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[Abstract] Objective To investigate the effect of perioperative S-ketamine intervention
on postoperative pain in patients undergoing total knee arthroplasty (TKA) and to
explore the moderating effects of preoperative central sensitization, anxiety,
depression, and pain-related risk factors on the intervention efficacy. Methods A total
of 124 patients with knee osteoarthritis scheduled for unilateral TKA between
December 2024 and March 2026 were enrolled. Patients aged 60-75 years, with
American Society of Anesthesiologists (ASA) grade I-II, body mass index (BMI)
18-30 kg/m?, were randomly divided into a control group (n=61) and an S-ketamine
group (n=63). The S-ketamine group received an intravenous loading dose of
S-ketamine 0.3 mg/kg after anesthesia induction, followed by continuous infusion via
patient-controlled intravenous analgesia (PCIA) at a rate of 0.015 mg/kg-h until 48 h
postoperatively. The control group received an equal volume of normal saline. The
primary outcome was the incidence of moderate-to-severe pain within 48 h
postoperatively. Secondary outcomes included pain scores at various postoperative
time points, rate of rescue analgesia within 48 h postoperatively, medication-related
adverse reactions, and quality of recovery. Subgroup analyses were performed to
evaluate the interaction between preoperative risk factors and the efficacy of
S-ketamine. Results The S-ketamine group had significantly lower incidences of
moderate-to-severe pain and rescue analgesia within 48 h postoperatively compared
with the control group (both P<0.05). VAS scores at 24 h were lower in the
S-ketamine group but did not reach the minimal clinically important difference.
Postoperative quality of recovery scores were higher in the S-ketamine group
(P<0.05), whereas the incidence of delayed emergence was also increased (P<0.05).
Subgroup analysis revealed that preoperative central sensitization significantly
modified the treatment effect of S-ketamine (interaction P=0.026); among patients
with preoperative central sensitization, the incidence of moderate-to-severe pain was
significantly lower in the S-ketamine group than in the control group (P<0.05).
Conclusion Perioperative S-ketamine reduces the incidence of moderate-to-severe
pain and the need for rescue analgesia following TKA, and improves postoperative

quality of recovery; however, it is associated with a risk of delayed emergence and
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lacks clinically significant improvement in pain scores. Subgroup analysis suggests
that stratified intervention based on preoperative central sensitization status may be an

effective strategy to optimize perioperative pain management in TKA.
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IiH i R Z ] R R 2 v Z Iy PRl 2= =
(n=61) (n=63) (95%CI)
Ef (%) 70.8+3.0 70.4+3.6 0.655 0.12 (-0.24, 0.49)
"R, (5B) 16 (26.2) 20 (31.8) 0.458 0.12 (-0.47, 0.23)
BMI, (kg*m?) 25.9+3.3 26.1+3.0 -0.457 0.08 (-0.43, 0.27)
ASA 5%,  (14) 4 (6.6) 6 (9.5) - 0.11 (-0.46, 0.24)
() 42 (68.9) 47 (74.6) 0.506 0.13 (-0.48, 0.23)
g, (4F) 5 (2, 10) 4 (1, 10) -0.243 0.12 (-0.32, 0.56)
VAS, (43) 2.8+1.4 2.7+1.4 0.486 0.09 (-0.26, 0.45)
CSI-9, (41) 12 (9, 14.5) 13 (9, 17) -1.500 0.15 (-0.58, 0.29)
HADS-A, (47) 5 (3, 9) 6 (4, 8) -0.093 0.20 (-0.64, 0.25)
HADS-D, (47) 4 (3, 6) 5 (4, 7) " -2.571 0.33 (-0.77, 0.11)
R HTH B R 25 (41 0) 22 (34.9) 0.484 0.13 (-0.23, 0.48)
KBTI 18 (29.5) 29 (46.0) 3.595 0.34 (-0.69, 0.01)
ARBIEE 24 (39.3) 1 (33.3) 0.484 0.13 (-0.22, 0.48)
RETHIAR 5 (8.2) 10 (15.9) 1.717 0.24 (-0.59, 0.11)
FAREHE, (min) 130 (110, 140) 120 (105, 145) -0.886 0.28 (-0.16, 0.72)
Hin&E, (ml) 20 (20, 50) 20 (20, 30) -0.543
A R A 2R &, 87 (70, 97.5) 90 (75, 100) -1.043 0.19 (-0.63, 0.25)
MME, (mg)

7£: BMI: RETEEL, VAS: U FEE, CSI-9: HREBLFEEFR-A{Lii, HADS-A EIEEEMEIEEREETER,
HADS-D EREEMEEENE S ES, MME: HARMEHRY &, S5WRBAE, "P=0.023 °
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HFEERE 22 (36.1) 10 (15.9) 0.334 (0.142, 0.786) 0.194 (0.060, 0.629) 0.006
R 15 (24.6) 7 (11.1) 0.323 (0.116, 0.898) 0.270 (0.075, 0.970) 0.045
xg&m\
TIHESEIR 6 (9.8) 15 (23.8) 2.865 (1.030, 7.967) 5.572 (1.232, 25.190) 0.026
ALy ~ XA 4 (6.6) 5 (7.9) 1.228 (0.314, 4.809) 0.878 (0.117, 6.573) 0.900
IR 2 (3.3) 4 (6.4) 2.000 (0.353, 11.341) 4.633 (0.450, 47.718) 0.198
Sk 7 (11.5) 9 (14.3) 1.286 (0.447, 3.701) 1.117 (0.307, 4.072) 0.867
2], 0 0 - - -
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T H X RRZ BaEE VAL t/ 7 Iy P1H
n=61 n=63
VAS W57 |
2h 2.39+0.53 2.33+0.54 0.629 0.531
6 h 2.64+0.66 2.59+0.59 0.465 0.643
12 h 2.90+0.70 2.7620.53 1.255 0.212
24 h 3.5441.25 3.06+0.84 2.509 0.013
48 h 3.51+1.23 3.25+1.15 1.188 0.237
WERE, (49) 108 (101, 119) 113 (107, 121) -2.198 0.028
% 4. KB R Z SN KPS TT R 2H 53T n (%)
PN XSTHEZE n (%)  SCEIEIZEHE n (%) OR (95% CI) P LHEAEH PE
MR G AR 22/61 (36.1) 10/63 (15.9) 0.334 (0.142, 0.786) 0.012
N E R 0.531
= 8/25 (32.0) 4/22 (18.2) 0.472 (0.120, 1.860) 0.283
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BE/N, REERARBMEEAR, TAHGERNAERRELZI, SR
K8 R K AR T 20 RBENLBETT; HHR, PCIA 4R 25BE B AT S IR SRR
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