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Abstract

Background: Emergence agitation (EA) after sevoflurane anesthesia is common in children. When
rapid intravenous induction of general anesthesia is indicated in a brief procedure, the induction
agent can reduce the incidence of EA after sevoflurane anesthesia. The aim of this study was to
compare the efficacy of intravenous induction with ketamine and propofol for reducing EA in
children after short sevoflurane anesthesia. Methods: Children aged 2 to 6 years who were sche-
duled to undergo inguinal hernia repair were randomly divided into 3 groups to receive 2 mg/kg
ketamine iv, 3 mg/kg propofol iv, or inspired concentration of 8% sevoflurane for induction of
anesthesia. After a laryngeal mask airway (LMA) insertion, a caudal block was performed in all
children. Anesthesia was maintained with 1.5% sevoflurane and 65% nitrous oxide in oxygen with
spontaneous ventilation. The recovery characteristics were recorded and EA were evaluated by
using the Pediatric Anesthesia Emergence Delirium (PAED) scale. Results: One hundred and
twenty children were enrolled and randomized to treatment. Children who received ketamine in-
duction had higher incidence of EA than those who received propofol (42% vs 16%, P < 0.05) and
showed delayed recovery (32 + 9 min) as compared with those who received propofol or sevoflu-
rane (22 * 8 min and 20 * 7 min, respectively, P < 0.05). The mean peak PAED score was signifi-
cantly lower in children who received propofol induction (6.8 + 4.0, P < 0.05) than ketamine (11.8
+ 4.1) or sevoflurane (11.6 * 3.8). Conclusions: Intravenous induction with ketamine does not
prevent the incidence of EA and delays recovery. Induction with propofol improves the quality of
recovery by reducing the incidence of EA and provides a safe and early recovery.
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1. Introduction

Sevoflurane anesthesia has been associated with an increased incidence of emergence agitation (EA) in pre-
school age children [1] [2]. EA may result in physical harm to the child and caregivers, and may prolong the re-
covery period if sedative medications are used [3].

When rapid intravenous induction of general anesthesia is indicated in children who have a preexisting intra-
venous cannula or those who need a rapid tracheal intubation because of a full stomach, the induction agent used
should have minimal postoperative side effects to ensure rapid recovery from anesthesia particularly in a brief
surgical procedure.

Ketamine is one of the induction agents that produce minimal cardiovascular or respiratory depression. A re-
cent meta-analysis has shown that ketamine has a prophylactic effect in preventing sevoflurane-related EA [4].
However, few studies have investigated the possible effect of intravenous induction with ketamine on the recov-
ery profiles of sevoflurane anesthesia. The aim of this study was to compare the recovery profiles after intra-
venous induction with ketamine, propofol and inhalation induction with sevoflurane as control in children un-
dergoing short surgical procedures with anesthesia maintained by sevoflurane.

2. Materials and Methods

After obtaining institutional committee approval and informed parental consent, 120 children aged 2 to 6 years
scheduled to undergo inguinal hernia repair under general anesthesia with caudal block were prospectively stu-
died between April 2006 and March 2007 at Iwaki Kyoritsu General Hospital. All the children were American
Society of Anesthesiologists’ physical status | and were received oral midazolam premedication (0.3 mg/kg,
maximum 10 mg). Exclusion criteria included any known allergy to the study drugs and failure of caudal block.
Prior to entering the operating room, an iv catheter was inserted in all children.

On entering the operating room, routine monitoring was applied. Children were randomly assigned using a
computer-generated allocation to 1 of 3 anesthetic induction groups: (1) group K (n = 40) received 2 mg/kg ke-
tamine, (2) group P (n = 40) received 3 mg/kg propofol, and (3) group S (n = 40) received inhaled induction
with 8% sevoflurane via a facemask. In group P, 10 mg lidocaine iv was used to minimize the pain on injection
with propofol. In all groups, manual ventilation was continued with 8% sevoflurane and 100% oxygen. After the
insertion of a laryngeal mask airway (LMA\), sevoflurane was reduced to 1.5% and maintained with 65% nitrous
oxide in oxygen. The children maintained spontaneous breathing with assisted ventilation to limit the end-tidal
CO, value of 40 £ 5 mm Hg. The caudal block was performed with 0.8 mL/kg of 1% lidocaine. In all cases, the
time interval between caudal block placement and skin incision was more than 10 min. If within 60 s of skin in-
cision, the children’s heart rate increased by more than 20% of the preincision values at the beginning of the
surgery, then the block was considered a failure. At the conclusion of the surgery, the anesthetics were discon-
tinued and replaced with 100% oxygen. When spontaneous breathing was adequate, the LMA was removed in
the operating room (time “0” of the recovery period). Subsequently, all children received 100% oxygen by fa-
cemask. The children were discharged from the operating room when they satisfied the following criteria: stable
vital signs, patent airway without any manipulation, and oxygen saturation >95% of oxygen in 3 L/min flow by
facemask. The children were then transferred to the recovery room. In the recovery room, all children were giv-
en oxygen by facemask, and the oxygen saturation was monitored continuously. Children were left undisturbed,
with the exception of calling out their names every minute until they first opened their eyes. After the children
were awake, they were examined for a functional block. Children with lower extremity weakness and an ab-
sence of response to toe pinch were considered to have an effective caudal block. The children could be trans-
ferred to the ward only if they were fully awake, able to breathe deeply, and could maintain oxygen saturation
greater than 95% in room air. All children who reported pain during the recovery period or those who required
any analgesics within 1 h after returning to the ward were excluded from the study.

The following time intervals were recorded: duration of surgery; time of anesthesia (from the start of induc-
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tion to the discontinuation of anesthesia); emergence time (from the end of surgery to spontaneous eye opening
without stimulus); and time spent in the recovery room. During recovery, an independent anesthesiologist who
was blinded to the anesthetic induction method recorded all the observations and measurements. The children’s
behavior before the induction of anesthesia was rated on a four-point scale: 1 = calm; 2 = not calm, but could be
easily calmed; 3 = not easily calmed, moderately agitated or restless; and 4 = combative, excited, or disoriented.
This score was used to calculate the incidence of preoperative anxiety, where scores 1 or 2 were considered no
anxiety, and scores 3 or 4 were considered presence of anxiety. The children’s behaviors were assessed 5, 10, 30,
and 60 min after the removal of the LMA. The Pediatric Anesthesia Emergence Delirium (PAED) scale was
used to assess EA [5]. EA on the PAED scale was defined as a score > 12 at any time in the 60 min after the re-
moval of the LMA [6]. The incidence of adverse events such as laryngospasm, breath holding at induction, hy-
poxemia (oxygen saturation < 96%), and vomiting in the operating room or the recovery room were noted. Ap-
proximately 24 h after children returned to the ward, the same blinded anesthesiologist also assessed the inci-
dence of vomiting, presence of nightmares, and any other behavioral changes.

Based on a literature review, we calculated the sample size to detect a reduction in the incidence of agitation
from an expected 45% in the control group with sevoflurane alone to 15% in the ketamine or propofol group. If
the reduction of 30% in the incidence of agitation was considered clinically important, a sample size of 36 pa-
tients in each group would be sufficient to get a two-tailed type I error of 0.05 and a power of 80%. We expected
some exclusion from the protocol and increased this number to 40. One-way analysis of variance and chi-square
test or Fisher’s exact test as appropriate was used for statistical analysis. When a significant difference was iden-
tified, it was followed by an unpaired Student’s t test with Bonferroni correction to adjust for multiple compari-
sons. A P value < 0.05 was considered significant. Data were presented as mean + SD or percentage (%).

3. Results

We enrolled 120 children in this study. Four children (2 in group K, 1 in group P, and 1 in group S) who demon-
strated a heart rate response to skin incision were excluded from the study. Two children (1 in group P and 1 in
group S) who showed positive withdrawal to toe pinch when examined in the recovery room were also ex-
cluded.

There were no significant differences among the 3 groups in terms of age, gender distribution, weight, dura-
tion of surgery, and anesthesia (Table 1). The incidence of preoperative anxiety before the induction of anesthe-
sia was similar among the 3 groups (group K = 34%, group P = 39%, group S = 42%).

Table 2 shows the time taken to achieve various events during recovery. The time to eye opening was signif-
icantly different among the 3 groups (group K: 25 £+ 11 min; group P: 17 = 8 min; group S 11 + 5 min, P < 0.05).
Children in group K required more time to be discharged from the recovery room. (32 £ 9 min) as compared
with those who received propofol or sevoflurane (22 £ 8 min and 20 £ 7 min, respectively, P < 0.05).

The severity of EA assessed by the peak PAED scale was significantly lower in group P (6.8 + 4.0, P < 0.05)
than in group K (11.8 £ 4.1) or group S (11.6 £ 3.8). Duration of EA was comparable among the 3 groups. Figure
1 shows the percentage of children with EA. At 5 and 10 min after surgery, the incidence of EA in group S was
significantly higher (47%, P < 0.05) than that in group K (16%) or group P (18%). The incidence of EA in group
K increased gradually in the recovery room. At 30 min after surgery, the incidence of agitation in group K (42%)
and group S (39%) was significantly higher than that in group P (16%, P < 0.05). Children in group P had sig-
nificantly lower incidence of EA during all recovery periods. At 60 min after surgery, no difference was ob-
served in the incidence of agitation among the 3 groups.

Table 1. Patient demographics and anesthetic data.

Group K P S
Age (y) 4+1 4+1 4+1
Weight (kg) 15.4+5.4 153+6.1 155+4.1
Gender (M/F) 2711 22/16 26/12
Duration of anesthesia (min) 56 +11 55+ 14 56 + 15
Duration of surgery (min) 34+10 34+12 36+13

Values are mean + SD or numbers. No significant difference.
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Adverse events during perioperative and recovery period are summarized in Table 3. One child in group K
developed intraoperative laryngospasm immediately after receiving ketamine. The incidence of breath holding
during induction was comparable among the 3 groups. Although none of the children showed apnea, <96%
oxygen saturation occurred in 7 children in group K (18%, P < 0.05) as compared with 2 children in group P
(5%) and 1 child in group S (3%) in the recovery room. The incidence of postoperative vomiting was compara-
ble among the 3 groups. Serious complications such as deep sedation or respiratory depression did not occur in
the ward. Nightmare and hallucination were not experienced by any of the patients during their hospital stay.

4. Discussion

In this study, intravenous induction with 2 mg/kg ketamine failed to reduce the incidence of EA and delayed re-
covery and was associated with a higher incidence of hypoxemia in children after short sevoflurane anesthesia.

Table 2. Recovery data.

Group K P S
Peak PAED scale 11.8+4.1 6.8 £ 4.0* 11.6£3.8
Duration of agitation (min) 17.2+7.3 152+6.5 15055
Gender (M/F) 27/11 22/16 26/12
Time to discharge from the operating room (min) 10+5 8+3 8+4
Time to eye opening (min) 25+ 11** 17 + 8% 11+5
Time to discharge from the recovery room (min) 32 £ 9** 22+8 207

Values are mean + SD. *P < 0.05 versus Group K and Group S. **P < 0.05 versus Group P and Group S. 1P <
0.05 versus Group S.

Table 3. Incidence of adverse events.

Group K P S
Laryngospasm (operating room) 1 (3%) 0 0
Breath holding at induction 1 (3%) 0 2 (5%)
Oxygen saturation < 96% (recovery room) 7 (18%)* 2 (5%) 1 (3%)
Vomiting (recovery room) 4 (11%) 3 (8%) 4 (11%)

Data are presented as number of patients (proportion). *P < 0.05 versus group P and group S.
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Figure 1. The percentage of children with agitation at each of the time points evaluated. *P <
0.05 versus group K and group P. **P < 0.05 versus group P. TP < 0.05 versus group S and

group K.
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Thus, our results indicate that the induction with ketamine does not improve the quality of recovery from sevof-
lurane anesthesia. In contrast, induction with 3 mg/kg propofol reduced the incidence of EA and provided a safe
and early recovery.

EA after sevoflurane anesthesia has been frequently observed in children, yet the etiology remains unclear [1]
[7]. Several factors, such as pain, emergence time, age, premedication, presence of preoperative anxiety, or a va-
riety of perioperative medications have been shown to contribute to the incidence of EA and may complicate the
assessment of the emergence behavior. Pain has been recognized as a major factor of EA in children [8]. How-
ever, a clear relationship between pain and EA has not been established [3]. Several studies have shown that the
incidence of EA after sevoflurane was high even in the presumably pain-free children [2] [7] [9]. In this study,
adequate analgesia with caudal block was provided to all children to eliminate pain. Our results also confirmed
that the incidence of EA was high in the pain-free children anesthetized with sevoflurane alone. Furthermore,
the incidence of EA was similarly high in children received ketamine despite its analgesic effect.

The intravenous induction with ketamine failed to reduce the incidence of EA, yet the standard induction dose
was used [10]. The initial distribution half-life of this single iv dose of ketamine is approximately 11 min and
the elimination half-life is about 2.0 to 3.0 h [10]. The dose of ketamine used in the present study was high
enough to delay recovery following short sevoflurane anesthesia. The residual sedative effects of ketamine could
explain the lower incidence of EA during the early recovery time, because this slower awakening would have
led the observers to grade the agitation with a lower score. However, it should be noted that the timing of as-
sessment of the emergence behavior is important since agitation is never observed when children are still asleep.
Thus, repeated assessments in this study revealed a higher incidence of EA in the ketamine group despite the
slower awakening. A study comparing the incidence of EA in children after short sevoflurane anesthesia with
induction of 5 mg/kg thiopental and 1.5 mg/kg of ketamine showed no difference [11]. The incidence of EA in
the study was comparable to our results, suggesting anesthetic induction with standard dose of ketamine is not
suitable for reducing EA.

Subanesthetic smaller dose of ketamine on emergence may have positive effect on the mood of the child. In
adult study, small dose of ketamine has been shown to produce a high feeling of euphoria, and thus appeared to
be anxiolytic, which has been suggested to be a result of a property of the N-methyl-D-aspartate (NMDA) re-
ceptor antagonist [12]. In children, continuous infusion of ketamine 1 mg/kg/h during sevoflurane anesthesia has
been shown to reduce the incidence of EA [13] [14]. Furthermore, several studies have shown that a single
small-dose of ketamine (0.25 mg/kg) just before discontinuing anesthesia reduced the incidence of EA without a
delay in recovery [15] [16]. The sedative effect of ketamine during emergence can decrease the incidence of EA
in children [4]. If smaller dose of ketamine, e.g. less than 1 mg/kg was used in the present study, the incidence
of EA might have been reduced.

The studies on the use of propofol in children have consistently shown to be associated with a low incidence
of EA [9] [17] [18]. Our results also confirmed the association of propofol and a reduced incidence of EA. We
administered 3 mg/kg of propofol for induction of anesthesia because the dose of 2.8 mg/kg was required for
loss of eyelash reflex and tolerance of facemask in 90% of unpremedicated children [19]. The initial distribution
half-life of propofol is about 2 min and the elimination half-life is about 26 min [20]. The early recovery ob-
served in the propofol group can be explained by the difference of the elimination half-life between propofol and
ketamine. Despite the rapid recovery, induction with propofol provided calm awakening and was associated
with fewer complications. Thus, when rapid intravenous induction is indicated, propofol would be suitable fol-
lowing short sevoflurane anesthesia.

Our study has a number of limitations. The comparability between the different induction agents regarding the
depth of anesthesia remains uncertain. Although we were unable to use an objective monitor of the central
nervous system, we used the clinical signs to maintain a comparable level of anesthesia in the 3 groups. Another
limitation was that we were unable to demonstrate whether the time spent the hospital was prolonged due to the
induction agents used, since according to our hospital regulation all children were admitted to the hospital on the
day of the surgery.

5. Conclusion

Anesthetic induction with ketamine is ineffective in the prevention of EA in children after short sevoflurane
anesthesia. In contrast, anesthetic induction with propofol is effective in the prevention of EA and improves

recovery.
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Appendix

The Consolidated Standards of Reporting Trials flow diagram of the randomized trial.
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