Journal of Pain Research Dovepress
Taylor & Francis Group

CLINICAL TRIAL REPORT

Efficacy and Safety Comparison of Ulinastatin Versus
Flurbiprofen Axetil for Preemptive Analgesia in
Reducing Opioid Burden After Total Knee
Arthroplasty: A Randomized Controlled Trial

Di Wang®"*, Yujie Meng®*, Zetian Li', Jiali Wu', Tao Han?, Yongli Li*, Yan Li®»"?

'College of Anesthesiology, Shanxi Medical University, Taiyuan, Shanxi, People’s Republic of China; 2Department of Anesthesiology, First Hospital of
Shanxi Medical University, Taiyuan, Shanxi, People’s Republic of China; *Department of Anesthesiology, Tianjin Jizhou People’s Hospital, Jizhou

District, Tianjin, People’s Republic of China; *Department of Orthopaedic, Tianjin Jizhou People’s Hospital, Jizhou District, Tianjin, People’s Republic
of China; *Tianjin Jizhou People’s Hospital, Fifth Teaching Hospital of Tianjin University of TCM, Jizhou District, Tianjin, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Yan Li, School of Anesthesiology, Shanxi Medical University, No. 56 Xinjian South Road, Yingze District, Taiyuan, Shanxi, 030001,
People’s Republic of China, Email drliyan@163.com

Background: Total knee arthroplasty (TKA) poses a significant challenge for acute pain. Opioid-based analgesia carries substantial
risks, whereas non-steroidal anti-inflammatory drugs (NSAIDs) have adverse effects and ceiling effects. Ulinastatin may be a novel
treatment option with improved efficacy and safety.

Purpose: To compare the efficacy and safety of single preoperative administration of ulinastatin (UTI), flurbiprofen axetil (FA), and
control (saline) in reducing opioid consumption and adverse events in TKA.

Patients and Methods: In this prospective, double-blind, placebo-controlled trial, 150 TKA patients were randomized to receive
intravenous UTI (30 IU), FA (100 mg), or saline 15 minutes before skin incision. Standardized postoperative analgesia utilizes patient-
controlled intravenous analgesia (PCIA) to maintain visual analog scale (VAS) scores <30 mm. The primary outcome was cumulative
morphine consumption within 72 h postoperatively, while the secondary outcomes included adverse reactions and inflammatory factor
levels (IL-6 and IL-10).

Results: The final analysis included 149 patients. Median 72-hour morphine consumption was significantly lower with UTI (29.00
[22.50-33.50] mg) than with FA (40.00 [27.50—-60.50] mg) and the control (54.40 [46.40-82.80] mg, P < 0.001). VAS scores showed no
intergroup differences (P> 0.05). UTI reduced total adverse reactions (24.5%) versus FA (48.0%, P=0.015) and control (52.0%, P =0.005),
specifically lowering vomiting (4.1 vs 20.0%), gastrointestinal discomfort (6.1 vs 26.0%), and delirium (4.1 vs 30.0%). UTI suppressed IL-6
and IL-10 elevation better than control (AIL-6:0.00 vs 1.63 pg/mL, P = 0.003; AIL-10:2.20 vs 19.92 pg/mL, P < 0.001).

Conclusion: Single preoperative UTI significantly reduced postoperative morphine consumption (~48%) and adverse reaction risks
compared with FA and control by modulating the balance of proinflammatory and anti-inflammatory factors (IL-6 and IL-10). UTI
provides an efficient and safe alternative, supporting its inclusion in enhanced recovery after surgery (ERAS) analgesia strategies.

Keywords: acute postoperative pain, preemptive analgesia, opioid-sparing, enhanced recovery after surgery

Introduction

Total knee arthroplasty (TKA) remains effective for end-stage knee osteoarthritis; however, its growing surgical volume
and healthcare burden, driven by aging populations, pose significant challenges. Organization for Economic Co-operation
and Development (OECD) data showed a 35% increase in knee arthroplasty rates from 2,009-2,019." However, this
growth has posed significant challenges, with postoperative acute pain a key barrier to rehabilitation: 72% of patients
experience moderate to severe postoperative pain,” restricting functional exercise and prolonging hospital stays. This type
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of pain originates from systemic inflammation triggered by surgical trauma and prosthesis implantation, with the
proinflammatory factor IL-6 significantly increasing within 24 h postoperatively to drive peripheral and central sensitiza-
tion, thereby establishing persistence.’

Opioid-based patient-controlled intravenous analgesia (PCIA) remains a prevalent choice for postoperative analgesia
but presents a dual dilemma: short-term adverse reactions (26% incidence of nausea/vomiting, 1.5% respiratory
depression) extend hospital stays by 55%, increase nursing costs by 47%, and raise 30-day readmission rates by
36%;* long-term risks include 13% of patients developing opioid dependence within one year.® Consequently, current
guidelines emphasize limiting opioid use while optimizing non-opioid adjuvant regimens.’

Non-steroidal anti-inflammatory drugs (NSAIDs) are common non-opioid drug options. Flurbiprofen axetil (FA) has
a better analgesic effect than traditional NSAIDs due to its lipid microsphere carrier characteristics.'® However, its
clinical application is constrained by dose-related adverse reactions, commonly including gastric mucosal injury,
nephrotoxicity, and cardiovascular event risks, particularly requiring caution in elderly patients.'' > Therefore, devel-
oping a novel prophylactic analgesic regimen that targets the inflammatory pain mechanism of TKA with high efficacy
and low risk has become an urgent need to improve postoperative outcomes.

Ulinastatin (UTI), a broad-spectrum protease inhibitor, exhibits multitarget analgesic potential. Basic research shows
that UTI inhibits neutrophil elastase and proinflammatory factors (TNF-a, IL-6) and alleviates neuroinflammation;'®'® in
nerve injury models, UTI downregulates calcineurin expression, promoting anti-inflammatory factor IL-10 production;'’
it also inhibits neuron and microglia activation to reduce hyperalgesia.”® However, UTI’s analgesic efficacy and safety in
TKA lack validation from high-quality clinical randomized controlled trials (RCTs).

Therefore, this study hypothesized that the preoperative administration of UTI or FA can reduce morphine consump-
tion after TKA (with an expected reduction of >30%) and related adverse reactions. Objectives include quantifying the
differences in 72-hour morphine consumption between UTI, FA, and placebo controls, evaluating intergroup differences
in postoperative adverse reactions, and analyzing UTI’s potential anti-inflammatory analgesic mechanism by detecting
inflammatory factors (IL-6) and anti-inflammatory factors (IL-10).

Methods
Study Design and Ethics

There was a single-center, double-blind, parallel, and placebo-controlled trial. This study strictly adhered to the ethical
standards of the World Medical Association Declaration of Helsinki and relevant guidelines for human research, with all
research procedures complying with ethical requirements. It was approved by the Ethics Committee of the First Hospital
of Shanxi Medical University (KYLL-2025-030) and was prospectively registered (ChiCTR2500096907). This report
adhered to the SPIRIT and CONSORT guidelines.

Participants

This study was conducted at the First Hospital of Shanxi Medical University from February to May 2025. All the patients
signed an informed consent form. Patients who met the eligibility criteria, aged 40 to 85 years, and planned for unilateral
TKA were screened in accordance with the study’s inclusion/exclusion criteria, as detailed in Supplement 1.

Randomization and Blinding

Independent statistician generated block randomization sequence (block size = 6; SAS 9.4) with a 1:1:1 allocation ratio.
Group assignments were sealed in opaque envelopes. An independent pharmacy team, which was not involved in the
clinical care, patient recruitment, or data analysis, prepared, packaged, and labeled all trial drugs. To robustly prevent
differentiation based on the inherent color differences between UTI, FA, and placebo, all solutions were transferred into
identical 20 mL syringes. Each syringe was then sealed and wrapped with opaque foil and labeled only with the patient
ID and trial number to ensure that the appearance of each drug is consistent. This multi-layer blinding method ensured
that anesthesiologists, patients, pain assessors, and data analysts were all successfully blinded to the group assignments
throughout the trial.
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Interventions and Standardized Protocols
Participants received one of three intravenous infusions via micro-pump 15 min before skin incision.

1. Ulinastatin (UTI) group: 30 IU ulinastatin injection (Tianpu Luoan, Techpool, Guangdong, China) was diluted to
20 mL with normal saline (NS).

2. Flurbiprofen axetil (FA) group: 100 mg flurbiprofen axetil (Kaifen™, TIDE, Beijing, China) diluted in 20 mL NS.

3. Control group: 20 mL NS.

To minimize confounders, no analgesics, high-dose steroids, or regional nerve blocks were administered to any
participant before incision. All TKAs were performed via a standardized medial parapatellar approach. Implant selection
and placement strictly adhered to institutional enhanced recovery after Surgery (ERAS) protocols and the manufacturer’s
technical specifications. Intraoperatively, all patients received periarticular cocktail injections containing 0.2% ropiva-
caine, 2.0 pg/mL adrenaline, and 0.1 mg/mL dexamethasone. Spinal anesthesia is the preferred anesthesia plan, with
0.5% ropivacaine at a dose of 10—15 mg. For patients with contraindications to spinal anesthesia, general anesthesia was
permitted under a standardized regimen: propofol TCI (target BIS 40—60), sufentanil 30 pg for induction, and remifen-
tanil at 0.1 pug/kg/min for maintenance. Additionally, no perioperative analgesics beyond this protocol were permitted.
All patients received 4 mg of intravenous ondansetron postoperatively as antiemetic prophylaxis.

Postoperative Pain Management

All participants received a patient-controlled analgesia (PCIA) pump: morphine 120 mg diluted to 120 mL NS
(concentration 1 mg/mL, background dose 0.2 mL/h, bolus dose 2.0 mL, and lockout 15 minutes). Patients were
provided access to PCIA for up to 72 h postoperatively, with standardized use mandated for the initial 48 h to align
with the nursing protocols. After 48 h, continued use was permitted based on individual analgesic requirements until the
72-hour endpoint. To optimize analgesia, patients received education on self-assessment of pain and PCIA utilization,
targeting a resting visual analogue scale (VAS) score of <30 mm. For nausea/vomiting, intravenous ondansetron 1-2 mg
or droperidol 1 mg was permitted. No other analgesics or glucocorticoids were allowed. Follow-ups were conducted at
24, 48, and 72 hours postoperatively.

Data Collection and Outcome Measures

e Baseline Data: Demographics, comorbidities, and surgical details were extracted from the medical records and
operative reports.

e Pain Assessment: Resting VAS (0—100 mm) was evaluated at 24, 48, and 72 h postoperatively, and dynamic VAS
(walking 5 m) at 72 h.

e Morphine Consumption: Cumulative usage at 24, 48, and 72 h was recorded. Missing data were imputed using the
last observation carried forward.

e Adverse Events: Nausea, vomiting, fever, anorexia, gastrointestinal discomfort, and delirium were recorded within
0-72 h via patient reporting and medical observation.

e Inflammatory Markers: Venous blood samples (5 mL each) were collected at two time points: preoperatively
(30 minutes before anesthesia induction) and immediately postoperatively (30 minutes after skin closure). All
samples were centrifuged at 3000 rpm for 20 minutes, and the separated serum was stored at —80°C until
subsequent analysis. IL-6 and IL-10 levels were detected by the Tianjin Marvelbio Medical Laboratory (using
chemiluminescence immunoassay). The limits of detection (LOD) of IL-6 were 1.5 pg/mL, and IL-10 were 1.0 pg/
mL. Difference values (AIL-6, AIL-10) were calculated as the postoperative minus the preoperative levels.
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Statistical Analysis

Sample Size

Reference data showed placebo group consumption of 89.55 + 42.09 mg morphine equivalents, FA group 71.54 + 35.70 mg,'
and an estimated 30% reduction with UTI based on a pilot study. Using PASS 2020, the sample size was calculated as 43 per
group (with 20% dropout) at 0=0.05 (two-sided) and =0.20, leading to 50 participants per group (n=150).

Data Analyses
Data Were Analyzed Using IBM SPSS 26

1. Continuous Data: Normality was tested via the Shapiro—Wilk test. For normally distributed data with homo-
geneous variance, they were presented as mean =+ standard deviation (SD) and analyzed using Analysis of Variance
(ANOVA) for overall intergroup comparisons. For non-normally distributed data, they were presented as median
[interquartile range (IQR)]; overall intergroup comparisons were performed using the Kruskal-Wallis test, while
pairwise comparisons were conducted using the Mann—Whitney U-test. For all pairwise comparisons (whether for
normally or non-normally distributed data), Bonferroni correction was applied to account for multiple compar-
isons, with the adjusted significance level set at o = 0.05/3 = 0.017.

2. Categorical Data: Expressed as counts (frequency), intergroup comparisons were primarily performed using the
chi-square test. The Fisher’s exact test was applied instead of the chi-square test when the expected cell frequency
of any group was <5. All P-values for pairwise comparisons were adjusted using the Bonferroni correction
(0=0.05/3=0.017).

3. Repeated Measures: Repeated measurement data were derived from the morphine consumption in each inde-
pendent time period (0-24 h, 24-48 h, 48—72 h). Normality tests using the Shapiro—Wilk procedure demonstrated
that the data deviated from a normal distribution (all P < 0.05). Consequently, Generalized Estimating Equations
(GEE) were employed instead of repeated-measures ANOVA to assess the main effects of group (Group) and time
point (Time), as well as their interaction effect, on the dependent variable (morphine consumption). The Waldkar
x> was adopted for the model effect test.

4. Paired continuous variables: The Wilcoxon signed-rank test was used to analyze the differences in the
preoperative and postoperative levels of inflammatory factors.

5. Missing Data: Imputed via multiple imputations (< 5% missing) or case-wise deletions (> 5%). Data were double-
entered and 10% of the samples were randomly verified for quality control.

Results
Participant Flow

After detailed eligibility screening, 150 participants were enrolled in the trial. One patient was excluded from the final
analysis because they met the exclusion criteria identified after randomization, resulting in a primary analysis population
of 149 patients: the UTI group (n = 49, 32.9%), FA group (n = 50, 33.6%), and control group (n = 50, 33.6%) (Figure 1).
Follow-up rates were 99.3% (149/150) at 48 hours and 95.3% (143/150) at 72 hours, with three patients terminating early
due to vomiting and three discharged early.

Baseline Characteristics

The baseline demographics, comorbidities, and surgical characteristics were comparable across the groups (all P > 0.05)
(Table 1). Notably, the FA group had a higher proportion of stroke history than the control group (20.0 vs 2.0%, P =
0.02), which did not affect the primary outcome analysis.

Primary Outcome: Cumulative Postoperative Morphine Consumption

Under standardized pain management (resting VAS < 30), no significant differences were observed in resting VAS at 24/48/
72 hours or dynamic VAS at 72 h among the groups (all P > 0.05) (Table S1). Cumulative morphine consumption at 72 hours
was significantly lower in the UTI group than in the FA and control groups (P < 0.001), with medians (IQR) of 29.00
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187 Individuals assessed for eligibility

A

37 Excluded
17 Did not meet inclusion criteria
20 Met inclusion criteria
5 Cannot understand the VAS pain
score
7 Suffering from other pains requires
long-term use of painkillers
6 Suffer from serious respiratory
diseases
2 Suffer from serious gastrointestinal
diseases

150 Randomized

[
50 Randomized to
receive Ulinastatin,
301U

[

]
50 Randomized to
receive Flurbiprofen
axetil, 100mg

]
50 Randomized to
receive matching
placebo,20ml

49 Complete the 48-hour follow-up
48 Complete the 72-hour follow-up
1 Discharged from the hospital

1 Withdrew due to ischemic stroke
after the operation

50 Complete the 48-hour follow-up
47 Complete the 72-hour follow-up
1 Prematurely terminated due to
vomiting
2 Discharged from the hospital

50 Complete the 48-hour follow-up
48 Complete the 72-hour follow-up

2 Prematurely terminated due to
vomiting

[49 Included in the primary analysis| |50 Included in the primary analysis| |50 Included in the primary analysis

Figure | Patient flowchart.Flowchart showing the enrollment, exclusion, and grouping process of patients in this study.

(22.50-33.50) mg, 40.00 (27.50-60.50) mg, and 54.40 (46.40-82.80) mg, respectively. Pairwise comparisons showed lower
consumption in the UTI group than in the FA and control groups at all time points (all P < 0.01): At 72 hours, UTI reduced
consumption by 14.31 mg (95% CI: —21.86 ~—6.77; P =0.001) vs FA and 33.23 mg (95% CI: —41.30 ~—25.16; P <0.001) vs
Control; FA reduced consumption by 18.92 mg (95% CI: —28.66 ~—9.17; P < 0.001) vs control (Table 2 and Figure 2).

Table | Baseline Characteristics

UTI Group FA Group Control Group | P-value
Demographics
Case, n (%) 49 (32.9) 50 (33.6) 50 (33.6)
Age, mean * SD, years 70.08 + 8.06 69.32 £ 827 67.40 £ 543 0.178
Sex, n (%)
Male 18 (36.7) 22 (44.0) 15 (30.0) 0.349
Female 31 (63.3) 28 (56.0) 35 (70.0)
ASA score, n (%)
2 38 (77.6) 34 (68.0) 36 (72.0) 0.565
3 11 (22.4) 16 (32.0) 14 (28.0)
Height, median (IQR), m 1.60 (1.56, 1.68) | 1.62 (1.58, 1.71) | 1.60 (1.55, 1.69) | 0.400
Weight, mean * SD, kg 67.37 £ 10.75 65.77 £ 9.72 66.67 £ 9.99 0.738
BMI, mean + SD, kg/m? 2542 £ 282 24.67 £ 351 25.68 +2.78 0.231
Medical History
Hypertension, n (%) 19 (38.8) 26 (52.0) 23 (46.0) 0.417
Diabetes, n (%) 7 (143) 11 (22.0) 9 (18.0) 0.609
Stroke, n (%) 6 (122) 10 (20.0) 1 (2.0) 0.018
Coronary artery disease, n (%) 7 (14.3) 7 (14.0) 2 (4.0 0.168
(Continued)
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Table | (Continued).

UTI Group FA Group Control Group | P-value

Surgery Characteristics
Anesthesia method, n (%)

Spinal anesthesia 24 (49.0) 24 (48.0) 32 (64.0) 0.199

General anesthesia 25 (51.0) 26 (52.0) 18 (36.0)
Surgery duration, 99.14 + 24.98 102.14 + 31.82 9032 + 19.42 0.064
mean * SD, min
Blood loss, median (IQR), mL 50 (50, 100) 80 (50, 100) 87.5 (50, 100) 0.066
Preoperative resting pain, median (IQR), VAS (mm) | 20 (10, 20) 20 (20, 30) 20 (20, 20) 0.096

Notes: Continuous data are presented as Mean + SD for normally distributed variables or Median (IQR) for non-normally distributed variables,
with normality determined by the Shapiro—Wilk test. Categorical data are presented as n (%). For intergroup comparisons, one-way Analysis of
Variance (ANOVA) was used to analyze normally distributed continuous data with homogeneous variance; the Kruskal-Wallis test was applied to non-
normally distributed continuous data; and categorical data were compared using the chi-square test for general use or Fisher’s exact test when more
than 20% of expected cell counts were less than 5.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index = Weight(kg)/Height(m)% SD, Standard Deviation; IQR,
Interquartile Range; VAS, Visual Analogue Scale.

Generalized Estimating Equations (GEE) analysis indicated good model fit (QIC = 37,862.895, QICC = 37,862.958).
Significant effects were found for Time, Group, and Time x Group interaction (Wald x2 = 107.25, 73.05, and 12.81,
respectively; all P < 0.05), suggesting differing declining trends among groups. Intra-group comparisons revealed
declining consumption in all groups postoperatively. The UTI group showed significantly lower consumption only at
48—72h compared to earlier periods (P < 0.001), whereas the FA and control groups showed significant reductions at all
intervals (P < 0.05). Inter-group comparisons showed that at 0—24h and 48—72h, the UTI group had lower consumption
than the FA and control groups, and the FA group was lower than the control (all P < 0.05). At 24-48h, the UTI group
remained lower than the other two groups (P < 0.001), but no significant difference was found between the FA and
control groups (P = 0.116) (Table 3).

Secondary Outcomes

Adverse Events

The overall incidence of adverse events within 72 h was significantly lower in the UTI group (24.5%) than in the FA
(48.0%, P =0.015) and control (52.0%, P = 0.005) groups (Table 4). Specifically, UTI reduced morphine-related adverse
events vs control: vomiting (4.1 vs 20.0%, P = 0.015) and nausea (12.2 vs 28.0%, P = 0.051). FA showed no significant
differences compared to the control (all P > 0.017) but numerically higher rates than UTI. Gastrointestinal symptoms:
anorexia (UTI 8.2 vs control 26.0%, P =0.031; FA 8.0 vs control 26.0%, P = 0.017), gastrointestinal discomfort (UTI 6.1
vs control 26.0%, P = 0.007). Delirium: UTI (4.1%) < FA (18.0%, P = 0.028) < control (30.0%, P = 0.001).

Inflammatory Factor Levels

IL-6: Preoperative and postoperative levels were similar between groups (P > 0.05). Postoperatively, only the control
group showed increased IL-6 levels (4/L-6 median 1.63 pg/mL, P = 0.033), whereas UTI and FA showed no significant
changes (P > 0.05). Group differences in 4IL-6 were significant (P = 0.013), with UTI (0.00 [—3.35,0.83] pg/mL) being
significantly lower than the control (1.63 [-0.51~7.44] pg/mL, P = 0.003) (Table 5 and Figure 3).

IL-10: Postoperative levels differed significantly (P < 0.001), with all groups showing increased IL-10 levels
compared to baseline (P < 0.001). AIL-10 was highest in the control group (19.92 [3.82,67.33] pg/mL), significantly
higher than UTI (2.20 pg/mL, P < 0.001) and FA (3.07 pg/mL, P < 0.001). UTI inhibited IL-10 elevation better than the
control but did not differ from FA (P = 0.722) (Table 6 and Figure 3).

Discussion
This prospective, double-blind, placebo-controlled trial provides the first head-to-head comparison of single pre-
incisional ulinastatin (UTI, 30 IU) and flurbiprofen axetil (FA, 100 mg) for postoperative analgesia in patients undergoing
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Table 2 Comparison of Postoperative Morphine Consumption

Time UTI Group FA Group Control Group Overall p-value UTI vs FA UTI vs Control FA vs Control

(n=49) (n =50) (n =50) (Kruskal-Wallis test) Mean Diff (95% ClI), Mean Diff (95% CI), p-value Mean Diff (95% CI),

Median (IQR), mg Median (IQR), mg Median (IQR), mg p-value (Bonferroni-Adjusted) (Bonferroni-Adjusted) p-value (Bonferroni-adjusted)
72-h * 29.00 (22.50, 33.50) 40.00 (27.50, 60.50) 54.40 (46.40, 82.80) <0.001 1431 (-21.86, -6.77), 0.00/ —33.23 (—41.30, —25.16), <0.00/ —18.92 (-28.66, —9.17), <0.00/
48-h 24.00 (20.00, 30.00) 31.00 (20.60, 50.00) 47.20 (33.60, 54.80) <0.001 —10.27 (-15.61, —4.94), 0.003 —22.71 (-28.46, —16.96), <0.00/ —12.44 (-19.52, -5.35), 0.00/
24-h 12.00 (9.00, 17.00) 20.00 (12.00, 26.50) 25.60 (21.40, 31.20) <0.001 —7.94 (—11.68, —4.20), <0.00/ —13.79 (-17.01, —10.57), <0.00/ —5.84 (—10.16, —1.52), 0.00/

Notes: a: 6 cases were lost to follow-up in the 72-hour data (3 cases due to vomiting and 3 cases due to early discharge), and the last observation carried forward (LOCF) method was used to impute missing values. The data shows
a non-normal distribution and is represented by the Median (IQR). The Kruskal-Wallis test was used for overall comparison between groups, and the Mann—Whitney U-test was used for pairwise comparison. The mean difference and 95%
Cl between groups were reported. After Bonferroni correction (corrected 0=0.05/3=0.017), P<0.017 was considered statistically significant.

Abbreviations: IQR, interquartile range; Cl: Confidence Interval.
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1

morphine consumption, mean(95%Cl), mg

00—

80—

60 —

40—

20—

<0.001

24h

A  Control Group

<0.001
1
<0.001
| — |
48h 72h

Postoperative time, h

Figure 2 Postoperative morphine consumption in three groups. Values are expressed as medians (middle line in the box) with the 25th—75th percentiles (capped lines). The
differences among the three groups in each period have been presented. The P values are on the horizontal line, and P <0.05 is statistically significant.

TKA. Key findings demonstrated that under standardized VAS-targeted PCIA, UTI significantly reduced 72-hour
cumulative morphine consumption compared to FA and control (median 29.00 vs 40.00 vs 54.40 mg, P < 0.001), and
the overall incidence of adverse reactions was the lowest (24.5 vs 48.0%, P = 0.015; vs control 52.0%, P = 0.005).
Compared with the control group, the UTI group particularly excelled in reducing vomiting (4.1 vs 20.0%, P = 0.015),
gastrointestinal discomfort (6.1 vs 26.0%, P = 0.007), and delirium (4.1 vs 30.0%, P = 0.001).

Table 3 Comparison of Morphine Consumption Among Three Groups at Different Postoperative Time
Points by Generalized Estimating Equations (GEE) (Mg)

Group Time Mean = SD | Mean Diff (95% CI), p-value | Mean Diff (95% CI), p-value
UTI 0-24h 13.76 £ 0.83 | Ref. -
24-48h 11.81 £0.76 1.96 (—0.19, 4.10), 0.074 Ref.
48-72h | 6.16 £ 1.08 7.60 (5.03, 10.17), 5.64 (3.54, 7.75),
<0.001 <0.001
FA 0-24h 21.71 £ 1.66 | Ref. -
24-48h 14.14 £ 1.27 | 7.57 (4.14, 11.00), Ref.
<0.001
48-72h 10.20 + 1.45 11.50 (7.55, 15.46), 3.93 (1.54, 6.32),
<0.001 0.00/
Control 0-24h 27.55 £ 1.37 | Ref. -
24-48h | 20.73 £ 1.46 | 6.82 (4.65, 8.98), Ref.
<0.001
48-72h 16.68 + 1.52 10.87 (7.71, 14.02), 4.05 (1.06, 7.04),
<0.001 0.008
uTl 0-24h - 13.79 (10.65, 16.93), 7.94 (4.30, 11.58),
<0.001 <0.001
FA - 5.84 (1.62, 10.06), 0.007 Ref.
Control - Ref. -
UTI 24-48h | — 8.92 (5.70, 12.15), 2.33 (-0.57, 5.23),
<0.001 0.116
FA - 6.59 (2.80, 10.38), 0.00/ Ref.
Control - Ref. -
uUTI 48-72h | - 10.52 (6.86, 14.18), 4.04 (0.49, 7.59),
<0.00/ 0.026
FA - 6.48 (2.36, 10.60), 0.002 Ref.
Control - Ref. -

(Continued)
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Table 3 (Continued).

Group Time Mean = SD | Mean Diff (95% CI), p-value | Mean Diff (95% CI), p-value
Effect

Time Wald x* = 107.25, P <0.001

Group Wald x* = 73.05, P <0.001

GroupxTime | Wald x* = 12.81, P =0.012

Notes: The table presents the time effect, between-group effect, and interaction effect on morphine consumption, as well as the
results of post-hoc pairwise comparisons across different time periods. Model goodness of fit: QIC = 37,862.895, QICC =
37,862.958. A smaller value indicates a good model fit. A P-value < 0.05 was considered statistically significant.

Abbreviations: SD, Standard Deviation; Cl, Confidence Interval; Ref, Reference Value.

Table 4 Pairwise Comparison of Adverse Events After Surgery

UTI vs FA Group

UTI vs Control Group

FA vs Control Group

Adverse events,0-72 h postoperatively, n (%)
P-value

Nausea, n (%)
P-value

Vomiting, n (%)
P-value

Fever, n (%)

P-value

Postoperative anorexia, n (%)
P-value

Gastrointestinal discomfort, n (%)
P-value

Postoperative delirium, n (%)

P-value

12 (24.5) vs 24 (48.0)
0.015

6 (12.2) vs 12 (24.0)
0.129

2 (4.1) vs 5 (10.0)
0.436

3 (6.1) vs 5 (10.0)
07152

4(82) vs 4 (8.0)
1.00*

3 (6.1) vs 4(8.0)
1.00*

2 (4.1) vs 9 (18.0)
0.028

12 (24.5) vs 26 (52.0)
0.005

6 (12.2) vs 14 (28.0)
0.051

2 (4.1) vs 10 (20.0)
0.015

3 (6.1) vs 6 (12.0)
0.487 °

4(82) vs 13 (26.0)
0.031

3 (6.1) vs 13 (26.0)
0.007

2 (4.1) vs 15 (30.0)
0.001

24 (48.0) vs 26 (52.0)
0.689

12 (24.0) vs 14 (28.0)
0.648

5 (10.0) vs 10 (20.0)
0.161

5 (10.0) vs 6 (12.0)
0.749

4(8.0) vs 13 (26.0)
0017

4(8.0) vs 13 (26.0)
0017

9 (18.0) vs 15 (30.0)
0.160

Notes: a: Fisher’s exact test was used (expected cell frequency < 5), and the chi-square test was used for the remaining indicators (eg, Vomiting in UTI vs FA
group, n =2 vs 5).Data are presented as number of occurrences (percentage) [n (%)]; Inter-group comparisons were conducted using the chi-square test or
Fisher’s exact test (marked with item “a”), and were corrected by Bonferroni (corrected a=0.05/3=0.017). A P value <0.017 was considered statistically
significant. In the table, the p value is highlighted in black to indicate its significance.

Table 5 Comparison of the Differences in IL-6

Compared with FA group, mean (95% CI), pg/mL

P value®

P value®

Compared with Control group, mean (95% ClI), pg/mL

=3.71 (—11.78, 4.37)
0.064

0.003

—15.56 (=29.20, —1.92)

~11.86 (-26.88, 3.17)
0.393

UTI Group FA Group Control Group | P-value
(n=43) (n = 42) (n=48)
IL-6 at preoperative, median (IQR), pg/mL* 5.47 (2.18, 16.54) 4.54 (2.92, 13.60) 8.62 (4.10,21.39) | 0.395
IL-6 at postoperative, median (IQR), pg/mL* 6.05 (2.90, 12.58) 6.67 (2.90, 22.82) 9.86 (5.82, 18.65) | 0.221]
Preoperative vs Postoperative, P-value® 0.154 0.296 0.033
AIL-6, median (IQR), pg/mL® 0.00 (—3.35, 0.83) 0.70 (—1.42, 7.94) 1.63 (—0.51,7.44) | 0.013

Notes: UTI group (n = 43, 4 samples excluded due to hemolysis, 2 samples excluded due to the values <1.00); FA group (n = 42, 3 samples excluded due to hemolysis, 5
samples excluded due to the values <1.00); Control group (n = 48, 2 samples excluded due to hemolysis). The samples excluded due to technical issues are non-systematic
and random, and the chi-square test shows no significant difference in their distribution across all three groups (72 =3.929, p = 0.140). a. The Wilcoxon signed-rank test was
used to analyze the differences in the preoperative and postoperative levels of IL-6. b. AlL-6 = Postoperative IL-6 level - Preoperative IL-6 level (pg/mL). c. The Mann—-Whitney
U-test was used for intergroup comparisons of AlL-6;Bonferroni correction was applied (adjusted a = 0.05/3 = 0.017 for multiple tests).
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Figure 3 Comparison of IL-6 and IL-10 levels among the three groups.(a) Bar chart: Comparison of IL-6 levels before and after surgery in the UTI Group, FA Group, and
Control Group; (b) Bar chart: Comparison of IL-10 levels before and after surgery in the three groups; (c) Bar chart: Comparison of AlL-6 levels (Postoperative —
Preoperative) among the three groups; (d) Bar chart: Comparison of AIL-10 levels (Postoperative — Preoperative) among the three groups.

Notes: Subfigures are arranged in a 2x2 layout: (a) top-left, (b) top-right, (c) bottom-left, (d) bottom-right.In (a) and (b), data are presented as median + 25%-75%
percentiles (interquartile range, IQR). The P-values labeled above each group (eg, 0.033, <0.001) represent the statistical differences in IL-6/IL-10 levels between
preoperative and postoperative time points within the same group, with results of pre- vs post-operation comparisons labeled above the corresponding group.In (c) and
(d), data are presented as median + IQR, and the bar chart of each group corresponds to “the difference in inflammatory factor levels (AIL-6/AIL-10) between preoperative
and postoperative periods within that group”. The P-values labeled above each group (eg, <0.01, <0.001) indicate the statistical significance of differences in AlL-6 or AIL-10
levels among patients during pairwise comparisons between different groups (UTI Group vs FA Group, UTI Group vs Control Group, FA Group vs Control Group).

PPN

Explanation of statistical symbols: “ns” indicates no statistical difference (P = 0.05); P-values directly labeled in the subfigures (eg, <0.01, <0.001) indicate statistical
differences, with P < 0.05 considered statistically significant.

Comeparative Analysis with Current Standardized Protocols

The key challenge in postoperative analgesia for TKA is balancing efficacy with drug-related adverse events. Although
nerve block combined with multimodal analgesia represents the recommended standard, it has limitations: Femoral nerve
(FNB) or adductor canal blocks (ACB) impair neuromuscular function, significantly hampering rehabilitation, and often
require supplemental techniques like periarticular infiltration or continuous catheter blocks to enhance efficacy, thereby
increasing procedural complexity and complication risks.*> ** Although NSAIDs, such as FA, reduce opioid needs
(~26% reduction vs control observed), they exhibit a ceiling effect and inherent risks.”> In contrast, the UTI group
demonstrated a 48% reduction in morphine consumption, providing continuous pain control covering the critical first
72 h postoperatively. Furthermore, the UTI group’s overall adverse reaction rate was 24%, which was significantly lower
than that of the FA (48.0%) and control (52.0%) groups. The incidence of delirium was only 4.1%, supporting prior
research indicating UTI’s potential to improve postoperative cognitive function.”®?® Although no direct comparative
studies have evaluated UTI against nerve blocks or other multimodal protocols, its demonstrated profile—sustained

opioid-sparing effect while maintaining a minimal adverse event rate—suggests that UTI could serve as a complementary
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Table 6 Comparison of Differences in IL-10

UTI Group FA Group Control Group P-value
(n=44) (n=41) (n =48)
IL-10 at preoperative, median (IQR), pg/mL 2.86 (1.92, 5.84) 2.60 (1.91, 5.16) 3.01 (2.19, 9.45) 0.204
IL-10 at postoperative, median (IQR), pg/mL 6.10 (3.35, 15.31) 6.77 (2.62, 15.74) 23.09 (7.15, 80.23) <0.001
Preoperative vs Postoperative, P-value® <0.001 <0.001 <0.001
AIL-10, median (IQR), pg/mL® 2.20 (0.49, 6.12) 3.07 (-0.02, 11.28) 19.92 (3.82, 67.33) <0.001
Compared with FA group, mean (95% ClI), pg/mL —2.80 (—10.43, 4.84) - -
P value® 0.722
Compared with Control group, mean (95% Cl), pg/mL —32.40 (—46.10, —18.69) —29.60 (—44.33, —14.86) -
P value® <0.001 <0.001

Notes: The table presents the time effect, between-group effect, and interaction effect on morphine consumption, as well as the results of post-hoc pairwise
comparisons across different time periods. Model goodness of fit: QIC = 37,862.895, QICC = 37,862.958. A smaller value indicates a good model fit. A P-value <
0.05 was considered statistically significant.UT| group (n = 44, 4 samples excluded due to hemolysis, | sample excluded due to the values <1.00); FA group (n = 41, 3
samples excluded due to hemolysis, 6 samples excluded due to the values <1.00); FA group (n = 48, 2 samples excluded due to hemolysis). The samples excluded due to
technical issues are non-systematic and random, and the chi-square test shows no significant difference in their distribution across all three groups (x° = 5.134, p = 0.077).
a. The Wilcoxon signed-rank test was used to analyze the differences in the preoperative and postoperative levels of IL-10. b. AIL-10: the difference in inflammatory factors
between postoperative and preoperative periods (Postoperative - Preoperative). c. The Mann—Whitney U-test was used for intergroup comparisons of AlL-10; Bonferroni
correction was applied (adjusted o = 0.05/3 = 0.017 for multiple tests).

approach in multimodal analgesia, particularly in cases where nerve blocks are not feasible or as an adjunct to enhance
overall efficacy. This positions UTI as a potentially valuable clinical option for postoperative analgesia, though further

comparative studies are warranted.

UTP’s Mechanisms Underlying Efficacy

The preemptive analgesic use of UTI suppresses postoperative inflammatory outbreaks through multiple synergistic
mechanisms, promoting a dynamic balance between pro-inflammatory and anti-inflammatory factors, thereby reducing
pain. Previous studies have shown that UTI: (I) potently inhibits proinflammatory responses: directly suppresses the
release of TNF-a, IL-6, etc., and downregulates the kinin system pathway to alleviate tissue inﬂammation;29’30 (10
regulates neurogenic inflammation: inhibits neutrophil elastase to block the PAR2 pathway, reducing the release of pain-
causing neuropeptides such as substance P (SP);*'* () intervenes in central sensitization: suppresses the activation of
microglia and astrocytes, reducing central neuroinflammation.® The results of this study validate the mechanistic
advantages of UTI: UTI significantly inhibited the postoperative increase in the proinflammatory factor IL-6 (median
AIL-6 0.00 vs control 1.63 pg/mL, P = 0.003) and achieved more balanced regulation of the anti-inflammatory factor IL-
10 (median AIL-10 2.20 vs control 19.92 pg/mL, P < 0.001), avoiding excessive compensatory anti-inflammatory
response syndrome (CARS), indicating that it effectively restores inflammatory homeostasis.

This multitarget regulation directly alleviates the pain cascade: comprehensive inhibition of inflammatory outbreaks
reduces peripheral and central pain sensitization, thereby decreasing postoperative opioid requirements (consistent with
the 48% reduction in morphine consumption at 72 h in this study) and significantly reducing the risk of adverse reactions.
In contrast, FA is primarily known for its COX inhibition mechanism, which plays a dominant role in its analgesic and
anti-inflammatory effects. This study confirmed that its regulatory effect on IL-6 was limited (AIL-6 showed a downward
trend but without a statistical difference, P = 0.39), making it difficult to block the inflammatory cascade comprehen-
sively. Therefore, although it can save opioids, its ability to control adverse reactions is not significant, highlighting the
clinical superiority of UTIL

While UTI’s short plasma half-life (~40 min) might suggest transient activity,* its sustained suppression of IL-6 and
modulation of IL-10 demonstrate prolonged bioactivity beyond pharmacokinetic persistence.’®>° This apparent discre-
pancy can be attributed to UTI’s irreversible inhibition of key proteases in the inflammatory cascade. Additionally, pre-
incision administration allows UTI to establish its anti-inflammatory presence before surgical injury, potentially “pre-
arming” the immune system and mitigating the peak inflammatory response. These findings support the clinical relevance
of single-dose administration within the study design.
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Study Design Strengths and Limitations

The placebo-controlled design isolated confounding effects to directly quantify the morphine-sparing effects and changes
in inflammatory factors in the FA and UTI groups. All patients received standardized training enabling self-pain
assessment and effective PCIA administration, achieving comparable analgesic outcomes (median resting VAS
<30 mm, P >0.05). Under this pain management framework, intergroup differences in morphine consumption, attribu-
table solely to interventions, reflect comparable analgesic needs among the patient groups. The UTI group achieved
comparable pain control, with significantly lower morphine use, confirming its efficacy. The inclusion of the FA group as
a modern multimodal analgesia reference further indirectly substantiates UTI’s clinical value.

Limitations Must Be Acknowledged

First, the single-center design and moderate sample size limited the extrapolation of the results and affected the statistical
power of subgroup analysis and adverse event assessment. Second, even after randomization, an accidental imbalance in
anesthesia methods (64% spinal anesthesia in the control group vs 49% in the UTI group vs 48% in the FA group,
P=0.199) and the prevalence of previous strokes was still observed. Although differences in anesthesia methods may
theoretically introduce variations by influencing surgical stress responses and drug metabolism pathways, the following
evidence indicates that their impact is limited: The comparable level of postoperative pain control across groups (VAS
score P>0.05) mitigated concerns that differential pain perception might have confounded the intergroup differences in
morphine consumption. Furthermore, the standardized anesthetic protocol and PCIA management minimized variability
in perioperative analgesia practices, reducing potential procedural confounding. Additionally, the primary pharmacolo-
gical mechanisms of the interventions—UTI’s multi-target anti-inflammatory action and FA’s COX inhibition—operate
independently of the transient effects of regional versus general anesthesia on early surgical stress responses. Importantly,
the absence of significant between-group differences in IL-6 levels (all P>0.05) further confirms that the observed anti-
inflammatory effects reflect the efficacy of the study drugs rather than anesthesia-related bias. Even so, we must
acknowledge this uneven distribution of anesthesia methods as a potential limitation. Future studies could further verify
the robustness of our conclusions through designs such as “stratified randomization by anesthesia type” or by expanding
the sample size. In addition, the absence of long-term outcome assessment—particularly for chronic pain and functional
recovery—hampers the evaluation of UTI’s sustained clinical benefits. This study only assessed short-term outcomes—
without assessing long-term endpoints such as chronic postsurgical pain, functional recovery (eg, knee range of motion,
daily living activities), or long-term cognitive function. The lack of long-term data hinders a comprehensive assessment
of UTI’s prolonged efficacy and potential late adverse effects, which is critical for defining its role in the long-term
perioperative management of total knee arthroplasty.

Other limitations include: despite randomization, an imbalance in the prevalence of prior stroke was observed
between groups. While this imbalance did not act as a confounding factor in the primary outcome analysis, it underscores
the role of chance in patient allocation; lack of comparison against nerve blocks or other advanced modalities necessitates
further trials to define UTI’s role within current multimodal analgesia protocols; limited sample size affecting the test
efficiency of secondary outcomes; the need to optimize the single-dose regimen due to the short half-life of UTI
(approximately 40 min); absence of serial inflammatory biomarker monitoring; and lack of evaluation of long-term
outcomes such as chronic pain.

Conclusion

This study confirms that single preoperative UTI (30 IU) significantly reduces opioid requirements and key adverse
reactions (especially delirium) compared to FA and placebo control in TKA. Its advantages derive from multi-
mechanistic synergistic regulation of the inflammatory balance and inhibition of pain sensitization. UTI provides
a safe and efficient non-opioid option for high-risk patients, supporting its inclusion in ERAS pathways to optimize
analgesic strategies.
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Data Sharing Statement

1.
2.

Individual deidentified participant data: The authors do not intend to share individual deidentified participant data.
Specific data to be shared: No specific clinical trial data (including but not limited to raw participant-level data,
processed data subsets related to morphine consumption, or data dictionaries) will be made available.

. Other study documents available: The study protocol (which outlines the design, inclusion/exclusion criteria,

intervention details, and outcome measurement methods of the clinical trial) will be made available.

Accessibility of Data and Documents: For access to the study protocol, interested parties may contact the corre-
sponding author via Email at drliyan@163.com with a formal request. The corresponding author will respond to
valid requests and provide the study protocol promptly.

Timing and duration of availability: The study protocol will be made available immediately following the publication
of this manuscript, with no predefined end date for availability.
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