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Abstract

Background. Rocuronium injection often causes limb withdrawal reactions in preschool children during
anesthesia induction, which can lead to adverse effects. Esketamine has been reported to reduce such reac-
tions, but the optimal dose remains unclear.

Objectives. To observe the effect of different doses of esketamine administered in advance on limb with-
drawal reactions caused by rocuronium in preschool children.

Materials and methods. From January to December 2024, children aged 2—6 years (American Society of
Anesthesiologists Physical Status Classification System (ASA) I-II) undergoing elective surgery with general
anesthesia induction using rocuronium at Hangzhou Children’s Hospital were enrolled, regardless of gender
(90 cases in total). Patients were divided using a random number table into 3 groups: a control group (group C),
an esketamine 0.1 mg/kg group (group K1), and an esketamine 0.2 mg/kg group (group K2). Each group
received either saline (group (), 0.1 mg/kg esketamine (group K1), or 0.2 mg/kg esketamine (group K2),
with 30 cases in each group. Thirty seconds later, all patients were administered rocuronium intravenously.
Mean arterial pressure (MAP) and heart rate (HR) were recorded at 4 time points: before anesthesia induction
(T0), before test drug injection (T1), before rocuronium injection (T2), and after rocuronium injection (T3).
The incidence and severity of limb withdrawal reactions after rocuronium injection and adverse reactions
were recorded.

Results. Compared with T0, MAP and HR significantly decreased in all 3 groups before test drug injection (T1)
(p < 0.05). After rocuronium injection (T3), MAP and HR significantly increased in group C (p < 0.05). Heart
rate significantly increased at T2 and T3 in group K2 (p < 0.05). The incidence of limb withdrawal reactions
was43.33%in group C, 16.67% in group K1, and 13.33% in group K2, with statistically significant differences
among the groups. The severity of limb withdrawal reactions also differed significantly among the 3 groups.

Conclusions. Prophylactic intravenous injection of 0.1 mg/kg esketamine effectively reduces the limb
withdrawal reaction caused by rocuronium injection.

Key words: esketamine, rocuronium bromide, pediatric anesthesia, injection pain, drug dose—response
relationship
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Highlights

discomfort.

conditions in pediatric anesthesia.

+ Prophylactic intravenous esketamine at a dose of 0.1 mg/kg significantly reduced the incidence of limb withdrawal
reactions in preschool children during rocuronium injection under general anesthesia.

+ Esketamine at 0.1 mg/kg reduced withdrawal reactions from 43.33% in the control group to 16.67%, with minimal
hemodynamic fluctuations, suggesting that this may be the optimal dose for mitigating rocuronium-induced

+ Mean arterial pressure (MAP) and heart rate (HR) remained stable following esketamine administration, avoid-
ing the post-rocuronium increases in HR and MAP observed in the control group and ensuring safer induction

« This study provides evidence supporting the pre-administration of low-dose esketamine to improve comfort, reduce
procedural pain responses, and enhance the quality of anesthesia in children receiving rocuronium.

Background

Rocuronium bromide is a widely used intermediate-to-
long-acting non-depolarizing muscle relaxant for general
anesthesia induction.! It is a cornerstone medication for
rapid sequence induction in patients with a full stomach.
However, intravenous (IV) administration of rocuronium
often causes injection pain of varying severity. Even af-
ter the loss of consciousness during anesthesia induction,
the pain may still trigger an involuntary limb withdrawal
reaction.3 According to relevant studies, the incidence
of pain following rocuronium injection exceeds 50% in adult
patients and can be as high as 80% in pediatric patients.*°
The limb withdrawal reaction may lead to complications
such as dislodgement or removal of the IV cannula, ex-
travasation of IV medications, swelling at the injection site,
and delays in anesthesia induction. In severe cases, whole-
body movement may cause regurgitation and aspiration,
increasing the perioperative risk for pediatric patients.” Es-
ketamine, the S-enantiomer of ketamine, is 2—3 times more
potent than ketamine in terms of anesthetic efficacy.®? It of-
fers strong sedative and analgesic effects as well as rapid
onset, requires a smaller dose, and causes fewer cardiovas-
cular and neuropsychiatric side effects.!? It also has a fast
metabolism, high clearance rate, minimal impact on re-
spiratory and circulatory function in children, and enables
quick recovery, making it especially suitable for pediatric
anesthesia.!'"2 Currently, most domestic and international
studies on the prevention of rocuronium-induced injection
pain have focused on adult patients, with limited attention
to pediatric populations, especially preschool children.

Objectives

This study aims to investigate the effect of different
doses of esketamine in preventing limb withdrawal reac-
tions caused by rocuronium injection in preschool chil-
dren, providing a clinical reference for alleviating injection
pain in this age group.

Materials and methods
General information

This clinical study was approved by the Hangzhou
Children’s Hospital (China) ethics committee (approval
No. 2025-006(Scientific)-01). From January to December
2024, children scheduled for elective surgery requiring
tracheal intubation and general anesthesia induction
with rocuronium bromide at Hangzhou Children’s Hos-
pital were selected. Gender was not limited; age ranged
from 2 to 6 years; American Society of Anesthesiologists
Physical Status Classification System (ASA) physical
status I-II; a total of 90 cases. Exclusion criteria were
as follows: significant liver or kidney dysfunction; high
risk of elevated blood pressure or intracranial pressure;
severe heart disease; neuropsychiatric disorders; history
of eye disease; difficulty with peripheral venous access;
use of sedatives or analgesics within 24 h preoperatively;
and allergy to the study drug; or emergency surgery. Elim-
ination criteria were as follows: transfer to the intensive
care unit (ICU) postoperatively or failure to complete
the study due to interference. Patients were randomly
divided using a random number table into a control group
(group C), an esketamine 0.1 mg/kg group (group K1), and
an esketamine 0.2 mg/kg group (group K2), with 30 cases
in each group.

Anesthesia method

No premedication was used in any group. All patients
fasted for 8 h and refrained from drinking for 2 h before
anesthesia. Peripheral intravenous access was established
in the forearm in the pre-anesthesia room. Upon entering
the operating room, routine electrocardiographic (ECG)
monitoring was conducted, including ECG, noninvasive
blood pressure (NIBP), heart rate (HR), and pulse oxygen
saturation (SpQO,). Lactated Ringer’s solution was infused
via a peripheral vein at 5-10 mL/kg/h. The arm used for
injection was placed flat on an arm board to observe any
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limb movement due to injection pain. Anesthesiologists
prepared the study drugs, diluting the corresponding dose
of esketamine with saline to 2 mL. After adequate pre-
oxygenation, anesthesia induction was initiated with IV
propofol dose of 2—4 mg/kg. Loss of consciousness was
defined as the disappearance of the eyelash reflex or no
response after calling the child’s name twice. Then, 2 mL
of either normal saline or the appropriate dose of esket-
amine was injected. After a 30-s interval, rocuronium
0.6 mg/kg was administered intravenously. The assessment
was conducted separately by 2 anesthesiologists who were
unaware of the group allocation. Limb withdrawal reaction
was scored within 20 s of rocuronium injection. One min-
ute after rocuronium injection, sufentanil 0.3 pug/kg was
administered. Tracheal intubation was performed once
intubation conditions were met. Anesthesia was main-
tained with 1-2% sevoflurane and continuous IV infusion
of propofol (35-50 pg/kg/min) combined with remifentanil
(0.2-0.3 pg/kg/min). Drug dosages were adjusted accord-
ing to Bispectral Index (BIS) monitoring to maintain mean
arterial pressure (MAP) and HR within +20% of baseline
values. Pressure-controlled mechanical ventilation was
used, and respiratory parameters were adjusted to main-
tain partial pressure of end-tidal carbon dioxide (PetCO,)
at 35—45 mm Hg. Rocuronium 0.2 mg/kg was adminis-
tered every hour, with muscle relaxants discontinued
1 h before the end of surgery. All patients were extubated
in the operating room and transferred to the recovery
room and returned to the ward once discharge criteria
from the recovery room were met.

Observation indicators

Mean arterial pressure and HR were recorded at the fol-
lowing time points: before induction (T0), before test drug
injection (T1), before rocuronium injection (T2), and after
rocuronium injection (T3). Limb withdrawal reaction was
scored within 20 s after rocuronium injection. The injection
pain withdrawal movement (IPWM) score® was defined
as: 1 point (none) — no reaction; 2 points (mild) — move-
ment limited to the wrist; 3 points (moderate) — movement
of the elbow or shoulder on the injection side; 4 points
(severe) — movement of the whole body, possibly accom-
panied by coughing or vomiting. Adverse reactions after
esketamine administration, such as dizziness, nausea, and
psychiatric symptoms, were also recorded. The assessment
of psychiatric symptoms was conducted as follows: During
the preoperative visit, the anesthesiologist inquired about
the child’s typical behaviors in daily life to establish a base-
line. Twenty-four hours after the child was discharged from
the recovery room, an anesthesiologist who was unaware
of the group allocation followed up with the parents, actively
asking whether there had been any changes in the child’s
attention, emotions, memory, or sleep patterns. Tachycar—
dia (HR > 20% of baseline) and hypertension (NIBP > 20%
of baseline) were also recorded.

Statistical analyses

Statistical analysis was performed using IBM SPSSv. 25.0
(IBM Corp., Armonk, USA). Measurement data that were
normally distributed are presented as the mean + stan-
dard deviation (SD; x +s), while non-normally distrib-
uted data are presented as the median (interquartile
range (IQR)). Categorical data are expressed as number
(percentage). For the primary outcome, the incidence
of the withdrawal response, the x2 test was used to com-
pare differences among the 3 groups. If the overall differ-
ence was statistically significant, pairwise comparisons
were further conducted using the x2 partitioning method,
with the significance level adjusted using the Bonferroni
correction. For the ordinal categorical variable of with-
drawal response severity, the Kruskal-Wallis H test was
employed for comparisons across the 3 groups. A statis-
tically significant overall finding was followed by pair-
wise comparisons using the Mann—Whitney U test, with
an adjusted significance level. For repeated-measures data
such as MAP and HR that conformed to a normal distri-
bution, repeated-measures analysis of variance (ANOVA)
was used to assess between-group effects, time effects,
and interaction effects. The data underwent a sphericity
test; if the sphericity assumption was not met, the Green-
house—Geisser correction was applied. If the group x time
interaction effect was statistically significant, a simple-
effects analysis was performed. In the simple-effects
analysis, paired-samples t-tests were used for pairwise
comparisons at different time points within a group,
whereas independent-samples t-tests were used for
pairwise comparisons at the same time point between
groups. All p-values from the t-tests were corrected us-
ing the Bonferroni method. A p < 0.05 was considered
statistically significant.

Results

Comparison of general information
among the 3 groups

A total of 90 children were enrolled in this study.
There were no statistically significant differences among
the 3 groups in terms of gender, age, body mass index
(BMI), or ASA classification (p > 0.05), as shown in Table 1.

Comparison of mean arterial pressure and
heart rate among the 3 groups

Compared to pre-induction values, differences in MAP
and HR before administration of the test dose in groups C,
K1, and K2 were statistically significant (p < 0.05).
In group C, significant differences were observed in MAP
(p =0.022) and HR (p = 0.006) after rocuronium injection
compared to before injection. In group K1, no statistically
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Table 1. Comparison of baseline characteristics among the 3 groups of patients

Male/female, n Age [years], mean +SD BMI [kg/m?] (mean +SD) ASA /I, n
C 30 18/12 400+1.17 15.93 +0.79 25/5
K1 30 16/14 4.07 £1.31 16.13 £0.68 23/7
K2 30 15/15 4.00+1.23 16.13 £0.73 22/8
F/x? - 0.627 0.029 0.744 0.9
p-value - 0.731 0.972 0478 0.638

No significant differences were found in the baseline characteristics (p > 0.05), indicating comparability among the groups. SD - standard deviation;
BMI - body mass index; ASA — American Society of Anesthesiologists Physical Status Classification System.

Table 2. Comparison of MAP [mm Hg] and HR [bpm] over time in the 3 groups (SD; X +5)

Indicator
MAP 75.10 £2.56
Group C 30
HR 101.50 £12.26
MAP 75.53 +2.40
Group K1 30
HR 103.13£11.19
MAP 74.67 £2.51
Group K2 30
HR 100.50 £10.44

65.67 +2.02 68.60 +1.99 7357 £1.96
93.80 +£10.06 96.80 £10.0 106.80 £4.03
65.83 +£1.70 69.20 +1.92 69.80 +1.77
9547 +£8.15 99.00 +4.29 96.03 +4.51

65.67 £2.23 69.00 +1.91 70.30 £1.56
93.63 +8.97 104.63 £5.54 103.77 £4.82

MAP — mean arterial pressure; HR — heart rate; SD — standard deviation. Patients were divided into 3 groups: a control group (group C), an esketamine

0.1 mg/kg group (group K1), and an esketamine 0.2 mg/kg group (group K2).

Table 3. Results of repeated-measures analysis of variance (ANOVA)

Indicator Source of variation
between-group effect 2,87
MAP [mm Hg] time effect 3,261
time X group 6,261
between-group effect 2,87
HR [bpm] time effect 3,261
time X group 6,261

VEI Partial n?
238.095 0.000 0.846
153.498 0.000 0.638
10.023 0.001 0.187
4377 0.039 0.091
51.028 0.000 0.370
19.298 0.000 0.307

Repeated-measures analysis of variance revealed that the group x time interaction effects for both MAP and HR were statistically significant (p < 0.01),
indicating differing hemodynamic change patterns among the 3 groups of children. MAP — mean arterial pressure; HR — heart rate; df — degrees of freedom.

significant difference in HR was found before and after ro-
curonium injection (p = 0.062). In group K2, a statistically
significant difference in HR was noted after rocuronium
injection compared to before injection (p = 0.001). No sta-
tistically significant differences in MAP or HR were ob-
served among the 3 groups at the time points of pre-in-
duction and before test dose administration (Table 2,3).

Comparison of incidence and severity
of limb withdrawal reaction among
the 3 groups

As illustrated in Table 4, there was no statistical signifi-
cance difference observed between group K1 and group K2
(p = 1.00) via Bonferroni correction. However, the incidence
of limb withdrawal reaction was 43.33% in group C, 16.67%
in group K1, and 13.33% in group K2, with statistically sig-
nificant differences among the 3 groups (p < 0.05) (Table 5).
Additionally, comparison of the severity of limb shrink-
age reaction among the 3 groups also showed statistically

significant differences (p < 0.05) (Table 6). Specifically,
there was a statistically significant difference in severity
between group C and group K1 (p = 0.021), as well as be-
tween group C and group K2 (p = 0.009).

Comparison of other observational
indicators

No dizziness, nausea, psychiatric symptoms, tachycardia
(HR > 20% above baseline), or hypertension (NIBP > 20%
above baseline) were observed in any of the 3 groups.

Discussion

Based on a pre-specified effect size (f = 0.25), an ANOVA
power analysis indicated that a minimum of 27 partici-
pants per group would be required to achieve 80% statistical
power (a = 0.05). Accounting for an estimated dropout rate
of approx. 10% (e.g., due to loss to follow-up or incomplete
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Table 4. Results of pairwise comparisons at key time points (with Bonferroni correction)

15125 . Comparison item Indicator | Mean difference (95% Cl) AelEis Clinical significance
of comparison p-value
group C: T3 vs T2 MAP 4.97 (3.56,6.38) 0.022 a marked recovery of blood pressure
group K1: T3 vs T2 MAP 0.60 (-0.81,2.01) 1.000 stable blood pressure
Within-group group K2: T3 vs T2 MAP 1.30 (=0.11,2.71) 0210 stable blood pressure
comparison group C:T3vs T2 HR 10.00 (3.76, 16.24) 0.004 a significant increase in HR
group K1: T3 vs T2 HR —297 (-9.21,3.27) 1.000 the most stable HR
group K2: T3 vs T2 HR —0.86 (—7.10,5.38) 1.000 stable HR
T3: group K1 vs group C MAP 377 (~4.72,-2.82) <0.001 eﬁecr'vegf‘gli‘f d”;igsieree'eva“o”
T3: group K2 vs group C MAP ~327(-422,-232) <0001 effec“vegf%z‘f d”;ergst;eree'eva“o”
Betvveeh-group T3: group K1 vs group K2 MAP 0.50 (—0.45, 1.45) 0.900 the 2 doses were equally effective
comparison
T3: group K1 vs group C HR —10.77 (-12.61,-8.93) <0.001 effectively controlled the HR
T3: group K2 vs group C HR —3.03 (-4.87,-1.19) 0.003 effectively controlled the HR
T3: group K2 vs group K1 HR 7.74 (5.90, 9.58) <0.001 the HRiin groui;:; %;Zr(;/:z’ajs;]\gher than that

Patients were divided into 3 groups: a control group (group C), an esketamine 0.1 mg/kg group (group K1), and an esketamine 0.2 mg/kg group (group K2).
Further pairwise comparisons demonstrated that at the T3 time point (after rocuronium injection), the MAP in both group K1 and group K2 was
significantly lower than that in group C (adjusted p < 0.001). Regarding HR stability, group K1 demonstrated the optimal performance, as no statistically
significant difference in HR was observed between the T3 and T2 time points (adjusted p = 1.000). MAP — mean arterial pressure; HR — heart rate;

95% ClI - 95% confidence interval.

data), we planned to enroll 30 participants per group, re-
sulting in a total sample size of 90. After IV administration,
esketamine reaches its peak pharmacological effect within
1 min. Therefore, administering rocuronium intravenously
approx. 30 s later aligns with the window of its strongest
analgesic efficacy, which is advantageous for the evaluation
of study outcomes.

Rocuronium bromide is widely used in clinical anesthesia
due to its rapid onset, absence of histamine release, lack
of significant cardiovascular adverse effects, and the avail-
ability of a specific antagonist.!-®> However, IV injection
of rocuronium often causes injection pain and limb with-
drawal reactions, which can negatively impact pediatric
patients’ anesthesia experience, increase the risk of an-
esthetic-related adverse events, and reduce perioperative
satisfaction.*> The mechanism of rocuronium-induced
injection pain has not been fully elucidated and may be

related to various factors, including its low pH value, non-
physiological osmolarity, storage temperature, and stimu-
lation of chemoreceptors by endogenous inflammatory
mediators.~8 Esketamine has multiple targets of action;
its anesthetic and analgesic effects mainly stem from non-
competitive antagonism of NMDA receptors, alleviating
pain by blocking NMDA receptors in the vascular endothe-
lium and central nervous system.>*° It also acts on Na* chan-
nels, opioid receptors, and GABA receptors. Even at low
doses, esketamine provides strong analgesic and sedative
effects and can significantly reduce opioid requirements.!!

Pre-injection of lidocaine intravenously, regardless
of whether venous occlusion was applied, can reduce
the incidence of rocuronium-induced injection pain
or limb withdrawal reaction and is more effective in pre-
venting moderate to severe reactions.!> However, study
indicated that the efficacy of lidocaine in preventing

Table 5. Comparison of the incidence of withdrawal response among the 3 groups of children (n (%))

Limb withdrawal

Severity of withdrawal response

reaction no response
C 30 13 (43.33) 17 (56.67)
K1 30 5(16.67) 25(83.33)
K2 30 4(1333) 26 (86.67)
¥’ value 8.783 -
p-value 0.012 -

mild moderate severe
6 (20.00) 5(16.67) 2(6.67)
5(16.67) 0(0.00) 0(0.00)
4(13.33) 0(0.00) 0 (0.00)

10.738 - -

0.005 = =

Patients were divided into 3 groups: a control group (group C), an esketamine 0.1 mg/kg group (group K1), and an esketamine 0.2 mg/kg group (group K2).
The Mann-Whitney U test was used, and p-values were adjusted using the Bonferroni method. Compared with group C, both group K1 and group K2
showed a significant reduction in the incidence of withdrawal response and a marked improvement in its severity. No moderate or severe reactions
occurred in either group K1 or group K2, whereas 7 cases (23.3%) were observed in group C.



Table 6. Results of pairwise comparisons for withdrawal response severity

Comparison groups

Original p-value
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Group C vs group K1 —2.894 0.004
Group C vs group K2 —-3.125 0.002
Group K1 vs group K2 -0.452 0.651

Adjusted p-value * Cliff's & Effect size
0.012 -045 large effect
0.006 -0.52 large effect
1.000 —0.05 trivial effect

Patients were divided into 3 groups: a control group (group C), an esketamine 0.1 mg/kg group (group K1), and an esketamine 0.2 mg/kg group (group K2).
The Mann-Whitney U test was used, and p-values were adjusted using the Bonferroni method. Pairwise comparisons demonstrated that the differences
between both group K1 and group C, and group K2 and group C, were statistically significant (adjusted p < 0.05), with large effect sizes. However, no

statistically significant difference was found between group K1 and group K2.

rocuronium-induced limb withdrawal is dose-dependent
and shows a ceiling effect, with a recommended dose be-
low 1 mg/kg.'>!* Lidocaine is a peripheral local anesthetic
that acts by blocking sodium channels in nerve endings
at the injection site. However, if the drug is administered
into a larger vein with rapid blood flow, it may be quickly
diluted and carried away from the local tissue, potentially
reducing its anesthetic efficacy.

Considering efficacy and convenience, pretreatment
with opioids during anesthesia induction can reduce
the incidence of rocuronium-induced limb withdrawal
reactions.!® Intravenous alfentanil (10 pg/kg) is more effec-
tive and has fewer side effects than remifentanil (1 pg/kg)
in preventing rocuronium-induced injection pain.>* Non-
steroidal anti-inflammatory drugs (NSAIDs), commonly
used in multimodal analgesia, can reduce postoperative
incision pain and discomfort at the surgical site.!® A sys-
tematic review!® indicated that pretreatment with IV an-
tipyretic analgesics can reduce pain and limb withdrawal
reactions caused by rocuronium injection.!” 5-hydroxy-
tryptamine-3 (5-HT3) receptor antagonists, commonly
used to prevent and treat postoperative nausea and vomit-
ing, have also been found in studies to prevent rocuronium
injection pain.181?

Esketamine at 0.05—-0.1 mg/kg has a dose—effect re-
lationship; with increasing dose, the effect in reducing
propofol-induced injection pain becomes more pro-
nounced.?%?! Pre-injection of 0.1 mg/kg esketamine can
effectively suppress pain caused by propofol injection,
with almost no effect on hemodynamics.?? Liou et al.
found that prophylactic injection of 0.1 mg/kg esketamine
effectively reduces limb withdrawal reactions induced
by rocuronium.?® However, that study was limited to fe-
male patients and did not eliminate the potential influ-
ence of intravenously administered opioids on the limb
withdrawal response induced by rocuronium during
the sequence of anesthetic induction.

Children differ from adults in both pain perception and
drug sensitivity and are more prone to anesthesia non-
cooperation, airway obstruction, and agitation during
recovery, increasing anesthetic risk and affecting recov-
ery safety.2* The results of this study indicate that pre-
injection of esketamine at both 0.1 mg/kg and 0.2 mg/kg
during anesthesia induction can effectively reduce the in-
cidence and severity of limb withdrawal reactions caused

by rocuronium injection in preschool children. However,
administration of 0.2 mg/kg esketamine led to a signifi-
cantincrease in HR. Although increasing the dose further
reduced limb withdrawal, it also increased the risk of car-
diovascular adverse effects.?

Esketamine effectively inhibits limb withdrawal reac-
tions triggered by rocuronium injection, possibly through
non-competitive antagonism of vascular endothelial
NMDA receptors to attenuate peripheral nociceptive
transmission and through central NMDA receptor block-
ade to provide central analgesia.?® Esketamine exerts its
central analgesic effect by acting on both the brain and spi-
nal cord, directly elevating the pain threshold throughout
the entire central nervous system. Regardless of which vein
rocuronium is administered through, esketamine’s central
analgesic efficacy remains consistently stable.

The plasma concentration of esketamine required for
inducing anesthesia is much higher than that required for
analgesia. A plasma level 20.05 mg/L can raise the pain
threshold, and its analgesic effect may persist even after
the anesthetic effect wears off.2” Moreover, adverse effects
of esketamine are dose-dependent; thus, low-dose use can
achieve adequate analgesia while minimizing side effects.?®

Furthermore, the use of low-dose esketamine dur-
ing anesthesia induction can produce synergistic effects
with induction agents (propofol/etomidate) and opioids
(fentanyl/sufentanil/remifentanil). This combination re-
sults in a smoother induction process, attenuates stress
responses triggered by procedures such as endotracheal
intubation, and may also prevent hyperalgesia, particularly
in patients receiving remifentanil. Additionally, esketamine
effectively preserves spontaneous breathing and airway
reflexes. By stimulating the sympathetic nervous system,
it induces transient elevation in blood pressure and HR,
which helps counteract hypotension potentially caused
by propofol and other induction agents, thereby maintain-
ing hemodynamic stability during the induction phase.

Limitations of the study

This study has certain limitations. First, it was a ran-
domized controlled trial (RCT) conducted in a single cen-
ter with a total sample size of 90 cases. Although the sam-
ple size met statistical requirements, the relatively small
sample size may limit the power to detect rare adverse
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reactions (such as severe psychiatric symptoms). Second,
the primary outcome measure — the IPWM score — re-
lies on the visual observation and subjective judgment
of the anesthesiologist. Although blinding was used for
the assessors, there is still a risk of subjective assessment
bias. Third, for possible neuropsychiatric adverse reactions
caused by esketamine, our follow-up period was limited
to 24 h postoperatively. Some delayed or more subtle be-
havioral changes may not have been fully captured within
this time window. Fourth, the subjects of this study were
children aged 2—6 years with ASA I-II undergoing elective
surgery. Therefore, the conclusions of this study may not be
applicable to newborns, infants, children with more severe
conditions (ASA III and above), or children undergoing
emergency surgery.

Conclusions

Pre-injection of 0.1 mg/kg esketamine during anesthesia
induction can significantly reduce the incidence and sever-
ity of limb withdrawal reactions caused by IV rocuronium
injection in preschool children. It has no effect on cogni-
tive function and causes no cardiovascular adverse reac-
tions, providing a reference for the safe and effective clini-
cal use of esketamine to prevent limb withdrawal reactions
during IV rocuronium injection for tracheal intubation
in pediatric general anesthesia induction.
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