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Abstract: Objective To explore the effects of different doses of esketamine (ESK) combined during anesthesia induction and
maintenance in patients undergoing abdominal surgery, so as to provide a reference for clinical selection of the appropriate
dose of ESK. Methods A total of 80 patients scheduled for abdominal surgery under general anesthesia in Zhongshan
Hospital Xiamen University from May to November 2023 were selected as the research objects. They were randomly divided
into three groups using a random number table: control group (CON group, n=20), low- dose ESK group (L-ESK group, n=30),
and medium-dose ESK group (M-ESK group, n=30). Anesthesia induction: all three groups were intravenously injected with
midazolam 1-3 mg, sufentanil 0.3-0.6 pg/kg, propofol 2-3 mg/ kg, and cisatracurium 0.2 mg/kg, followed by tracheal
intubation. Immediately after intubation, patients in the L-ESK group and M-ESK group were intravenously injected with ESK
0.25 mg/kg and 0.5 mg/kg, respectively, while patients in the CON group were given the same volume of normal saline.
Anesthesia maintenance: the CON group was continuously infused with propofol 4-6 mg/(kg-h) and cisatracurium 0.05 mg/
(kg-h) by pump. The L-ESK group and M-ESK group were additionally given continuous pump infusion of ESK 0.125 mg/(kg-h)
and 0.25 mg/(kg-h), respectively, on the basis of the CON group. Postoperatively, all patient received sufentanil by
patient-controlled intravenous analgesia. Hemodynamic parameters (blood pressure and heart rate), anesthesia recovery
indicators, pain degree[Visual Analogue Scale (VAS)Jat different time points, and the incidence of postoperative adverse
reactions were compared among the three groups. Results Compared with the pre-anesthesia values in the same group, the
heart rate, diastolic blood pressure (DBP), and systolic blood pressure (SBP)in the three groups were significantly decreased
before intubation (P<0.05), and significantly increased after intubation (£<0.05). There was no statistically significant difference
in heart rate, DBP, and SBP between post-extubation and pre-anesthesia (#>0.05). Compared with the CON group, the
anesthesia recovery time, extubation time, consciousness recovery time, and spontaneous breathing recovery time in the L-ESK
group and M-ESK group were significantly shorter (P<0.05), the VAS scores on the postoperative day 1 and 2 were significantly
lower (P<0.05). Compared with the L-ESK group, the anesthesia recovery time, extubation time, consciousness recovery time,
and spontaneous breathing recovery time in the M-ESK group were further shorter (P<0.05), the VAS scores on the
postoperative day 1 and 2 were significantly lower (P<0.05). The overall incidence of adverse reactions was 65.00% (13/20 )in
the CON group, 23.33% (7/30) in the L-ESK group, and 26.67% (8/30) in the M-ESK group. There was a statistically significant
difference among three groups (x°=10.623, £=0.005), with the CON group being higher than both the L-ESK group and M-ESK
group (P< 0.017). However, there was no statistically significant difference between the L-ESK group and the M-ESK group (P>
0.017). Conclusion The combined application of ESK during the anesthesia induction and maintenance stages in patients
undergoing abdominal surgery can effectively shorten the postoperative recovery time and alleviate the degree of
postoperative pain. Compared with the dose of 0.125 mg/(kg-h), dose of 0.25 mg/(kg-h) ESK can further shorten the recovery
time and relieve pain without increasing the incidence of adverse reactions.
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Abdominal surgery is a common clinical treatment
method. Anesthesia helps to avoid stress responses in

and chronic postoperative pain [4]. Postoperative
intravenous administration of opioids may cause

patients caused by surgical pain during the perioperative

period and improve surgical safety and success rates [1-2].

To reduce opioid consumption in patients undergoing
abdominal surgery, non-opioid drugs and analgesic
interventions can improve and alleviate opioid-related
side  effects. Ketamine is a  non-selective
N-methyl-D-aspartate (NMDA) receptor inhibitor with
partial non-opioid analgesic properties [3]. Studies have
shown that low-dose intravenous infusion of ketamine
can be used as an adjuvant drug for the treatment of acute

hyperalgesia and opioid tolerance, both of which are
partially related to NMDA receptor activation. Prevention
and postoperative analgesia with NMDA receptor
antagonists can prevent acute opioid tolerance and reduce
the occurrence of neuropathic pain [5]. Esketamine (ESK)
is the S (+) isomer of ketamine, and its analgesic effect is
twice that of racemic ketamine. ESK has advantages such
as fewer side effects, faster recovery, reducing the
minimum alveolar concentration (MAC) of sevoflurane,
and protecting hypoxic pulmonary vasoconstriction
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during one-lung ventilation [6]. Studies have shown that
combined application of low/medium doses of ESK has a
significant effect in perioperative pain management of
video-assisted thoracoscopic pulmonary resection [7].
However, the application dose and analgesic effect of
ESK in abdominal surgery are currently unknown. This
study explores the comparison of effects of combined
application of different doses of ESK during anesthesia
induction and maintenance phases in patients undergoing
abdominal surgery.

1 Materials and Methods

This study was approved by the Ethics Committee of
Zhongshan Hospital Xiamen University [Approval No.:
xmzsyykyl (2024-533)] and obtained informed consent
from all patients. A total of 80 patients scheduled for
laparoscopic surgery under general anesthesia admitted to
the hospital from May to November 2023 were enrolled.
They were divided into three groups via the random
number table method: control group (CON group, n=20),
low-dose ESK group (L-ESK group, »=30), and
medium-dose ESK group (M-ESK group, #=30). There
were no statistically significant differences were observed
in gender, age, body mass index (BMI), or surgical type

among the three groups (P>0.05), indicating
1.1 Clinical Data comparability. See Table 1.
Tab. 1 Comparison of general information among three groups
Items CON group (n=20) L-ESK group (n=30) M-ESK group (n=30) x>/ F value P value

Male/female (case) 10/10 16/14 15/15 0.083 0.959
Age (vears, X +s) 43.12£9.23 44.96:10.45 42.87+9.05 0.400 0.671
BMI(kg/m?, X s) 23.4843.19 23.9243.07 23.8243.43 0.111 0.895
Type of surgery [case(%)]

Gastrointestinal surgery 8(40.00) 13(43.33) 12(40.00)

Urinary system surgery 7(35.00) 11(36.67) 13(43.33) 0.736 0.947

Hepatobiliary surgery 5(25.00) 6(20.00) 5(16.67)

Inclusion criteria: (1) age ranged 20-70 years; (2)
American Society of Anesthesiologists (ASA) physical
status classification I ; (3) consent to receive
patient-controlled intravenous analgesia (PCIA); (4)
meeting indications for abdominal surgery.

Exclusion Criteria: (1) history of allergy to
anesthetics, ropivacaine, or ketamine; allergy or
contraindications to non-steroidal anti-inflammatory
drugs (NSAIDs); (2) comorbid mental illness or chronic
pain that may interfere with analgesic effect assessment;
(3) inability to read/write Chinese or communicate
effectively; (4) emergency surgery or trauma patients; (5)
history of intraoperative consciousness disturbance; (5)
need for postoperative transfer to the ICU.

1.2 Methods

Routine monitoring included blood pressure,
electrocardiogram (ECG), pulse oximetry (SpO2),
end-tidal CO:z concentration (EtCOz), etc. General
Anesthesia Induction: intravenous midazolam (1-3 mg),
sufentanil (0.3-0.6 ng/kg), propofol (2-3 mg/kg), and
cisatracurium (0.2 mg/kg) were administered as needed,
followed by tracheal intubation. Both patients in the
L-ESK and M-ESK groups received intravenous ESK at
0.25 mg/kg and 0.50 mg/kg immediately after intubation.
The CON group received the same volume of normal
saline post-induction. Anesthesia Maintenance: the CON
group received continuous infusion of propofol [4-6
mg/(kg-h)] and cisatracurium [0.05 mg/(kg-h)]. The
L-ESK and M-ESK groups added ESK at 0.125 mg/(kg-h)
and 0.25 mg/(kg-h) to the CON group regimen for
combined maintenance. Anesthetic doses were
dynamically adjusted based on blood pressure and heart
rate (HR) changes. Total intraoperative sufentanil dose

was 0.4-1.0 pg/kg, with intermittent 0.1-0.2 pg/kg
boluses as needed. Systolic blood pressure (SBP) and HR
were maintained within 30% of baseline. Vasoactive
drugs were used if necessary to preserve perfusion.
Postoperatively, patients received PCIA (100 mL):
sufentanil at 0.03 pg/(kg-h), continuous infusion at 1.5
mL/h for 48 h, with a 1.5 mL patient-controlled bolus and
10-minute lockout time. Pain intensity was assessed via
the Visual Analogue Scale (VAS): PCIA was suspended
if VAS <1 point; 40 mg parecoxib sodium was
intravenously administered for rescue analgesia if
VAS >4 points. Antibiotics and antiemetics were also
given postoperatively.

1.3 Observation Indicators

(1) HR, diastolic blood pressure (DBP), and systolic
blood pressure (SBP) at different time points (before
anesthesia, before intubation, after intubation, after
extubation) were recorded using an electrocardiogram
monitor. (2) Postoperative anesthesia recovery time,
extubation time, consciousness recovery time, and
spontaneous breathing recovery time were monitored and
recorded. (3) The VAS scores of patients at 1 day and 2
days after surgery were evaluated and recorded. The total
score ranges from 0 to 10, with higher scores indicating
more severe pain. (4) The dosages of sufentanil and
propofol during the perioperative period were recorded.
(5) The incidence of postoperative adverse reactions
(nausea and vomiting, respiratory depression, agitation,
pruritus) was recorded.

1.4 Statistical Methods
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Data were analyzed using SPSS 22.0 software.
Quantitative data conforming to normal distribution were
described asX +s. Comparisons among multiple groups
were performed using one-way analysis of variance
(ANOVA) or repeated measures ANOVA, and pairwise
comparisons were conducted using the SNK-q test.
Qualitative data were described as n (%), and
comparisons were made using the chi-square test, with
pairwise comparisons performed using the Bonferroni
method. A P value < 0.05 was considered statistically
significant.

2 Results

2.1 Comparison of Sufentanil and Propofol Dosages
Among Three Groups

The dosages of sufentanil and propofol in the
M-ESK group were less than those in the CON group and
L-ESK group, with statistically significant differences
(P<0.05). See Table 2.

2.2 Comparison of Blood Pressure and HR Among
Three Groups

Compared with the pre-anesthesia period in the
same group, the HR, DBP, and SBP of the CON group,
L-ESK group, and M-ESK group significantly decreased
before intubation (P<0.05), and significantly increased
after intubation (P<0.05). There was no statistically
significant difference between post-extubation and
pre-anesthesia (P>0.05). No statistically significant
differences were observed in HR, DBP, and SBP among
the three groups at the same time points (P>0.05). See
Table 3.

2.3 Comparison of Postoperative Recovery Time
Among Three Groups

The anesthesia recovery time, extubation time,
consciousness recovery time, and spontaneous breathing
recovery time of the L-ESK group and M-ESK group
were shorter than those of the CON group (P<0.05).
Compared with the L-ESK group, the above recovery
times of the M-ESK group were even shorter (P<0.05).
See Table 4.

2.4 Comparison of VAS Scores Among Three
Groups

Compared with the CON group, the VAS scores of
the L-ESK group and M-ESK group at 1 and 2 days after
surgery were lower (P<0.05). Compared with the L-ESK
group, the VAS scores of the M-ESK group at 1 and 2
days after surgery were lower (P<0.05). See Table 5.

2.5 Postoperative Adverse Reactions Among Three
Groups

The total incidence of postoperative adverse
reactions in the L-ESK group and M-ESK group was
lower than that in the CON group (P<0.017). There was
no statistically significant difference in the total incidence
of postoperative adverse reactions between the L-ESK
group and M-ESK group (P>0.017). See Table 6.

Tab.2 Comparison of sufentanil and propofol dosage among
three groups (¥ +s)

Sufentanil dosage

Group Cases (g Propofol dosage (mg)
CON group 20 160.22+31.45 1138.91+97.34
L-ESK group 30 157.59+27.36 1102.37+61.28
M-ESK group 30 126.25+15.38% 827.94465.97%
F value 16.065 146.763
P value <0.001 <0.001

Note: ?P<0.05 indicates a statistically significant difference compared
with the CON group; PP<0.05 indicates a statistically significant
difference compared with the L-ESK group.

Tab.3 Comparison of hemodynamic parameters among three groups (X =s)

HR (beats/min)

Group Pre-anesthesia Before intubation After intubation After extubation N P /P amevalue  F/P interaction value
CON group 76.13+11.27 67.55+9.282 88.56+10.372 77.91£11.32
L-ESK group 77.2148.15 69.83+7.582 85.65+8.112 79.32+7.02 18 327.591/<0.001 51.942/<0.001 7.419/0.029
M-ESK group 77.36x10.54 68.92+8.492 86.44+10.25% 78.19+10.05
Group SBP (mmHyg) F/P group value F/P timevalue  F/P interaction value
Pre-anesthesia Before intubation After intubation After extubation
CON group 130.18+15.20 105.96+12.522 145.08+16.332 128.30+£12.98
L-ESK group 132.40+15.73 110.55+14.322 140.28+13.022 134.08+11.60 26 947.378/<0.001 61.423/<0.001 11.494/0.018
M-ESK group 128.17+12.84 115.82+13.36* 142.25+£16.282 130.69+18.29
Group DBP (mmHg) F/P aroup value F/P imevalue  F/P interaction value
Pre-anesthesia Before intubation After intubation After extubation group time nteraction
CON group 73.38+10.28 66.17+11.082 85.32+11.072 72.54+10.85
L-ESK group 75.44+11.52 67.93+10.60? 84.19+11.652 77.17£10.92 13 878.252/<0.001 31.796/<0.001 4.642/0.037
M-ESK group 73.23+10.53 66.35+10.10? 80.3249.052 75.71+£10.32

Note: 2P<0.05 indicates a statistically significant difference compared with the pre-anesthesia.
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Tab.4 Comparison of postoperative recovery time among three groups (min, X +s)

Group Cases Anesthesia recovery time Extubation time Consciousness recovery time Spontaneous breathing recovery time
CON group 20 38.52+4.61 9.24+1.36 13.94+2.86 7.52+1.96
L-ESK group 30 32.19+3.222 8.42+1.12° 9.95+1.89* 5.58+1.25%
M-ESK group 30 28.46+2.95% 6.85£1.27% 7.28+1.65% 4.87£1.10%
F value 48.870 24.342 60.916 21.692
P value <0.001 <0.001 <0.001 <0.001

Note: *P<0.05 indicates a statistically significant difference compared with the CON group; PP<0.05 indicates a statistically significant difference compared
with the L-ESK group.
Tab.5 Comparison of VAS scores among three groups (X +s)

Group Cases 1 day after surgery 2 days after surgery
CON group 20 2.08+0.52 3.72+0.74
L-ESK group 30 1.64+0.412 3.26+0.522
M-ESK group 30 1.3940.37% 2.88+0.64%
F value 16.094 10.943
P value <0.001 <0.001

Note: *P<0.05 indicates a statistically significant difference compared with the CON group; PP<0.05 indicates a statistically significant difference compared
with the L-ESK group.
Tab.6 Postoperative adverse reactions occurred in three groups [case(%)]

Group Cases Nausea and vomiting Respiratory depression Agitation Pruritus Total adverse reactions
CON group 20 8(40.00) 1(5.00) 2(10.00) 2(10.00) 13(65.00)
L-ESK group 30 5(16.67) 0(0.00) 1(3.33) 1(3.33) 7(23.33)
M-ESK group 30 6(20.00) 0(0.00) 2(6.67) 0(0.00) 8(26.67)
¥* value 10.623
P value 0.005

Note: *P<0.017 indicates a statistically significant difference compared with the CON group.

3 Discussion

Abdominal surgery typically induces postoperative
pain, which requires prompt and effective relief to
accelerate healing, promote recovery, and prevent
complications. However, 80% of patients report
inadequate relief of their postoperative pain [8]. In
specific patient populations and surgical settings,
opioid-free anesthesia offers superior pain control [9].
ESK, the S (+) isomer of ketamine, exhibits potent
analgesic  effects [10]. Previous research has
demonstrated that in patients with chronic opioid
dependence, perioperative intravenous administration of
ESK [0.5 mg/kg for anesthetic induction followed by 0.25
mg/(kg-h) for maintenance] can alleviate pain [11]. A
study by Qi Yu et al. [7] found that during thoracoscopic
lung resection, combining ESK [0.5 or 1.0 mg/kg for
induction and 0.25 or 0.5 mg/(kg-h) for maintenance]
provides favorable analgesia, with the 0.5 mg/kg dose
effectively reducing adverse reaction rates.

The results of this study show no statistically
significant differences in hemodynamic parameters (HR,
DBP, SBP) among the CON group, L-ESK group, and
M-ESK group. This suggests that both conventional
propofol-based  maintenance (CON  group) and
ESK-combined maintenance (L-ESK and M-ESK groups)
yield similar hemodynamic stability, possibly because the
ESK dose was insufficient to fully block sympathetic
activation pathways. Additionally, compared with the
CON group, ESK combination significantly improved
post-anesthesia recovery, with the medium-dose ESK
(M-ESK group) showing better recovery outcomes. This
may be attributed to ESK’s role as an NMDA receptor
antagonist: it delivers effective analgesia, enhances

postoperative metabolic function, and shortens recovery
time [12-14]. Comparative analysis of VAS scores further
confirmed ESK’s positive effect on pain reduction, with
the medium dose achieving more ideal pain relief. This
dual mechanism of ESK likely contributes to these
outcomes: it inhibits NMDA receptor-mediated central
sensitization (reducing postoperative hyperalgesia) and
promotes synaptic plasticity of glutamatergic neurons
(accelerating neural function reorganization).

Opioids have long been the mainstay for
postoperative pain control in abdominal surgery.
However, clinical use of opioids is associated with
excessive consumption, potential dependence, respiratory
depression, nausea and vomiting, delayed gastric
emptying, and postoperative ileus, the latter two of which
being key drivers of prolonged hospital stays after
abdominal surgery [15-16]. Studies have shown that a
single 0.5 mg/kg dose of ESK is safe and well-tolerated
in patients undergoing painless gastroscopy [17]. This
study found that ESK combination significantly reduced
adverse reactions compared with the CON group, while
no statistically significant difference in total adverse
reaction rates was observed between the L-ESK and
M-ESK groups. Limitations of this study include its
single-center design and small sample size, which
prevented evaluation of ESK’s impact on long-term
chronic pain. Future research should include multicenter
studies combined with quantitative
electroencephalography monitoring to explore ESK’s
optimal plasma concentration range. Additionally, only
low/medium doses of ESK were tested here; the effects of
high-dose ESK require further investigation.

In conclusion, combining 0.5 mg/kg ESK for
induction and 0.25 mg/(kg-h) for maintenance in
abdominal surgery patients effectively shortens recovery
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time, reduces pain intensity, improves postoperative
comfort, and minimizes opioid-related adverse reactions.

Conflict of Interest None

References
[1] Coccolini F, Corradi F, Sartelli M, et al. Postoperative pain management
in non-traumatic emergency general surgery:

WSES-GAIS-SIAARTI-AAST guidelines[J]. World J Emerg Surg,
2022, 17(1): 50.

[2] Wang Y. Analysis of the effect of anesthesia in the operating room on the
agitation during the recovery period[J]. Guide China Med, 2020, 18(17):
283-284. [In Chinese]

[3] Hess EM, Riggs LM, Michaelides M, et al. Mechanisms of ketamine and
its metabolites as antidepressants[J]. Biochem Pharmacol, 2022, 197:
114892.

[4] Yang Y, Maher DP, Cohen SP. Emerging concepts on the use of
ketamine for chronic pain [J]. Expert Rev Clin Pharmacol, 2020, 13(2):
135-146.

[5] Subramanian S, Haroutounian S, Palanca BJA, et al. Ketamine as a
therapeutic agent for depression and pain: mechanisms and evidence[J].
J Neurol Sci, 2022, 434: 120152.

[6] Wang Y, Zhang Q, Dai X, et al. Effect of low-dose esketamine on pain
control and postpartum depression after cesarean section: a retrospective
cohort study[J]. Ann Palliat Med, 2022, 11(1): 45-57.

[71 Qi Y, Zhou H, Wang L, et al. Observation of Postoperative Analgesia in
Patients Undergoing Thoracoscopic Lung Resection with Combined
Use of Medium/Low-Dose Esketamine During Anesthesia Induction
and Maintenance[J]. Shandong Med J, 2023, 63(5): 55-58. [In Chinese]

[8] Chen XY, Wu FZ. Application effect of anesthesia nursing intervention
in postoperative anesthesia recovery of abdominal operation patients[J].
Chin Foreign Med Res, 2023, 21(30): 113-116. [In Chinese]

[9] Forget P, De Kock M, Lovqvist L, et al. Is intraoperative opioids
avoidance a Utopia? a matched study in laparoscopic hysterectomy[J].
Curr Rev Clin Exp Pharmacol, 2021, 16(1): 103-108.

[10] Xu LL, Wang C, Deng CM, et al. Efficacy and safety of esketamine for
supplemental analgesia during elective cesarean delivery: a randomized
clinical trial[J]. JAMA Netw Open, 2023, 6(4): €239321.

[11] Nielsen RV, Fomsgaard JS, Nikolajsen L, et al. Intraoperative
S-ketamine for the reduction of opioid consumption and pain one year
after spine surgery: a randomized clinical trial of opioid-dependent
patients[J]. Eur J Pain, 2019, 23(3): 455-460.

[12] Shen K, Wang M, Xiao Y, et al. Effect of esketamine combined with
pregabalin on acute and chronic pain after video-assisted thoracoscopic
surgery[J]. J Clin Anesthesiol, 2023, 39(12): 1265-1269. [In Chinese]

[13] Chen JJ, Zou XH, Hu BL, et al. Effect of different doses of esketamine
compared with fentanyl combined with propofol on hypotension in
patients undergoing painless abortion surgery: a prospective,
randomized, double-blind controlled clinical trial[J]. BMC Anesthesiol,
2022, 22(1): 305.

[14] Singh V, Tang A, Bieganowski T, et al. Fluctuation of visual analog
scale pain scores and opioid consumption before and after total hip
arthroplasty [J]. World J Orthop, 2022, 13(8): 703-713.

[15] Kovac R, Juginovi¢ I, Deli¢ N, et al. The effect of epidural analgesia on
quality of recovery (QoR) after radical prostatectomy[J]. J Pers Med,
2022, 13(1): 51.

[16] Forget P. Opioid-free anaesthesia. Why and how? A contextual
analysis[J]. Anaesth Crit Care Pain Med, 2019, 38(2): 169-172.

[17] Wang J, Huang J, Yang S, et al. Pharmacokinetics and safety of
esketamine in Chinese patients undergoing painless gastroscopy in
comparison with ketamine: a randomized, open-label clinical study[J].
Drug Des Devel Ther, 2019, 13: 4135-4144.

Submission received:2024-11-11/Revised: 2025-03-01



FrE G RAFST 2025 4F 12 H%5 38 55 12 ] Chin J Clin Res, December 2025 , Vol.38 , No.12 - 1817 -

i
AN [l 2 3 ) U B AR IR AR SR 75 A e 47
B B Y iy FHRCR:

MRE, Fx, KEF
SRR E P L BE BT AR RER, fRdd T 361004

WE: BW  SHOHENT AR R F RIS SR AR B B R A 0 P A 18] 500 25 R U ER (ESK) IR, il IR
PRGN EN ESKIMES %, Ak EIUE TSR il BB 2023 455 7 25 11 A SGA T 80 114047 4 &
JPREANE T AR 1 SR TR 42, SR BRI 3235 43 % IR 4 (CON 4, n=20) IG5 ESK 41 (L-ESK 4 , n=
30) it e ESK 4H (M-ESK 2H ,n=30) . JbREFZS T} = 2 BBk E B R IA MR 1~3 mg (P25 KR 0.3~0.6 pg/kg .
P 2~3 mg/kg BRAT 12485 0.2 mg/kg, JE AT S, L-ESK 41 12 M-ESK 41 88 4 4487 B 20 3 500 6 ok v 458
0.25.0.5 mg/kg ESK, CON £H B35 45 T AH A 25 AR PRAR K 75 o JRRIBR4EHFrf CON 4R IR R 4~6 mg/ (kg -h) Al
NIRRT i 24 0.05 mg/ (kg - h)FHEEAE M L-ESK 41 K M-ESK 41 7F CON 413&A 14351451 ESK 0.125.,0.25 mg/(kg-h) itk
TEARREEE R . RG4S TH IS RIC B A F IR R 2 80 . LB = 2R TRl i) 01l 3 30 1 2 240
(I 2R ) AR5 RS A I R R B [ S A I 03 (VAS) I R AR AN RIS, &R SR
JRERATAH LG , CON 21 | L-ESK 2 \M-ESK ZH 448717 1900 (71K s 504 He 22 10 2 AR (P<0.05) i 45 S5 00 38
EPl R e Y B TR (P<0.05) , 78 5 S5 R R AH L 22 R85 L (P>0.05) o 5 CON A L, L-ESK
ZH RN M-ESK 4 PR B A2 o) () 4 /25 eF () L R R R AR s ) B 1 PP A2 s 1) B 4 (P<0.05 ), RS 1.2 d 9 VAS 3T
SrEEAR (P<0.05) o 5 L-ESK 4HAH LY , M-ESK ZH SRR S s (1] 5058 s 1] S RV S IF [i] B 19 = W2 A 5 s ]
B (P<0.05) , RJF 1.2 d A9 VAS PE 8 (P<0.05) o AAS KSR & A2 3R J5 17, CON 414 65.00%(13/20) ,
L-ESK #H°4 23.33%(7/30) , M-ESK 41} 26.67%(8/30) , = #H [8] 22 34 4 -2 75 L (x*=10.623, P=0.005) , CON £ 4}
55T L-ESK 20 F1 M-ESK 41 (P<0.017) ,{H L-ESK 20 il M-ESK 20 LW 2 S LG %3 L (P>0.017), &it
T A A BRI SRR A o B 245 02 FH ESK 1 A 30040 4 £ 35 R J5 P B T, D AR AR B . A 17 0.125
mg/(kg-h) 197, 0.25 mg/ (kg h) B ESK W] #fE— 2545 R Pk 52 B (0], W , ELANE IS B i kA 3

SRR SURVEUIRER s PITA T s BREFS S s RS IER TR, RS

FESES: R614.2 XERFRIZAE: A XEHS: 1674-8182(2025)12-1817-05

Effects of different doses of esketamine at anesthesia induction and maintenance

during abdominal surgery
MEI Tianzi, LI Yun, ZHANG Rui
Department of Anesthesiology for Surgery , Zhongshan Hospital Xiamen University , Xiamen, Fujian 361004, China
Corresponding author: MEI Tianzi, E-mail: shuan26579@163.com
Abstract: Objective To explore the effects of different doses of esketamine (ESK) during anesthesia induction and
maintenance in patients undergoing abdominal surgery, so as to provide a reference for clinical selection of the
appropriate dose of ESK. Methods A total of 80 patients scheduled for abdominal surgery under general anesthesia in
Zhongshan Hospital Xiamen University from May to November 2023 were selected as the research objects. They were
randomly divided into three groups using a random number table: control group (CON group, n=20), low-dose ESK
group (L-ESK group, n=30), and medium-dose ESK group (M-ESK group, n=30). Anesthesia induction: all three
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groups were intravenously injected with midazolam 1-3 mg, sufentanil 0.3-0.6 wg/kg, propofol 2-3 mg/kg, and
cisatracurium 0.2 mg/kg, followed by tracheal intubation. Immediately after intubation, patients in the L-ESK group
and M-ESK group were intravenously injected with ESK 0.25 mg/kg and 0.5 mg/kg, respectively, while patients in the
CON group were given the same volume of normal saline. Anesthesia maintenance: the CON group was continuously
infused with propofol 4-6 mg/(kg+h) and cisatracurium 0.05 mg/(kg+h) by pump. The L-ESK group and M-ESK group
were additionally given continuous pump infusion of ESK 0.125 mg/(kg+h) and 0.25 mg/(kg-h), respectively, on the
basis of the CON group. Postoperatively, all patient received sufentanil by patient controlled intravenous analgesia.
Hemodynamic parameters (blood pressure and heart rate) , anesthesia recovery indicators, pain degree [ Visual
Analogue Scale (VAS) ] at different time points, and the incidence of postoperative adverse reactions were compared
among the three groups. Results Compared with the pre-anesthesia values in the same group , the heart rate ,
diastolic blood pressure (DBP), and systolic blood pressure (SBP) in the three groups were significantly decreased
before intubation (P<0.05) , and significantly increased after intubation (P<0.05). There was no statistically
significant difference in heart rate, DBP, and SBP between post-extubation and pre-anesthesia (P>0.05). Compared
with the CON group, the anesthesia recovery time, extubation time, consciousness recovery time, and spontaneous
breathing recovery time in the L-ESK group and M-ESK group were significantly shorter (P<0.05) , while the VAS
scores on the postoperative day 1 and 2 were significantly lower (P<0.05). Compared with the L-ESK group, the
anesthesia recovery time, extubation time, consciousness recovery time, and spontaneous breathing recovery time in
the M- ESK group were further shorter (P<0.05) , while the VAS scores on the postoperative day 1 and 2 were
significantly lower (P<0.05). The overall incidence of adverse reactions was 65.00% (13/20) in the CON group,
23.33% (7/30) in the L-ESK group, and 26.67% (8/30) in the M-ESK group while the difference among three groups
was significant (}*=10.623, P=0.005) , with the CON group being higher than both the L.-ESK group and M-ESK
group (P<0.017). However, there was no statistically significant difference between the L-ESK group and the M-ESK
group (P>0.017). Conclusion The combined application of ESK during the anesthesia induction and maintenance
stages in patients undergoing abdominal surgery can effectively shorten the postoperative recovery time and alleviate
the degree of postoperative pain. Compared with the dose of 0.125 mg/(kg-h), dose of 0.25 mg/(kg+h) ESK can
further shorten the recovery time and relieve pain without increasing the incidence of adverse reactions.

Keywords: Esketamine; Propofol; Anesthesia induction; Anesthesia maintenance; Abdominal surgery; Tracheal
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FREE A1 L-ESK 41 &% M-ESK 2H 7 CON 2H L7l b4
) 45 F ESK 0.125 mg/(kg - h) F10.25 mg/(kg-h) &
B RBRLERY o AR IR R SR (A8 A ke B 45 8 45 JhR
2P i, R TR EF 28 R JE SR R 0.4~1.0 pe/kg, i
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) PCIA: 725 KJE 0.03 pe/(kg-h), LA 1.5 mL/h [ %
HELETE 48 h, AIEAHE N 1.5 mL, BiUE R E] 4 10 min,
JF 38 53 A 56 AL 48T 43 7% (Visual Analogue Scales,
VAS) PFAl B E R AR B, 47 VAS<I 238 I 45 PCIA,
A VAS>4 J D) Jik T S 01 3 5 A5 B 40 mg b B
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Tab.1 Comparison of general data among three groups

A 00 nze) XIFH P
i (i) 10/10 16/14 15/15  0.083 0.959
ARG (% xts) 43.12+9.23 44.96+10.45 42.8749.05 0.400 0.671
BMI(kg/m’,x+s)  23.48+3.19 23.92+3.07 23.82+3.43 0.111 0.895
FAREAI (%) ]

BmiETFAR 8(40.00) 13(43.33) 12(40.00)
WRRGETFA  7(35.00)  11(36.67) 13(43.33) 0.736 0.947
JHFREFEA 5(25.00)  6(20.00) 5(16.67)

R2 CHEIIPRELNIAB AR ()
Tab.2 Comparison of sufentanil and propofol dosage among

three groups  (x#s)

215 g EPSERR R (ug)  NIAE R (mg)
CON# 20 160.22+31.45 1138.91£97.34
L-ESK 4 30 157.59+27.36 1102.37+61.28
M-ESK £ 30 126.25+15.38" 827.94+65.97"
Fii 16.065 146.763
PfH <0.001 <0.001

15 CON4IAH L ,*P<0.05; 5 L-ESK 41l [t ,"P<0.05,
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Tab.3 Comparison of hemodynamic parameters among three groups  (x#s)
" BROKS)

2 | ~— ~ ; F/P g F/P s F/P e
T i il R - it "
CONH#H 20 76.13+11.27 67.55+9.28" 88.56+10.37 77.91x11.32
L-ESK4H 30 77.21+8.15 69.83+7.58" 85.65+8.11" 79.32+7.02 0.054/0.948 51.942/<0.001 0.419/0.866
M-ESK4H 30 77.36+10.54 68.92+8.49" 86.44+10.25" 78.19x10.05

i (mmHg)
ZH 5 1% - — N F/P g4 F/P F/P s+
P it il R - it M
CONH#H 20 130.18+15.20 105.96+12.52* 145.08+16.33" 128.30+12.98
L-ESK4H 30 132.40+15.73 110.55+14.32* 140.28+13.02* 134.08+11.60 0.575/0.565 61.423/<0.001 1.494/0.181
M-ESKZH 30 128.17+12.84 115.82+13.36" 142.25+16.28" 130.69+18.29

#F 5K (mmHg)
ZH 5 1% - — N F/P g3 F/P F/P s+
O it il W - il i
CONH#H 20 73.38+10.28 66.17+11.08" 85.32+11.07* 72.54+10.85
L-ESK4H 30 75.44+11.52 67.93+10.60° 84.19+11.65 77.17+10.92 1.336/0.261 31.796/<0.001 0.642/0.697
M-ESKZH 30 73.23+10.53 66.35+10.10" 80.32+9.05° 75.71x10.32

0 - 5 R 4R HTAR L, *P<0.05

Fa CHARJEIKESEEES (min, xs)
Tab.4 Comparison of postoperative recovery time among three
groups  (min, xs)

) (PVE PRI I B) SR TR] AT I ] ) SR ]

CON4l 20 38.52+4.61 9.24+1.36 13.94+2.86 7.52+1.96
L-ESKZH 30 32.19+3.22* 8.42+1.12° 9.95+1.89*  5.58+1.25
M-ESKZH 30 28.46+2.95" 6.85+1.27" 7.28+1.65" 4.87+1.10"
Fi& 48.870 24.342 60.916 21.692
P{H <0.001 <0.001 <0.001 <0.001

5 CONAH AL, "P<0.05; 5 L-ESK 4HAH [, "P<0.05

RS CAIVASITEAE  (OF, Xs)
Tab.5 Comparison of VAS scores among three groups

(point , xts)

2151 %k ENERE AJG2d
CONZH 20 2.08+0.52 3.72+0.74
L-ESK £ 30 1.64x0.41° 3.260.52*
M-ESK #H 30 1.39+0.37% 2.88+0.64"
FAE 16.094 10.943
P1H <0.001 <0.001

7 5 CONHAHH ,*P<0.05; 5 L-ESK 2HAH ., "P<0.05 .

®6 “HANEARRNEERI [#1(%)]

Tab.6 Postoperative adverse reactions occurred in three

groups [ case(%) ]

) L B o s
am o T ma ows GTR
CONZL 20 8(40.00) 1(5.00) 2(10.00) 2(10.00) 13(65.00)
L-ESK41 30 5(16.67) 0(0.00) 1(3.33) 1(3.33)  7(23.33)"
M-ESKZ1 30 6(20.00) 0  2(6.67) 0 8(26.67)"
X1H 10.623
P{H 0.005

5 CON4LA 1L ,P<0.017,

3 3t R

JEHR TP ARG 22 SR AR PR, B PRA R

kAR R E A AR R IR T I AORE , 2R
M7, 80% 11 £ 5 e At HOAR S PR A 15 B 78 40 ™
TEAFE 1) B AT AR b A FH TSR] 258 24 ) R 1 o
PEIR B F ) B AT R . ESK AR Ay U i (14 A e 5
gk, AR BURE R . JerT im0, 1
P PERT Fr A2 RO, BRI bk 56 ESK
0.5 mg/kg RIS S, Bifi 5 7197 0.25 mg/ (kg - h) JFRRAE
R, IR o RS T Y R AR T I s B
it U0 BRA I, BRI 75 3 52 G A 11 0.5 5 1.0 mgrkg 1Y
ESK , JBR I 4t 15 o Bt 52 A (8 0.25 5% 0.5 mg/(kg-h)
ESK X /B A B I B AR, H 0.5 mg/kg ESK
I AT BB REEAIR T AN R RN 3

ARHFFE L5 7R, CON 4 | L-ESK 4] \M-ESK 41 =
MM S FSE G0 EP R I R )
SIGFHE L X RIITCI & AR A
T 45 245 W) 24 357 R T A CON 4, 3 J2 2 5 A ) ) 1
ESK ) L-ESK 21 H1 M-ESK £H , 744 1l 37 5 127 i 4
F5 2 AR R AR fh e A, RT g2 R R ESK R
B A e 5 4 BEL T 2 S 28 G i o R, AR
FERI, 5 CONAAM L, 2500 ESK B & s 1 /&
FORBE IS R A, B & ESK IR ERCR AT
A A J5L PR 2 ESK /E 0 NMDA SZARFE 5T, 7 L= 2
AR BURAE R, g B AR S MU, 46k
ARIGIRIE I [R] 7  ABIFGE R  VAS TS (1% L4y
Witk — A UESE T & A 1 ESK X U8 4% 35 5 i A
e/, EL AP 2550 B ESK BAC3E 95 i 19 850R 3 o B
o XA HEVR T ESK 4 X A FH AL « — 5 1 ik
] NMDA 3Z &/ T 19 rh A Ak, RO 5 9 ot ik
TR A= 5 o — T TR HUAR 7F 45 2018 BB P 28 00 28 fih ]
SAMER R IR T AT REE
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it BT Fr 2250 — BRI TR S5 P il Y
FEFB ., PR RV, G IR LT 5252517
SRR & 5 BT Fr 2 25 T FE L 22 TS AE YRR T
HOAFE VP IR R0 L AR | HEZS SE R AR S
iz AR RH , I 5 35 2 M 3BT AR i A B o ) B A
BRI R R R TN B R A AR
o, 25 BRI 0.5 me/kg ESK I 424 B B
Al AZ Y, ARWFSE R, 5 CON Mt , 2 A
ESK i /0 1 AN ROV A9 &, 1l L-ESK 21 Al
M-ESK 41/ B8R B RN kA R A0 22 R R i 2
o ARWFFEZBRF R R PR A R, HoRRETE
Al ESK X PR 1 Ak i s i, ARk T IT R £
HUBIFSY , 45 G 2 A F R, 8% ESK I fE 1M 24
W B X () 5 HASHESE HoR TR/ Rl it ESK, X T
i ESK IEHACR R it — DA 5% .

ZE LTk TR B RS S 2 A
0.5 mg/kg ESK, Jif ¥ 4t 47 &2 & i FH 0.25 mg/(kg - h)
ESK , BEAT 804 Rk 2 IsF 1] e A R B, e AR
A JEEFIE B, H AR08 B 25 259018 F 5 800
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