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Background: Sevoflurane was compared with propofol for general anesthesia maintenance in pediatric operations lasting
less than 1 hour in terms of anesthetic effect and postoperative recovery.

Material/Methods: Children scheduled for inguinal hernia repair or hydrocele testis repair were randomly assigned to receive
general anesthesia maintained with either sevoflurane (n=43) or propofol (n=43). The ilioinguinal nerve was
blocked with 1% lidocaine (7 mg/kg) after intravenous administration of ketamine (2 mg/kg). At the end of
the surgery in patients receiving sevoflurane, sevoflurane was stopped and a bolus of propofol of 1 mg/kg was
administered.

Results: Sevoflurane was associated with significantly less use of ketamine (35.1+10.6 mg) than was propofol (59.0+28.0 mg;
P<0.001). In addition, sevoflurane was associated with a significantly shorter time in the post-anesthesia care
unit (52.1£9.0 min) than was propofol (68.8+15.3 min; P<0.001). Propofol was associated with a significantly
higher incidence of intraoperative body movement (33.3%) than was sevoflurane (13.5%; P=0.045). However,
the 2 groups showed no important differences in other adverse events such as hypoxia, emergence agitation,
and additional use of propofol.

Conclusions: In pediatric surgery lasting less than 1 hour, anesthesia maintained with sevoflurane was associated with sig-
nificantly less use of ketamine, shorter postoperative recovery time, and less intraoperative body movement
than was propofol.
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Material and Methods

Many pediatric operations, such as emergency appendectomy,
high-level ligation of the inguinal sac, and ulnar fracture surger-
ies, are performed in a short time. These surgeries require fast
and smooth anesthesia and relatively lower doses of muscle re-
laxants. Because of the young age of patients, these operations
can be performed only with general anesthesia. However, gen-
eral anesthesia often entails difficulties in establishing venous
access, anesthesia induction, intraoperative airway manage-
ment, and delay in postoperative awakening [1-4]. Therefore,
selecting the proper anesthetic agent and anesthetic technique
is critical for success in pediatric surgeries.

Propofol is a widely used intravenous anesthetic agent from
which recovery is fast. It can be used for both induction and
maintenance of anesthesia. However, it may cause hypoten-
sion and bradycardia if used at a high dose [5]. Propofol is of-
ten used with other anesthetic agents for general anesthesia in
short pediatric operations. For example, intravenous anesthe-
sia with remifentanil and propofol is used to do rigid bronchos-
copy in children [6]. It has also been advised that the adjunc-
tive use remifentanil can reduce the dose of propofol required
during insertion of the laryngeal mask airway and laryngeal
tube in pediatric patients [7, 8]. In addition, propofol has been
proved to be associated with reduced risks of laryngospasm
and apnea compared to sevoflurane [9].

Sevoflurane is the most often used inhalational agent for pedi-
atric anesthesia. Its advantages are short induction, rapid post-
operative recovery, and only mild irritation of the airway, and it
is considered suitable for short pediatric operations. However,
anesthesia with sevoflurane in children is associated with in-
creased risk of postoperative emergence agitation, with an es-
timated incidence of approximately 10% [10]. Also known as
emergence delirium, emergence agitation is a disturbance of
consciousness during recovery time from general anesthesia
and includes hallucinations, delusions, and confusion. It has
been shown that use of propofol after sevoflurane anesthe-
sia or anesthesia maintenance with propofol after sevoflu-
rane induction can lessen the incidence of sevoflurane-asso-
ciated adverse events, including emergence agitation [11,12].

The purpose of our study was to compare the anesthetic ef-
fect and postoperative recovery of sevoflurane with those of
propofol for general anesthesia in short pediatric operations.

Patients

This single-center, randomized, single-blind study was
conducted from August 1, 2018, to August 31, 2018, at our
hospital. Our study was approved by the ethics committee of
our hospital (approval number: 2018032). Written informed
consent was obtained from the parents of each patient.
The study was registered at chictr.org.cn (registration num-
ber: ChiCTR1800017396).

The inclusion criteria were as follows: age between 6 months
and 12 years; weight between 5 and 30 kg; American Society
of Anesthesiologists physical status classification I; and being
scheduled for inguinal hernia or hydrocele testis repair with an
estimated surgical time of less than 60 min. Patients with the
following conditions were excluded: allergy to sevoflurane or
propofol; upper respiratory infection in the preceding 2 weeks;
and use of sedatives or analgesics in the preceding 2 weeks.

Anesthesia protocol

Preoperatively, food was not allowed for 6 to 8 hours, and
fluid was not allowed for 2 hours. Atropine (0.02 mg/kg) and
diazepam (0.1 mg/kg) were injected intramuscularly. The ilio-
inguinal nerve was blocked with 1% lidocaine (7 mg/kg) after
intravenous administration of ketamine (2 mg/kg) for anes-
thesia induction. Patients were randomly assigned to receive
general anesthesia maintained with intravenous propofol (pro-
pofol group) or facemask inhalation of sevoflurane (sevoflu-
rane group) (Figure 1). The investigators alone were aware of
which protocol the patients received. For anesthesia with sevo-
flurane, 3% sevoflurane (1.3 minimal alveolar concentration)
was inhaled through a facemask without intubation. At the end
of the surgery, sevoflurane was stopped, and a bolus of pro-
pofol (1 mg/kg) was administered. For anesthesia with propo-
fol, propofol (50 to 150 pg/[kg-min]) was intravenously admin-
istered until the end of the surgery. Ketamine (1 to 2 mg/kg)
was administered to any patient who showed signs of inad-
equate anesthesia, like body movement. During the recovery,
additional propofol was administered if the patient showed
signs of emergence agitation.

Patient assessment

Heart rate and blood pressure were constantly monitored.
The doses of anesthetic agents were recorded. Intraoperative
hypoxia (oxygen saturation <95%), intraoperative body move-
ment, and postoperative emergence agitation were docu-
mented. Intraoperative body movement was defined as flexion
movement in one or more limbs or head shaking immediately
after skin incision, but did not include frowning, coughing, or

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€923681-2




Wu G. et al.:
Sevoflurane versus propofol
© Med Sci Monit, 2020; 26: €923681

CLINICAL RESEARCH

—

Propofol 50 to 150 pg/lkg-min], iv |

Ketamine 2 mg/kg, iv Ketamine (1to 2 mg/kg)
the ilioinguinal nerve was was administered to any
blocked with 1% lidocaine patient showed signs

of inadequate anesthesia

Additional propofol was
administered if the
patient showed signs of
emergence agitation

Face mask inhalation of sevoflurane,
1.3 minimal alveolar concentration

| Abolus of propofol
(1 mgrkg)

\4

I
Anesthesia induction

Anesthesia maintenance

> I

I
Postanesthesia recovery

Figure 1. Diagram of the anesthesia protocol.

Eligible patients (n=97)

11 patients were excluded for allergy to
sevoflurane or propofol (n=6), upper

Randomization (n=86)

1 respiratory infection in recent 2 weeks (n=3),
use of sedatives or analgesics in recent 2
weeks (n=2)

Anesthesia with
sevoflurane (n=43)

Anesthesia with
propofol (n=43)

Dropout (n=6) |[¢——

Dropout (n=7)
\4 v

| Final analysis (n=37) || Final analysis (n=36) |

Figure 2. Flow diagram of patient inclusion process.

swallowing. Emergence agitation was defined as manifesta-
tions such as crying, restlessness, irritability, and disorientation.

Statistical analysis

The mean recovery times of children after inguinal hernia or
hydrocele testis repair at our hospital were 57+20 minutes for
sevoflurane and 72+25.2 minutes for propofol. The ratio of
sevoflurane anesthesia to propofol anesthesia was 1: 1, with
0=0.05 and 1-B=90%. The minimal sample number required
was 36 per group. Under the assumption that the dropout rate
was 20%, the final sample size was 43 patients per group, and
the total sample number was 86.

Normality of the continuous data assessed by the Kolmogorov-
Smirnov test. Continuous data were calculated as means and
standard deviations. Categorical data were calculated as fre-
quencies or percentages. Comparisons were made with the in-
dependent-sample t test or the chi-square test. All statistical
analyses were performed using SPSS 17.0 (IBM, Armonk, NY,
USA). A P value of less than 0.05 was considered to be statis-

Results

The patient inclusion process is illustrated in Figure 2. There
was no obvious difference in the demographic and clinical char-
acteristics between the sevoflurane recipients and the propo-
fol recipients (Table 1). The propofol recipients had generally
higher intraoperative and postoperative blood pressure and
heart rate than did the sevoflurane recipients, but their val-
ues were still within the normal range and constitute no clini-
cal concerns (Table 2). Sevoflurane was associated with signif-
icantly less use of ketamine (35.1+10.6 mg) than was propofol
(59.0+28.0 mg; P<0.001). In addition, sevoflurane was asso-
ciated with significantly shorter time in the post-anesthesia
care unit (52.1+9.0 min) than was propofol (68.8+15.3 min;
P<0.001). Propofol was associated with a significantly higher
incidence of intraoperative body movement (33.3%) than was
sevoflurane (13.5%; P=0.045). However, these 2 types of an-
esthesia produced no significant difference in other adverse
events such as hypoxia, emergence agitation, and additional
use of propofol (Table 3).
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Table 1. Demographic and clinical characteristics of the patients at baseline.

Sevoflurane group (n=37)

Age (year)

6.1+3.1

Propofol group (n=36) P
5.3+2.3

Heart rate (bpm) 120.04+22.2 138.4+25.3 0.473
Table 2. Intraoperative and postoperative hemodynamics.
Sevoflurane group (n=37) Propofol group (n=36) P

At the time of incision

Time in the post-anesthesia care unit (min)

52.149.0

68.8+15.3

Discussion

We found that in pediatric operations shorter than 1 hour, gen-
eral anesthesia maintained with sevoflurane was associated
with significantly less use of ketamine, shorter postoperative
recovery time, and less intraoperative body movement than
was propofol. Anesthesia with sevoflurane or propofol pro-
duced no significant difference in hypoxia, postoperative agi-
tation, or the requirement for additional propofol.

It has been shown that transition to propofol at the end of
anesthesia with sevoflurane may reduce the incidence, dura-
tion, and severity of emergence agitation [13]. A meta-anal-
ysis showed that a prophylactic bolus of propofol (1 mg/kg)
after anesthesia with sevoflurane can prevent emergence ag-
itation without a significant increase in adverse events [14].
In our study, a bolus of propofol (1 mg/kg) was also used pro-
phylactically after anesthesia with sevoflurane. We discovered
no obvious difference in the incidence of emergence agitation
between patients anesthetized with sevoflurane and those
anesthetized with propofol. In consideration of the reported
risk of emergence agitation associated with sevoflurane, our
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Table 3. Intraoperative and postoperative adverse events.

Sevoflurane group (n=37) Propofol group (n=36) P

Intraoperative

"""" Body movement 5 (135%) 12 (333%) 0045
"""" Hypoxia 1 @7% 2 (6% 0540
CPostoperative
"""" HWypoxia 1 @M% o ©» 1
 Agitation 3 @®1%) 3 @3%) 0972
© Additional use of propofol 2 (4% 2 (6% 0975

findings suggest that prophylactic use of propofol is effective
and safe for reducing the incidence of emergence agitation af-
ter anesthesia with sevoflurane.

In this study, the hemodynamic parameters were not obviously
different between patients anesthetized with sevoflurane and
those anesthetized with propofol. The incidence of hypoxia,
emergence agitation, and need for additional postoperative
propofol was not significantly different between the 2 groups.
Significantly less ketamine was used with sevoflurane than with
propofol. This finding might be due to the greater anesthetic
effect of sevoflurane. Sevoflurane induces anesthesia rapidly,
postoperative recovery is fast, the depth of anesthesia is ad-
justable, and the drug produces the same effects as a muscle
relaxant [15]. All these features of sevoflurane resulted in less
disturbance to hemodynamics and thus less body movement;
therefore, the need for additional ketamine was reduced. With
intravenous administration of ketamine (2 mg/kg), the effects
can be maintained for 10 to 15 minutes. After ketamine use, it
takes 15 to 30 minutes after the procedure for orientation to
be restored and 0.5 to 1 hour for the patient to awaken com-
pletely. Therefore, the higher doses of ketamine used in the
propofol recipients might explain the significantly longer time
for postoperative recovery in this group.

Hypoxia may be caused by laryngospasms, which is associat-
ed with the use of anesthetic agents. It has been shown that

propofol is associated with reduced risks of laryngospasm and
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