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Purpbse: Emergence agitation is a common postoperative complication during recovery in children. The purpose
of this study is to explore whether the use of ice popsicle could prevent emergence agitation in children under-
going oral surgery with sevoflurane anaesthesia.

Design and methods: In this prospective randomized controlled study, 100 children undergoing oral surgery were
randomly assigned to Group 1 which received ice popsicle after emergence (intervention, n = 50) or Group 2
which received verbal encouragement from their parents (control, n = 50). The primary outcome was the
2-hour postoperative incidence of EA.

Results: Group 1 had a significant lower incidence of emergence agitation (22% vs 58%, P < 0.001) compared with
Group 2. The mean agitation score was significantly lower in Group 1vs Group 2 at 10 minutes (1.64 vs 2.12,P =
0.024) and 20 min (1.60 vs 2.14, P = 0.004) after emergence. The peak agitation and pain scores were signifi-
cantly lower in Group 1 than in Group 2 (P < 0.001).

Conclusions: Findings from this study suggest that ice popsicle is an effective, cheap, pleasurable, and easily
administered method for alleviating emergence agitation in paediatric patients after oral surgery under general
anaesthesia. These results are worthy of confirmation in other surgeries.

Practice implications: This approach is highly accepted by both children and their parents, and our findings
support the effectiveness of ice popsicle in relieving emergence agitation and pain after oral surgery in children.
Clinical trials registration: Chinese Clinical Trial Registry, ChiCTR1800015634.

© 2023 Published by Elsevier Inc.

delaying of discharge and worrying of parents (Moore & Anghelescu,
2017). Moreover, it is associated with an increased incidence of postop-
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Emergence agitation (EA) is one of the most significant challenges
causes of dissatisfaction amongst parents and healthcare worker
r & Smith, 2020). Emergence agitation is characterized by irrita-
. disorientation, excitement, and inappropriate behavior, manifest-
s amental state in which there is a lack of connection between the
t's behavior and consciousness, and mostly occurs in preschool-
children during recovery from general anaesthesia (Mason,
\. Emergence agitation may lead to bleeding of surgical site,
al of intravenous catheters, extra nursing care, patient injury,
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erative maladaptive behaviours (Zainal Abidin et al., 2021). The preva-
lence of EA varies from 25% to 80% in children depending on the age,
type of surgery, anaesthetic technique, adjunct medication, preopera-
tive anxiety, and evaluation criteria (Gil Mayo et al., 2022; Mason,
2017).

Ambulatory oral surgery is one of the most commonly performed
day surgeries in children, and the demand for comfortable general
anaesthesia is increasing gradually (Jiang et al., 2020). Children usually
experience an uncomfortable feeling and can not express it clearly after
oral treatment (Muppa et al., 2013). Therefore, high-quality general
anaesthesia is required. Sevoflurane anaesthesia is the first choice for
oral surgery in children due to its many advantages, including a low
blood/gas partition coefficient, rapid induction and recovery, easy regu-
lation of anaesthesia depth, minimal liver and kidney side effects, and
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stable hemodynamics (Erb et al., 2001). However, inhaled anaesthetic
agents, such as sevoflurane and desflurane, have been associated with
a high incidence of EA (Costi et al., 2014; Cui et al,, 2020; Yang et al,,
2022), particularly in oral surgery (Costi et al., 2014; Jooma et al,, 2020).

Additional assistance or pharmacological therapy is needed to pre-
vent the occurrence of EA in children after ambulatory oral surgery
(Huang et al., 2022). Numerous pharmaceutical interventions, such as
midazolam, dexmedetomidine, and propofol, have been used to prevent
or treat EA in children (Kawai et al., 2019; Lei et al,, 2022; Xiao et al,,
2022). However, pharmaceutical interventions have been documented
leading to side effects, including vomiting, respiratory depression, de-
layed awakening, and prolonged recovery time (Lei et al.,, 2022; Ng
et al, 2019: Xu et al,, 2022). Non-pharmacologic interventions, such as
the application of cold liquids or foods, have been used to treat the dis-
comfort after oral surgery in children (Belli et al., 2009; Zandi et al.,
2016). Ice popsicle has been considered an inexpensive treatment
method for relieving pain and discomfort without medication, and
pain has been considered as a major risk factor for EA (Ram et al.,
2006: Ram et al,, 2010; Sylvester et al., 2011). However, there is no re-
port on the use of ice popsicle for EA prevention in children. We
hypothesised that ice popsicle would reduce the incidence of EAiin chil-
dren after oral surgery. Therefore, this study aimed to assess whether
ice popsicle, provided immediately after oral surgery, could reduce the
incidence of EA in children.

Material and methods
Patient enrolment

Enrolled patients comprised exclusively children aged 1 to 10 years,
classified as American Society of Anaesthesiologists physical status class
I or II, and undergoing lingual frenectomy or excision of oral mucocele
with sevoflurane anaesthesia. The exclusion criteria were as follows:
developmental delay; a history of upper respiratory infection during
the preoperative 2 weeks; a known history of neurological, neuromus-
cular, liver, kidney, or cardiac diseases; known allergy or adverse reac-
tions to systemic anesthetics or any ingredients in the ice popsicle;
refusal to accept the ice popsicle treatment; use of sedative or analgesic
drugs for more than three days; and the presence of a malignant
disease.

Procedures

Blood pressure, electrocardiography, respiratory rate, and peripheral
oxygen saturation were monitored routinely after admission. Induction
was achieved by administering 6% sevoflurane (Maruishi Pharmaceuti-
cal Co., Ltd., Osaka, Japan) with pure oxygen at a gas flow of 6 L-min~"
with a full facial mask. After the loss of consciousness, venous access
was established. Subsequently, 3 mg-kg~" propofol (AstraZeneca,
London, UK) and 0.01 mg-kg ' penehyclidine hydrochloride (Chengdu
List Pharmaceutical Co., Ltd., Chengdu, China) were administered intra-
venously. A nasal cannula with a capnography line (Hudson RCI,
Teleflex, NC, USA) was placed into the child's nostril to deliver sevoflu-
rane and oxygen. The nasal cannula was connected to an anaesthesia
machine, and sevoflurane with 100% oxygen at a gas flow of
2L-min~" was delivered to the child. The end-tidal sevoflurane concen-
tration was monitored by the capnography line in the nasal cannula,
aiming to maintain a range of 1% to 1.5% by adjusting the inspired sevo-
flurane gas concentration. We discontinued the sevoflurane and pro-
vided oxygen using a facial mask after the surgery. The modified
Aldrete score was then used to evaluate postoperative recovery in chil-
dren (White & Song, 1999). The modified Aldrete scoring criteria is
shown in Table 1. A high score means a good awakening effect, and
the total score is 10 points. Patients with scores 29 were considered
fully awake and sent to the ward.
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Table 1
The modified Aldrete scores.

Items Standards Scores

Moving arms and legs and head spontaneous or by 2
request

Moving arms or legs spontaneous or by request, 1
restrictedly raising head spontaneously or by request

Not able to move limbs or raise head 0
Deep breathing and effective coughing, normal 2
respiratory rate and amplitude

Breathing is difficult or restricted, but spontaneous 1
breathing is shallow and slow, and it's possible to breath
through oropharyngeal airway

Breathing is paused or weak, it requires respiratory
therapy or assisted breathing

Within +20% before anaesthesia

+20-49% before anaesthesia

Above +50% before anaesthesia

Completely awakening, answer questions accurately
Able to wake up, drowsiness

No reaction

Air breathing Sp02 > 92%

Oxygen breathing Sp02 > 92%

Oxygen breathing Sp02 < 92%

Movement

Breathing

Blood
pressure

Consciousness

Sp02

O = NO —=NOo =N O

Intervention and assessments

The allocation sequence was based on computer-generated random
numbers that were stored by an independent researcher in a sealed
opaque file. The participants were allocated into the ice popsicle group
which received ice popsicle after emergence (Group 1), or the control
group that received verbal reassurance and encouragement from their
parents (Group 2). After the operation, the independent researcher
opened the sealed file and prepared the ice popsicle according to the
group allocation. The assessors who were involved in outcome assess-
ment were blinded to the anaesthesia procedure and the patient's
group allocation. The anaesthesiologists, dentists, nurses, parents, and
statisticians were blinded to the group allocation. After the modified
Aldrete score was >9, the patients were fully awake without any com-
plications such as unexpected bleeding, breath holding, upper airway
obstruction or laryngospasm, patients in Group 1 were immediately
given ice popsicle (a flavoured ice popsicle equating to 20 mL of liquid),
and patients in Group 2 were given 3 mL normal saline to moisten their
lips even though they had no ice popsicle. The patients were then trans-
ferred to the ward and monitored by the assessors. Children in both
groups received encouragement and verbal reassurance from their par-
ents in the ward. Parents hugged or made physical contact with their
child when they were emotional. The verbal encouragement list,
which was carefully discussed by the author team, was provided to
the parents as follows: (1). You are a brave child, Mom or Dad will be
around to help you as much as possible; (2). Do you have any discom-
fort telling Mom or Dad to help you out? (3). If you are not feeling
well, please keep your mood as stable as possible, Mom or Dad will re-
ward you with what you want as much as possible when you are
discharged from hospital.

Pain and agitation scale scores were carefully recorded every
10 min for the first 60 min, and subsequently at 2 h after arrival at
the ward. A standard monitoring system recorded the patients’
electrocardiography, pulse oximetry, and non-invasive systolic/dia-
stolic pressure. Agitation was assessed with the Cole 5-point scale
which was as follows: 1 = falling asleep peacefully; 2 = awake
and calm; 3 = irritable and crying; 4 = crying and difficult to con-
sole: and 5 = severe restlessness and disorientation. A Cole 5-point
scale score of >3 was defined as EA (Lei et al., 2022), and intravenous
nalbuphine 0.02 mg- kg~! was administered as treatment (He et al,,
2023). Severe EA was defined as a Cole 5-point scale score of >4 for
longer than 5 min. Pain was assessed with the Face, Legs, Activity,
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Lry, and Consolability scale (FLACC), with scores ranging from 0 to
15 (Wang et al., 2020). Ibuprofen 10 mg-kg~" was administered
arally for pain control when the evaluated pain score was >4
‘Wang et al., 2020). The total administered ibuprofen and
malbuphine, and post-anaesthesia adverse events, such as postoper-
ative nausea and vomiting, laryngospasm, and oxygen desaturation,

| were monitored and recorded during recovery.

utcome measures

The primary outcome measure was the incidence of EA within 2 h
after emergence. The secondary outcome measures were the agitation

| and pain scores during these 2 h. The recorded data included sex, age,

weight, duration of surgery, anaesthesia, and post anaesthesia care
wnit stay, the incidence of adverse effects, and the total administered
gose of nalbuphine and ibuprofen. We also recorded the systolic/dia-
stolic pressure, heart rate, and oxygen saturation values at the different
me points.

Data analysis

All data were expressed as mean (standard deviation [SD]) or count

| %), Statistical analysis was performed using the SPSS software for Win-

gows, version 24.0 (IBM Corp., Armonk, NY, USA). In our pilot study, we

| %und that the incidence of EA was 55%. We hypothesised that the ice

popsicle would reduce the incidence by 45%. Considering a power of
#0% and a type I error of 5%, 48 children were required in each group;
we subsequently allocated 50 patients to each group. Data were
assessed for normal distribution using the Shapiro-Wilks test. Normally
Sistributed data were analysed by one-way analysis of variance, and
son-normally distributed data were analysed by the Mann-Whitney U
sest. The agitation scores at different time points were analysed with
swo-way analysis of variance with repeated measures using the
Sonferroni method. The incidence of EA was analysed by the chi-
squared test or Fisher's exact test, as appropriate. Differences with a
Pvalue <0.05 were considered statistically significant.

Sthical considerations

This prospective, randomized, parallel-arm study was approved by
the Institutional Review Board of Guangzhou Women and Children's

| Medical Centre, Guangzhou, China (IRB2018031601), and was regis-

sered with the Chinese Clinical Trial Registry (http://www.chictr.org.
) in April 2018 before patient enrollment (ChiCTR1800015634). Writ-
=n informed consent was obtained from the children's parents. We re-
cruited children undergoing day oral surgery at the Guangzhou Women
2nd Children's Medical Centre from May 2018 to May 2019. The study
will follow the ethical principles outlined in the Declaration of Helsinki.
The time and location of the interviews allowed them to be away from
ather people who may be listening to the conversation to ensure the
grivacy of the participants, and the use of pseudonyms in the collection
and reporting of survey results ensured the confidentiality of partici-
pants. All findings were stored on a password-protected encrypted
computer that only the research team could access.

Results

A CONSORT flow diagram was presented in Fig. 1. This study
enrolled a total of 108 patients, of which 100 eligible patients were in-
cluded in the final analysis. Eight patients were excluded for various
s=asons. Patient characteristics, the duration of surgery, anaesthesia
and post anaesthesia care unit stay were presented in Table 2. There
were no significant differences in age, weight, sex, age proportions,
e type of surgery or the duration of surgery, anaesthesia, and post
anaesthesia care unit stay between the groups.

11
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The incidence of EA was 58% (29/50) in Group 2 and 22% (11/50) in
Group 1, and a significant difference in incidence was found between
the two groups (odds ratio [OR]: 4.896, 95% confidence interval [Cl]:
2.044-11.728; P < 0.001). The incidence of severe EA was also higher
in Group 2 than in Group 1 (22% [11/50] vs 4% [2/50]; OR: 6.769, 95%
Cl: 1.416-32.367; P = 0.015). We then conducted a more detailed age
classification of the two groups to analyze the main outcome measures.
The incidence of EA, peak agitation and pain scores in three different
populations of 1-3 years, 4-6 years and 7-10 years old of the two
groups were presented in Table 3.

In 1-3 years of age populations, the incidence of agitation was 79% in
group 2, which was significantly higher than that in Group 1 which was
32% (OR: 8.093, 95% Cl: 2.441-26.827; P < 0.001); and the incidence of
severe agitation was also significantly higher in group 2 than in group 1
(28% vs 3%; OR: 10.286, 95% Cl: 1.191-88.802; P = 0.013). There were
no significant differences in the incidence of agitation and severe agita-
tion between the two groups in both 3-6 years and 7-9 years of age
populations. The incidence of EA in 1-3 years of age populations in
both group 2 and 1 was significantly higher than that of 3-6 years old
and 7-10 years old in each group (P < 0.05). The use of ice popsicles sig-
nificantly reduced the peak agitation and pain scores (P < 0.001).

Most EA episodes in both groups occurred during the first 10 to
20 min after emergence from anaesthesia. We used the Cole 5-point
scale to assess EA, and the mean agitation scores in Group 1 were signif-
icantly lower than those in Group 2 at 10 min (mean [SD], 1.64 [0.78] vs
2.12[1.10],P= 0.024) and 20 min (mean [SD], 1.60[0.76] vs 2.14 [0.99],
P = 0.004) after arrival back at the ward (Fig. 2). In Group 2, twenty
three children received nalbuphine treatment for EA (mean dose,
2.48 mg), and 2 patients received ibuprofen for pain control (mean
dose, 140 mg). In Group 1, eight children received nalbuphine treat-
ment for EA (mean dose, 2.06 mg), and none received ibuprofen
treatment.

The intraoperative haemodynamic changes of both groups were
shown in Fig. 3. No differences between the groups were noted for the
basal, maximum, and minimum heart rate values or for the diastolic
and systolic blood pressure. The groups were also similar in terms of
the incidence of postoperative nausea and vomiting. None of the chil-
dren experienced vomiting or nausea that required treatment, as
noted by the nurse or study-blinded anaesthesia team at the day
surgery unit, or laryngospasm or oxygen desaturation.

Discussion

The present study demonstrated a lower frequency of EA, lower
agitation scores and postoperative pain scores in children undergoing
oral surgery with general anaesthesia who consumed a postoperative
ice popsicle than in those who did not consume an ice popsicle. Based
on these results, the ice popsicle intervention may be an effective, inex-
pensive, and easily administered method of alleviating EA in paediatric
patients undergoing general anaesthesia for oral surgery.

The detailed aetiology of EA is not yet clear and many factors are in-
volved, including preoperative anxiety, pain, tissue swelling, the type of
surgery, preschool age, the patient's character, the type of anaesthetic
drug, and rapid awakening (Lee & Sung, 2020; Mason, 2017; Wei
etal,, 2021). In our study, children aged 1 to 3 years had a higher inci-
dence of EA than other two age groups. A previous study showed similar
finding with younger children having a higher incidence of EA than
older children (Lei et al., 2022). Beside ages, pain is widely regarded as
an important source of EA, although EA can occur when pain s fully re-
lieved or even following a non-painful procedure (Dahmani et al,,
2014). When considering the decreased incidence of EA in our study,
the effects of ice popsicles might be attributed to their analgesic proper-
ties. To the best of our knowledge, there has been no study on the effects
of ice popsicle on EA after general anaesthesia.

Previous studies suggested that ice popsicle is an effective and safe
method of reducing postoperative pain in patients undergoing

"0 ArY » ma
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Assessed for eligibility

(n=108)
Excluded (n=8)
5| Serious airway symptoms  (n=3)
Violation of anesthesia (n=2)
Refusal to participate (n=3)
Vv

Randomized (n=100)

\4 v

Allocated to Ice group
(Group 1, n=50)

Allocated to control group
(Group 2, n=50)

v ' v
Lost to follow-up Lost to follow-up
(n=0) (n=0)
\4 v
Analyzed Analyzed
(n=50) (n=50)

Fig. 1. CONSORT flow diagram. Microsoft Word, Office 365.

Table 2
Comparison of the children’s clinical characteristics between the ice popsicle and control Table 3
groups. Agitation and pain scores at 2 h postoperatively between ice popsicle and control groups.
Item Group 2 Group 1 P-value Items Group 2 (n = 50) Group 1 (n = 50) P-value
iyl he Peak 5-point score 2.92 (0.94) 2.18 (0.63) <0.001
Sex (male/female) 28/22 30/20 0.840 1-3 years 3.14(0.83) 2.29 (0.66) <0.001
Age (month) 5048 (19.95)  52.56 (15.58)  0.563 4-6 years 2.56 (0.92) 2.12 (0.60) 0.107
Weight (kg) 16.50 (7.47) 16.95 (5.56) 0.737 7-10 years 2.00 (0.00) 1.80 (0.45) 0.482
Duration of surgery (min) 11.68 (2.75) 10.90 (2.70) 0.155 Peak FLACC score 2.26 (0.69) 1.82 (0.83) 0.002
Duration of anaesthesia (min) 16.46 (2.65) 15.98 (2.81) 0.382 1-3 years 2.34(0.61) 2.00 (0.94) 0.106
PACU stay (min) 18.70 (3.11) 17.70 (4.54) 0.202 4-6 years 2.17 (0.86) 1.65 (0.61) 0.048
PONV 11(22%) 8 (16%) 0.610 7-10 years 2.00 (0.00) 1.40 (0.55) 0.116
The duration of EA (min) 8.55 (2.56) 7.91(2.07) 0.461 Incidence of EA 29 (58%) 11 (22%) <0.001
Age proportions 0.863 1-3 years [n(%)] 23 (79%) 9 (32%) <0.001
1-3 years [n(%)] 29 (58%) 28 (56%) 4-6 years [n(%)] 6 (33%) 2 (12%) 0.228
4-6 years [n(%)] 18 (36%) 17 (34%) 7-10 years [n(%)] 0 0 /
7-10 years [n(%)] 3 (6%) 5(10%) Incidence of severe EA 11 (22%) 2 (4%) 0.015
The type of surgery 0.495 1-3 years [n(%)] 8 (28%) 1(3%) 0.025
Lingual frenectomy [n(%)] 39 (78%) 35 (70%) 4-6 years [n(%)] 3(17%) 1(6%) 0.603
Excision of oral mucocele [n(%)] 11 (22%) 15 (30%) 7-10 years [n(%)] 0 0 4
Data are expressed as mean (SD) or count (%). Data are expressed as mean (SD) or count (%).
C, control; I, ice popsicle; PACU, post-anaesthesia care unit; PONV, postoperative nausea C, control; I, ice popsicle; FLACC, face, legs, activity, cry, and consolability; EA, emergence
and vomiting; EA, emergence agitation. agitation.
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2010; Sylvester et al., 2011). Moreover, ice compression packs have
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molar extraction and musculoskeletal injuries (Belli et al., 2009; Zandi
et al,, 2016). The effect of ice popsicle on pain reduction can be
explained by the continuous local cold stimulation on thin non-
myelinated neurons (Chidchuangchai et al., 2007). This stimulation
reduces the neural stimuli transmission from the periphery, alters
nerve conduction velocity, and declines muscle fibre contraction
(Airaksinen et al., 2003). Cold stimuli can thus prevent tissue oedema,
inhibit inflammation, slow metabolism, and control bleeding (Meloni
etal, 1996).

Beside analgesic properties, both reward properties and distraction
properties were also potential factors for the reduction of EA by ice pop-
sicle in the present study. The benefits of providing children with gifts as
areward in oral clinics are widely recognized (Ram et al., 2006). Chil-
dren could consider the ice popsicle as a reward in our study, which
had physiological effects on soft tissue and reduced the occurrence of
EA. Many non-pharmacological interventions, such as behavioural man-
agement and distraction techniques, have also been used as strategies to
prevent EA (Byun et al,, 2018; Gil Mayo et al., 2022; Ryu et al., 2019).
Using video goggles, watching cartoons, or listening to music or their
mother's voice were shown to decrease postoperative agitation in
some children (Byun et al., 2018; Ryu et al,, 2019). Most of these behav-
ioural interventions can distract the child's attention from the uncom-
fortable feeling after surgery. There were studies suggesting that
distraction may help decrease agitation and pain (Hoe et al., 2017:
Levay et al,, 2023). In our study, the ice popsicle, as a reward, may also
have the effect of distracting the children from the postoperative agita-
tion and pain. Hence, reward and distraction properties of ice popsicle
potentially contribute to the reduction of EA in our study.

Ingesting an ice popsicle immediately after surgery also has addi-
tional benefits. The ice popsicle has greater efficacy for reducing the in-
tensity of thirst, which is an intense discomfort, compared with water at
room temperature in the immediate postoperative period (Conchon &
Fonseca, 2018). A randomized trial in children has shown that drinking
and eating within 4 h postoperatively improves the patient's mood and
reduces the need for nausea medication, with no increase in vomiting
compared with fasting (Radke et al.,, 2009). Also, a previous study
found that early postoperative oral intake contributed to the reduction
in postoperative opioid use and the incidence of postoperative nausea
and vomiting in paediatric day case surgery (Chauvin et al.,, 2017).
These abovementioned studies were consistent with our findings
which showed that there were no significant difference between the
two groups in the incidence of postoperative nausea and vomiting.

We found significantly lower agitation scores in children who con-
sumed an ice popsicle postoperatively than in those who did not con-
sume an ice popsicle, mainly at both 10 and 20 min after arrival back
at the ward. Furthermore, most episodes of EA occurred during this
timeframe in both groups. A previous study found that the analgesic ef-
fect of ice popsicle starts after 4 min, and lasts for at least 30 min
(Waylonis, 1967). Another study showed that ice popsicles significantly
alleviate discomfort within the first 10 min after surgery, with the effect
lasting 30 min (Ram et al,, 2010). Our results were in agreement with
the onset and duration of the ice popsicle effects reported in these
prior studies. The use of ice popsicle is an effective way to reduce pain,
agitation, and discomfort after oral surgery in children.

Practice implications

Some sedative or analgesic drugs are used by anesthesiologists to ef-
fectively prevent EA in children, but parents often refuse to use them be-
cause of concerns that they are anesthetics. Also, some non-
pharmacological interventions for preventing EA have been used by
nurses in children. However, some non-pharmacological treatments
are sometimes difficult to implement because they require special
equipments, or because parents' anxiety prevent close cooperation be-
tween nurses and parents (Eijlers et al,, 2019; Huett et al., 2017). This
study showed that application of ice popsicle is effective in relieving
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EA and pain after oral surgery in paediatric patients. Especially, eating
ice popsicle is an inexpensive, effective, pleasurable and easily adminis-
tered method for alleviating EA in children. For nurses, serving ice pop-
sicle to children is a joyful, relaxing job, and the key is to provide ice
popsicle to prevent EA. Hence application of ice popsicle should be
used more commonly in clinic for children with oral surgery.

Limitations

Our study faced two limitations. Firstly, we did not measure the anx-
iety levels of the children or their parents before the operation in this
study, and such anxiety was a risk factor for EA. However, we applied
the principle of random assignment to reduce potential bias in EA inci-
dence. Secondly, this study was not a double-blind controlled study. Al-
though the assessors were unaware of group allocation, we could not
guarantee that the assessors will not Jearn about grouping from some
details. For example, the ice popsicle residue at the corner of the child's
mouth and the color on the tongue could let the assessors know that the
child was in the ice popsicle group.

Conclusions

We found that ice popsicle significantly reduce the incidence of EA,
postoperative agitation and pain scores in children with oral surgery
during the postoperative period, and our results suggest that an ice pop-
sicle is an effective, cheap, complication-free, and easily administered
method for alleviating EA in paediatric patients after oral surgery
under general anaesthesia. The findings from this study support the
use of ice popsicle as an alternative strategy for preventing EA in chil-
dren undergoing oral surgery. These results are worthy of confirmation
in other surgeries.

Credit author statement

Hui-Hong Liang conceived, designed, supervised the study, acquired
funding, and reviewed and edited the manuscript.

Conceptualization: Hui-Hong Liang, Mei-Xue Zhang, Ying-Jun She.

Data curation; Hui-Hong Liang, You-Wei Lu.

Formal analysis: Hui-Hong Liang, Ying-Jun She.

Funding acquisition: Hui-Hong Liang.

Investigation: You-Wei Lu, Ying-Jun She.

Methodology: Hui-Hong Liang, You-Wei Lu, Hui Shi, Mei-Xue Zhang.

Project administration: Hui-Hong Liang, Mei-Xue Zhang.

Resources: Xing-Xu Ou, Mei-Xue Zhang.

Software; Xing-Xu Ou, Ying-Jun She.

Supervision: Xing-Xu Ou, Mei-Xue Zhang.

Validation: Ying-Jun She.

Writing-original draft: Hui-Hong Liang, Ying-Jun She.

Writing-review & editing: Hui-Hong Liang, Hui Shi, Mei-Xue Zhang.

You-Wei Lu conceived, designed and performed the studies.

Xing-Xu Ou performed the studies, analysed the data and provided
critical comments for the studies.

Hui Shi reviewed and edited the studies.

Ying-Jun She conceived, designed and performed the studies and
wrote the manuscript.

Mei-Xue Zhang conceived, designed and performed the studies and
wrote the manuscript.

All authors have seen and approved the final version of the manu-
script being submitted. All authors warrant that the article is the au-
thors' original work, hasn't received prior publication and isn't under
consideration for publication elsewhere.

Funding

This work was supported by Guangzhou Health Technology Project
(20221A011031) and Guangzhou Institute of Paediatrics, Guangzhou

Journal of Pediatric Nursing 72 (2023) 9-15

Women and Children's Medical Centre, Guangzhou, China (YIP-2019-
062).

Declaration of interests

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

References

Airaksinen, 0. V., Kyrklund, N,, Latvala, K., Kouri, J. P., Gronblad, M., & Kolari, P. (2003). Ef-
ficacy of cold gel for soft tissue injuries: A prospective randomized double-blinded
trial. The American Journal of Sports Medicine, 31(5), 680-684. https://doi.org/10.
1177/03635465030310050801.

Belli, E.. Rendine, G., & Mazzone, N. (2009). Cold therapy in maxillofacial surgery. The
Journal of Craniofacial Surgery, 20(3), 878-880. https://doi.org/10.1097/SCS.
0b013e3181a14d3d.

Byun, S., Song, S., Kim, J. H,, Ryu, T., Jeong, M. Y., & Kim, E. (2018). Mother's recorded voice
on emergence can decrease postoperative emergence delirium from general anaes-
thesia in paediatric patients: A prospective randomised controlled trial. British
Journal of Anaesthesia, 121(2), 483-489. https://doi.org/10.1016/jbja.2018.01.042.

Chauvin, C., Schalber-Geyer, A. S., Lefebvre, F.,, Bopp, C., Carrenard, G., Marcoux, L., ...
Diemunsch, P. (2017). Early postoperative oral fluid intake in paediatric day case sur-
gery influences the need for opioids and postoperative vomiting: A controlled ran-
domized trialf. British Journal of Anaesthesia, 118(3), 407-414. https://doi.org/10.
1093 /bja/aew463.

Chidchuangchai, W., Vongsavan, N., & Matthews, B. (2007). Sensory transduction mecha-
nisms responsible for pain caused by cold stimulation of dentine in man. Archives of
Oral Biology, 52(2), 154-160. https://doi.org/1 0.1016/j.archoralbio.2006.09.009.

Conchon, M. F, & Fonseca, L. F. (2018). Efficacy of an ice popsicle on thirst management in
the immediate postoperative period: A randomized clinical trial. Journal of
Perianesthesia Nursing, 33(2), 153-161. https://doi.org/1 0.1016/j.,jopan.2016.03.009.

Costi, D., Cyna, A. M., Ahmed, S,, Stephens, K., Strickland, P., Ellwood, J., ... Middleton, P.
(2014). Effects of sevoflurane versus other general anaesthesia on emergence agita-
tion in children. Cochrane Database of Systematic Reviews, 9, Article CD007084.
https://dci.org/l0.1002/14651858.CD007084.pub2.

Cui, Y, Li, G., Cao, R, Luan, L, & Kla, K. M. (2020). The effect of perioperative anesthetics
for prevention of postoperative delirium on general anesthesia: A network meta-
analysis. Journal of Clinical Anesthesia, 59(null), 89-98.

Dahmani, S., Delivet, H., & Hilly, . (2014). Emergence delirium in children: an update.
Current Opinion in Anaesthesiology, 27(3), 309-315. https://doi.org/10.1097/aco.
0000000000000076.

Eijlers, R, Dierck, B, Staals, L. M., Berghmans, J. M., van der Schroeff, M. P,, Strabbing, E.
M., ... Utens, E. (2019). Virtual reality exposure before elective day care surgery to re-
duce anxiety and pain in children: A randomised controlled trial. European Journal of
Anaesthesiology, 36(10), 728-737. https://doi.org/1 0.1097/eja.0000000000001059.

Erb, T., Christen, P., Kern, C,, & Frei, F. J. (2001). Similar haemodynamic, respiratory and
metabolic changes with the use of sevoflurane or halothane in children breathing
spontaneously via a laryngeal mask airway. Acta Anaesthesiologica Scandinavica, 45
(5), 639-644. https://doi.org/1 0.1034/1.1399-6576.2001.045005639.X.

Gil Mayo, D., Sanabria Carretero, P., Gajate Martin, L., Alonso Calderdn, ], Hernandez
Oliveros, F., & Gomez Rojo, M. (2022). Parental presence during induction of anesthe-
sia improves compliance of the child and reduces emergence delirium. European Jour-
nal of Pediatric Surgery, 32(4), 346-351.

He, J., Zhang, L, Tao, T, Wen, X., Chen, D., Zheng, X,, ... Wang, H. (2023). Nalbuphine re-
duces the incidence of emergence agitation in children undergoing
Adenotonsillectomy: A prospective, randomized, double-blind, multicenter study.
Journal of Clinical Anesthesia, 85, Article 111044. https://doi.org/10.1016/j.jclinane.
2022.111044.

Hoe, J., Jesnick, L, Turner, R, Leavey, G., & Livingston, G. (2017). Caring for relatives with
agitation at home: A qualitative study of positive coping strategies. BJPsych Open, 3
(1), 34-40. https://doi.org/10.1192/bjpo.bp.1 16.004069.

Huang, L, Wang, L., Peng, W., & Qin, C. (2022). A comparison of dexmedetomidine and
propofol on emergence delirium in children undergoing cleft palate surgery with
sevoflurane-based anesthesia. The Journal of Craniofacial Surgery, 33(2), 650-653.
https://doi.org/]0.1097/scs.0000000000008343.

Huett, C., Baehner, T., Erdfelder, F., Hoehne, C, Bode, C, Hoeft, A., & Ellerkmann, R. K.
(2017). Prevention and therapy of pediatric emergence delirium: A national survey.
Paediatric Drugs, 19(2), 147-153. https://doi.org/10.1007/540272-017-0212-x.

Jiang, H. F, Qin, D, He, S. L., & Wang, J. H. (2020). OHRQoL changes among Chinese pre-
school children following dental treatment under general anesthesia. Clinical Oral
[nvestigations, 24(6), 1997-2004. https://doi.org/10.1007/500784-019-03063-z.

Jooma, Z., Perrie, H,, Scribante, ] & Kleyenstuber, T. (2020). Emergence delirium in chil-
dren undergoing dental surgery under general anesthesia. Paediatric Anaesthesia, 30
(9), 1020-1026. https://doi.org/10.1111/pan.1 3937.

Kawai, M., Kurata, S., Sanuki, T., Mishima, G., Kiriishi, K., Watanabe, T., ... Ayuse, T. (2019).
The effect of midazolam administration for the prevention of emergence agitation in
pediatric patients with extreme fear and non-cooperation undergoing dental treat-
ment under sevoflurane anesthesia, a double-blind, randomized study. Drug Design,
Development and Therapy, 13(null), 1729-1737.




Y-W. Ly, X-X Ouetal

1. & Sung, T.Y. (2020). Emergence agitation: Current knowledge and unresolved
‘weestions. Korean Journal of Anesthesiology, 73(6), 471-485. https://doi.org/10.4097/
£5220097.

X Wy, C.J, Wy, Z. Y., Wang, L. Y., Zhao, Q,, & She, Y. J. (2022). Efficacy of different

‘uses of intranasal dexmedetomidine in preventing emergence agitation in children

- wih inhalational anaesthesia: A prospective randomised trial. European Journal of An-

aesthesiology, 39(11), 858-867. https://doi.org/10.1097/eja.0000000000001743.

M. M., Sumser, M. K, Vargo, K. M., Bodas, A, Bena, J. F,, Danford, C. A, & Siedlecki, S.

L 2023). The effect of active distraction compared to midazolam in preschool chil-

Zren in the perioperative setting: A randomized controlled trial. Journal of Pediatric

Naursing, 68, 35-43. https://doi.org/10.1016/j.pedn.2022.09.021.

K_P. (2017). Paediatric emergence delirium: A comprehensive review and inter-

gretation of the literature. British Journal of Anaesthesia, 118(3), 335-343. https://doi.

2rz 10.1093/bja/aew477.

.. G, Capria, S., Proia, A, Trisolini, S. M., & Mandelli, F. (1996). Ice pops to prevent

melphalan-induced stomatitis. Lancet, 347(9016), 1691-1692. https://doi.org/10.

1016/s0140-6736(96)91518-4.

. C, & Smith, H. (2020). Emergence agitation and delirium: Considerations for ep-

“demiology and routine monitoring in pediatric patients. Local and Regional

Anesthesia, 13, 73-83. https://doi.org/10.2147/Ira.$181459.

Were, A D., & Anghelescu, D. L. (2017). Emergence delirium in pediatric anesthesia.
Poediatric Drugs, 19(1), 11-20. https://doi.org/10.1007/540272-016-0201-5.

- Wuppa, R, Bhupatiraju, P, Duddu, M., Penumatsa, N. V., Dandempally, A, & Panthula, P.
12013). Comparison of anxiety levels associated with noise in the dental clinic
among children of age group 6-15 years. Noise & Health, 15(64), 190-193. https://
doi.org/10.4103/1463-1741.112371.

Mg K T, Sarode, D, Lai, Y. S, Teoh, W. Y., & Wang, C. Y. (2019). The effect of ketamine on
emergence agitation in children: A systematic review and meta-analysis. Paediatric
Anaesthesia, 29(12), 1163-1172. https://doi.org/10.1111/pan.13752.

Sacdke, 0. C, Biedler, A, Kolodzie, K., Cakmakkaya, 0. S., Silomon, M., & Apfel, C. C. (2009).
The effect of postoperative fasting on vomiting in children and their assessment of
pain. Paediatric Anaesthesia, 19(5), 494-499. https://doi.org/10.1111/j.1460-9592.
2009.02974.x.

#am, D, Berson, T, Moskovitz, M., & Efrat, J. (2010). Unsweetened ice popsicles impart a
positive feeling and reduce self-mutilatien after paediatric dental treatment with
local anaesthesia. International Journal of Paediatric Dentistry, 20(5), 382-388.
https://doi.org/10.1111/j.1365-263X.2010.01059.x.

%am, D, Efrat, ], Michovitz, N., & Moskovitz, M. (2006). The use of popsicles after dental
treatment with local anesthesia in pediatric patients. The Journal of Clinical Pediatric
Dentistry, 31(1), 41-43. https://doi.org/10.17796/jcpd.31.1.6w1m32m773360516.

15

Journal of Pediatric Nursing 72 (2023) 9-15

Ryu, J. H, Oh, A. Y., Yoo, H. ], Kim, . H, Park, ]. W., & Han, S. H. (2019). The effect of an
immersive virtual reality tour of the operating theater on emergence delirium in chil-
dren undergoing general anesthesia: A randomized controlled trial. Paediatric
Anaesthesia, 29(1), 98-105. https://doi.org/10.1111/pan.13535.

Sylvester, D. C, Rafferty, A., Bew, S., & Knight, L. C. (2011). The use of ice-lollies for pain
relief post-paediatric tonsillectomy. A single-blinded, randomised, controlled trial.
Clinical Otolaryngology, 36(6), 566-570. https://doi.org/10.1111/j.1749-4486.2011.
02410.x.

Wang, H.Z, Wang, L. Y, Liang, H. H., Fan, Y. T., Song, X. R., & She, Y. J. (2020). Effect of cau-
dal ketamine on minimum local anesthetic concentration of ropivacaine in children:
A prospective randomized trial. BMC Anesthesiology, 20(1), 144. https://doi.org/10.
1186/512871-020-01058-y.

Waylonis, G. W. (1967). The physiologic effects of ice massage. Archives of Physical
Medicine and Rehabilitation, 48(1), 37-42.

Wei, B, Feng, Y., Chen, W., Ren, D., Xiao, D., & Chen, B. (2021). Risk factors for emergence
agitation in adults after general anesthesia: A systematic review and meta-analysis.
Acta Anaesthesiologica Scandinavica, 65(6), 719-729. https://doi.org/10.1111/aas.
13774.

White, P. F., & Song, D. (1999). New criteria for fast-tracking after outpatient anesthesia: A
comparison with the modified Aldrete’s scoring system. Anesthesia and Analgesia, 88
(5), 1069-1072. https://doi.org/10.1097/00000539-199905000-00018.

Xiao, Y., Jin, X,, Zhang, Y., Huang, T, Zhou, L., & Gao, J. (2022). Efficacy of propofol for the
prevention of emergence agitation after sevoflurane anaesthesia in children: A meta-
analysis. Frontiers in Surgery, 9(null), 1031010.

Xu, Y., Zheng, Y. Tang, T., Chen, L, Zhang, Y., & Zhang, Z. (2022). The effectiveness of
esketamine and propofol versus dezocine and propofol sedation during gastroscopy:
A randomized controlled study. Journal of Clinical Pharmacy and Therapeutics, 47(9),
1402-1408.

Yang, Y., Feng, L, Ji, C, Lu, K., Chen, Y., & Chen, B. (2022). Inhalational versus propofol-
based intravenous maintenance of anesthesia for emergence delirium in adults: A
meta-analysis and trial sequential analysis. Journal of Neurosurgical Anesthesiology,
null(null) null.

Zainal Abidin, H., Omar, S. C,, Mazlan, M. Z, Hassan, M. H,, Isa, R,, Ali, S., ... Marzuki, A.
(2021). Postoperative maladaptive behavior, preoperative anxiety and emergence
delirium in children undergone general anesthesia: A narrative review. Global
Pediatric Health, 8, https://doi.org/10.1177/2333794x211007975.

Zandi, M., Amini, P, & Keshavarz, A. (2016). Effectiveness of cold therapy in reducing pain,
trismus, and oedema after impacted mandibular third molar surgery: A randomized,
self-controlled, observer-blind, split-mouth clinical trial. International Journal of Oral
and Maxillofacial Surgery, 45(1), 118-123. https://doi.org/10.1016/j.jom.2015.10.021.
























