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Comparison of a rigid 
laryngoscope with the 
ultrathin fibreoptic la- 
ryngoscope for tracheal 
intubation in infants 

The flexible ultrathin fibreoptic laryngoscope allows placement 

o f  endotracheal tubes as small as 2.5 mm internal diameter. 
The purpose o f  this study was to document the safety and efficacy 

o f  intubation using an ultrathin fibreoptic laryngoscope. Proved 

safety and efficacy would justify the routine use o f  fibreoptic 
laryngoscopy in normal infants to maintain skills needed for 

management o f  the difficult infant airway. In this prospective 
study, 40 infants <24 mo o f  age scheduled for elective surgery 
were randomly divided into two equal groups. After inhalation 
induction o f  anaesthesia, in 20 infants the trachea was intubated 

using direct rigid laryngoscopy, and in 20 using the ultrathin 
fibreoptic laryngoscope (size L8 mm 019) Olympus LFP. Time 

to successful intubation was recorded, as well as blood pressure, 
heart rate, end-tidal C02 and oxygen saturation. Airway 
trauma in the operating room, the post-anaesthesia care unit, 
and on the f r s t  postoperative day was recorded. The intubation 

times using rigid laryngoscopy were less than those using fi- 
breoptic laryngoscopy (13.6 • 0.9 sec (mean + SEM) vs 22.8 
• L7 sec; P < 0.01). Oxygen saturation and end-tidal C02 
readings were not different between the two groups. After in- 
tubation, blood pressure and heart rate increased equally in 
both groups, returning to normal within one to two minutes. 
There was no difference in the airway trauma between groups. 
We conclude that the ultrathin fbreoptic laryngoscope is a safe 
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and effective method for tracheal intubation in infants and may 
be used routinely in order to maintain fibreoptic airway skills. 

Le fibroscope ultrafin flexible d fibres optiques permet de placer 
des canules endotrachdales de diambtre interne aussi petit que 
2,5 mm. Cette dtude vise ~ d~montrer la s~curitd et l'efficacitd 

de l~ntubation avec un fibroscope ultrafin. La preuve de sa 
sdcuritd et de son efficacit~ justiferait son utilisation courante 
chez les enfants normaux pour maintenir la dextdrit~ ndcessaire 

la prise en charge des cas difficiles. Pour cette ~tude pros- 
pective, 40 enfants de 24 mois ou moins programmds pour 
une chirurgie r~glde sont rdpartis au hasard en deux groupes 

~gaux. Aprks une induction par inhalation, chez 20 enfants, 
la trachde est intub~e par laryngoscopie rigide directe, et chez 

un m~me hombre, avec le fibroscope ultrafin (diam~tre externe 
1,8 mm) Olympus LFP Le d~lai jusquTt la rdussite de Fin- 

tubation est enregistr~, ainsi que la pression art~rielle, la 

frdquence cardiaque, la CO 2 tdl~-expiratoire et la saiuration 
en oxygbne. Tout traumatisme aux voies adriennes en salle d'o- 
p~ration, salle de r~veil et au premier jour apr~s l'opdration 
est aussi not~. Le temps requis pour l~ntubation avec le la- 
ryngoscope rigide est moindre qu'avec le fibroscope (13,6 q- 
0.9 sec (moyenne • SEM) vs 22,8 • 1,7 sec; P < 0,0l). La 

saturation en oxygbne et le CO 2 t~l~-expiratoire ne di~rent 
pas entre les deux groupes. Aprbs l'intubation, la pression ar- 

t$rielle et la fr$quence cardiaque augmentent $galement dans 

les deux groupes et retournent d la normale en def~ d'une 

ou deux minutes. Pour les tramatismes, il n~y a pas de diffdrence 
entre les deux groupes. En conclusion, on peut utiliser le fi- 

broscope avec efficacitd et sdcurit~ pour l~ntubation des enfants. 
et de fafon courante pour maintenir son habilet$ avec ce type 
d'instrument. 

Use of the flexible fibreoptic laryngoscope in airway man- 
agement of the adult and older paediatric patient is well 
established, i-3 The ultrathin (OD 1.8 mm) fibreoptic la- 
ryngoscope with directable tip (Olympus LFP, Lake Sue- 
tess, New York 11042) allows placement of endotracheal 
tubes as small as 2.5 mm internal diameter (ID) (with 
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the 15 mm adapter removed). As with many learned 
skills, repeated use may be conducive to improving and 
maintaining one's ability to use this instrument effectively. 
This study compares the efficacy and safety of ultrathin 
fibreoptic laryngoscopy with rigid laryngoscopy for tra- 
cheal intubation in healthy infants between 1 and 24 mo 
of age. 

TABLE I Mean ages and weights of study infants 

Group Age (too) Wt (kg) 

Rigid laryngoscopy 12.0 4- 1.4 9.4 4- 0.6 
Fibreoptic laryngoscopy 10.7 4- 1.6 9.0 -t- 0.6 

Mean + SEM. 

Methods 
After approval of the Institutional Review Board of the 
Children's Memorial Hospital, informed consent was ob- 
tained from parents of 40 infants <24 mo of age. All 
infants were ASA physical status 1 or 2 with no history 
of chronic airway disease, acute respiratory illness, or 
serious systemic disease. Each infant was scheduled to 
undergo elective surgery requiring the placement of an 
oral endotracheal tube. 

Study infants were randomly assigned to two groups 
of equal size (direct rigid laryngoscopy versus fibreoptic 
laryngoscopy). 4 Infants were premedicated ten to fifteen 
minutes before the induction of anaesthesia with atropine 
20 Izg" kg- '  im and, if >12 mo of age, with midazolam 
100 ~g. kg- '  ira. All infants were monitored with elee- 
trocardiogram (ECG), automated blood pressure (BP) 
cuff, preeordial stethoscope, and temperature probe. A 
Nellcor 1000 (Nellcor Inc., Hayward, CA 94545) was used 
to measure oxygen saturation (02 SAT) and end tidal 
CO2 (PETCO2). Induction and intubation were performed 
by one of two attending anesthetists familiar with the 
use of fibreoptic laryngoscopy in infants. Both had pre- 
viously gained some proficiency with the Olympus ul- 
trathin fibreoptic scope (approximately 20 previous in- 
tubations) in normal and abnormal paediatric airways 
before this study. 

Anaesthesia was induced with halothane/60% nitrous 
oxide and 40% oxygen by mask. The inspired halothane 
concentration was gradually increased to 3%. An intra- 
venous catheter was placed and either veeuronium or 
pancuronium 100 Atg" kg -~ was administered. Nitrous 
oxide was then discontinued for 60 see, inspired halothane 
reduced to 1.5%, and ventilation controlled to achieve 
an PETCO2 concentration in the 29-33 mmHg range. 

After muscle relaxation was judged to be adequate by 
peripheral nerve stimulation, in infants in the rigid lar- 
yngoscopy group the tracheas were intubated orally using 
direct laryngoscopy with a Miller #1 blade; in infants 
in the fibreoptic laryngoscopy group intubation was per- 
formed orally using the ultrathin fibreoptic laryngoscope 
(Olympus LFP, Lake Success, New York 11042). Endo- 
tracheal tube size was based on age (1-6 mo - size 3.5 
mm ID, 7-15 mo - 4.0 mm ID, 16-24 mo - 4.5 mm 
ID) or history of endotracheal tube size used during a 
recent anaesthetic, if available. Systolic BP and diastolic 

BP, heart rate (HR) and rhythm, PExCO2, and O~ SAT 
were measured immediately before induction of anaes- 
thesia, prior to laryngoscopy, immediately after intuba- 
tion, and at one-minute intervals for five minutes fol- 
lowing intubation. Time to visualize the vocal cords 
during rigid laryngoscopy or time to pass the tip of the 
fibreoptic laryngoscope through the vocal cords during 
fibreoptic laryngoscopy (time 1), as well as time to suc- 
cessful intubation (time 2) were measured. The number 
of intubation attempts was recorded. A notation was 
made if the operator felt that intubation was difficult. 

If the operator anticipated that intubation would not 
be completed within 60 see or if the 02 SAT decreased 
to <98% for more than five seconds, the intubation at- 
tempt was aborted. The lungs were then ventilated by 
mask with oxygen and halothane before intubation was 
again attempted. The reason for each intubation failure 
was determined and recorded. After intubation, the air- 
way pressure at which a leak could fast be heard by 
auscultation was recorded. A blinded observer recorded 
trauma to lips, gums, and oropharynx in the operating 
room and at approximately one hour after admission into 
the post-anaesthesia care unit (PACU). A croup score 
was recorded in the PACU using a standard croup scoring 
system. 5 The infant's family was called on the fast post- 
operative day; any history of swallowing difficulties or 
coughing or any observed injuries to lips, gums, or teeth 
were recorded. 

Differences in mean values of vital signs between and 
within groups 1 and 2 were evaluated with repeated meas- 
ures two-way ANOVA. Weight, age, and time to intubate 
were analyzed with two-tailed t tests. A P < 0.05 was 
considered statistically significant. Changes in vital sign s 
compared with preinducti0n values were analyzed with 
a 2-tailed t test with Bonferroni correction. Complication 
occurrences were evaluated using chi-squared. 

Results 
There were no demographic differences between groups 
(Table I). All rigid laryngoscopy infants bad successful 
tracheal intubation at the fast auempt, with a mean time 
to cord visualization (Tt) of 7.2 + 0.5 see and mean 
time to complete intubation (Tz) of 13.6 -t- 0.9 see (Fig- 
ure). In the fibreoptic group, mean time to pass the fi- 
brcoptic scope through the vocal cords (TO was 14.5 + 
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TABLE 11 PETCO 2 (mmHg) Before and alter intubation 

PETCO 2 PF, TCO 2 
Group Pre-intubation Post-intubation 

Rigid laryngoscopy (n = 20) 32.2 :t: 0.3 34.7 + 0.6 
Fibreoptie laryngoscopy (n = 20) 31.9 + 0.3 34.7 -I- 0.6 

Mean + SEM. 

FIGURE Intubation limes for rigid laryngoscopy venus fibreoptic 
laryngoscopy. T I = time to visualize the vocal cords (rigid laryngos- 
copy group) or time to pass the tip of the fibreoptic laryngoscope 
through the vocal cords (fibreoptic laryngoscopy group). T 2 = time to 
complete the intubation. *P < 0.05 compared with rigid laryngoscopy 
group. 

1.65 see and mean time to successful intubation (T2) was 
22.8 5:1.7 see (Figure). 

Vocal cord visualization was initially difficult in three 
infants in the fibreoptie laryngoscopy group. The cause 
of difficulty in one of these infants was light source failure. 
Repositioning of the mandible resulted in visualization 
in the other two infants. The second intubation attempt 
was successful in each of these three cases. Total time 
for intubation did not exceed 40 see in any infant. In- 
tubation limes were increased in the fibreoptic laryngos- 
copy group compared with the rigid laryngoscopy group. 
The oxygen saturation did not decrease to <99% in any 
study infant. The I~TCO2 measurements were unchanged 
pre- and post-intubation, and were equivalent in both 
study groups (Table II). No intubation was felt to be 
of great difficulty. 

Within each group there were increases in systolic BP, 
diastolic BP, and HR post-intubation compared with im- 
mediately before intubation (Table III); however, there 
were no differences between groups. 

No major intubation-related complications occurred in 
any study infant. One infant in the rigid laryngoscopy 
group was noted in the PACU to have stridor (croup 
score = 1 of a possible 10) not requiting therapy. The 
follow-up phone interview revealed a history of a "barky 
cough" in two standard laryngoscopy infants and in two 
fibreoptie laryngoscopy infants. No therapy was required. 
The infant observed to have slridor in the PACU did 
not have a "barky cough" at the time of the postopera- 
tive phone interview. There were no differences in the 

occurrence or type of complications identified at sur- 
gery, in the PACU or 24 hr postoperatively between 
groups. 

Discussion 
The use of a flexible fibreoptic scope to aid intubation 
of the trachea in adults was fast described by Murphy 
in 1967. 6 A fibreoptic bronchoscope suitable for use in 
older paediatric patients was developed in the late 1970's 
(Olympus BF-3C4, Lake Success, New York 11042). 
Since this scope did not allow passage of endotracheal 
tubes smaller than 4.5 mm ID, it could not be used di- 
rectly for intubation of very young infants. Smaller fi- 
breoptic bronchoscopes were introduced in 1984 (Olym- 
pus PF-18, and PF-23, Lake Success, New York 11042) 
but these bronchoscopes did not have a directable tip, 
thus limiting use for intubation. 7 The recent introduction 
of the ultrathin fibreoptic laryngoscope with directable 
tip allows tracheal intubation with tubes as small as 2.5 
mm ID. 

Tracheal intubation of infants cannot be equated with 
adult intubation because of multiple anatomical differ- 
ences, including a more cephalad larynx and a more an- 
gulated, long, stiff epiglottis, s The safety and efficacy of 
the routine use of fibreoptic intubation techniques in in- 
fants has not been prospectively investigated, although 
multiple case reports describe fibreoptic intubation in se- 
lected children. 3,9-15 Kleeman e t  al. u s e d  an  u l t r a t h i n  f i -  

breoptic scope directly to intubate the trachea of an infant 
with the Pierre-Robin syndrome. ~3 Finer et  al. used an 
ultrathin fibreoptic scope to intubate the tracheas of 23 
neonates with dysmorphic airways or severe hydrocepha- 
lus. 14 Monrigal et  ai. used an ultrathin fibreoptic scope 
to secure the airway in ten infants with dysmorphic fea- 
tures, four of whose tracheas had been previously in- 
tubated using a two-staged guide wire technique. ,5 There 
were no reports of failure in any of these cases. 

Anaesthetists who report the use of an ultrathin fi- 
breoptic laryngoscope for intubation of neonates and in- 
fants with difficult airway anatomy have remarked on 
the superiority of this technique to other airway man- 
agement options. 13-15 These clinicians commented on the 
ease of endotracheal tube placement (compared with 
two-stage fibreoptic observation techniques), decreased 
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TABLE 111 Systolic and diastolic blood pressure and heart rate in rigid and fibreoptic laryngoscopy 

Before Before After 
Group induction intubation intubation Min I Min 2 Min 3 Min 4 Min 5 

Rigid laryngoscopy (n = 20) 
Systolic BP 108 -t- 4 94 + 2 102 -I- 2* 99 + 2* 96 -I- 2 96 + 2 92 -t- 2 93 -t- 2 
Diastolic BP 60 + 3 43 + 2 50 + 3* 46 + 2 43 -I- 2 42 -I- 2 41 + 2 40 4- 3 
HR 168 4- 7 167 + 3 174 4- 3* 171 4- 3 169 4- 3 167 4- 3 166 -I- 3 165. -I- 3 

Fibreoptic laryngoscopy (n = 20) 
Systolic BP 114 + 3 98 -t- 3 105 + 3* 103 + 3 100 -i- 3 98 -I- 3 97 "+" 3 95 -I- 3 
Diastolic BP 60 4- 3 42 + 1 52 + 2* 48 + 3 45 -t- 2 43 -I- 2 42 + 2 42 -I- 2 
HR 159 + 5 160 + 2 169 + 2* 165 + 2* 162 + 2 161 -t- 2 159 -I- 2 158 -t- 2 

Mean + SEM. 
*P < 0.05 compared with pre-intubation values. 

trauma, and the ability to confirm correct endotracheal 
tube tip placement visually. 13-15 

The purpose of this study was to determine the safety 
of the routine use of ultrathin fibreoptic laryngoscopy 
by experienced practitioners for the placement of endo- 
tracheal tubes in infants between 1 and 24 mo of age 
in order to maintain airway management skills. Docu- 
menting safety would justify the routine use of the ul- 
trathin fibreoptic laryngoscope in normal infants to main- 
tain skills needed for management of the difficult infant 
airway. 

It should be noted that we do not advocate the routine 
use of muscle relaxants in infants with difficult airways; 
however, to make an accurate comparison of rigid with 
ultrathin fibreoptic laryngoscopes we elected to use them 
in all cases. In the case of an actual difficult airway, 
the ultrathin fibreoptic scope has been utilized successfully 
using topical alone or topical combined with a ketamine 
anaesthetic. 13.15 Also, occasionally, in a child whose tra- 
chea is difficult to intubate it may be easy to ventilate 
the lungs by mask. In this circumstance a muscle relaxant 
might be used to facilitate fibreoptic intubation as was 
done in our study. 

The principal findings of this study can be summarized 
as follows: (1) intubation took longer to perform (P < 
0.01) in the fibreoptic laryngoscopy group (22.8 sec) than 
in the standard laryngoscopy group (13.6 sec); (2) there 
was no decrease in O2 SAT in either group; (3) no clin- 
ically important airway trauma was observed in either 
group; (4) there was a small increase in post-intubation 
HR and increased blood pressure in both groups, but 
no differences in vital sign changes between study groups. 
Although these differences were statistically significant, 
they were not felt to be clinically important. 

Few studies have compared fibreoptic intubation with 
intubation using rigid laryngoscopy. The studies that are 
available were performed in adults. 16-Is Smith reported 

that adult fibreoptic tracheal intubation required approx- 
imately 17 sec longer to perform than intubafion by rigid 
laryngoscopy and was associated with a mild increase 
in BP and HR. 16 A later study from the same medical 
centre confu'rned these cardiovascular effects. ,7 These 
findings are similar to our observations. Hawkyard et 
al., in contrast, reported a small decrease in mean BP 
and minimal change in HR with fibreoptic laryngoscopy 
performed after sedation, compared with a moderate in- 
crease in both BP and HR seen with rigid laryngoscopy 
performed after induction of general anaesthesia. ~s The 
time required to accomplish intubation was not reported 
and the only complication reported of importance was 
nasal pain in the fibreoptic group. 

We conclude that, in experienced hands, fibreoptic in- 
tubation using the ultrathin Olympus scope with the 
methods We described is safe for routine use in the healthy 
infant I to 24 mo of age. Of note, only a minimal amount 
of practice was necessary to obtain proficiency in the 
use of this fibreoptic scope by anaesthetists familiar with 
the use of larger fibreoptic scopes. 
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