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Effects of fentanyl infusion on tracheal intubation and
emergence agitation in preschool children anaesthetized
with sevoflurane
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Background. Sevoflurane can be used as a sole agent for intubation in children, but studies
have suggested that it is associated with emergence agitation. Fentanyl infusions can be
used both to facilitate intubation and decrease emergence agitation. We investigated the
effects of fentanyl on conditions at intubation and on emergence from sevoflurane
anaesthesia without confounding nitrous oxide or premedication.

Key points

e Sevoflurane is widely
used in paediatric
anaesthesia but can
cause emergence
agitation.

Methods. IRB approval and informed consent were obtained. Subjects comprised 150 ASA
physical status I or II (age, 2-6 yr). Anaesthesia was induced with sevoflurane in oxygen
and maintained using a predetermined concentration of sevoflurane. Subjects were
randomly allocated to receive one of three doses of fentanyl: vehicle only (control group),
a bolus dose of 1 pg kg~ ! followed by a continuous infusion of 0.5 ug kg~ h™!
(F1 group), or a bolus dose of 2 j.g kg~ ! followed by a continuous infusion of 1 ug kg~ * h™!
(F2 group). Sevoflurane minimum alveolar concentration for tracheal intubation (MACq;)
and emergence agitation score were assessed.

e Fentanyl may improve
conditions at intubation
and emergence.

e This was studied in 150
unpremedicated children.

e Fentanyl reduced early
postoperative agitation in
a dose-dependent
manner.

Results. MACy; values were 2.49%, 1.61%, and 1.16% in control, F1,and F2 groups, respectively
(P<0.05). Agitation scores were 11.5, 7.0, and 2.6 in control, F1, and F2 groups, respectively
(P<0.05).

Conclusions. Fentanyl infusion consisting of a bolus dose of 2 ug kg~! followed by a
continuous infusion of 1 wg kg~ ! h™?! facilitates tracheal intubation and smooth emergence
in children anaesthetized using sevoflurane.

Clinical trial registration: this study was started in 2000 and was finished in 2008. We had no
registration number. IRB approval was obtained.
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Paediatric anaesthesiologists often intubate the trachea
using only sevoflurane without a neuromuscular blocking
agent.” ? As sevoflurane shows potent hypnotic activity but
low analgesic effect,® a combination of sevoflurane and fen-
tanyl should reduce the minimum alveolar concentration for
tracheal intubation (MACq;). Another major problem associ-
ated with sevoflurane is the potential for emergence agita-
tion, particularly in preschool children. Previous studies
have shown that a bolus of fentanyl (i.v. 1 or 2.5 pg kg™ %,
nasal 2 wg kg~?) can reduce the incidence of severe emer-
gence agitation after sevoflurane anaesthesia.“”® However,
the dose-related effects of fentanyl on MACy; and emergence
agitation without nitrous oxide (which can produce nausea)’

and premedication (which can decrease agitation)® have yet
to be examined in preschool children. We used a randomized,
single-blind study to assess the effects of two doses of con-
tinuous fentanyl infusion on sevoflurane concentrations
required for tracheal intubation and on the emergence agita-
tion score in children anaesthetized using sevoflurane alone.

Methods

Subject selection

We studied 150 children (age, 2-6 yr) of ASA physical status I
or II who were undergoing elective minor surface surgery
under general anaesthesia. The study protocols were
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approved by the clinical investigation ethics committee of
Tsukuba University (IRB), and informed consent was obtained
from a parent or a guardian. Patients with airway malfor-
mation, clinical evidence of a difficult airway, asthma, or
any sign of upper respiratory infection were excluded.
Patients taking central nervous system (CNS) depressants or
antiseizure medication, or who had CNS disorders including
spinal cord dysfunction, developmental delay, or autism,
were also excluded. The required numbers for each group
in this study were calculated using power analysis to find a
significant difference of P<0.05 («=0.05) with a power of
95% (B error=0.05). This analysis determined 45 patients
per group as sufficient.

General procedure

Subjects were fasted for >4 h before induction of anaesthesia
and did not receive premedication. A precordial stethoscope
was used to monitor heart and breath sounds. Routine moni-
toring (AS/3™ monitoring system; Datex, Helsinki, Finland)
was applied, including pulse oximetry, non-invasive arterial
pressure, and electrocardiography. Body temperature was
monitored by a tympanic probe and maintained at 36.8°C
(0.4°C) using a heating pad. Inspired/end-tidal sevoflurane
and carbon dioxide concentrations were measured with a
multigas analyzer (AS/3) precalibrated automatically before
each use. End-tidal concentrations were measured using
the sampling tube attached to the L-connecter of the face
mask before tracheal intubation and from the L-connecter
at the proximal end of the tracheal tube (Portex™; Portex,
Hythe, UK) after intubation. The end-tidal carbon dioxide
trace had returned to zero and good (square) wave formation
was present with a plateau and a total gas inflow of 6 litre
min~ . The end-tidal concentration of carbon dioxide was
maintained at 4.7-5.3 kPa during the study.

Subjects were randomly allocated to one of three groups
(=50 per group) using computer-generated numbers to
receive one of three doses of i.v. fentanyl: control group
(saline); F1 group, a bolus of 1 ng kg™ ? followed by a continu-
ous infusion of 0.5 wg kg~ h™%; or F2 group, a bolus of 2 pg
kg~?! followed by a continuous infusion of 1 pg kg™* h™™%
Continuous dose regimens were determined based on the
results of a pilot study (data not shown). Subjects who
received a trial dose (bolus dose of 2 ug kg~* followed by a
continuous infusion of 2 ug kg~ ! h™!) showed very smooth
tracheal intubation, but drowsiness after emergence from
anaesthesia, so we selected the doses mentioned above.
End-tidal sevoflurane concentrations and intervals used in
this study were determined based on the results of our
pilot study (data not shown).

Experimental protocol
Measurement of sevoflurane concentration to prevent
coughing on tracheal intubation (MAC)

Anaesthesia was induced with 5% sevoflurane in oxygen
without i.v. anaesthetics and neuromuscular blocking
agents. Spontaneous respiration was initially assisted, then
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controlled manually. After obtaining an i.v. cannula, the con-
centration of sevoflurane was decreased to the test concen-
tration. After reaching a predetermined value, the end-tidal
sevoflurane concentration was kept constant, and the ratio
of predetermined end-tidal to inspiratory concentration was
maintained at 0.95-1.00% for 5 min (stable status) before
the initiation of fentanyl infusion.

When the simulated effect-site concentration of fentanyl
increased to its maximum concentration (3 min after estab-
lishing stable offend-tidal sevoflurane concentration and
starting fentanyl injection), laryngoscopy and tracheal intu-
bation were quickly attempted using a curved blade and an
uncuffed tracheal tube [size selected using the formula:
internal diameter (mm)=4+age/4] without a neuromuscular
blocking agent. Each sevoflurane concentration at which lar-
yngoscopy and tracheal intubation were attempted was
chosen by the anaesthesiologist in charge of each case
(1.5-3.5% in the control group, 0.75-3.0% in the F1 group,
and 0.75-2.5% in the F2 group). The step size of sevoflurane
was 0.25%. The lowest concentration (1.5%) of sevoflurane in
the control group was chosen based on the results of our pre-
vious study, which determined MACq; values of sevoflurane
alone in children.” For the F1 and F2 groups, the lowest con-
centration of sevoflurane was reduced to half that of the
control group (0.75%). The highest concentration of sevoflur-
ane in each group was increased to inhibit positive responses
in 100% of subjects. A single measurement was obtained per
subject. Tracheal intubation accomplished without coughing,
bucking, or gross purposeful muscular movements was con-
sidered smooth as determined by a nurse and a surgeon
blinded to sevoflurane concentration and fentanyl dose. Sub-
jects who moved during laryngoscopy or after tracheal intu-
bation were immediately given 4-5% sevoflurane.
Anaesthesiologists with 1-2 yr experience (>300 cases,
including >50 paediatric cases) performed the tracheal intu-
bation. Techniques required in intubations in children were
enhanced using a paediatric patient simulator. The time for
tracheal intubation was defined as the time from discontinu-
ation of face-mask ventilation to connection of the tracheal
tube to the anaesthesia circuit. Anaesthesia was then main-
tained with sevoflurane in oxygen at 1 litre min~* and in air
at 5 litre min~’. The sevoflurane concentration was con-
trolled according to the haemodynamics of each patient
[maintaining systolic arterial pressure (SAP), heart rate (HR),
or both changes within 20% of baseline].

Assessment of emergence agitation

Subjects received a field block using 2-3 ml of ropivacaine
(0.3-0.5%) before the start of surgery. Rescue ropivacaine
was infiltrated intraoperatively into s.c. tissue and into the
surgical field, if necessary. The airway was gently suctioned,
if necessary. Upon completion of surgery, sevoflurane was
discontinued. Controlled ventilation at the same settings
and a total gas flow of 6 litre min~! of oxygen were contin-
ued without attempts to stimulate the patient. Spontaneous
respiration was initially assisted and then adequate
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spontaneous breathing was established. With the return of
the cough reflex, patients were allowed to breathe spon-
taneously. When patients demonstrated complete emer-
gence from anaesthesia by displaying a regular respiratory
pattern, facial grimacing, and purposeful movement, the
trachea was extubated and oxygen (6 litre min~ 1) was admi-
nistered via the mask. During emergence, subjects were
observed for respiratory complications such as breath-
holding and muscle rigidity, and for arterial oxygen desatura-
tion. Subjects were kept in the operating theatre until
achieving a post-anaesthetic recovery score of 9 or 10
[defined as a score of good (two points), fair (one point), or
poor (zero point)] for each of five factors; consciousness, res-
piration, haemodynamic status, skin colour, and muscle
force.” L.V. infusion of fentanyl was then discontinued, and
patients were transferred to the general ward. The time to
extubation from discontinuation of sevoflurane (extubation
time) and the time to recovery (recovery score 9 or 10) from
discontinuation of sevoflurane (recovery time) were recorded.

Although, several authors have reported two- to four-point
rating scores to assess agitation,® '° 1 we used the paediatric
anaesthesia emergence delirium (PAED) scale,’? a five-point
rating scale with five gradations for each item that has been
validated to assess emergence agitation in children. The
PAED scale consists of five items: (1) the child makes eye
contact with the caregiver, (2) the child shows purposeful
actions, (3) the child is aware of their surroundings, (4) the
child is restless, and (5) the child is inconsolable. Items (1)-
(3) are reversed scored as follows: 4, not at all; 3, just a little;
2, quite a bit; 1, very much; and 0, extremely. Items (4) and
(5) are scored as follows: 0, not at all; 1, just a little; 2, quite
a bit; 3, very much; and 4, extremely. The score for each
item was summed to obtain a total PAED scale score. Overall
emergence agitation after tracheal extubation was continu-
ally assessed by an anaesthesiologist blinded to the treatment
group for 15 min until transfer to the general ward. The score
that lasted the longest was regarded as the agitation score.
We considered patients who complained of pain, tried to
remove the surgical dressing after surgery to have pain, or
both, and provided additional bolus injections of fentanyl at
1 ng kg~ *. These patients were excluded from the study.

Data analysis

Subject characteristics and clinical details are provided as
mean values [standard deviation (sp)]. Statistical comparisons
among the three groups (control, F1, and F2) were performed
using analysis of variance (anova) with the Scheffe test for post
hoc analysis (StatView software; SAS Institute, Cary, NC, USA).
Statistical comparisons within each group were performed
using repeated-measures anova, and significance was assessed
using the Scheffe test. Sex, ASA physical status, and surgical
procedure were analysed using Fisher’s exact test. In all
cases, values of P<<0.05 were considered the minimum level
for statistical significance. We determined the preventive
sevoflurane concentration against coughing on tracheal

intubation using a multiple independent variable logistic
regression model (SAS System version 6.12; SAS Institute).

Results

Subject characteristics and clinical details other than haemo-
dynamic changes were very similar between groups with
(Table 1) no differences in baseline SBP or HR. Both SBP and
HR before intubation decreased below baseline values in all
three groups. Thereafter, both SBP and HR increased after
intubation to baseline values in all three groups. SBP in the
F2 group did not significantly increase compared with the
value before intubation. In the F2 group, both SBP and HR
immediately after intubation were lower than those values
in the control group. Thereafter, both SBP and HR values
were similar in the three groups. Time for tracheal intubation
did not exceed 15 s. No patients showed breath-holding,
muscle rigidity, vomiting, arterial oxygen desaturation, bra-
dycardia, or hypotension necessitating treatment.

A total of four control-group subjects, five F1-group sub-
jects, and two F2-group subjects were excluded from the
study after administration of additional bolus injections of
fentanyl at 1 pg kg~ ! as rescue doses (Fig. 1).

Sevoflurane concentration for prevention of coughing
on tracheal intubation (MAC+;)

Table 2 shows the end-tidal sevoflurane concentrations and
percentages of patients with smooth tracheal intubation.
Maximum likelihood estimators of logistic regression model
parameters (y* goodness of fit and P-value) were 0.978
and 0.0018 in the control group, 0.690 and 0.0086 in the
F1 group, and 0.829 and 0.0040 in the F2 group, respectively
(Fig. 2). Significant differences were identified between the
three curves (P<0.01), and dose-related effects of fentanyl
on sevoflurane MACy; were observed. The calculated MACy;
values were 2.49% [confidence interval (CI), 2.22-2.81%],
1.61% (CI, 0.89-2.04%), and 1.16% (CI, 0.46-1.39%) for
the control, F1, and F2 groups, respectively. The 95% effec-
tive dose values were 3.45% (CI, 3.02-5.15%), 3.22% (CI,
2.52-7.65%), and 1.97% (CI, 1.69-3.21%) for the control,
F1, and F2 groups, respectively. Smooth tracheal intubation
was possible in all groups at an end-tidal sevoflurane con-
centration of 3.25% in the control group, 2.75% in the F1
group, and 2.25% in the F2 group.

Assessment of emergence agitation

Emergence excitement after tracheal extubation was
assessed continuously for all cases for 15 min until transfer
to the general ward. The PAED scale scores were 11.5 (4.3),
7.0 (4.8), and 2.6 (1.7) in the control, F1, and F2 groups,
respectively (P<0.05). The time to achieve extubation from
discontinuation of inhaled anaesthetics did not exceed 15
min in any subject. Extubation times (from discontinuation
of sevoflurane) were 7 (3), 7 (3), and 8 (3) min in the
control, F1, and F2 groups, respectively (P<<0.05). Recovery
times (from discontinuation of sevoflurane) were 7 (3), 9
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Table 1 Subject characteristics and clinical details. Values were presented as the mean (sp) or mean (range). *P<<0.05 compared with control
group. TP<0.05 compared with baseline. #P<0.05 compared with value before intubation. Control group, saline infusion; F1 group, a bolus
dose of 1 ug kg™ ?* followed by a continuous dose of 0.5 wg kg~ * h™%; F2 group, a bolus dose of 2 g kg™ followed by a continuous dose of

1ugkg th?
Control group (n=46) F1 group (n=45) F2 group (n=48)

Age (yr) 3.8 (2-6) 3.6 (2-6) 3.8 (2-6)
Body weight (kg) 14 (7) 16 (8) 15 (7)
Sex (male/female) 20/26 23/22 25/23
ASA physical status I 42 43 42
ASA physical status II 4 2 6
Procedure

Inguinal herniorraphy 19 30 26

Plastic surgery (nervous, ear, finger) 23 13 16

CV catheter insertion 4 2 6
Durations of

Anaesthesia (min) 104 (49) 102 (41) 103 (52)

Surgery (min) 67 (46) 64 (40) 67 (47)
Range of ET sevoflurane during surgery (%) 1.5-2.5 1.5-2.5 1.5-2.5
Systolic arterial pressure (mm Hg)

Baseline before induction 117 (12) 116 (12) 118 (13)

Before intubation 105 (14)f 106 (10)* 105 (15)

After intubation 119 (14)* 117 (11)* 112 (12)*
Heart rate (beats min™?)

Baseline before induction 117 (16) 116 (24) 119 (18)

Before intubation 99 (23) 98 (23) 98 (24

After intubation 123 (15)* 114 (25)* 110 (21)*#

(4), and 9 (4) min in the control, F1, and F2 groups, respect-
ively (P<0.05).

Discussion

Sevoflurane has been used as a sole agent for intubation in
children, but is associated with emergence agitation. Fenta-
nyl was expected to both facilitate intubation and decrease
emergence agitation. Since previous reports used nitrous
oxide or premedication, the pure effects of sevoflurane on
intubation and emergence were unknown in children. Fenta-
nyl infusion as a bolus of 2 ug kg~ * followed by a continuous
infusion of 1 wg kg~ h™? provided improved conditions for
both intubation and emergence.

The MACy; for sevoflurane determined in the present study
(2.49%) is slightly less than our previously reported value
(2.69%). This difference might be attributable to the step
size in the MACy determination (0.25% in the present
study, to obtain more detailed data, compared with 0.5%
in our previous study).’ Logistic regression curves obtained
in the current and previous studies (with a stabilization
period of 15 min as the conventional method)® are similar
(Fig. 3). Accordingly, the difference between end-tidal and
cerebral concentrations of sevoflurane would be minimal,
even though measured end-tidal sevoflurane concentrations
do not correctly reflect concentrations in the brain. The MACy;
value of 3.55 vol% in adults’? is higher than that observed in
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children. This difference might be explained by the tracheal
tube, which is cuffed in adults, but not in this study of
children.

The frequency of severe agitation observed in a previous
study® (a single bolus dose of fentanyl at 2.5 wg kg™~ ?*) was
36%, whereas frequencies in this study (total PAED
score >10)"* ** were 33% in the F1 group and 2% in the
F2 group. Two other studies have reported that a single
bolus dose of fentanyl (1 ng kg * in one study,* and 2 pg
kg~! in the other)® reduces the incidence of severe emer-
gence agitation after sevoflurane anaesthesia. However, in
those studies and in a previous study® using fentanyl 2.5
ng kg1, subjects received adjuvant drugs (nitrous oxide*~°
or midazolam)* ° in addition to sevoflurane. Numerous
drugs, including benzodiazepines, barbiturates, and opioids,
contribute to behavioural disturbances after general anaes-
thesia.'® The use of premedication, such as oral midazolam
0.5 mg kg~ ! and iv. clonidine 2 pg kg™, decreases the
amount of emergence agitation,® *® and nitrous oxide pro-
duces nausea.” Administration of these adjuvant drugs
impedes assessment of side-effects or incidence of agitation
emergence caused solely by sevoflurane (control group).
Although the use of fentanyl was likely to decrease HR and
SBP and produce nausea, no subjects required treatment
for these effects in this study. The difference in incidences
of agitation and vomiting between this study and a previous
study® might partially depend on the period of observation
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Table 2 Incidence of smooth tracheal intubation. Control group,
saline infusion; F1 group, a bolus of 1 ug kg~ * followed by a
continuous infusion of 0.5 wg kg~ h™%; F2 group, a bolus of 2 g
kg~ followed by a continuous infusion of 1 ug kg * h™!

End-tidal Control F1 group F2 group
sevoflurane group (n=45) (n=48)
concentration in (n=46)
each subgroup
(vol%)
0.75 0% (0/2) 0% (0/2)
1.00 33% (1/3) 33% (1/3)
1.25 33% (1/3) 67% (4/6)
1.50 0% (0/2) 55% (6/11)  82% (9/11)
1.75 0% (0/3) 50% (4/8) 88% (7/8)
2.00 33% (2/6) 60% (3/5) 92% (11/12)
2.25 30% (3/10) 67% (2/3) 100% (3/3)
2.50 50% (5/10) 75% (3/4) 100% (3/3)
2.75 60% (3/5) 100% (3/3)
3.00 80% (4/5) 100% (3/3)
3.25 100% (3/3)
3.50 100% (2/2)

100 -

-@- Control group

Probability of smooth intubation (%)
(&)
o

20
—A- F1 group
104 -m- F2 group
01— ; *—0— T ————
1 2 3 4 5 6 7

End-tidal sevoflurane concentration (%)

Fig 2 Dose-response curves for sevoflurane plotted from logistic
analysis of individual end-tidal concentrations and the response
to tracheal intubation. Subjects in the control group received
saline. Subjects in the F1 group received a bolus of 1 ug kg~ * fol-
lowed by a continuous infusion of 0.5 p.g kg~ * h~*. Subjects in the
F2 group received a bolus of 2 pg kg ? followed by a continuous
infusion of 1 pg kg~ * h™%

(15 min in this study and 24 h in the previous study). This is
the first study to examine dose-related effects of continu-
ously infused fentanyl on emergence agitation in preschool
children without using nitrous oxide or premedication.
Several studies have reported emergence agitation in
patients anaesthetized with sevoflurane even when pain
was treated effectively or even when no pain was
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1 2 3 4 5 67
End-tidal sevoflurane concentration (%)

Fig 3 Dose-response curves for sevoflurane plotted from logistic
analysis of individual end-tidal concentrations and the response
to tracheal intubation in the current study (solid line and solid
circles) compared with a previous study® (dashed line and open
circles). Logistic regression curves obtained in the current and
previous control groups are similar (P=0.5066). The concen-
trations for smooth intubation in 50% of subjects for the
current and previous control groups were 2.49% and 2.69%,
respectively.

present.’’” 8 The present study was thus unable to elucidate
why fentanyl efficiently reduced the incidence of agitation in
children with pain treated using a field block. It is difficult for
children, particularly given their preschool age, to articulate
discomfort. Other than surgical pain, airway irritation
caused by tracheal intubation could lead to behavioural
manifestations, including emergence agitation. Emergence
time in this study was similar among the three groups.
Rapid awakening in an unfamiliar room thus might not be
the main cause of emergence agitation.

A relationship between opioid and sedative status has
recently been reported.’® The hypothalamic hypocretin/
orexin system regulates arousal and maintenance of the
waking state. Hypocretin neurones are depressed by opioids
which inhibit the hypocretin system by directly acting on the
cell body and by indirectly reducing the excitatory synaptic
tone through a presynaptic mechanism. These findings
suggest that the low frequency of emergence agitation in
patients receiving fentanyl might be influenced by the hypo-
cretin system. In addition, a recent meta-analysis reported
that the analgesic properties of opioids do not seem to play
a role in prophylactic effects against emergence agitation.?’

Some limitations need to be considered for the present
study. In a pilot study using a bolus of 2 g kg ™! fentanyl fol-
lowed by a continuous infusion of 2 pg kg7 h™%, we
observed smooth tracheal intubation, but subjects were
drowsy and unresponsive on emergence. We therefore
adopted a bolus dose of 2 g kg~ ! followed by a continuous
infusion of 1 wg kg~* h™ ! in this study. A future study might
assess other doses of fentanyl or overuse of sufentanil.?
Secondly, this study enrolled patients undergoing several
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types of surgeries; further study should be performed in
subjects receiving the same surgery. Thirdly, Cravero and col-
leagues” reported a high incidence of agitation using a differ-
ent method without a validated agitation scale. The agitation
score can be determined as the highest score in an instant or
the score that lasted the longest. When we adopted a longer
observational period, a different criterion, or both, the results
differ to some degree. Most previous studies have used the
highest score in the observation period.“~® °=12 We regard
the agitation period as important and therefore selected the
score that lasted the longest as the agitation score. Future
studies on agitation should consider both the score and the
period (e.g. area under the curve).

In conclusion, we assessed the effects of continuous infu-
sion of fentanyl on sevoflurane concentrations required for
tracheal intubation and on conditions at emergence after
surgery in preschool children. Fentanyl showed dose-related
effects to smooth intubation and calm emergence in children
anaesthetized with sevoflurane.
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