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Abstract: Purpose: To investigate the effects of two different inhalation anesthetic expelling methods on emergence
agitation in infants following sevoflurane anesthesia. Methods: 100 infants (1~3 years old) with cleft lip and pal-
ate and ASA classification I~1l were randomized into two groups, a sevoflurane concentration decreasing expelling
group (group n = 50 cases) and a low fresh gas flow expelling group (group D = 50 cases). The operation for cleft lip
and palate repair was under general anesthesia, in which 30 minutes after initiation of narcosis ending extubation
was indicated and after the tubes were removed the patients were sent to the post-anesthesia care unit (PACU) to
record anesthesia times, emergence agitation scores, Ramsay scores and adverse reactions including drowsiness,
respiratory depression, nausea and vomiting, chills, hiccough or laryngospasms. Results: There were no differences
in anesthesia times, awaking time and time until extubation between the two groups. 10 min after start of expelling
sevoflurane, blood pressure and heart rates were higher in group N than in group D (P < 0.05). The postopera-
tive agitation incidence and the degree of agitation were lower in group D than in group N (P < 0.05). Conclusion:
Postoperative agitation is prone to occur in patients with sevoflurane concentration decreasing expelling. Avoiding
sevoflurane application maintenance in the stage of sevoflurane expelling reduces the occurrence of postoperative
agitation and diminishes physiological and psychological harm.
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Introduction

Surgical procedures involving pediatric patients
have frequently to be done under general anes-
thesia and the children are too young for coop-
eration during or immediately following the
operation. Sevoflurane is an inhalational anes-
thetic agent used in general anesthesia and
characterized by a sweet smell, low blood gas
partition coefficient, short induction time and
rapid recovery while causing little airway irrita-
tion [1]. At present, sevoflurane is already wide-
ly in use for general anesthesia induction and
maintenance for various kinds of pediatric sur-
geries [2]. However, the incidence of emer-
gence agitation following sevoflurane anesthe-
sia is higher in children than in adults [3] and
has been reported to be 10%~67% [4] and in
children receiving ear-nose-throat and eye sur-
gery, postoperative agitation occurs even more

frequently than after other surgical procedures
[5]. In addition, pre-school children aged 2-5
years old are documented to have higher inci-
dences of agitation after general anesthesia
than school-age children aged 6-10 years old
[6, 7]. Postoperative agitation is mostly self-
limited, but it can have negative consequences,
for example, increasing bleeding, affecting
sutures and drainage tubes due to body move-
ment and struggling and may even affect rele-
vant medical equipment [8-10]. Currently, the
method used most often to intervene with
emergence agitation in children involves the
application of drugs, such as fentanyl, benzodi-
azepines as well as selective a2 adrenoceptor
agonist [11-13]. There has been less research,
however, examining whether the ways of breath-
ing out inhalational anesthetics can affect
emergence agitation in children following sevo-
flurane anesthesia. According to a 2011 inhala-
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Table 1. Comparison of the age, weight, operation time, awaking time, extubation time, HR and MAP
10 min after expelling sevoflurane between the two groups (n = 50, mean + SD)

Groups Age (years) Weight (kg)

Operation time Awaking
(min) time (min)

Extubation

GroupN 2.70+0.70 12.56+2.50 100.10 £ 25.10 6.70 £ 2.30
GroupD 2.30+0.90 11.56+3.65 102.45+36.28 6.90+ 1.80

P 0.148 0.1073 0.7072

time (min) HR (beats/min) MAP (mmHg)

7.80 +2.10 98.00 + 18.00*** 64.00 £ 10.00***

8.10 + 1.80 83.00 £ 15.00 50.00 £ 12.00
0.4449 0.0000 0.0000

*P < 0.05, ***P < 0.001 when compared with group D.

tion anesthesia expert consensus, expelling
ways of inhaled anesthetics include a sevoflu-
rane concentration decreasing method and a
low fresh gas flow method [14]. The study
described here is focused on the analysis of
the effect of the two different sevoflurane
leaching methods on postoperative agitation in
children, who received cleft lip and palate repair
surgery under sevoflurane anesthesia.

Materials and methods
Patients

The study included 100 children aged 1~3
years old in a physical status of I~Il according
to the American Society of Anesthesiologists
(ASA) guidelines, who visited the First Peoples’
Hospital of Shijiazhuang for cleft lip and palate
repair surgery. The hospital ethics committee
approved the study and the parents of all chil-
dren provided informed written consent. All
children had no prior history of surgery, congen-
ital heart disease, serious organ dysfunction,
drug abuse, epilepsy or obvious respiratory
tract infection before surgery. Routine chest
X-ray and laboratory examinations were done
before surgery for all the patients. The patients
were randomly assigned into two groups each
including 50 patients, which were treated with
different methods for expelling sevoflurane.
Group N received a concentration decreasing
leaching and group D received a low flow leach-
ing treatment. Exclusion criteria included: (1)
sensitivity to inhaled anesthetics, (2) mental
retardation, (3) emergency operation, (4) taking
part in other clinical studies, (5) the need of
intravenous drugs to induce and maintain the
anesthesia or combined inhalation and intrave-
nous drug anesthesia and (6) known or sus-
pected susceptibility to malignant hyperth-
ermia.

Anesthesia methods

All patients were deprived of water for 4 h and
were fasted for at least 6 h in the morning of
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the operation day and atropine was intramus-
cularly injected 30 min before surgery. Patients
were kept warm with an electric blanket and
connected to a monitor who recorded blood
pressure, pulse, SPO, and respiration once
every 5 min. For anesthesia induction we
adopted a tidal volume method and the equip-
ments were an Ohmeda 7100 anesthesia
machine and an Ohmeda Tec 7 sevoflurane
exclusive volatilizer. The anesthesia machine
was in manual mode and the APL valve was set
in the open position, with the evaporator open
and the initial scale adjusted to 8% pre-charge
sevoflurane in the breathing circuit, while the
children were given sevoflurane mixture inhala-
tions using suitable size masks. When the
patient’s eyelash reflexes disappeared and the
submaxilla relaxed, the oral tube intubation
was performed. Volume controlled ventilation
(VCV) was performed with tidal volume of 10
ml/kg and respiration rates of 20~30 bpm,
while end-tidal carbon dioxide partial pressure
(PETCO,) was maintained at 35-45 mmHg. At
the start of the operation, the inhalation con-
centration was adjusted to 2.5% (1MAC) and
according to the children’s vital signs, further
inhalation concentrations were adjusted and
the inhaled sevoflurane was stabilized to 0.8-
1.2 MAC with an oxygen flow rate of 2 L/min.

Sevoflurane expelling methods

Group N: 30 min prior to the operation end, the
inhaled anesthetic concentration was reduced
and maintained at about 0.5 MAC. After sur-
gery was completed, the inhaled anesthetic
supply was ceased with fresh gas flow increased
to 8 L/min in order to accelerate the sevoflu-
rane clearance. Group D: 30 min minutes
ahead of the surgery end, the sevoflurane influx
was turned off with reduced fresh gas flow of
0.5 L/min until subcuticular skin suturing was
completed and then the fresh gas flow was
increased to 4 L/min in order to accelerate the
expelling of sevoflurane.
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Table 2. Comparison of Sevoflurane concentrations (C_ Sev)
between the two groups just before start of expelling and just

before extubation (n = 50)

agitated, 3-moderately agitated
whereas 4-severely agitated.
Ramsay scores were as follows:

1-awake, anxious and agitated;

Group C,,Sev prior to leaching C,,Sev prior to extubation . . )

2-cooperative, orientated, qui-
Group D 25+04 0.11 + 0.05%** et; 3-drowsy, responsive to
Group N 26+03 0.21+0.06 order; 4-drowsy, sensitive to
P 0.1605 0.0000 tapping eyebrow or loud audito-

*P < 0.05, ***P < 0.001 when compared with group D.

Table 3. The incidence and degree of postoperative agitation

between the two groups [n = 50, n (%)]

ry stimulating; 5-drowsy, slow to
respond to tapping eyebrow or
loud auditory stimulating; 6-
drowsy, no response. A Ramsay
score of 1 was therefore the

Groups Mild (%) Moderate (%) Severe (%) Total incidence (%) only score considered positive
Group N 10 (20)* 14 (28)* 6 (12)*** 30 (60.0)*** for agitation. A score of 2-4 indi-
Group D (%) 6(12) 2 (4) 0 (0.0) 8 (16) cated satisfactory sedation,
P 0.0413 0.0011 0.0007 0.0000 whereas a score of 5-6 indicat-

*P < 0.05, ***P < 0.001 when compared with group D.

For our study, we selected children aged from 1
to 3 years as patients, whose average age was
2 years. Because these patients are not able to
follow verbal instructions such as to open their
eyes as the criteria for extubation, after the sur-
gery they were extubated when the spontane-
ous breathing tidal volume was > 8 ml/kg and
blood oxygen saturation (Sp0,) was > 98% with
suction phlegm after swallowing reflex recov-
ery. Patients were then sent to the post-anes-
thesia care unit (PACU). When the Modified
Aldrete Score was greater than 9 (see Table 1),
oxygen supply had been stopped for over 5 min
and SPO, was higher than 95%, the patients
were sent out of the PACU.

Observation indices

Patients’ mean arterial pressure (MAP) and
heart rate 10 min after expelling sevoflurane
were recorded. In addition, anesthesia time,
awaking time (time from post-operation to
opening eyes), and extubation time (time from
post-operation to pulling out the tube) were
monitored. Agitation score and Ramsay score
[15] were observed once every 5 min after extu-
bation until 20 min after awaking and recorded.
Postoperative agitation score, incidence and
degree were evaluated using a five-point scale
method: O-drowsy, unable to wake up; 1-awake,
quiet, cooperative; 2-crying but consolable;
3-agitated, crying inconsolably, no need to con-
trol agitation; 4-agitated, disorientated, need to
control agitation. A score > 2 was considered
positive for agitation and scoring was 2-mildly
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ed excessive sedation. After 3
days of surgery, patients were
finally monitored for any ad-
verse reactions such as drowsiness, respirato-
ry depression, nausea and vomiting, chills, hic-
cough or laryngospasm.

Statistical analyses

Measurement data were expressed as mean +
SD. Analysis of variance (ANOVA) and t-tests
were used for comparisons. Count data were
presented as n (%) and Chi-squared test was
used for comparison. Data were analyzed using
SPSS software (version 13) and P < 0.05 was
considered statistically significant.

Results

There were no differences in age, weight or
time under anesthesia between the two groups
(P > 0.05) (Table 1), which showed that the
basic characteristics of the two groups were
equal. The overall concentration of sevoflurane
was maintained to the same level of 1 MAC in
both groups before sevoflurane expelling and
there was no significant difference in the opera-
tion time between the two groups. 10 min after
start of expelling sevoflurane, the heart rate
(HR) and mean arterial pressure (MAP) in group
N were higher than in group D (P < 0.05) and no
significant difference was noted in the awaking
time or the extubation time (P > 0.05) (Table 1).
We conclude therefore, that the method of
expelling sevoflurane in group N affected the
depth of anesthesia in the later stage of the
operation causing a relatively shallow anesthe-
sia. Vital signs thus fluctuated in the stage of
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Table 4. Comparison of the Ramsay score after extubation between the two
groups (n = 50, mean * SD)

Groups 5 min after extubation 10 min after extubation 15 min after extubation
Group N 46 +0.2 3.4+£0.7 3.3+03

Group D 43 +0.5 3.6+04 34+04

P 0.1642 0.0825 0.1605

Table 5. Comparison of sevoflurane concentrations just before start of expel-
ling and just before extubation between male and female patients in the two
groups

Group Gender Gender C,Sev of just b(_afore C.Sev ofjus.t
(male/female) start of expelling  before extubation

Group N 23/27 Male (n = 23) 26+04 0.11 + 0.04
Female (n = 27) 25+0.3 0.12 £ 0.05

P 0.3182 0.4443

Group D 24/26 Male (n = 24) 25+0.3 0.21 +£0.04
Female (n = 26) 26+0.5 0.22 £ 0.06

P 0.8412 0.3255 0.4952

Table 6. Comparison of postoperative agitation between male and female
patients in the two groups

Group Gender Gender Mild Medium Severe . Total
(male/female) incidence

Group N 23/27 Male (n = 23) 4 6 2 12
Female (n = 27) 6 8 4 18

P 0.6704 0.7810 0.5069 0.2971

Group D 24/26 Male (n = 24) 3 1 0 4
Female (n = 26) 3 1 0 4

P 0.8412 0.9167 0.9539 0.0000 0.9017

Table 7. Comparison of Ramsay scores after operation between male and
female patients in the two groups

Group Gender Gender 5 min after 10 min after 15 min after
(male/female) extubation extubation  extubation

Group N 23/27 Male (n=23) 45+0.4 3.3+0.5 3.2+0.2

Female (n=27) 4.6+0.3 3.5+0.7 3.3+0.3
P 0.3182 0.2585 0.1800
Group D 24/26 Male (n=24) 4.2+0.6 35+04 34+04

Female (n=26) 4.3+0.5 3.6+04 3.3+0.3
P 0.8412 0.5239 0.3815 0.3199
expelling sevoflurane as compared with group Discussion

D. Both groups started to expel sevoflurane 30
min before operation end and we compared the
concentration of sevoflurane (C.Sev) just
before start of sevoflurane expelling, which was
the same in both groups (group D = 2.5 + 0.4;
group N = 2.6 + 0.3). In contrast, at the time of
extubation, the CETSev for the group D was 0.11
+ 0.05, whereas for group N it was 0.21 + 0.06,

(P < 0.05) (Table 2).
Mild agitation was
more common in
group D. Higher inci-
dence of mild, mod-
erate and severe
agitation occurred
in group N. There
was a significant
difference in the
incidence and in the
degree of postoper-
ative agitation bet-
ween the two gro-
ups (P < 0.05)
(Table 3). Postope-
rative Ramsay sco-
res between the
two groups were not
significantly differ-
ent (P > 0.05), indi-
cating that the two
ways of expelling
sevoflurane had no
effect on the seda-
tion degree in the
stage of awaking or
the time until awak-
ing (Table 4).

Further analyses on
gender differences
revealed, that there
was no statistically
significant  differ-
ence between male
and female patients
regarding  C_Sev
just before start of
expelling and just

before extubation
(Table 5) or postop-
erative  agitations

(Table 6) and Ram-
say scores after
operation (Table 7).

An inhalation anesthesia expert consensus
published in 2011 suggested that both the con-
centration decreasing leaching method and the
low flow leaching method could be used for the
recovery of inhalation anesthesia. However,
there is no report regarding the effect of the
two methods for expelling inhalational anes-
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thetics on emergence agitation in children fol-
lowing sevoflurane anesthesia. In our study, all
inhaled anesthetic eliminations were achieved
by means of gas exchange among blood, tissue
and cells. Gas molecules diffuse from the high
partial pressure side to the low pressure side.
The oxygen exchange thus conforms to the fol-
lowing rule: outside atmosphere — respiratory
tract — pulmonary blood capillary — blood cir-
culation — tissue blood capillary — tissue cells
and carbon dioxide exchange occurs in the
opposite direction. In vitro uptake, distribution
and discharge process of inhaled anesthetics
occur in an identical manner and sevoflurane is
not an exception. Although the solubility of
sevoflurane is relatively low, even with opera-
tion time extension, the time for the reduction
of 60% or even 80% alveolar gas concentration
is not affected by the anesthesia duration.
However, getting rid of more than 90% anes-
thetics is needed for pharyngeal reflex to return
to normal and when the anesthetic concentra-
tion exceeds 0.5%-0.8% MAC obvious pharyn-
geal dysfunctions appear [16]. Adverse reac-
tions caused by incomplete sevoflurane elution
are the main causes of emergence agitation in
children. The results of our study showed, that
with the same anesthesia time, there was a
higher incidence of postoperative emergence
agitation using the concentration decreasing
leaching method compared to the low flow
leaching method. We suggest that the differ-
ence is probably due to the fact, that during the
process of sevoflurane elution, the depth of
anesthesia became relatively shallow by inhal-
ing 0.5 MAC sevoflurane and because of that,
10 min after sevoflurane expelling, HR and MAP
in group N was higher than in group D (P <
0.05). In addition, the sevoflurane concentra-
tion was fast adjusted from 1 MAC to the stable
0.5 MAC concentration during end of surgery,
while undesirable stimulation during this time
might have also stimulated the occurrence of
postoperative agitation. We suggest that
because of the rapid recovery from sevoflurane
anesthesia, the time of central recovery differs
between the groups. While the cerebral cortex
is in an inhibitory state, the subcortical regions
have been liberated thus causing sensitization
of local centers. Loss of this functional com-
pleteness affects children’s sensory response
and processing ability. Children in the stage of
awaking after general anesthesia are sensitive
to undesirable stimulation under the role of
stimulants. The central nervous system mani-
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fests overexcitement, so that agitation induc-
tion occurs [7]. However, the depth of anesthe-
sia is moderate during the leaching stage using
the low flow leaching method and the leaching
process is in a stable state. The main reason
for the occurrence of agitation using the low
flow leaching method may be due to the still
relatively incomplete elution of sevoflurane.
Taken together, a small amount of remaining
residual drugs in the awaking stage is the main
reason for postoperative agitation and it was
significantly higher in the N group. It has been
reported that sevoflurane concentrations of
0.1-0.2 MAC in the awaking stage are the cause
for tracheal tube irritation, wound pains [17],
hypoxia, respiratory tract obstruction [16],
while noisy environment triggers the occur-
rence of postoperative agitation [18]. In our
study, comparisons of C_Sev just before start
of expelling and just before extubation, postop-
erative agitations and Ramsay scores after
operation between female and male patients
did not reveal any statistically significant differ-
ence. This is in agreement with previous reports
of gender influence on sevoflurane anaesthesia
[19, 20]. On the other hand, it has been noted
that the early recovery time after sevoflurane
anesthesia was shorter in male than in female
patients, which the authors explained with a
lower minute ventilation of women, which may
contribute to a slower initial washout of the
inhalational agents [21].

In conclusion, postoperative agitation is prone
to occur in preschool children, who receive a
concentration decreasing leaching method
after cleft lip and palate repair surgery under
sevoflurane anesthesia. Proper drug use and
combined anesthesia should be used for such
little operations, especially avoiding pure inha-
lation anesthesia maintenance in the stage of
sevoflurane leaching in order to stably and fully
elute sevoflurane, thereby reducing the occur-
rence of postoperative agitation.
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