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Abstract
Background Postoperative pain is common in pediatric urological surgery. The study assess the impact of 
perioperative intravenous infusion of low-dose esketamine on postoperative pain in pediatric urological surgery.

Methods Pediatric patients (n = 80) undergoing urological surgery were randomized into four groups. Patients in 
the control group were administered an analgesic pump containing only hydromorphone at a dose of 0.1 mg/kg 
(Hydromorphone Group 1, H1) or 0.15 mg/kg (Hydromorphone Group 2, H2). Patients in the experimental group were 
injected intravenously with 0.3 mg/kg of esketamine (Esketamine group 1, ES1) or equal volume of saline (Esketamine 
Group 2, ES2) during anesthesia induction. Esketamine 1.0 mg/kg and hydromorphone 0.1 mg/kg were added to 
the analgesic pump. Face, Leg, Activity, Crying, and Comfort (FLACC) scale or the Numerical Rating Scale (NRS) and 
adverse effects were recorded at 2, 6, 24, and 48 h postoperatively. Additionally, total and effective PCA button presses 
were recorded.

Results In comparison to the H1 group, the pain scores were notably reduced at all postoperative time points in 
both the ES1 and H2 groups. The ES2 group exhibited lower pain scores only at 24 and 48 h postoperatively. When 
compared to the H2 group, there were no significant differences in pain scores at various postoperative time points in 
the ES2 group. However, the ES1 group demonstrated significantly lower pain scores at 6, 24 and 48 h postoperatively, 
and these scores were also significantly lower than those observed in the ES2 group. The total and effective number 
of PCA button presses in the ES1, ES2 and H2 group were lower than that in the H1 group (P < 0.001). The incidence of 
adverse effects within 48 h after surgery was 15% in ES1, 22% in ES2, 58% in H1, and 42% in H2, respectively (P = 0.021).
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Introduction
Postoperative pain management in children is often 
insufficient, with a considerable percentage (25–63%) 
of patients experiencing moderate to severe pain on the 
day following urological surgery, which can persist for up 
to nine days [1]. Acute postoperative pain is recognized 
as a potential risk factor for chronic postoperative pain 
in children, and inadequate analgesia during the acute 
phase can contribute to the development of chronic pain 
[2]. Of 115 pediatric patients undergoing orthopedic, 
general and urological surgery, approximately 13% expe-
rienced chronic postoperative pain that affected their 
daily activities and sleep patterns [3].

A survey investigating the utiliazation of postoperative 
analgesics in pediatric urology revealed that opioids were 
frequently employed as part of the analgesic regimen [4]. 
Despite their effectiveness in pain management, opioids 
are associated with common adverse effects such as nau-
sea, vomiting, constipation, and respiratory depression. 
Moreover, long-term use of high-dose opioids has been 
linked to hyperalgesia and immunosuppression [5, 6]. To 
address these concerns, the Pediatric Society of Anesthe-
siolog’s guidelines for perioperative children recommend 
the use of patient-controlled analgesia (PCA) as the pre-
ferred method over intramuscular and intermittent intra-
venous administration [7].

Postoperative pain management in pediatric urol-
ogy lacks a definitive consensus, leading to the clini-
cal recommendation of utilizing multimodal analgesia 
strategies [8]. Incorporating ketamine as an adjunct to 
multimodal analgesia has been shown to reduce the need 
for analgesics and improve postoperative pain scores [9]. 
Esketamine, an S-isomer of ketamine, non-competitively 
antagonizes N-methyl-D-aspartate (NMDA) receptors, 
and it offers superior in vivo clearance, anesthesia recov-
ery quality, and incidence of adverse reactions compared 
to ketamine [10].

The main aim of this study was to evaluate the impact 
of perioperative intravenous infusion of low-dose esket-
amine on postoperative pain in pediatric urology. Addi-
tionally, the secondary objective was to explore the 
appropriate administration approach for esketamine.

Materials and methods
Study design
The study followed the CONSORT statement. This pro-
spective, randomized, single-blind clinical trial was 
conducted at the First Affiliated Hospital of Zheng-
zhou University. The study protocol has been approved 
by the Ethics Committee of the First Affiliated Hos-
pital of Zhengzhou University (2021-KY-1007-003) 
and registered in the China Clinical Trials Registry 
(ChiCTR2300073879). Informed consent was obtained 
from the parents of each participant.

Patients
We recruited male participants aged 2 ~ 12 years who 
underwent elective urological procedures (urethro-
plasty, penile rectification, and laparoscopic pyelo-
plasty). The inclusion criteria were American Society of 
Anesthesiologists(ASA)grade I-II, body weight within 
± 10% of the standard body weight, postoperative use of 
analgesic pumps, and informed consent of the patient’s 
parents. Exclusion criteria included severe organic 
lesions of vital organs such as heart, liver, and kidney; 
presence of psychiatric and neurological diseases that 
hindered cooperation; a history of chronic pain or anal-
gesic medication before surgery; known allergy to anes-
thetic drugs or bronchial asthma; and history of acute 
upper respiratory tract infection within two weeks prior 
to surgery.

Randomization and masking
Initially, the 80 patients were sequentially assigned num-
bers ranging from 1 to 80 based on the order of their vis-
its. Subsequently, a 2-digit number was selected as the 
corresponding random number, starting from any row 
or column in the random number table. All generated 
random numbers were then arranged in ascending order. 
Patients with random number rankings from 1 to 20 were 
designated to the ES1 group, those with rankings from 21 
to 40 were allocated to the ES2 group, individuals with 
rankings from 41 to 60 were assigned to the H1 group, 
and those from 61 to 80 were placed in the H2 group.

The study implementers administered the interven-
tion based on the assigned groups; however, patients 
remained blinded to their respective groupings. In the 
case of the primary outcome, patients aged 8 years and 

Conclusions The use of low-dose esketamine infusion in analgesia pump can effectively alleviates postoperative 
pain in pediatric urological patients, leading to a significant reduction in the number of analgesic pump button press. 
The combined approach of perioperative anesthesia induction and analgesia pump administration is recommended 
for optimal pain management in these patients.
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above provided self-reported pain scores. For patients 
younger than 8 years, a third party, uninformed about 
the grouping, conducted postoperative pain assessments. 
Data collectors were responsible for gathering and doc-
umenting patient data. The interventions are outlined 
below:

Esketamine Group 1 (ES1) : Patients were adminis-
tered esketamine at a dosage of 0.3 mg/kg during anes-
thesia induction. Subsequently, an analgesic pump was 
employed, incorporating 1.0  mg/kg of esketamine and 
0.1 mg/kg of hydromorphone.

Esketamine Group 2 (ES2): Patients received an equal 
volume of saline during anesthesia induction. Sub-
sequently, an analgesic pump was employed, incor-
porating 1.0  mg/kg of esketamine and 0.1  mg/kg of 
hydromorphone.

Hydromorphone Group 1 (H1): Patients were provided 
with an analgesic pump containing hydromorphone 
exclusively, administered at a dose of 0.1 mg/kg.

Hydromorphone Group 2 (H2): Patients received an 
analgesic pump exclusively containing hydromorphone at 
a dose of 0.15 mg/kg.

Anesthesia methods
Anesthesia was induced with propofol 2  mg/kg, alfen-
tanyl 20 ug/kg, and cisatracurium 0.2  mg/kg intrave-
nouly. Following induction, a laryngeal mask was inserted 
for mechanical ventilation. Intraoperative monitoring 
included heart rate (HR), blood pressure (BP), pulse 
oximetry (SPO2), and end-tidal carbon dioxide (PETCO2).

Anesthesia maintenance was achieved using 1.5-2% 
sevoflurane compounded with 0.1–0.25  µg/kg/min 
remifentanil. During the procedure, the drug dose was 
adjusted according to the patient’s vital signs, with fluc-
tuations not exceeding ± 20% of the baseline value (base-
line values were obtained before the start of anesthesia). 
Vasoactive drugs were given as needed. An volume-con-
trolled ventilation mode was used during the procedure, 
with the tidal volume set at 6–8  ml/kg and the PETCO2 
was maintained between 35 and 40 mmHg.

Ketorolac 0.5 mg/kg (not to exceed 15 mg) was admin-
istered intravenously for postoperative analgesia 30 min 
before the end of the procedure. Once the patient 
resumed spontaneous breathing, the laryngeal mask was 
removed and the analgesic pump was connected.

The analgesic pump was prepared by diluting with 
saline to a total volume of 100 ml. The initial dose was set 
at 0 ml, the background infusion rate was set to 1 ml/ h, 
and the PCA dose was set to 2 ml per activation. A lock-
out time of 10 min was applied to ensure safe dosing. The 
analgesia was maintained through the PCA pump until 
48 h after surgery.

Data collection and outcomes
Postoperative pain in children was evaluated using either 
the Face, Leg, Activity, Crying, and Comfort (FLACC) 
scale or the Numerical Rating Scale (NRS). Children 
between aged 2 to 7 years were assessed using the 
FLACC scale, while children aged 8 to 12 years were eval-
uated using the NRS scale [11, 12]. If the FLACC or NRS 
score was ≥ 4, parents or healthcare providers assisted 
with PCA compression. If the FLACC or NRS score 
remained ≥ 4 after three or more PCA compressions, a 
remedy of 0.2 mg/kg ketorolac tromethamine was admin-
istered to enhance analgesia. The Ramsey Sedation Scale 
is one of the commonly used methods to assess the level 
of perioperative sedation in children [13–15]. Therefore, 
Ramsey Sedation Scale was used in this study to assess 
the level of postoperative sedation.

Baseline data of patients were recorded, including age, 
height, weight, ASA grade, intraoperative remifentanil 
consumption, intraoperative blood loss and fluid infu-
sion. The main indicator of this study were FLACC or 
NRS pain scores at 2  h, 6  h, 24  h, and 48  h postopera-
tively. Secondary observations included Ramsay sedation 
scores and adverse effects in patients at 2  h, 6  h, 24  h, 
and 48  h after the operation. Additional data recorded 
included time to awakening and extubation, incidents 
of choking and agitation during removal of the laryngeal 
mask, time to first PCA compression after awakening, 
total and effective PCA compressions, and the number 
of cases requiring salvage analgesia. Awakening time was 
defined as the duration from the cessation of anesthetics 
until the patient responded correctly to external verbal 
stimuli; extubation time was defined as the duration from 
the cessation of anesthetics to the removal of the endo-
tracheal tube.

Statistical analyses
The sample size was determined using PASS 15.0. Based 
on the pilot experiment results, the mean FLACC or NRS 
scores at the four time points in the four groups were 1.1, 
1.9, 2.7, and 1.8, respectively, with a standard deviation 
of 1.2. Assuming α = 0.05 and β = 0.2, a sample size of 14 
patients per group was calculated. Considering a 20% 
potential loss to follow-up rate, 18 patients were targeted 
for enrollment in each group. Utimately, we enrolled 20 
patients in each group, resulting in a total of 80 patients.

SPSS 26.0 software was used for statistical analysis. 
Normally distributed continuous data were expressed 
as mean ± standard deviation. Non-normally distrib-
uted continuous data were expressed as the median and 
quartile (25th-75th percentile). Categorical data were 
expressed as frequency (percentage).

Non-normally distributed continuous data like age, 
height, weight were statistically analyzed using Kruskal-
Wallis H test and multiple comparisons were performed 
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using Bonferroni method. Categorical data like ASA 
grade, type of surgical distribution, choking or agitation 
during extubation were statistically analyzed using the 
χ² test or Fisher’s exact probability method, and multiple 
comparisons were performed using the Z-test with the 
P-value adjusted by the Bonferroni method (the group-
ing needs to be put into columns and the event into rows 
when performing the Z-test). The pain or sedation scores 
at different postoperative time points in this study were 
non-normally distributed data, so generalized estimating 
equations were used for statistical analysis. P< 0.05 were 
considered statistically significant.

Results
Demographic, surgery, and anesthesia data
In this study, a total of 80 male patients were initially 
included. However, four patients were later excluded 
from the analysis as they did not use an analgesic pump 
after surgery. Consequently, the final analysis comprised 
four groups: esketamine group 1 (ES1) with 20 patients, 
esketamine group 2 (ES2) with 18 patients, hydromor-
phone group 1 (H1) with 19 patients, and hydromor-
phone group 2 (H2) with 19 patients (Fig. 1).

The baseline characteristics including age, height, 
weight, ASA status, intraoperative remifentanil con-
sumption, blood loss and fluid infusion, as well as type of 
surgical distribution were comparable between the four 
groups, as shown in Table 1.

Primary outcome
FLACC or NRS scores are commonly used to evaluate 
postoperative pain levels. In this study, pain assessment 

was performed at 2, 6, 24, and 48  h postoperatively by 
choosing the appropriate assessment method accord-
ing to the patient’s age. Figure 2 presents the comparison 
results of pain scores at each time point after surgery in 
ES1 group, ES2 group, H1 group and H2 group.

Compared to the H1 group, the pain scores at each 
time point after surgery were significantly lower in the 
ES1 group and the H2 group, with statistically significant 
difference. The ES2 group had lower pain scores than the 
H1 group only at 24 and 48  h postoperatively, whereas 
the difference in pain scores at 2 and 6 h postoperatively 
was not statistically significant.

When compared with the H2 group, pain scores were 
significantly lower in the ES1 group at 6, 24, and 48  h 
postoperatively. However, there was no significant differ-
ence in pain scores between the H2 group and ES2 group 
at each time point after surgery.

Furthermore, when compared with the ES2 group, the 
pain scores at 6, 24, and 48 h postoperatively were signifi-
cantly reduced in the ES1 group, with statistically signifi-
cant differences.

Secondary outcomes
Postoperative sedation scores showed no significant dif-
ferences among the ES1 group, ES2 group, H1 group and 
H2 group (Fig. 3). Additionally, there were no significant 
differences observed in extubation time, awakening time, 
incidence of choking cough at extubation, or the need for 
postoperative salvage analgesia between the four groups 
(Table 2).

The incidence of agitation at extubation was 45% (9/20) 
in the ES1 group, 22% (4/18) in the ES2 group, 11% (2/19) 

Fig. 1 Consolidated standards of reporting trials flow diagram
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in the H1 group, and 11% (2/19) in the H2 group, and 
the differences between the groups were statistically sig-
nificant (P = 0.041). However, the results of multiple com-
parisons showed no statistically significant difference 
between each two groups (Table 2).

The difference in time to first postoperative PCA was 
statistically significant among the four groups (P = 0.021). 
The time to first postoperative PCA was longer in the 
ES1, ES2 and H2 groups than in the H1 group, and multi-
ple comparisons only showed statistically significant dif-
ferences between the ES2 and H1 groups (Table 2).

Moreover, the difference in the total and effective num-
ber of PCA compressions between the four groups was 
statistically significant (P < 0.001). When compared with 
the H1 group, both the ES1 group and the ES2 group 
demonstrated a significantly reduced total and effective 
number of PCA compressions. There were no significant 
differences in pairwise comparisons between the ES1, 
ES2, and H2 groups (Table 2).

During the 48-hour postoperative follow-up, adverse 
reactions were observed in some patients. In the ES1 
group, two patients experienced nausea, and one patient 

Table 1 Comparison between groups of general data and intraoperative conditions
Group ES1 group(n = 20) ES2 group(n = 18) H1 group(n = 19) H2 group(n = 19) P 

value
Age (yr) 6.5[3.0-8.8] 3.0[2.0–6.0] 3.0[2.0–6.0] 4.0[3.0–8.0] 0.274
Height (cm) 124.0[97.0-139.8] 100.0[91.5-117.5] 102.0[96.0-120.0] 108.0[95.0-135.0] 0.297
Weight (kg) 24.5[15.0-39.8] 19.0[14.3–25.3] 17.0[15.0–25.0] 18.0[16.0–35.0] 0.404
ASA status ( I/II), N 17/3 15/3 15/4 15/4 0.957
Remifentanil consumption (ug) 358.0[191.0-536.8] 346.5[245.8-488.8] 394.0[228.0-500.0] 300.0[234.0-550.0] 0.965
Blood loss (ml) 5.0[4.0–6.0] 5.0[3.8–8.3] 5.0[3.0–6.0] 3.0[3.0–5.0] 0.073
Infusion volume (ml/h) 135.7[99.2-203.4] 107.5[89.9-131.5] 104.3[83.9-134.3] 121.6[68.2-160.7] 0.251
Type of surgery 0.548
Penile or urethroplasty (I/II), N 7/1 6/0 4/1 5/1
Penile correction (I/II), N 5/0 1/0 4/0 4/0
Penile or urethroplasty combined with 
penile straightening (I/II), N

5/2 7/1 6/0 6/1

Laparoscopic pyeloplasty
(I/II), N

0/0 1/2 1/3 0/2

Data are presented as median (25th-75th percentile) or numbers(n/n). ASA: American society of anesthesiologists.

Fig. 2 Comparison between groups of pain score at each time point. *P < 0.05 compared with H1 group; #P < 0.05 compared with H2 group; $P < 0.05 
compared with ES2 group
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reported drowsiness, resulting in an adverse reaction 
incidence of 15% (3/20). In the ES2 group, three cases of 
nausea and one case of vomiting were recorded, leading 
to an adverse reaction incidence of 22% (4/18). The H1 
group had seven cases of nausea, three cases of vomit-
ing, and one case of drowsiness, with an adverse reaction 
incidence of 58% (11/19). In the H2 group, there were six 
cases of nausea and two cases of vomiting, resulting in an 
adverse effect incidence of 42% (8/19). In addition, esket-
amine related neurologic symptoms were not recorded.

A significant difference was observed in the incidence 
of adverse effects among the groups within 48  h after 
surgery (P = 0.021), with the ES1 group showing a signifi-
cantly reduced incidence of adverse reactions compared 
to the H1 groups (Table  3). It is important to note that 
the above-mentioned adverse symptoms were mild and 
did not require drug treatment.

Discussion
Our study findings suggest that the combination of low-
dose esketamine in analgesia pumps effectively alleviates 
postoperative pain in pediatric urology patients, leading 
to a reduced number of analgesic pump compressions 
and a longer time to first PCA use after surgery. Utiliz-
ing esketamine in anesthesia induction combined with 
analgesia pumps appears to be a favorable administration 
method as it significantly reduces the incidence of post-
operative adverse events.

Intraoperative intravenous administration of 0.3  mg/
kg esketamine significantly decreased pain scores and 
anxiety scores in patients undergoing breast or thyroid 

Table 2 Comparison of anesthetic emergence quality and analgesic efficacy between groups
Group ES1 group(n = 20) ES2 group(n = 18) H1 group(n = 19) H2 group(n = 19) P value
Extubation time(min) 14.5[13.0-20.5] 16.0[11.8–18.5] 17.0[10.0–22.0] 20.0[11.0–26.0] 0.666
Awakening time(time) 11.5[8.0-14.5] 9.5[5.0-12.5] 9.0[5.0–16.0] 8.0[6.0–16.0] 0.629
Choking cough at extubation, n/total N(%) 2/20(10%) 3/18(17%) 2/19(11%) 2/19(11%) 0.897
Agitation at extubation(n),
n/total N(%)

9/20(45%) 4/18(22%) 2/19(11%) 2/19(11%) 0.041

Postoperative salvage analgesia, n/total N(%) 5/20(25%) 3/18(17%) 2/19(11%) 3/19(16%) 0.700
The time of first PCA(min) 70.0[60.0-100.0] 75.0[60.0-87.5]* 52.5[47.5–60.0] 60.0[50.0–70.0] 0.021
The total number of PCA compressions(times) 3.0[2.0-4.3]* 4.0[3.0–4.0]* 8.0[5.0–8.0] 5.0[4.0–6.0] <0.001
The effective number of PCA compressions(times) 3.0[2.0-4.3]* 4.0[3.0–4.0]* 8.0[5.0–8.0] 5.0[4.0–6.0] <0.001
Data are presented as median (25th-75th percentile) or numbers(n/total). *P < 0.05 compared with H1 group. PCA: patient-controlled analgesia

Table 3 Comparison of the incidence of adverse reactions 
within 48 h after surgery between groups
Group Number of 

examples,
n/total 
N(%)

Nausea(n) Vomiting(n) Drowsiness(n)

ES1(n = 20) 3/20(15%)* 2 0 1
ES2(n = 18) 4/18(22%) 3 1 0
H1(n = 19) 11/19(58%) 7 3 1
H2(n = 19) 8/19(42%) 6 2 0
Data are presented as numbers(n/total). *P < 0.05 compared with H1 group

Fig. 3 Comparison between groups of sedation score at each time point
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surgery [16]. Chen Sai et al. found that exposure to esket-
amine was one of the independent risk factors for emer-
gence delirium (ED) during recovery from anesthesia in 
preschool children. To reduce the incidence of ED, the 
dose of esketamine used during induction of anesthesia 
should be ≤ 0.3 mg/kg [17]. Therefore, the dose of esket-
amine at the induction of anesthesia in this study was set 
at 0.3 mg/kg. Previous studies have found that postopera-
tive continuous infusion of esketamine 0.015 mg/kg/h is 
comparable to that of 0.125 mg/kg/h, and the incidence 
of postoperative psychosis is lower [18]. In conjunc-
tion with the pre-trial, we compounded a lower dose of 
esketamine in the analgesic pump for postoperative mul-
timodal analgesia. The background infusion dose range 
of hydromorphone for postoperative PCA in pediatric 
patients was 1–3 µg/kg/h, and the button dose range was 
1–3 µg/kg (43%) and 4–6 µg/kg (40%) [19]. Therefore, in 
the present study in groups H1 and H2 hydromorphone 
background infusion was set at 1  µg/kg/h and 1.5  µg/
kg/h, respectively, and analgesic pump button dose was 
set at 2 µg/kg and 3 µg/kg, respectively.

Introduced in 1970, ketamine is well known for its 
various pharmacological effects, including anesthetic, 
analgesic, sedative, anti-inflammatory and antidepres-
sant properties [20]. Esketamine, as the S-enantiomer 
of ketamine, shares similar pharmacological effects. Our 
findings align with previous studies, where combining 
low-dose esketamine intravenous infusion in analge-
sia pumps was associated with improved postoperative 
analgesia. Ying Zhang et al. found the application of 
esketamine-dexmedetomidine in an analgesic pump in 
patients undergoing scoliosis correction significantly 
reduced the incidence of moderate to severe pain within 
72 h and the incidence of moderate-to-severe postopera-
tive pain was reduced by 24% [21]. Esketamine alone in 
analgesia pumps has also been shown to provide effective 
postoperative pain relief [22, 23].

Our study observed a possible opioid-sparing effect 
of esketamine.The analgesic effect of the ES2 group was 
comparable to that of the H2 group and superior to that 
of the H1 group, suggesting that the addition of esket-
amine to the analgesic pump significantly relieved the 
patients’ postoperative pain while reducing the use of 
hydromorphone. In addition, we noted a significant 
reduction in the incidence of adverse effects in the esket-
amine group, particularly nausea and vomiting. Similar 
to the results of the mata analysis, the addition of ket-
amine to the analgesic pump could link bar postopera-
tive pain, reduce opioid use, and decrease the incidence 
of postoperative nausea and vomiting [24]. Our previous 
findings also demonstrated the opioid-reducing effects of 
esketamine in thoracic surgery patients [25].

Regarding sedation scores, no significant differences 
were observed at each time point after surgery between 

the esketamine and hydromorphone groups. Periopera-
tive administration of low-dose esketamine did not lead 
to significant sedative effects, and no esketamine-associ-
ated side effects were observed. Moreover, the incidence 
of agitation at extubation in the ES1 group was slightly 
higher than in the other three groups, but pairwise com-
parisons did not yield statistical significance. Thus, it is 
not indicative that administering 0.3  mg/kg esketamine 
at induction of anesthesia increases the incidence of agi-
tation during extubation. Other factors may have influ-
enced these results.

Although previous studies have shown that esketamine 
can prolong anesthesia recovery time in adults [26], we 
did not observe any differences in the time to extuba-
tion and awakening time among the four groups in chil-
dren. Ketamine clearance in children was twice as high 
as in adults, differences in enzyme metabolism between 
children and adults may explain the disparate effects of 
esketamine on anesthesia recovery time in the two popu-
lations [27].

In our study, we introduced the use of esketamine 
at a dose of 1.0 mg/kg in conjunction with an analgesic 
pump. The study revealed promising outcomes when 
esketamine was incorporated into hydromorphone anal-
gesic pumps, administered at a continuous background 
rate of 0.01  mg/kg/h, resulting in effective analgesia. 
Furthermore, this investigation delves into establishing 
optimal esketamine administration protocols for pediat-
ric patients undergoing urological surgery, contributing 
to the development of clinical guidelines in this specific 
medical context. However, this study has certain limita-
tions. The secondary objective was to explore the rational 
mode of esketamine administration, but the comparison 
was limited to esketamine in anesthesia-induced com-
bined analgesia pumps versus esketamine pumps alone. 
Not including a group with esketamine only administra-
tion during anesthesia induction makes the conclusions 
somewhat controversial. Additionally, acute pain carries 
a risk of transitioning to chronic pain [28]. Ketamine has 
clear benefits in the prevention and treatment of chronic 
pain [29], and longer follow-up periods are needed to 
examine esketamine’s effect on the incidence of chronic 
pain.

Conclusions
In conclusion, our study supports the use of low-dose 
esketamine infusion in analgesia pumps to effectively 
relieve postoperative pain in pediatric urology patients 
and reduce the number of analgesic pump compressions. 
The perioperative administration method of combining 
anesthesia induction with esketamine infusion in anal-
gesia pumps is recommended. However, further studies 
with larger sample sizes and longer follow-up periods 
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are necessary to fully assess the impact of esketamine on 
chronic pain incidence.
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