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Background: The probability of children experiencing emergence agitation (EA) in post-anesthesia care unit (PACU) undergoing
adenoidectomy and tonsillectomy is up to 80%. This study investigated the effects of pre-anesthesia sedation of esketamine at Omg/kg
(Control group), 0.1mg/kg, 0.3mg/kg and 0.5mg/kg on EA in children.

Methods: 164 children aged 3—10 years, with American Society of Anesthesiologists (ASA) class I-II were included. Children were
randomly divided into groups ko, ki, k3 and ks, and the intravenous anesthesia doses of esketamine were 0 mg/kg, 0.1 mg/kg, 0.3 mg/
kg and 0.5 mg/kg, respectively. EA occurrence was assessed using the Pediatric Anesthesia Emergence Delirium Scale (PAED) and
Watcha scale. Anesthesia time, operation time, tracheal catheter removal time, PACU stay time, hospital stay, postoperative face, legs,
activity, crying, consolability scale (FLACC), analgesia needs, heart rate (HR), mean arterial pressure (MAP) at different times, and
postoperative complications were also recorded in the four groups.

Results: There were significant statistical differences in PAED scores [13.00 (7.75), 10.00 (6.00), 9.00 (4.00), 9.00 (2.00), p=0.002],
Watcha scores [3.00 (1.00), 3.00 (1.00), 2.00 (1.00), 2.00 (1.00), p<0.001], occurrence of postoperative EA [25 (62.5%), 21 (56.8.8%),
10 (25.6%), 7 (18.9%), p<0.001], and severe postoperative EA [20 (50.0%), 11 (29.7%), 4 (10.3%), 3 (8.1%), p<0.001] among the
groups ko, ki, ks and ks. There were no significant differences in operation time, duration of anesthesia, postoperative analgesia and
antiemetic needs, and residence time in the PACU among the 4 groups (p>0.05). The 0.5 mg/kg group significantly increased the time
required for tracheal catheter removal (p<0.05). The differences in HR and MAP among the four groups were statistically significant
(p<0.05).

Conclusion: Intravenous administration of esketamine at dose of Omg/kg, 0.1mg/kg, 0.3mg/kg, and 0.5mg/kg before anesthesia
induction leads to differences in the PAED score and incidence of EA of children after adenoidectomy and tonsillectomy. 0.3 mg/kg
esketamine appears to offer the optimal balance between efficacy and safety in reducing EA.

Trial Registration Number: ChiCTR2300075038. The trial is publicly available and is registered at www.chictr.org.cn on
August 23, 2023.
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Introduction
Adenoidectomy and tonsillectomy are among the common surgical operations in pediatric patients.' However, the
incidence of emergence agitation (EA) in the post-anesthesia care unit (PACU) following these procedures can be as
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high as 80%.> Although EA in children is typically self-limiting, it has potential medical risks, such as turning over and
falling off the bed, venous tube slipping, and postoperative wound bleeding, which can endanger the safety of children in
serious cases.” Additionally, EA increases the workload of nursing staff, and often needs to physically restrain children and
reduce parental satisfaction with the anesthesia process.* Various medications, including midazolam, propofol, opioids and
dexmedetomidine have been shown to reduce the incidence and severity of EA in children after surgery,”® among which
dexmedetomidine is more commonly used. However, these drugs are associated with adverse effects such as injection pain,
hemodynamic instability, postoperative respiratory depression, increased the time to eye-open and the time to PACU
discharge, which are not conducive to postoperative rehabilitation of children.”!! Although early sedation and analgesia
can reduce the occurrence of postoperative agitation, there are still patients receiving general anesthesia who are given
sufficient sedation and analgesia to develop postoperative agitation.'”> Thus, managing postoperative EA remains
a significant challenge for anesthesiologists. Ketamine, a non-competitive N-methyl-D-aspartate receptor (NMDAR)
antagonist, is an effective sedative, analgesic, and amnesia drug, and its effect on reducing the incidence of EA has been
demonstrated by many studies.'*'* Esketamine, the S-enantiomer of ketamine, is a high-affinity antagonist of the NMDA
receptor (with an affinity twice that of ketamine). By blocking the NMDA receptor, it inhibits glutaminergic signal
transmission, reduces central sensitization and hyperalgesia, and has a more reliable sedative and analgesic effect than
racemic ketamine. And it has a relatively low risk of mental and cognitive adverse reactions.'> Esketamine can inhibit the
release of pro-inflammatory factors such as C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-a), and inter-
leukin-6 (IL-6), reduce the stimulation of postoperative inflammatory responses in the central nervous system, and promote
the recovery of postoperative cognitive function.'® Therefore, esketamine is a typical intravenous anesthetic commonly
used before surgery and has unique advantages in diagnostic testing and short operating time in children. Liu’s et al,
research based on esketamine anesthesia (1 mg/kg) found that it could relieve postoperative pain and regulate inflammatory
responses in children undergoing endoscopic plasma tonsillectomy.' Li et al found that the use of 0.25mg/kg esketamine
before the end of the surgery could reduce the incidence of emergency agitation in children undergoing tonsillectomy,
without prolonging the extubation time or increasing postoperative side effects.'” However, the results of a cohort study
showed that the induction of near-anesthetic single dose esketamine (the average dose was 0.46 mg/kg) may increase the
incidence of EA after minor surgery in preschool children, and the incidence of EA in high-dose esketamine (>0.3,<0.5;
>0.5 mg/kg) is higher than that in low-dose group (0;>0,<0.3 mg/kg).'® Therefore, the dosage of esketamine is particularly
important in clinical practice to reduce the incidence of EA in pediatric patients. The main purpose of this study is to explore
the effects of esketamine at doses of 0 mg/kg, 0.1 mg/kg, 0.3 mg/kg, and 0.5 mg/kg before anesthesia on EA after
adenoidectomy and tonsillectomy in children. We hypothesize that esketamine at doses of 0 mg/kg, 0.1 mg/kg, 0.3 mg/kg,
and 0.5 mg/kg can reduce the occurrence of postoperative EA to varying degrees, which is helpful for anesthesiologists to
provide clinical guidance for reducing EA during the postoperative anesthesia recovery period.

Methods

This prospective, equally randomized (1:1), double-blind, parallel-group trial was conducted at the Affiliated Hospital of
the North Sichuan Medical College. Ethical approval was obtained from the Medical Ethics Committee of the Affiliated
Hospital of North Sichuan Medical College (approval number: 2023ER270-1; July 18, 2023). This study was registered
at the Chinese Clinical Trial Center (www.chictr.org.cn), registration number ChiCTR2300075038, registration date

August 23, 2023. Written informed consent was obtained from the parents or legal guardians of all participants. The
study was conducted in accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines and the
protocols were conducted in accordance with the tenets of the Declaration of Helsinki.

This clinical trial was conducted between September 2023 and November 2024. We enrolled 164 patients who
underwent plasma tonsil adenoidectomy. The inclusion criteria were 3—10 years old, body mass index (BMI) 18-28 kg/
m?; American Society of Anesthesiologists (ASA) physical status of I-II with documented normal cardiopulmonary,
hepatic, and renal function; operation expected to last 2060 minutes; The exclusion criteria were as follows: body
weight less than 10 kg; children undergoing emergency surgery; a history of allergy to opioid or non-opioid analgesics;
a history of respiratory infection or asthma; developmental delays or psychiatric disorders associated with symptoms
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such as irritability, anxiety, attention deficit, sleep disturbance, or cognitive impairment; children with difficult airways
for preoperative assessment; and inability to complete the trial for other reasons.

According to the random number table method, all patients were divided into groups ko, ki, k3 and ks with 41 patients
in each group. The doses of intravenous injection of esketamine (Jiangsu Hengrui Pharmaceutical Co., LTD., China) in
groups ki, k3 and ks were 0.1mg/kg, 0.3 mg/kg and 0.5 mg/kg respectively. In group ky, the same volume of normal
saline was intravenously injected. Nurses randomly distributed the corresponding concentrations of esketamine to 10mL
syringes, sealed the envelopes and kept them for later use. None of the patients and their families, investigators,
anesthesiologists, surgeons, or data collectors were unaware of patient assignment.

All children fasted for 8 h and were forbidden to drink for 4 h before surgery, and no preoperative drugs were used.
The venous passage of one forearm was opened with a size 24 indwelling venous needle, accompanied by parents or
other family members in the pre-operative holding area. Electrocardiography (ECG), blood oxygen saturation (SpO,),
noninvasive systolic blood pressure (SBP), noninvasive diastolic blood pressure (DBP), and heart rate (HR) were
routinely monitored after admission to the operating room. The anesthesiologist opened the envelope handed by the
nurse and provided an intravenous infusion of the premade esketamine solution. The Ramsay sedation scale(RSS)'® was
used to evaluate sedation depth and the RSS criteria were defined as follows: 1=awake; 2=awake, cooperative, orientated,
and tranquil; 3=awake, responds to commands only; 4=asleep, reacts with a brisk response to a light glabellar tap or
a loud auditory stimulus; 5=asleep, reacts with a sluggish response to a light glabellar tap or a loud auditory stimulus;
6=asleep, does not respond to pain. Anesthetic induction drugs included propofol 2 mg/kg, fentanyl 3ug/kg, rocuronium
0.6 mg/kg for tracheal intubation. All children were intubated successfully by anesthesiologists with more than three
years of anesthesia experience. During the operation, sevoflurane with 3% concentration was inhaled and remifentanil
was administered intravenously at a rate of 0.06—0.2ug/kg/min to maintain the depth of anesthesia, and the heart rate
(HR) and mean arterial blood pressure (MAP) of the children were maintained to not exceed or lower than 30% of the
preoperative level. All the children underwent tonsillectomy and adenoidectomy performed by the same group of
surgeons. The anesthesiologist turned off the inhalation anesthesia, discontinued the intravenous injection of remifentanil
at the end of the procedure, and provided 100% oxygen at 6 L/min. Neostigmine (0.04 mg/kg), and atropine (0.015 mg/
kg) were used to reverse the residual neuromuscular block after surgery, and excess secretions were completely removed
from the child’s mouth. When the child had significant spontaneous breathing and purposeful movement, the tracheal
catheter was removed and the child was transferred to the PACU. Children whose operation time exceeds one hour or is
less than 20 minutes will be excluded from the trial.

The occurrence of EA after anesthesia in children was evaluated every 10 minutes starting from when the children
entered the PACU using the Pediatric Anesthesia Emergence Delirium (PAED)?’ and Watcha scales,?' and the highest
scores of the PAED and Watcha scales were recorded. The PAED scale assesses five items (eye contact, purposefulness
of actions, awareness of surroundings, restlessness, and inconsolability) on a scale of 0 to 4, yielding total scores from 0
to 20. The Watcha scale was defined as follows: 1 = cooperative quiet; 2 = mildly upset, crying but soothing; 3 = crying
but not soothing; 4 = fidgety, moving hands and feet, and completely uncontrollable. A PAED score greater than or equal
to 12 or a Watcha score greater than or equal to 3 was defined as EA during recovery. PAED scores greater than or equal
to 14 or Watcha scores greater than or equal to 4 were defined as severe EA during recovery. If severe EA occurs,
propofol 1 mg/kg is given intravenously.

Postoperative pain was assessed using the Face, Legs, Activity, Cry, Consolability scale (FLACC),** FLACC scale
was classified as follows: 0 = no pain; 1-3 = slight pain, can tolerate; 4-6 = patients with pain and affect sleep, can still
tolerate; 7-10 = the patient has a growing pain, the pain is unbearable. When the postoperative FLACC scores were >7,
patients were administered intravenous fentanyl lug/kg. The incidence of postoperative nausea and vomiting (PONV)
was assessed using a standardized 4-point scale (0=none, l1=nausea only, 2=single vomiting episode, 3=recurrent
vomiting) at 15-minute intervals during PACU stay. If there was severe PONV (PONV score >2 occurred or persistent
retching was observed), ondansetron was given 0.1 mg/kg. If the child had respiratory depression in the PACU (SPO,
<95%, respiratory rate <12 times/min), the mask-assisted oxygen supply was 5—6 L/min, and the patient was transferred

23,24

to the ward when the modified Aldrete post-anesthesia score was > 9 points. Ibuprofen was routinely administered at

10 mg/kg/day after the patient was transferred to the hospital.
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The primary outcome of this study was the highest PAED score among the children in the PACU. Secondary outcome
measures were as follows: 1. The highest Watcha score, probability of postoperative EA, and severe postoperative EA in
children during PACU; 2. Ramsay scores of children after entering the operating room and after esketamine adminis-
tration; 3. The HR and MAP of the children were recorded after entering the operating room (T;), 3 min after
administration of esketamine (T,), after tracheal intubation (Ts), after tracheal catheter removal (T,), when entering
the PACU (Ts), 5 min after entering the PACU (T¢), 10 min after entering the PACU (T5), and 15 min after entering the
PACU (Ty), time of leaving the PACU (Ty), 4. Postoperative FLACC score and demand for analgesic drugs and
intraoperative use of remifentanil; 5. Tracheal catheter removal time (the time from the end of the operation to tracheal
extubation), duration of the operation (the time from the beginning to the end of the surgery), duration of anesthesia (the
time from the intravenous injection of esketamine to the cessation of anesthesia), time of residence in the PACU (the time
from entering the PACU to leaving the PACU), length of hospital stay (the time from postoperative transfer to ward to
discharge), 6. Incidence of PONYV, utilization rate of antiemetic drugs, respiratory depression, oxygen desaturation,
somnolence, and hallucinations after tracheal extubation.

Based on preliminary data (four-group ANOVA; means = 11, 10, 9, 8; o = 1.79; n?> = 0.28), we computed the required
sample size using PASS 2021. Assuming o = 0.05 (two-tailed), 80% power, and a 10% attrition rate, 41 participants per
group (n=164) were needed.

Statistical analyses were performed using SPSS 21.0 software. The Shapiro—Wilk test was used to assess data
normality. Continuous distributed variables were reported as mean + standard deviation (M+SD) or median (interquartile
range) [M(IQR)], and categorical data were presented as a number(frequency) when appropriate. Quantitative variables
between the study groups were compared using one-way ANOVA or the non-parametric Kruskal-Wallis H-test, and
pairwise comparisons between groups were conducted using the Bonferroni method. The general linear repeated-
measures analysis of variance was used to compare individual indices at multiple time points among the four groups.
To compare categorical data, the chi-squared (y2) test was performed, and Fisher’s exact test was used when appropriate.
p < 0.05 was considered statistically significant.

Results

In total, 164 children were included in this study between September 2023 and October 2024. Patients were excluded
intraoperatively if surgical duration deviated from the predefined 20—60 minutes window and discontinued intervention.
The excluded cases (1, 4, 1, and 4 in ko, ki, k3 and ks groups, respectively) represent protocol-defined exclusions, not
post-randomization dropouts due to patient preference or loss to follow-up. These patients were enrolled and received the
assigned study drug but were excluded from efficacy analyses because their surgical duration deviated from the
predefined 20—60 minutes window, which was essential to control confounding from variable drug exposure times. In
the group kj, 1 patient underwent a second operation because of postoperative bleeding and was dropout from the
analysis. In total, 153 children were included in the analysis (Figure 1). There were no significant differences in the
demographic characteristics of the four groups of children (p>0.05) (Table 1).

There were significant differences in PAED Scores [13.00 (7.75), 10.00 (6.00), 9.00 (4.00), 9.00 (2.00), p = 0.002],
Watcha scores [3.00 (1.00), 3.00 (1.00), 2.00 (1.00), 2.00 (1.00), p < 0.001], the occurrence of postoperative EA [25
(62.5%), 21 (56.8.8%), 10 (25.6%), 7 (18.9%), p < 0.001], and severe postoperative EA [20 (50.0%), 11 (29.7%), 4
(10.3%), 3 (8.1%), p<0.001] among the groups ko, k;, k3 and ks. Compared with children in the group ko and group kj,
PAED scores, Watcha scores, incidence of postoperative EA, and severe EA were significantly reduced in the group ks,
and group ks (p<0.05), as shown in Table 2.

There were no significant differences in Ramsay scores before esketamine administration, operation time, duration of
anesthesia, postoperative analgesia needs, use of antiemetic drugs, or residence time in the PACU among the four groups
(»>0.05). There were significant differences in Ramsay scores after administration, remifentanil consumption, post-
operative FLACC scores, the occurrence of PONYV, and the time of tracheal catheter removal among the four groups of
patients (p<0.05), as shown in Table 3.

There were significant differences in HR and MAP among the groups at T3, T4, Ts and T¢ (p<0.05) (Figure 2).
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Assessed for eligibility (n=364)
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A 4

v

Group ks (n=41)
+ 0.3mg/kg esketamine

[ Follow-Up ]
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Group ks (n=41)
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Discontinued intervention (n=1)

Lost to follow-up(n=0)

Did not receive intervention (n=0)

Did not receive intervention (n=0)
Discontinued intervention (n=4)

Lost to follow-up(n=0)

Did not receive intervention (n=0)
Discontinued intervention (n=2)

Lost to follow-up(n=0)

Did not receive intervention (n=0)
Discontinued intervention (n=4)

Lost to follow-up(n=0)

[ Analysis ]

Analysed (n=40)

+ Excluded from analysis(n=1)

Analysed (n=37)

+ Excluded from analysis(n=4)

Analysed (n=39)

+ Excluded from analysis(n=2)

Analysed (n=37)

+ Excluded from analysis(n=4)

Figure | CONSORT flow diagram.

Abbreviation: CONSORT, Consolidated Standards of Reporting Trials.

However, no complications such as somnolence, oxygen desaturation, or respiratory depression occurred during the
study period. There were no episodes of hallucinations or bad dreams among the four groups, and all children were
discharged 24 hours after surgery.

Table | Demographic Characteristics for Four Groups

Group ko (n=40) | Group k; (n=37) | Group k; (n=39) | Group ks (n=37) | Fly2 | p
Age (y) 6.68+2.47 7.59+£2.36 6.64+2.12 7.46%2.12 1.879 | 0.136
Sex (M/F) 18/22 20/17 20/19 26/11 5.331 | 0.149
Height (cm) | 119.93£12.63 122.43+13.62 123.59+14.88 125.19£15.51 0.945 | 0.420
Weight (kg) | 29.98+9.61 28.54+7.38 29.05+8.53 29.80+9.88 0.215 | 0.886
BMI (kg/m?) | 21.41%8.14 19.05+3.85 19.52+6.58 19.39+7.23 0.893 | 0.449
ASA (/1) 21719 14/23 13/26 14/23 3439 | 0329

Notes: Data are presented as the mean + SD or as the number of patients, as appropriate. p< 0.05 was considered statistically significant.

Abbreviations: M, male; F, female; BMI, body mass index; ASA, American Society of Anesthesiologists.
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Table 2 The PAED Scores, Watcha Scores, Incidence of EA and Severe EA

Group ko (n=40) | Group k; (n=37) | Group k3 (n=39) | Group ks (n=37) | Hly2 p
PAED scales 13.00(7.75) 10.00(6.00) 9.00(4.00)* 9.00(2.00)* 14.406 | 0.002
Watcha scales 3.00(1.00) 3.00(1.00) 2.00(1.00)* 2.00(1.00)* 23.007 | <0.001
Postoperative EA 25(62.5%) 21(56.8%) 10(25.6%)* 7(18.9%)* 18.591 | <0.001
Severe postoperative EA | 20(50.0%) 11(29.7%) 4(10.3%)*® 3(8.1%)* 24.299 | <0.001

Notes: Data are presented as M(IQR) or number (%). p< 0.05 was considered statistically significant. *p<0.05 compared with group ko, °p<0.05 compared
with group k.
Abbreviations: EA, emergence agitation; PAED scale, Pediatric Anesthesia Emergence Delirium scale; Watcha scale, a 4-point scale to evaluate EA.

Table 3 Intraoperative and Postoperative Data

Group ko (n=40) Group k| (n=37) | Group k; (n=39) | Group ks (n=37) | Fiy2/H p
Before sedation Ramsay scores 1.00(1.00) 2.00(1.00) 1.00(1.00) 1.00(1.00) 2.095 0.553
After sedation Ramsay scores 1.00(1.00) 2.00(1.00) 3.00(1.00)* 5.00(0.00)*> 120.525 | <0.001
Remifentanil consumption (ug) 309.13+94.39 284.32485.94 246.41+93.29° 186.89+98.96*> 12.353 <0.001
Postoperative FLACC scores 2.38+0.84 2.35+0.92 2.36+0.84 1.6820.78%> 6.146 <0.001
Postoperative analgesic need 4(10.0%) 4(10.8%) 4(10.3%) 0(0.0%) 5.018 0.161
The occurrence of PONV 21(52.5%) 18(48.6%) 12(30.8%) 6(16.2%)® 13.740 0.003
Use antiemetics 4(10.0%) 2(5.4%) 0(0.0%) 0(0.0%) 5.939 0.052
Time of operation (min) 33.45+8.59 33.7848.17 33.69+8.99 35.70+8.20 0.562 0.641
Duration of anesthesia (min) 48.48+7.22 49.11£6.52 50.62+7.02 50.2446.72 0.809 0.491
Time of tracheal catheter removal (min) | 21.23£5.21 22.86+6.12 23.77+4.29 25.32+3.94° 5.237 0.002
Time of residence in PACU (min) 51.88+5.74 52.03+5.59 50.00+6.49 50.89+5.40 1.013 0.389

Notes: Data are presented as meanSD or number (%) or median (interquartile range). p< 0.05 was considered statistically significant. *p<0.05 compared with group ko,
©p<0.05 compared with group k;, p<0.05 compared with group k.
Abbreviations: FLACC, Face Legs, Activity, Cry, and Consolability behavioral pain assessment tool; PONY, Postoperative nausea and vomiting; PACU, post-anesthesia care unit.

Discussion
Esketamine has been shown to be viable as an adjunct to general anesthesia in pediatric patients undergoing flexible
fibreoptic bronchoscopy, reducing anesthetic drug requirements and improving recovery quality during diagnostic airway
procedures.?® This study shows that intravenous administration of esketamine at doses of 0 mg/kg, 0.1 mg/kg, 0.3 mg/kg,
and 0.5 mg/kg before anesthesia induction leads to differences in the PAED score and incidence of EA of children after
surgery, but it does not affect the length of hospital stay in the PACU and postoperative discharge time (Tables 2 and 3).
Compared with the children in the group kg and group ki, the PAED scores, Watcha scores, incidence of postoperative
EA, and postoperative severe EA were significantly reduced in the group k; and group ks. Which is consistent with the
conclusions of Wang et al, they noted that esketamine doses in the range of 0.3 mg/kg to 0.7 mg/kg were effective in
reducing the occurrence of postoperative EA.?® However, the results of this study showed that there was no statistically
significant difference was found between the group ks and group ks in reducing postoperative agitation. Therefore, in this
study, when the dose exceeded 0.3mg/kg, the effect of esketamine on the incidence of EA after tonsillectomy and
adenoidectomy in children did not gradually decrease with the increase of the dose.

There are many reasons for agitation after general anesthesia in children, the common ones are postoperative pain, the
use of inhalation anesthetics (Such as sevoflurane, desflurane),'? the anxiety of the child before surgery, hypoxia and
airway obstruction, and the mode of surgery.>*”*® EA is a common problem during recovery from general anesthesia in
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Figure 2 HR and MAP of the four groups at each time point. (A) represents the changes in HR at each time point. The comparison of HR at each time point is as follows:
T3, group ko vs group ks p<0.001, group ko vs group ks p<0.001, group k; vs group ks p<0.001, group k; vs group ks p=0.039; T4, group ko vs group ks p=0.0182, group k; vs
group ks p=0.003; Ts, group k; vs group ks p=0.008. (B) represents the changes in MAP at each time point. The comparison of MAP at each time point is as follows: T3,
group ko vs group ks p=0.004; T4, group ko vs group ks p=0.036; Ts, group ko vs group k; p=0.001; T, group ko vs group ks p=0.035. *p<0.05; **p<0.01; ***p<0.001;
##r¥p<0.0001.

Abbreviations: HR, heart rate; MAP, mean arterial pressure; T, entering the operating room; T, 3 min after administration of esketamine; T3, after tracheal intubation; T, after
tracheal catheter removal; Ts, entering PACU; T, 5 min after entering PACU; T, 10 min after entering PACU; Tg, |5 min after entering PACU; To, time of the left PACU.

children, especially after head, neck and maxillofacial surgery.'>?° This phenomenon may be driven by age-related
neurocognitive vulnerability, postoperative pain from mucosal trauma, airway device irritation, and rapid emergence
kinetics of inhalational anesthetics.>**' Due to pharyngeal mucosal nerve exposure, dynamic inflammatory responses and
opioid dose limitations in children, the postoperative pain management of most children after tonsillectomy and
adenoidectomy is often inadequate.**>* Esketamine exhibits 34 times greater affinity for NMDAR than its
R-enantiomers and produces sedative, hypnotic, analgesic, and antidepressant effects at low doses,” it has been
shown to reduce postoperative pain in children' and reduce the occurrence of EA.'” In addition, by blocking NMDA
receptors, esketamine inhibits the upload of harmful signals, reduces postoperative hyperalgesia and central

137

sensitization,*® Bonaventura et al’” reported that in addition to NMDAR, esketamine also has a moderate affinity for p-

opioid receptors, thereby reducing pain-induced restlessness. This study found that esketamine significantly reduced
intraoperative remifentanil use and postoperative FLACC scores, consistent with Liu' and KT’s*® study. Li et al'’
showed that 0.2 mg/kg esketamine reduced the incidence of EA in children after tonsillectomy without delaying
extubation time and increasing postoperative side effects. Zhou et al used esketamine 0.3 mg/kg in breast and thyroid
surgery during anesthesia induction, which reduced the postoperative anxiety and pain scores of patients and promoted
the postoperative recovery of patients.>® In this study, esketamine was used before anesthesia induction, and esketamine
significantly increased the Ramsay scores during the entry of children, alleviated the preoperative tension of children, and
thus played a certain role in reducing the occurrence of postoperative EA in children.

Low-dose esketamine can reduce the incidence of anesthesia-related respiratory depression by increasing ventilatory
CO, sensitivity.** It can not only reduce the severity of asphyxiation reactions during recovery from general anesthesia,
but also ensure a smoother awakening process with fewer adverse effects, leading to a more comfortable awakening
period for patients.*' Liang et al found that 0.3 mg/kg esketamine would not cause adverse reactions such as respiratory
depression, hypoxemia, nightmares, hallucinations and insanity in children undergoing laparoscopic surgery, aligning
with our findings.® Song et al mentioned that low doses of esketamine show a good safety profile as it does not increase
adverse effects such as dizziness, headache, nausea, vomiting, nightmares, hallucinations, dissociation, the appearance of
confusion or hallucinations, and activates the sympathetic nervous system, maintains stable blood pressure and fights
respiratory depression.*” The results of this study showed that the use of 0.5 mg/kg esketamine before anesthesia
induction decreased the postoperative FLACC score and the occurrence of PONV, without increasing the consumption of
postoperative analgesics and antiemetics, but extended the time of tracheal catheter withdrawal (Table 3). Therefore,
esketamine with a dose higher than 0.5mg/kg may increase the risk of delayed extubation in children. There are potential
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age-related differences in esketamine (for example, metabolic variability, susceptibility to psychopathic side effects due
to neurodevelopment). It is necessary for future studies to compare the dose-response relationship and safety profiles
between pediatric and adult populations.

Esketamine works quickly when administered intravenously, stimulating the sympathetic nerve which increases heart
rate and blood pressure.*® Zhao et al found that the use of esketamine could significantly reduce the levels of plasma
epinephrine, norepinephrine, and endothelin in patients undergoing cholecystectomy, stabilize hemodynamic responses,
and alleviate the stress and inflammatory responses caused by the surgery.'® This study did not generally find that group
k; and group ks had higher HR and MAP, but there were significant differences in HR and MAP during induction
intubation (T3), tracheal catheter removal (T4) and the first 5 minutes after entering PACU (Ts, Te)(Figure 2). The HR
and MAP of children in the group ko were significantly higher than those in the other groups, which may be related to the
lower dose of esketamine used in this study and the inhibition of the post-tonsillar adenoidectomy stress response. In
addition, we discovered an unexpected result that when the esketamine dose were 0.3 mg/kg and 0.5 mg/kg, the injection
pain of propofol was significantly relieved, which is consistent with the Su’s study, which mentioned that propofol
injection pain was significantly reduced when esketamine doses exceeded 0.15 mg/kg.**

This study had several limitations. First, studies have shown that the effects of esketamine differ among children of
different ages,** and the effect of esketamine on postoperative EA in children of different ages was not observed in this
study. Second, in clinical practice, the commonly used dose of esketamine for perioperative sedation and analgesia is
0.1-0.5 mg/kg.*® We did not attempt to observe the effect of higher doses of esketamine on postoperative EA,
considering that higher doses of esketamine can increase heart rate and blood pressure, and increase the incidence of
nausea and visual impairment in children.** Thirdly, the sample size was small, and the study only included Chinese
children from a single center. Therefore, larger multicenter and multiethnic cohort studies are warranted.

Conclusions

Intravenous administration of esketamine at dose of Omg/kg, 0.1mg/kg, 0.3mg/kg, and 0.5mg/kg before anesthesia
induction leads to differences in the PAED score and incidence of EA of children after adenoidectomy and tonsillectomy.
Compared with Omg/kg and 0.1mg/kg, the effects of 0.3mg /kg and 0.5mg /kg are more significant. Compared with
0.3 mg/kg, 0.5 mg/kg has no significant advantage in reducing postoperative emergence agitation. Therefore, in pediatric
anesthesia, 0.3 mg/kg esketamine appears to offer the optimal balance between efficacy and safety in reducing EA.

Abbreviations

EA, emergence agitation; PACU, post-anesthesia care unit; ASA, American Society of Anesthesiologists; NMDAR,
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Face, Legs, Activity, Cry, Consolability scale; PONV, postoperative nausea and vomiting; M(IQR), median (interquartile
range).

Data Sharing Statement
All data generated or analyzed during this study have been included in the published article. Further inquiries regarding
the datasets can be directed to the corresponding author upon reasonable request.

Ethics Approval and Informed Consent

The study was approved by the Institutional Ethics Committee of the Affiliated Hospital of North Sichuan Medical
College, China (approval no. 2023ER270-1), and was registered in the Chinese Clinical Trials.gov (No.
ChiCTR2300075038). All the participants provided written informed consent from their parents or legal guardians.
This study complied with the Declaration of Helsinki.

6550 https: Drug Design, Development and Therapy 2025:19



Jiang et al

Acknowledgments
The authors thank all the nurses, anesthesiologists, and surgeons who participated in this study at the Affiliated Hospital
of North Sichuan Medical College.

Disclosure
The authors report no competing interests in this work.

References

1

2.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

24.
25.

26.

217.

. Liu F, Kong F, Zhong L, Wang Y, Xia Z, Wu J. Preoperative esketamine alleviates postoperative pain after endoscopic plasma adenotonsillectomy

in children. Clin Med Res. 2023;21(2):79-86. doi:10.3121/cmr.2023.1818
Han W, Cai J, Zhang W, Wei R, Jiang Y. Effects of prophylactic nalbuphine on emergence agitation and postoperative pain in pediatric patients
undergoing ENT surgery with sevoflurane anesthesia. Front Pediatr. 2024;12:1353027. doi:10.3389/fped.2024.1353027

. Liang ZJ, Liang JM, Nong XL, et al. Effect of intravenous different drugs on the prevention of restlessness during recovery period of pediatric

laparoscopic surgery: a randomized control trial. J Anesth. 2025;39(1):15-22. doi:10.1007/s00540-024-03410-9

. Vlajkovic GP, Sindjelic RP. Emergence delirium in children: many questions, few answers. Anesth Analg. 2007;104(1):84-91. doi:10.1213/01.

ane.0000250914.91881.a8

. Dahmani S, Stany I, Brasher C, et al. Pharmacological prevention of sevoflurane- and desflurane-related emergence agitation in children: a

meta-analysis of published studies. Br J Anaesth. 2010;104(2):216-223. doi:10.1093/bja/aep376

. Chua KP, Shrime MG, Conti RM. Effect of FDA investigation on opioid prescribing to children after tonsillectomy/adenoidectomy. Pediatrics.

2017;140(6):€20171765. doi:10.1542/peds.2017-1765

. Zhang YZ, Wei XL, Tang B, et al. The effects of different doses of alfentanil and dexmedetomidine on prevention of emergence agitation in

pediatric tonsillectomy and adenoidectomy surgery. Front Pharmacol. 2022;13:648802. doi:10.3389/fphar.2022.648802

. Liu KA, Liu CC, Alex G, Szmuk P, Mitchell RB. Anesthetic management of children undergoing drug-induced sleep endoscopy: a retrospective

review. Int J Pediatr Otorhinolaryngol. 2020;139:110440. doi:10.1016/j.ijporl.2020.110440

. Goldman JL, Baugh RF, Davies L, et al. Mortality and major morbidity after tonsillectomy: etiologic factors and strategies for prevention.

Laryngoscope. 2013;123(10):2544-2553. doi:10.1002/lary.23926
Shih MC, Long BD, Pecha PP, et al. A scoping review of randomized clinical trials for pain management in pediatric tonsillectomy and
adenotonsillectomy. World J Otorhinolaryngol Head Neck Surg. 2022;9(1):9-26. doi:10.1002/wjo2.54

.NiJ, Wei J, Yao Y, Jiang X, Luo L, Luo D. Effect of dexmedetomidine on preventing postoperative agitation in children: a meta-analysis. PLoS

One. 2015;10(5):e0128450. doi:10.1371/journal.pone.0128450

Voepel-Lewis T, Malviya S, Tait AR. A prospective cohort study of emergence agitation in the pediatric postanesthesia care unit. Anesth Analg.
2003;96(6):1625-1630. doi:10.1213/01.ANE.0000062522.21048.61

Abdelhalim AA, Alarfaj AM. The effect of ketamine versus fentanyl on the incidence of emergence agitation after sevoflurane anesthesia in
pediatric patients undergoing tonsillectomy with or without adenoidectomy. Saudi J Anaesth. 2013;7(4):392-398. doi:10.4103/1658-354X.121047
Eghbal MH, Taregh S, Amin A, Sahmeddini MA. Ketamine improves postoperative pain and emergence agitation following adenotonsillectomy in
children. A randomized clinical trial. Middle East J Anaesthesiol. 2013;22(2):155-160.

Peltoniemi MA, Hagelberg NM, Olkkola KT, Saari TI. Ketamine: a review of clinical pharmacokinetics and pharmacodynamics in anesthesia and
pain therapy. Clin Pharmacokinet. 2016;55(9):1059-1077. doi:10.1007/s40262-016-0383-6

Zhao L, Li Z, Jin B, Hou N, Yang H. Safety and efficacy of low-dose esketamine in laparoscopic cholecystectomy: a prospective, double-blind
randomized controlled trial. BMC Anesthesiol. 2024;24(1):47. doi:10.1186/s12871-024-02429-5

Li Q, Fan J, Zhang W. Low-dose esketamine for the prevention of emergency agitation in children after tonsillectomy: a randomized controlled
study. Front Pharmacol. 2022;13:991581. doi:10.3389/fphar.2022.991581

Chen S, Yang JJ, Zhang Y, et al. Risk of esketamine anesthesia on the emergence delirium in preschool children after minor surgery: a prospective
observational clinical study. Eur Arch Psychiatry Clin Neurosci. 2024;274(4):767-775. doi:10.1007/s00406-023-01611-z

Huang J, Liu D, Bai J, Gu H. Median effective dose of esketamine for intranasal premedication in children with congenital heart disease. BMC
Anesthesiol. 2023;23(1):129. doi:10.1186/s12871-023-02077-1

Sikich N, Lerman J. Development and psychometric evaluation of the pediatric anesthesia emergence delirium scale. Anesthesiology. 2004;100
(5):1138-1145. doi:10.1097/00000542-200405000-00015

Bajwa SA, Costi D, Cyna AM. A comparison of emergence delirium scales following general anesthesia in children. Paediatr Anaesth. 2010;20
(8):704-711. doi:10.1111/j.1460-9592.2010.03328 x

Merkel S, Voepel-Lewis T, Malviya S. Pain assessment in infants and young children: the FLACC scale. Am J Nurs. 2002;102(10):55-58.

. Wu X, Cao J, Shan C, et al. Efficacy and safety of propofol in preventing emergence agitation after sevoflurane anesthesia for children. Exp Ther

Med. 2019;17(4):3136-3140. doi:10.3892/etm.2019.7289

Aldrete JA. The post-anesthesia recovery score revisited. J Clin Anesth. 1995;7(1):89-91. doi:10.1016/0952-8180(94)00001-K

Zhong Y, Jiang M, Wang Y, et al. Evaluating efficacy and safety of sub-anesthetic dose esketamine as an adjuvant to propofol/remifentanil
analgosedation and spontaneous respiration for children flexible fibreoptic bronchoscopy: a prospective, double-blinded, randomized, and
placebo-controlled clinical trial. Front Pharmacol. 2023;14:1184663. doi:10.3389/fphar.2023.1184663

Wang J, Hu W, Zhao X, Ren W, Huang X, Zhang B. Sedative effect and safety of different doses of S-ketamine in combination with propofol
during gastro-duodenoscopy in school-aged children: a prospective, randomized study. BMC Anesthesiol. 2022;22(1):346. doi:10.1186/s12871-022-
01885-1

Mason KP. Paediatric emergence delirium: a comprehensive review and interpretation of the literature. Br J Anaesth. 2017;118(3):335-343.
doi:10.1093/bja/aew477

Drug Design, Development and Therapy 2025:19 heeps: 6551


https://doi.org/10.3121/cmr.2023.1818
https://doi.org/10.3389/fped.2024.1353027
https://doi.org/10.1007/s00540-024-03410-9
https://doi.org/10.1213/01.ane.0000250914.91881.a8
https://doi.org/10.1213/01.ane.0000250914.91881.a8
https://doi.org/10.1093/bja/aep376
https://doi.org/10.1542/peds.2017-1765
https://doi.org/10.3389/fphar.2022.648802
https://doi.org/10.1016/j.ijporl.2020.110440
https://doi.org/10.1002/lary.23926
https://doi.org/10.1002/wjo2.54
https://doi.org/10.1371/journal.pone.0128450
https://doi.org/10.1213/01.ANE.0000062522.21048.61
https://doi.org/10.4103/1658-354X.121047
https://doi.org/10.1007/s40262-016-0383-6
https://doi.org/10.1186/s12871-024-02429-5
https://doi.org/10.3389/fphar.2022.991581
https://doi.org/10.1007/s00406-023-01611-z
https://doi.org/10.1186/s12871-023-02077-1
https://doi.org/10.1097/00000542-200405000-00015
https://doi.org/10.1111/j.1460-9592.2010.03328.x
https://doi.org/10.3892/etm.2019.7289
https://doi.org/10.1016/0952-8180(94)00001-K
https://doi.org/10.3389/fphar.2023.1184663
https://doi.org/10.1186/s12871-022-01885-1
https://doi.org/10.1186/s12871-022-01885-1
https://doi.org/10.1093/bja/aew477

Jiang et al

28.
29.

30.
31.
32.
33.
34.

. Jelen LA, Young AH, Stone JM. Ketamine: a tale of two enantiomers. J Psychopharmacol. 2021;35(2):109-123. doi:10.1177/0269881120959644
36.

35

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Moore AD, Anghelescu DL. Emergence delirium in pediatric anesthesia. Paediatr Drugs. 2017;19(1):11-20. doi:10.1007/s40272-016-0201-5
Fattahi-Saravi Z, Jouybar R, Haghighat R, Asmarian N. Comparison of the effect of ketamine, ketamine-midazolam and ketamine-propofol on
post-tonsillectomy agitation in children. Malays J Med Sci. 2021;28(5):72-81. do0i:10.21315/mjms2021.28.5.7

Omara AF, Abdelrahman AF, Elshiekh ML. Recovery with propofol anesthesia in children undergoing cleft palate repair compared with
sevoflurane anesthesia. Anesth Pain Med. 2019;9(3):¢92076. doi:10.5812/aapm.92076

Chandler JR, Myers D, Mehta D, et al. Emergence delirium in children: a randomized trial to compare total intravenous anesthesia with propofol
and remifentanil to inhalational sevoflurane anesthesia. Paediatr Anaesth. 2013;23(4):309-315. doi:10.1111/pan.12090

Gerbershagen HJ, Aduckathil S, van Wijck AJ, Peelen LM, Kalkman CJ, Meissner W. Pain intensity on the first day after surgery: a prospective
cohort study comparing 179 surgical procedures. Anesthesiology. 2013;118(4):934-944. doi:10.1097/ALN.0b013e31828866b3

Persino PR, Saleh L, Walner DL. Pain control following tonsillectomy in children: a survey of patients. Int J Pediatr Otorhinolaryngol.
2017;103:76-79. doi:10.1016/j.ijporl.2017.10.016

Cohen N, Sommer DD. Post-tonsillectomy pain control: consensus or controversy? Pain Manag. 2016;6(1):31-37. doi:10.2217/pmt.15.58

Trimmel H, Helbok R, Staudinger T, et al. S(+)-ketamine: current trends in emergency and intensive care medicine. Wien Klin Wochenschr.
2018;130(9-10):356-366. doi:10.1007/s00508-017-1299-3

Bonaventura J, Lam S, Carlton M, et al. Pharmacological and behavioral divergence of ketamine enantiomers: implications for abuse liability. Mol
Psychiatry. 2021;26(11):6704-6722. doi:10.1038/s41380-021-01093-2

Ng KT, Sarode D, Lai YS, Teoh WY, Wang CY. The effect of ketamine on emergence agitation in children: a systematic review and meta-analysis.
Paediatr Anaesth. 2019;29(12):1163-1172. doi:10.1111/pan.13752

Zhou D, Liu F, Jiang F, Ye X, Gong X, Zhang M. Sub-anesthesia dose of s-ketamine reduces postoperative pain and anxiety in patients receiving
breast and thyroid surgery: a randomized, controlled trial. Pain Physician. 2023;26(3):257-264. doi:10.36076/ppj.2023.26.257

Jonkman K, van Rijnsoever E, Olofsen E, et al. Esketamine counters opioid-induced respiratory depression. Br J Anaesth. 2018;120(5):1117-1127.
doi:10.1016/j.bja.2018.02.021

Tu W, Yuan H, Zhang S, et al. Influence of anesthetic induction of propofol combined with esketamine on perioperative stress and inflammatory
responses and postoperative cognition of elderly surgical patients. Am J Transl Res. 2021;13(3):1701-1709.

Song N, Yang Y, Zheng Z, et al. Effect of esketamine added to propofol sedation on desaturation and hypotension in bidirectional endoscopy:
a randomized clinical trial. JAMA Network Open. 2023;6(12):¢2347886. doi:10.1001/jamanetworkopen.2023.47886

Mihaljevi¢ S, Pavlovié M, Reiner K, Cac¢i¢ M. Therapeutic mechanisms of ketamine. Psychiatry Danub. 2020;32(3—4):325-333. doi:10.24869/
psyd.2020.325

SuM, Zhu Y, Liu S, et al. Median effective dose (ED50) of esketamine combined with propofol for children to inhibit response of gastroscope
insertion. BMC Anesthesiol. 2023;23(1):240. doi:10.1186/s12871-023-02204-y

Forrester KR, Thomas SM, Gupta NK, Karumuri M, Gerard JM. Repeat intravenous ketamine dosing in children undergoing emergency
department procedural sedation. J Emerg Med. 2019;56(1):1-6. doi:10.1016/j.jemermed.2018.09.047

Cheng X, Wang H, Diao M, Jiao H. Effect of S-ketamine on postoperative quality of recovery in patients undergoing video-assisted thoracic
surgery. J Cardiothorac Vasc Anesth. 2022;36(8 Pt B):3049-3056. doi:10.1053/j.jvca.2022.04.028

Drug Design, Development and Therapy DOVepI'eSS
Taylor & Francis Group

Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

. Drug Design, Development and Therapy 2025:19
6552 n X in u g g P PY


https://doi.org/10.1007/s40272-016-0201-5
https://doi.org/10.21315/mjms2021.28.5.7
https://doi.org/10.5812/aapm.92076
https://doi.org/10.1111/pan.12090
https://doi.org/10.1097/ALN.0b013e31828866b3
https://doi.org/10.1016/j.ijporl.2017.10.016
https://doi.org/10.2217/pmt.15.58
https://doi.org/10.1177/0269881120959644
https://doi.org/10.1007/s00508-017-1299-3
https://doi.org/10.1038/s41380-021-01093-2
https://doi.org/10.1111/pan.13752
https://doi.org/10.36076/ppj.2023.26.257
https://doi.org/10.1016/j.bja.2018.02.021
https://doi.org/10.1001/jamanetworkopen.2023.47886
https://doi.org/10.24869/psyd.2020.325
https://doi.org/10.24869/psyd.2020.325
https://doi.org/10.1186/s12871-023-02204-y
https://doi.org/10.1016/j.jemermed.2018.09.047
https://doi.org/10.1053/j.jvca.2022.04.028
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Acknowledgments
	Disclosure

