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Abstract
Objectives: Desflurane may be useful for ambulatory anesthesia. However, desfluraneinduced airway irritability makes its use challenging, especially in children. Ketamine
can be used to reduce separation anxiety and emergence agitation (EA). However,
ketamine may increase bronchial secretions. This study compared desflurane with
sevoflurane anesthesia, in terms of emergence time and EA, in preschool children with
intravenous (IV) ketamine premedication.
Methods: Fifty-six children were scheduled for elective epiblepharon surgery. In the
waiting room, ketamine (1 mg/kg) was intravenously administered to patients to reduce
separation anxiety. After transport to the operating room, general anesthesia was induced
with sevoflurane. The anesthetic agent was changed to desflurane in the desflurane
group (group D), while sevoflurane was continued in the sevoflurane group (group
S) during surgery. Emergence time (time to gag reflex and time to extubation) and
EA (measured using the Pediatric Anesthesia Emergence Delirium [PAED] scale) were
compared between the two groups. Respiratory complications were also recorded.
Results: Time to gag reflex (611.1 ± 288.9 s vs. 275.0 ± 126.7 s, P < 0.001) and time to
extubation (756.3 ± 267.2 s vs. 425.9 ± 122.9 s, P < 0.001) were significantly shorter in
group D than group S. EA did not differ between the two groups. There were no severe
respiratory complications.
Conclusions: Emergence time was shorter for desflurane anesthesia than sevoflurane
anesthesia in preschool children who received IV ketamine premedication. Desflurane
anesthesia with IV 0.1 mg/kg of ketamine premedication could be used safely in pediatric
ophthalmic surgery; there were no significant respiratory events.
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1. Introduction

in children.

It is important for parents that their children recover quickly
and safely from general anesthesia (GA). Especially in
preschool children, it can be difficult to maintain the airway
because of frequent upper airway infections, and children in
this age group are more likely to show emergence agitation
(EA) after GA [1]. Pediatric patients with EA are often
kicking and holding their head backwards, and do not make
eye contact with their parents. EA prolonged the PACU stay,
which may have resulted from additional pharmacologic
treatment and delays reunion with parents [2]. The children
and parents experience significant extremely distress during
the perioperative period. Postoperative visual disturbance,
inhalational anesthesia, and postoperative pain may be risk
factors for EA [1, 3, 4]. Although total intravenous anesthesia
can help to reduce EA [4], it is difficult to find a venous access

Sevoflurane and desflurane, which have low blood solubility, are often used for pediatric anesthesia. These two
halogenated anesthetics have lower blood-gas partition coefficients compared to older inhalation agents, and therefore
shorten induction and recovery from anesthesia [5]. Each agent
has its own benefits and limitations. Sevoflurane causes less
bronchial stimulation and has a more prolonged extubation
time than desflurane [6]. Although desflurane might provoke
airway irritation, cough, and laryngospasm [7, 8], it can be
used safely in pediatric ambulatory anesthesia [6]. In a metaanalysis of 1,273 pediatric patients, desflurane induced EA less
frequently than sevoflurane [9]. Similarly, in a randomized
controlled double-blind study of 144 adult patients having
orthognathic surgery, desflurane anesthesia reduced the incidence of EA compared to sevoflurane anesthesia (24% vs.
71%, P < 0.001) [10].
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Preoperative anxiety may worsen EA after surgery [11], and
can be a major challenge when performing surgical procedures
on pediatric patients. Agents such as ketamine or midazolam
have been used to reduce preoperative anxiety in the clinical
setting. Ketamine 1.0 mg/kg administered before surgery
has been shown to reduce separation anxiety, postoperative
pain, and the incidence of EA, with no delay in recovery
relative to ketamine 0.5 mg/kg or placebo during desflurane
anesthesia [12]. Also, intravenous (IV) ketamine used as
premedication can reduce EA compared to IV midazolam
during sevoflurane anesthesia [13]. Lee et al. [14] reported
that lack of premedication with midazolam may be a risk factor
for EA in children.
Ketamine increases bronchial secretions due to an inhibitory
effect on muscarinic receptors, and has a psychedelic effect
through its action on the central nervous system [5]. We
sought to determine if ketamine premedication for reducing
separation anxiety could affect the emergence characteristics
of desflurane or sevoflurane anesthesia in pediatric patients.
Therefore, this randomized trial compared the emergence
characteristics of desflurane and sevoflurane anesthesia in
preschool children who received preoperative IV ketamine
(1.0 mg/kg). The primary outcome was the emergence time
and the secondary outcome was EA.

2. Methods
This study was approved by the institutional review board of
Haeundae Paik Hospital, Inje University (2016-07-011-001),
and registered at https://clinicaltrials.gov (protocol
number NCT02916407). The research is in accordance with
the Helsinki Declaration of 1975, as revised in 2010.

2.1 Study population
Fifty-six patients were enrolled in the study. All patients
were preschool-aged (3-6 years old) children with American
Society of Anesthesiologists (ASA) physical status I, who were
scheduled to undergo surgery to correct epiblepharon. Patients
whose families refused to allow them to participate in this
study, and patients who had severe acute upper respiratory
infection or fever, were excluded.

2.2 Data collection
Patients were randomly assigned to Group D (desflurane
group) or Group S (sevoflurane group). The randomization
was performed using computer software. The attending
anesthesiologist was informed about the study group
assignment before administering the anesthetics. IV access
was inserted with EMLA cream before surgery. IV ketamine
(1 mg/kg) was administered to relieve anxiety caused by
separation from the parents in the waiting room. The children
were transferred to the operating room with pulse oximetry
monitoring. The movement time from the waiting room to
the operating room was about within 30 seconds to 1 minute.
In the operating room, routine monitoring was performed,
including electrocardiography, noninvasive blood pressure,
pulse oximetry, and bispectral index (BIS). During face mask
ventilation with oxygen 6 L/min, anesthesia was induced

with atropine 0.01 mg/kg, lidocaine 1 mg/kg, propofol 2
mg/kg, and fentanyl 1 µg/kg. IV rocuronium 0.6 mg/kg
was administered to facilitate tracheal intubation. General
anesthesia was maintained with sevoflurane in Group S and
desflurane in Group D, to maintain the BIS value between 40
and 60. Blood pressure, heart rate (HR), peripheral oxygen
saturation, and BIS were recorded throughout the surgery.
All surgeries were performed by a single ophthalmologist.
Volatile anesthetics were discontinued at the end of surgery,
and patients were mechanically ventilated with 100% oxygen
without any stimulation. The endotracheal tube was extubated
after spontaneous ventilation and the airway reflex had
fully returned. No stimulation was given until the first
gag reflex. Emergence time was defined as time to gag
reflex (the time from cessation of anesthetics to first gag
reflex), and time to extubation (the time from cessation
of anesthetics to extubation). The time from attaching the
monitoring equipments to the extubation was recorded as the
duration of anesthesia, and the time between the insertion
and removal of the eyelid speculum was recorded as the
duration of surgery. Cough, EA (measured using the Pediatric
Anesthesia Emergence Delirium [PAED] scale) (Table 1)
[15], and postoperative pain (measured using the Facial Pain
Rating Scale [FPRS]) [16] were evaluated immediately after
extubation.

2.3 Emergence delirium, postoperative pain
and cough scores
Based on the study of Ozturk et al. [17], coughing was graded
as 0 (no coughing), 1 (minimal coughing; 1-2 coughs), 2
(moderate coughing; 3-4 coughs), or 3 (severe coughing; ≥ 5
coughs). The PAED and FPRS scores were recorded 10, 20,
and 30 min after extubation in the post-anesthetic care unit
(PACU). The occurrence of postoperative vomiting was also
recorded. For patients who had severe EA (PAED score > 12)
[18], fentanyl 0.5 µg/kg was intravenously administered at 10min intervals. If EA did not subside despite three injections of
IV fentanyl, propofol 1 mg/kg was intravenously administered
[11].

2.4 Statistics
The sample size of this study was calculated based on the
findings of a previous study [13]. We expected the difference
in extubation time between groups to be 4.8 min. A power
analysis (α = 0.05, β = 0.20) showed that a total of 25 patients
would be required for each group; assuming a dropout rate
of 10%, we enrolled 56 patients in the study (28 patients per
group). The data are presented as frequency and percentage for
categorical variables and mean ± standard deviation (SD) for
numerical variables. Differences in participant characteristics
were compared among subgroups using the chi-squared test or
Fisher’s exact test for categorical variables, and the independent t-test or Mann-Whitney U test for continuous variables,
as appropriate. The Shapiro-Wilk test was used to check
the normality of the data. P values < 0.05 were considered
statistically significant. All statistical analyses were performed
using SPSS 25 statistical software (SPSS Inc., USA), and all
tests were two-tailed.
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The PAED scale

TA B L E 1. Pediatric Anesthesia Emergence Delirium (PAED) scale
Not at all Just a little Quite a bit Very much

Extremely

The child makes eye contact with the caregiver.

4

3

2

1

0

The child’s actions are purposeful.

4

3

2

1

0

The child is aware of his/her surroundings.

4

3

2

1

0

The child is restless.

0

1

2

3

4

The child is inconsolable.

0

1

2

3

4

TA B L E 2. Demographic characteristics
Group
Variable

Overall

Group S

Group D

(n = 56)

(n = 28)

(n = 28)

P

4.48 ± 1.10

4.32 ± 1.06

4.64 ± 1.13

.2564

Male

29 (51.8)

15 (53.6)

14 (50.0)

.7891

Female

27 (48.2)

13 (46.4)

14 (50.0)

Height (cm)

108.23 ± 8.72

107.82 ± 7.44

108.64 ± 9.96

.7283

Weight (kg)

19.38 ± 4.12

19.83 ± 3.83

18.94 ± 4.41

.2544

2

BMI (kg/m )

16.46 ± 2.52

17.05 ± 3.12

15.86 ± 1.58

.0844

Duration of surgery (min)

32.59 ± 13.38

33.93 ± 14.03

31.25 ± 12.81

.3134

Duration of anesthesia (min)

68.21 ± 15.21

70.71 ± 14.70

65.71 ± 15.56

.0884

Yes

7 (12.5)

4 (14.3)

3 (10.7)

1.0002

No

49 (87.5)

24 (85.7)

25 (89.3)

Age (years)
Sex

Preoperative URI

1

P values were derived by chi-square test.
P values were derived by Fisher’s exact test.
3
P values were derived by independent t-test.
4
P values were derived by Mann-Whitney’s U test.
Shapiro-Wilk’s test was employed for test of normality assumption.
URI: upper respiratory infection.
2

3. Results
A total of 56 patients were enrolled in this study (Fig. 1). The
demographic characteristics of the patients are described in
Table 2. There were no significant differences between the two
groups. Four patients in Group S and three patients in Group D
had mild upper respiratory infection at the time of preoperative
assessment.
The GA recovery data are provided in Table 3. Emergence
time and extubation time were significantly shorter in Group
D than Group S (P < 0.001). Frequency and severity of cough
after extubation did not differ significantly between the two
groups.
Changes in HR and systolic blood pressure during surgery
are depicted in Figs. 2 and 3, respectively. HR after extubation
was significantly lower in Group S (124.86 ± 18.525 bpm)
than Group D (138.93 ± 24.367 bpm) (P = 0.018). Systolic
blood pressure did not differ between the two groups.
The mean PAED score and severity of EA were described
in Table 4. The mean PAED score did not significantly differ
between the two groups immediately after extubation (12.75

± 7.33 vs. 11.39 ± 7.79), at 10 min after extubation (3.68
± 4.59 vs. 3.43 ± 5.47), at 20 min after extubation (3.39 ±
5.62 vs. 2.32 ± 4.81), and at 30 min after extubation (2.11 ±
4.23 vs. 0.61 ± 2.10). The incidence of severe EA (PAED
> 12) did not show a significant difference between Groups S
and D (n = 15 [53.6%] vs. n = 13 [46.4%] immediately after
extubation, P = 0.5931; n = 1 [3.6%] vs. n = 4 [14.3%] 10 min
after extubation, P = 0.3522; n = 2 [7.1%] vs. n = 1 [3.6%] 20
min after extubation, P = 1.000; and n = 1 [3.6%] vs. n = 0 [0%]
30 min after extubation, P = 1.000). The frequency injection
of fentanyl and total amount of fentanyl were described in
Table 5. The number of patients who received IV fentanyl
administered did not differ between Groups S and D. No
patients received IV propofol. The total amount of fentanyl
was not significantly different between Groups S and D (9.82
± 8.53 µg vs. 8.77 ± 7.80 µg).
There was no significant difference between Group S and
D in the degree of postoperative pain, as assessed using the
FPRS, except at 30 minutes after extubation (Table 6).
There were no major respiratory complications in either
group. Laryngospasm developed in one patient in each group.
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F I G U R E 1. CONSORT flow diagram.
TA B L E 3. Recovery profile
Group
Variable

Overall

Group S

Group D

(n = 56)

(n = 28)

(n = 28)

P

Time to gag reflex (sec)

443.05 ± 278.62

611.11 ± 288.97

275.00 ± 126.68

.0000024

Time to extubation (sec)

591.11 ± 265.03

756.25 ± 267.22

425.96 ± 122.94

.00000073

Frequency cough

3.54 ± 5.41

3.54 ± 6.19

3.54 ± 4.62

.5704

Grade cough

1.30 ± 1.25

1.18 ± 1.25

1.43 ± 1.26

.4814

0

22 (39.3)

12 (42.9)

10 (35.7)

.6592

1

10 (17.9)

6 (21.4)

4 (14.3)

2

9 (16.1)

3 (10.7)

6 (21.4)

3

15 (26.8)

7 (25.0)

8 (28.6)

0-2

41 (73.2)

21 (75.0)

20 (71.4)

3

15 (26.8)

7 (25.0)

8 (28.6)

Severity cough
.7631

1

P values were derived by chi-square test.
P values were derived by Fisher’s exact test.
3
P values were derived by independent t-test.
4
P values were derived by Mann-Whitney’s U test.
Shapiro-Wilk’s test was employed for test of normality assumption.
2

Copious secretion and desaturation occurred in two patients in

Group S, but these complications subsided readily with repeat
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F I G U R E 2. Comparison of heart rate between sevoflurane and desflurane group. T1: before induction of anesthesia,
T2: after injection of intravenous anesthetics, T3: after tracheal intubation, T4: after skin incision, T5: after extubation, T6: just
before leaving the operating room, *P < 0.05 between the two groups. The error bars indicate standard deviation.

F I G U R E 3. Comparison of systolic blood pressure between sevoflurane and desflurane group. T1: before induction of
anesthesia, T2: after injection of intravenous anesthetics, T3: after tracheal intubation, T4: after skin incision, T5: after extubation,
T6: just before leaving the operating room, *P < 0.05 between the two groups. The error bars indicate standard deviation.

application of suction and mask ventilation. Postoperative
vomiting within 24 hours after surgery did not develop in
any patient in either group. No patient had a bad dream or
psychedelic experience.

4. Discussion
Desflurane anesthesia had a much shorter emergence time
than sevoflurane anesthesia when IV ketamine 1.0 mg/kg was
preoperatively administered in preschool pediatric patients.
There was no difference in the incidence of EA between the
two groups.
Desflurane has a much lower blood-gas partition coefficient
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TA B L E 4. Pediatric Anesthesia Emergence Delirium (PAED) scale after extubation
Time after extubation
Group S
Group D
(n = 28)

(n = 28)

P

Mean PAED score
0 min

12.75 ± 7.33

11.39 ± 7.79

.5251

10 min

3.68 ± 4.59

3.43 ± 5.47

.4561

20 min

3.39 ± 5.62

2.32 ± 4.81

.3211

30 min

2.11 ± 4.23

0.61 ± 2.10

.0521

Number of patients (PAED score > 12)
0 min (yes/no)

15/13

13/15

.5932

10 min (yes/no)

1/27

4/24

.3523

20 min (yes/no)

2/26

1/27

1.0003

30 min (yes/no)

1/27

0/28

1.0003

1

P values were derived by Mann-Whitney’s U test.
Shapiro-Wilk’s test was employed for test of normality assumption.
2
P values were derived by chi-square test.
3
P values were derived by Fisher’s exact test.
TA B L E 5. Administration of fentanyl during recovery period
Variable
Group S
Group D
(n = 28)

(n = 28)

P

1.00 ± 0.77

0.93 ± 0.77

.7902

0

7 (25.0)

9 (32.1)

.6391

1

15 (53.6)

12 (42.9)

2

5 (17.9)

7 (25.0)

3

1 (3.6)

0 (0.0)

9.82 ± 8.53

8.77 ± 7.80

Frequency of fentanyl

Total amount of fentanyl

.6772

1

P values were derived by Fisher’s exact test.
P values were derived by Mann-Whitney’s U test.
Shapiro-Wilk’s test was employed for test of normality assumption.
2

TA B L E 6. Facial Pain Rating Scale after extubation
Time after extubation
Group S
Group D
(n = 28)

(n = 28)

P

0 min

6.04 ± 3.05

5.75 ± 3.46

.855

10 min

2.79 ± 3.27

2.36 ± 3.23

.526

20 min

2.36 ± 3.39

1.46 ± 2.90

.243

30 min

1.50 ± 2.20

0.46 ± 1.62

.016

P values were derived by Mann-Whitney’s U test.
Shapiro-Wilk’s test was employed for test of normality assumption.

than sevoflurane (0.4 vs. 0.68 at 37 ºC) [19]. Previous studies
showed that desflurane anesthesia has a fast recovery time
and no significant respiratory complications [6, 20]. Recovery from desflurane anesthesia was reportedly 20% faster in
younger people than older ones (> 65 years) when comparing
age related differences [21]. Our results are consistent with
these earlier observations. IV ketamine premedication before
surgery did not interfere with recovery from desflurane anes-

thesia. The time to gag reflex and time to extubation were
45%-56% shorter in the desflurane than sevoflurane anesthesia
group.
There are several reasons why EA occurs. Some studies
have suggested that rapid recovery from GA might contribute
to the occurrence of EA [14]. According to the meta-analysis
[22], EA occurred more frequently with sevoflurane anesthesia
than with halothane anesthesia in children. The pooled odds
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ratio for all studies was 2.21, with a 95% confidence interval
of 1.77-2.77 (P < 0.0001) [22]. In a meta-analysis of 1,273
pediatric patients performed in 2015, desflurane induced EA
less frequently than sevoflurane [9]. However, the incidence
and severity of EA were comparable between desflurane and
sevoflurane anesthesia in a 2016 meta-analysis, while emergence time was shorter in the desflurane group [23]. Compared
to a previous study [13], the EA scoring scale was different
in this study. The incidence and severity of EA may vary
depending on the diagnostic scale used. Standardized clinical
practice guidelines are needed to reduce the variation in EA
incidence attributable to differences in assessment tools and
definitions [14]. In addition, it is more difficult to distinguish between signs of EA and postoperative pain in preschool
children, because they find it difficult to express themselves
verbally [24].
Ketamine, a N-methyl-D-aspartate receptor antagonist and
useful drug in pediatric anesthesia [25], is a racemic mixture
consisting of two optical isomers. Ketamine has sedative and
analgesic properties, and is associated with minimal respiratory and hemodynamic depression [5]. Ketamine also reduces
opioid consumption [26] and PAED caused by fast-acting
anesthetics [13]. Because of these characteristics, ketamine is
widely used to sedate pediatric patients and reduce separation
anxiety. Ketamine effectively reduced the incidence of EA,
both when administered as a premedication and after GA
induction [12]. In addition, preoperative IV ketamine has been
reported to reduce separation anxiety and PAED in sevoflurane
anesthesia [13]. The psychic disturbances following ketamine
vary in incidence from less than 5% to greater than 30% [27].
Various factors associated with a higher incidence of psychic
disturbances include age, sex, large doses of IV ketamine
(> 2 mg/kg), rapid IV administration (> 40 mg/min), or a
history of personality problems [27]. Serious side effects like
hallucinations and bad dreams were not seen in this study.
Many anesthesiologists are cautious about airway reactivity
and cough in desflurane anesthesia. Airway problem during
GA is a big issue. Breath holding, excessive secretion, and
desaturation occurred more frequently in desflurane anesthesia
than sevoflurane anesthesia [8]. Surprisingly, in one report
IV low-dose ketamine as premedication suppressed fentanylinduced cough [28]. Desflurane does not cause any significant changes in bronchial tone, while isoflurane and sevoflurane decrease airway resistance [19]. Copious secretion and
mild desaturation occurred only in our sevoflurane anesthesia
group. Higher incidence of coughing and breath-holding is a
problem during transition to a 2 minimum alveolar concentration (MAC) of desflurane [29].
An increased concentration of volatile anesthetics is associated with a decrease in systemic vascular resistance, which
leads to a reduction in blood pressure. There was no significant
difference in HR or blood pressure between adult sevoflurane
(1-2%) and desflurane anesthesia (3-6%) groups provided with
60% nitrous oxide [30]. When 1 MAC sevoflurane was compared to 1 MAC desflurane in pediatric patients, there was no
significant difference between the two groups in mean arterial
blood pressure (MAP) or HR, except at 1 minute after tracheal
intubation [28]. At that time, the desflurane group showed a
significantly higher MAP and HR than the sevoflurane group.

These patients had received midazolam 0.06 mg/kg via intramuscular injection 30 min prior to surgery [28]. In the
present study, although HR after extubation was significantly
lower in the sevoflurane group, no severe bradycardia occurred
in any patient. Intraoperative cardiovascular stability was
achieved with both sevoflurane and desflurane, with systolic
blood pressure and HR maintained within ± 20% of baseline
values during anesthesia induction and maintenance.
The limitations of the present study are as follows: first,
ophthalmologic procedures are associated with EA [2], and
“visual preconditioning” can reduce the incidence of EA [3].
Congenital epiblepharon commonly occurs bilaterally [31];
and bilateral operations are more commonly performed in
this study. The incidence of EA may have been higher than
that seen in unilateral ophthalmic surgery; further studies are
needed to confirm this. Second, fentanyl has sedative and
analgesic effects. Preoperative 2.5 mcg/kg or postoperative 1
mcg/kg of fentanyl is known to be effective for reducing the
occurrence of EA [32, 33]. Therefore, the use of fentanyl may
affect the likelihood of EA. Third, all pediatric patients were
given IV ketamine premedication to reduce anxiety caused by
separation from their parents. In future studies, it would be
better to compare groups with and without ketamine.

5. Conclusions
In conclusion, maintenance of anesthesia with desflurane
might provide rapid recovery from GA without increasing
the incidence of EA or respiratory complications in preschool
pediatric patients. Preoperative IV administration of 1 mg/kg
of ketamine did not affect emergence in children undergoing
sevoflurane or desflurane anesthesia.
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