu-
ation with relevant investigations and airway examinations.
Bilateral nostrils were checked for patency. Standard fasting
guidelines were followed. Oral midazolam was administered
to all patients 30 minutes prior to the procedure in the dose of
0.05 mg kg'. An eutectic mixture of local anaesthetic cream
was applied to proposed site of intravenous (IV) cannulation
45-60 min prior to the procedure. In the operating room,
electrocardiogram (ECG), non-invasive blood pressure and
pulse oximetry (SpO,) were attached, and baseline parame-
ters were recorded. The same monitor was used to measure
the blood pressure (BP) and heart rate (HR) in both groups.
Ventilation was controlled to normocapnia throughout the
study period. All the patients were nebulised with 4 mL of
2% lignocaine, and IV glycopyrrolate 0.01 mg kg was ad-
ministered 15 min prior to the procedure. One drop of xy-
lometazoline 0.05% was instilled in both the nostrils.
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Intubation was performed by two anaesthesiologists who had
an experience of at least 10 mannequin and 10 paediatric
FIB-guided intubations. A PVC Portex cuffed ETT of ap-
propriate size, lubricated with 2% lignocaine gel was loaded
over a paediatric FFB (Karl Storz, Tuttlingen, Germany) with
a diameter of 3.5 mm. All the FFB-guided intubations were
performed under general anaesthesia with preserved sponta-
neous respiration until the airway was secured.

After preoxygenation, anaesthesia was induced with IV fen-
tanyl 2 pg kg and propofol 2-3 mg kg'. Following loss of
verbal response, the bag-mask ventilation was attempted. If
it was deemed difficult, the patient was excluded from fur-
ther study. Following induction, nasopharyngeal airway of an
appropriate size was inserted. The depth of anaesthesia was
maintained with 2%—3% sevoflurane in 100% oxygen (titrat-
ed to achieve a MAC of 1-1.3) using a closed anaesthesia
circuit connected to the nasopharyngeal airway. In the FOI
group, the scope was advanced using the Ovasappian airway
of appropriate size. The FFB was manoeuvred towards and
into the glottis, and once carina was visible, the ETT was ad-
vanced over the scope into the glottic opening. In the FNI
group, the FIB was advanced through the more patent nostril
and manoeuvred to guide the FI'B and ETT into the trachea.
The successful placement of the ETT was confirmed with the
appearance of a regular square waves capnogram. A maxi-
mum of two attempts was allowed before declaring the pro-
cedure as failure. The total time for intubation comprised of
the sum of all individual attempts. The procedure was halt-
ed whenever the saturation fell <90% and positive pressure
ventilation was instituted using 100% oxygen. In the event of
failure, the intubation was achieved with direct laryngosco-
py. Following intubation, injection vecuronium 0.01 mg kg
was administered for muscle relaxation, and anaesthesia was
continued with sevoflurane in oxygen to achieve a MAC of 1.
At the end of surgery, neostigmine and glycopyrrolate were
administered, and trachea was extubated following return of
adequate respiratory efforts and consciousness. We record-
ed time taken for glottic view (time from the introduction of
FTB till first visualisation of the glottis), total intubation time
(time from the introduction of FFB into the nasal/oral cavi-
ty till the appearance of five capnographic waves), subjective
assessment of ease of insertion, graded on a 3-point scale
(easy, difficult and impossible) and the number of attempts
(an attempt was defined as insertion of the FOB inside the
nostril/mouth till its complete withdrawal). Ease of insertion
was rated to evaluate subjective difficulty after intubation
attempts based on actions necessary during intubation. In-
tubation was graded as ‘casy’ if straightforward without any
need for modification of the usual technique. It was labelled
as ‘difficult’ if following initial attempt, external manoeuvres
were required to optimise the laryngeal view. ‘Impossible’
intubation implied the inability to secure airway despite use
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of external manoeuvres. We also noted the first attempt and
overall success rate, haemodynamic parameters [heart rate
(HR), systolic blood pressure (SBP), diastolic blood pressure
(DBP) and mean arterial pressure (MAP)] at baseline, after
induction, at the time of glottic view and 1 minute after intu-
bation. Need for external manoeuvres (jaw thrust during the
fibreoptic bronchoscopy and tongue traction, neck flexion/
extension, optimal external laryngeal manipulation and ETT
rotation at the level of glottis during E'TT insertion) was also
recorded in the two groups. Complications such as intubation
failure, desaturation (lowest SPO, <90%), mucosal bleeding,
laryngospasm (clinical evidence of the inability to ventilate
during or after procedure) and blood staining of ETT on ex-
tubation.

Assessed for eligibility (n= 80)

Excluded (n=20)

+ Not meeting inclusion criteria (n=16)
+ Declined to participate (n= 4)

+ Other reasons (n=0)

Randomized (n=60)

l {___Allocation 7 l
Allocated to intervention (n=30)
+ Received allocated intervention (n=30)
+ Did not receive allocated intervention (give
reasons) (n=0)

Allocated to intervention (n=30)

+ Received allocated intervention (n=30)

+ Did not receive allocated intervention (give
reasons) (n=0)

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

l g l

Analysed (n=30)
+ Excluded from analysis (n=0)

Discontinued intervention (n=0)

Analysed (n=30)
+ Excluded from analysis (n=0)

Figure 1. Consort diagram
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Figure 2. Box-and-whisker plots illustrating time to
glottic view (in seconds) with FOI and FNI. The inner
horizontal line within the box represents the median
time for the glottic view, and the outer horizontal lines
of the box represent the 25" and 75* quartiles. The
horizontal lines of the whiskers represent the 95% confi-
dence intervals
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Statistical analysis

A statistical analysis was performed using the IBM Statisti-
cal Packages for the Social Sciences software version 20 for
Windows (IBM SPSS Corp.; Armonk, NY, USA). Categori-
cal data (the incidence of failed intubations, number of ep-
isodes of desaturation, trauma caused and need for external
manoeuvres) were compared using the Chi-squared test and
Fisher’s exact test. Our primary outcome was the total intu-
bation time. In a previous study evaluating a cohort of paedi-
atric FFB-guided oral intubation cases found the mean (SD)
intubation time of 40 s (12). Considering a mean difference
of 10 s (considering the FFB-guided nasal intubation will take
25% less time) and standard deviation of 11 s in both the
groups, 26 patients were required per group with a power of
90% and an a error of 0.05. We decided to recruit 30 patients
in each group to account for failures and dropouts. A p-value
>0.05 was used to reject the null hypothesis for the primary
outcome.

Results

Eighty patients were assessed for eligibility to be included
in the study, out of which 20 were excluded, and 60 were
randomised and analysed (Figure 1). The morphometric pa-
rameters (age, sex, weight and ASA grading) were compa-
rable in the two groups (Table 1). The time to glottic view
(76.261£48.7 s vs. 46.33£16.9 5; p=0.001) and total intubation
time (4.55£1.07 min vs. 3.0520.60 min; p<0.0001) were sig-
nificantly higher in the FOI group as compared to the FNI
group (Table 1, Figure 2 and 3).

Table 1 Patient characteristics and laryngoscopy and
intubation parameters in the two groups
Parameter Group FOI FNI P
Age
6-9 years 17/30 17/30
10—-12 years 13730 13730 1
Gender (M/F) 22/8 23717 0.76
Weight (kg) 28.4(9.2) 2547 (4) | 0.115
ASA (I71I) 3070 3070
First-attempt success rate 86.6% 96.6% 0.18
Time to glottic view (s)
Mean (SD, 95% CI) 76.3 46.33
(48.7,17.43) | (16.9,5.59)
Median (IQR) 60 (30,120) | 40 (30,60) | 0.001
Total intubation time (min)
Mean (SD, 95% CI) 4.55 3.05
(1.07,0.38) | (0.60,0.24)
Median (IQR) 4.5(4,5) 13.05(3,3.5)|<0.0001
FOI: fibreoptic oral intubation; FNI: fibreoptic nasal intubation; M:
male; F: female; ASA PS: Americal society of Anaesthesiologists physi-
cal status; SD: standard deviation; IQR: interquartile range
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Baseline haemodynamic parameters and oxygen saturation
were comparable in the two groups (Figure 4). There was a
statistically significant fall in HR, SBP, DBP and MAP in both

Total intubation time (min)

12

=

1

S N A O @

EFOI W FNI

Figure 3. Box-and-whisker plots illustrating total intuba-
tion time (in minutes) with FOI and FNI. The inner hori-
zontal line within the box represents the median time
for the glottic view, and the outer horizontal lines of the
box represent the 25" and 75™ quartiles. The horizon-

tal lines of the whiskers represent the 95% confidence
intervals

Hemodynamic trends (MAP and HR)
90
80 \ —

60

110

100

50

HR (bpm) and MAP ( mmHg)

Baseline After Induction Glottic view After Intubation

Time points for measurements)

«=@=FO| HR ==@=FNIHR ==@=FO| MAP e=@=FN|MAP

Figure 4. Haemodynamic parameters (HR and MAP)
changes in the two groups

Table 2. Ease of intubation, complications and use of
external manoeuvres

Parameter
Ease of intubation (1/2/3)

Complications

Group FOI
25/4/1

FNI p
29/1/0 |0.213

(desaturation/bleeding/
laryngospasm/failure)

1/0/0/1 0/3/70/0 | 0.25

Use of external manoeuvre
(jaw thrust) during

the FFB insertion 0.40

Number of external
manoeuvres during
the E'TT threading
(0/1/2/3 or more) 2/16/6/6 | 15/14/1/0 | 0.30

FOL: fibreoptic oral intubation; FNI: fibreoptic nasal intubation; ETT:
endotracheal tube
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the groups as compared to baseline at all time intervals. How-
ever, the mean HR and blood pressure (SBP, DBP and MAP)
changes were comparable in the two groups at all time inter-
vals (Figure 1). The oxygen saturation showed a significant
decline as compared to baseline in the FOI group in com-
parison to the FNI group at the time of intubation (p=0.028)
but was comparable at other times. The subjective assessment
of ease of intubation was comparable in the two groups
(p=0.21) (Table 2). One patient in FNI and 4 patients in FOI
were difficult to intubate. One patient in the FOI group was
labelled as impossible to intubate. An overall success rate was
100% in the FNI group and 96.6% in the FOI group, while
the first-attempt success rate was 96.6% in the FNI group and
86.6% in the FOI group (p=0.18) (Table 2). One patient in
the FOI group could not be intubated in two attempts and
was considered failure. Need for manoeuvres during the fibre-
optic bronchoscopy and ETT insertion were comparable in
the two groups (p=0.3 and 0.4) (Table 2). Complications (Ta-
ble 2) included desaturation in 1 patient from the FOI group
and self-limiting mucosal bleeding in 3 patients in the FNI
group, and they were comparable in the two groups (p=0.25).
No patient developed laryngospasm or airway trauma in ei-
ther group.

Discussion

The present study documented shorter times to glottic view
and total intubation times for FFB-guided nasal route as com-
pared to the oral route for intubation in children aged 6-12
years.

The shorter time in the FNI group can be attributed to the
straighter route to larynx via the nasal route. This approach is
anatomically favourable as the laryngeal aperture is more eas-
ily seen with the fiberscope as it courses past the nasopharynx
with less obstruction by the tongue. The results of our study
are in concordance with a study by Jagannathan et al. (12)
who also compared oral and nasal FFB-guided intubation in
children aged <2 years. They had also reported a faster in-
tubation times with the nasal route and concluded that the
FFB intubation through the nasal route may be easier for in-
experienced clinicians. However, the total intubation times in
our study were more than previously reported in all patients,
despite a relatively similar glottic view times (13). This sug-
gests that the main difficulty lied in the threading of the ETT
because we had used PVC tubes, which are stiffer than soft
latex ET'T (as reported in previous studies) and were more dif-
ficult to railroad over the FFB (12). The difliculty is conceiv-
ably greater with the oral route due to more acute angulation.
Also, Xue et al. (13) reported the use of muscle relaxant in
their study, which would provide better intubation conditions
than in a spontanecously breathing child and may have facili-
tated faster intubation.



Turk J Anaesthesiol Reanim 2021; 49(1): 37-43

In our study, all the intubations were performed by anaesthe-
siologists who were experienced in adult as well as paediat-
ric FFB-guided intubations. However, the operators in study
by Jagannathan et al. (12) (>150 adult and >40 pacdiatric
intubations/operator) were probably more experienced in
FI'B-guided intubation than our operators (10 mannequin in-
tubations and 10 clinical intubations). It has been shown that
the skill in fibreoptic intubation can be learnt after 10 trache-
al intubations in anaesthetised patients with normal airways
(14). However, the specific learning curve for paediatric FOB
has not been documented in literature, and this can be an
area suitable for further rescarch.

In a previous randomised trial, Xue et al. (13) investigated
the effect of FNI and FOI on haemodynamic responses and
demonstrated that there was a significant rise in the HR and
arterial pressures during the procedure and following intu-
bation in both groups as compared to baseline. However,
in our study, the HR and blood pressures fell from baseline
before intubation, which can be attributed to the effect of
premedication and induction agents. The lower blood pres-
sures throughout the study period as compared to baseline in
our study were probably due to the use of sevoflurane that is
known to suppress sympathoadrenal activity and causes mild-
er hemodynamic changes during tracheal intubation along
with more stable plasma catecholamine levels as compared to
that of isoflurane (15). Xue et al. (13) administered isoflurane
to the study subjects, and furthermore, there was a lack of
standardisation of depth of anaesthesia in their study, where-
as we ensured an adequate depth throughout the study period
by maintaining a MAC of 1-1.3. The MAC value at the time
of intubation in all the patients.

Moreover, there was no intubation response following intuba-
tion probably due to an adequate topicalisation of the airway
(nebulisation and lignocaine spray in the oropharynx) prior
to FIFB-provided adequate blunting of upper airway, glottic
and infra-glottic reflexes. Xue et al. (13) had employed only
pharyngeal lignocaine sprays, which are unlikely to obtund
the glottic and infra-glottic reflexes and thus reported hae-
modynamic response to intubation, especially following the
railroading of the ETT into the trachea.

There was an episode of transient desaturation (SpO, fell to
85%) in 1 patient in the FOI group. This occurred due to the
longer time required for the ETT insertion. Rest of the pa-
tients in both the groups had their SpO, values in the range of
92°%—-100% during FOL. In a study on fibreoptic nasotracheal
intubation in adult patients with normal airways under deep
inhalational anaesthesia by Smith et al. (16) 30% of their pa-
tients suffered desaturation (SpO,<90%), while it fell to below
80% 1n 8% (5/60) of their patients. They had concluded that
the high incidence of oxygen desaturation in their study was
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due to unanticipated difficult intubation encountered during
the cases that prolonged the intubation period and lead to
desaturation. The incidence is lower in our study as patients
with a potential DA were excluded from the study.

We had also compared the two techniques for ease of intuba-
tion. In FOI group, the procedure was easy in 86.7% patients
and difficult in 10%. In 1 patient, the procedure was declared
impossible due to ab inability to secure the airway using FFB
in two attempts, and intubation was achieved by direct laryn-
goscopy. In the FNI group, the ETT was successfully inserted
in all except | patient in first attempt and the procedure was
considered easy in 96.6% of patients. One patient in the FNI
group required two attempts and was labelled as difficult to
intubate, but there were no failures. The increased difficulty
with the oral route is due to difficulty in centralising the scope
in the mouth and acute angulation at the level of oropharynx
during the msertion of FFB and the threading of ETT (17).
A similar difficulty in passing an E'TT over the orally inserted
FFB was reported in a study by Schwartz et al. (18) in 80% of
their patients due to the tube impinging over the right aryte-
noid cartilage. Katsnelson et al. (19) in their mannequin study
found that right arytenoid cartilage was the main site which
hinders the passage of an E'TT over an orally inserted FIFB.
They also described epiglottis to be the main site which ob-
structs the passage of an ETT during fibreoptic nasal intuba-
tion. They found the same results clinically, when oral and na-
sal FFB-guided intubations were carried out in patients. The
authors speculated that differences in the sites of obstruction
in the two routes result from differences in the alignment of
oral, pharyngeal and laryngeal axes in the two routes. It has
been suggested that during the railroading of the ETT over
the fibreoptic scope, its bevel should be oriented upwards for
nasal intubation and downwards for oral intubation to facili-
tate its placement into the trachea because of different sites of
obstruction (20). We rotated the ETT during its passage only
in cases where resistance was encountered. Jagannathan et al.
(12) had appropriately oriented the ETT bevel beforehand in
all patients, which may partly account for their shorter intu-
bation times. In our patients, the difficulty in threading the
ETT was managed with neck flexion, jaw thrust and ETT
rotation at the level of glottis as appropriate.

Airway complications were few and did not result in any se-
quel. The main problem with nasotracheal fibreoptic intu-
bation is bleeding, which can make intubation difficult (21).
While 3 patients of the FNI group experienced intranasal
mucosal bleeding which was self-limiting, 1 patient in the
FOI group developed transient desaturation during the ETT
threading, which was technically difficult and prolonged.
The saturation level immediately improved and came back
to baseline levels with initiation of 100% oxygen and positive
pressure ventilation through the ETT. This is despite the use
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of para-oxygenation through the nasopharyngeal insufflation
of oxygen. None of the patient suffered apnoea or coughing;
Intubation conditions using sevoflurane have been reported
as good in spontaneously breathing patients without any hy-
poxemic episodes (22). The optimal anaesthetic depth should
be maintained and monitored to avoid apnoea, as well as
retching and coughing on the scope in these cases to achieve
safe and smooth intubation.

Study limitations

The operators in the present study were experienced in fibre-
optic intubations, and the results may thus not be applicable
to untrained novices. Furthermore, the nature of the study
did not permit us blinding of the allotted group. However,
bias was avoided by having an independent assessor record
the primary and secondary outcomes. Also, two different op-
erators randomly performed the intubations to avoid subjec-
tive bias. Another limitation of the study is that children with
normal airways were studied. Hence, the results may not be
applicable to those with airway lesions or other airway ab-
normalities making the airway difficult. Nonetheless, even in
these situations, the findings of the study would be relevant in
making the decision regarding the appropriate approach to
FFB-guided intubation.

Conclusion

Flexible fibreoptic bronchoscope-guided intubation is easier
and faster when performed by nasal route as compared to
orally acquired intubation in children aged 6-12 years with
minimal complications. Hence, nasal fibreoptic intubation
may be considered as the preferred technique for intubation
in children requiring fibreoptic intubation.
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