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Background: Due to the global prevalence of opioid drugs, postsurgical prescriptions can lead to substantial opioid consumption,
highlighting the increasing need for alternative medications. Alternative medicines can markedly lessen the usage of opioids after
surgery, but the variety and notable side effects of these alternatives require meticulous experimental support.

Objective: This study explored the efficacy and safety of ulinastatin for alleviating postsurgical pain, for reducing the need for
opioids, and for inclusion in conventional treatment methods.

Methods: A total of 108 patients undergoing elective hip replacement were randomly allocated into either the experimental group (56
cases, standard pain relief treatment plus 60 IU ulinastatin) or the control group (40 cases, standard pain relief treatment). The main
outcomes measured were the total consumption of opioids at 24, 48, and 72 h postoperatively. Secondary outcomes comprised patient-
reported pain indices and levels of satisfaction with pain control. The frequency of adverse events evaluated medication safety.
Results: There were no statistically significant differences in age, sex, or underlying diseases between the two groups. Over 24 hours,
opioid consumption was higher in the standard treatment group (66.6 mg; mean difference [MD]: 4.43 mg; 95% CI: 57.6-75.5) than in
the intervention group (54.5 mg; MD: 1.91 mg; 95% CI: 50.7-58.3). The standard treatment group exhibited a notably higher
incidence of adverse reactions. However, there was no disparity in post-discharge satisfaction between the groups, with an odds ratio
of 1.058 (95% CI: 0.62-1.82; P > 0.05). Additionally, significant differences in C-reactive protein levels were observed immediately
and 6 h after surgery between the two groups.

Conclusion: Within 72 h post-surgery, ulinastatin was effective in substantially reducing the use of opioids while maintaining
adequate pain control. Ulinastatin may be beneficial for postoperative pain management and for reducing the risks associated with
opioid use.

Registered: ClinicalTrials.gov ChiCTR2300072126.

Keywords: ulinastatin, postoperative pain, pain management, opioid

Introduction

Total Hip Arthroplasty (THA), commonly referred to as hip replacement surgery, is heralded as one of the most
significant advancements in orthopedic surgery over the past century.' Known for its ability to restore mobility and
alleviate pain, THA has become increasingly prevalent as the population ages. In the United States alone, approximately
450,000 procedures are performed annually, reflecting its critical role in addressing the debilitating effects of hip joint
diseases such as osteoarthritis, rheumatoid arthritis, and osteonecrosis.” In the United States alone, the number of these
surgeries is expected to reach 572,000 annually by 2030.> The incidence of femoral neck fractures is also increasing
yearly, accompanied by a rise in the number of artificial femoral head replacements, also known as hemiarthroplasties.
The choice of THA over hemiarthroplasty is often dictated by the need for complete joint restoration. Although THA can
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have a higher dislocation rate compared to HA, it is often offset by its lower rate of other complications like acetabular
erosion, which is more common in HA.> The comprehensive replacement in THA helps in mitigating issues that arise
from partial replacements used in HA. This distinction is crucial as THA typically offers better long-term outcomes,
including lower revision rates and improved functionality, particularly in younger and more active patients. These
advantages underscore the importance of THA in achieving superior pain relief and functional recovery, justifying its
predominance over hemiarthroplasty in many clinical scenarios.*

The widespread misuse of opioids worldwide is significantly impacted by the abundant use of opioids in postoperative
prescriptions.” Opioids are well known for their strong pain-relieving properties and are thus frequently used in surgeries such
as hip replacements, which are known to cause moderate to severe postoperative pain.® In addition to acute pain caused by
surgical trauma, secondary inflammatory pain further intensifies the patient’s perception of pain postoperatively. The release
of inflammatory factors and nociceptive substances such as prostaglandins, kinins, and substance P from neutrophils
intensifies patient pain, reduces their pain threshold, and heightens their perception of pain.” Current analgesic treatments
and methods are not fully effective. Excessive use of opioids not only increases the risk of adverse reactions but also the
potential for long-term postoperative hyperalgesia.® Meanwhile, nonsteroidal anti-inflammatory drugs (NSAIDs), although
reducing opioid use, are limited in clinical application due to gastrointestinal side effects and cardiovascular suppression.” '

Originally derived from adult male urine, ulinastatin is an anti-inflammatory drug that has demonstrated potential as
an adjuvant to opioids in empirical studies. Numerous studies have confirmed the effectiveness and safety of ulinastatin
in treating patients with acute pancreatitis and systemic inflammatory response syndrome.'*"'> Clinical findings indicate
that ulinastatin can reduce the release of elastase from neutrophils, diminish the secretion of kinins, mitigate inflamma-
tion, and alleviate inflammatory pain.'®'” Additionally, ulinastatin can enhance the efficacy of the opioid drug sufentanil
when used in combination. However, current research on ulinastatin is limited by factors such as small sample sizes and
a narrow range of patient demographics.'®'? In light of the extensive practice of hip replacement surgeries and the
prevailing issue of opioid misuse, investigating effective, practical, and secure multimodal approaches for postoperative
pain management is essential. The objective of this study was to explore whether the addition of ulinastatin to
perioperative pain management plans can alleviate patient pain, decrease the need for opioids, and assess its safety for

inclusion in analgesic protocols, thus contributing further evidence for its integration into pain management.?’ 2

Methods

Study Design

This study was a randomized controlled trial initiated by researchers. Before the study commenced, the research protocol
received approval from the Ethics Committee of the Tianjin Jizhou People’s Hospital, and all participants provided

written informed consent (IRB2023-15) prior to inclusion.

Calculation of Sample Size

Based on the results of a pilot study, we chose 72-hour morphine consumption as the primary outcome. The experimental
group was expected to have an average morphine consumption of 50 mg, while the control group was expected to use
70 mg. A two-sided a of 0.05 was used, accounting for a 30% loss to follow-up and potential crossover between groups.
To achieve a power of 80% (B = 0.20), the minimum sample size for each group was 45 participants (total of 90),
determined using G*Power 3.1.9.2 (Universitat Kiel, Germany). In our study, there were 52 subjects in the control group

and 56 in the intervention group. Therefore, our study sample size was appropriate.

Randomization Methodology
The randomization of participants in this study was executed using a computer-generated method. Herein, we detail the
specific processes and tools employed during the randomization process:

The randomization sequence was generated using a stratified randomization algorithm. This method was chosen to
control for potential confounding variables such as age and disease severity, ensuring that these factors were evenly
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distributed across the treatment groups. The random sequence was created using the R statistical software package
(version 3.6.1). R’s sample() function was utilized.

The allocation ratio was set at 1:1, assigning participants equally to either the control group or the treatment group. To
prevent allocation bias and protect the integrity of the study, the randomization sequence was concealed using a centralized,
automated system that assigns participants to their groups only after the full registration and baseline assessment have been
completed. This method of concealment ensures that neither the participants nor the research staff could predict or influence
group assignments. Experimenters were unaware of the patient group assignments before inclusion.

Blinding

Patients were assigned to their respective groups through randomization and were given the same educational material.
No significant differences existed in orthopaedic medications between the experimental and control groups; the
orthopaedic doctors involved in the study were also unaware of the patient group assignments. Outcome assessors and
data analysts were blinded to the group allocations; all data analysis was completed using blinded data, and the blinding
was only lifted after these analyses were performed.

Patient Allocation
Before recruiting the first participant, the trial was registered on ClinicalTrials.gov (ChiCTR2300072126) and adhered to
the Consolidated Standards of Reporting Trials (CONSORT) guidelines. This study recruited elective hip replacement
surgery patients from June to September 2023 at the Jizhou People’s Hospital in Tianjin. The surgeries were performed
by two teams; each team consisted of three orthopaedic surgeons and two nurses. To ensure the feasibility of the study,
the choice of administering local and/or general anaesthesia was made by anaesthesiologists. Prior to initiating the study,
the research team reviewed standardized literature and clinical guidelines and consulted with expert surgeons, anaes-
thesiologists, perioperative nurses, and pharmacists. To reduce bias, both the control group and the experimental group
used identical electronic drug infusion pumps and adhered to the same drug administration protocols.

Both groups of patients refrained from using nonsteroidal anti-inflammatory drugs (NSAIDs) or acetaminophen as
part of the study protocol and were instructed not to use such over-the-counter medications.

Patients in the experimental group were included in the perioperative analgesia plan with 60 IU of ulinastatin (10 IU
infused during surgery and 50 IU placed in the postoperative analgesia pump, with the same pump ratio as the control group).

The control group patients were subjected to a standard analgesia protocol: they received postoperative analgesia
through an open electronic drug infusion pump (manufactured by Jiangsu Aipeng Medical Technology Co., Ltd) with
a morphine concentration of 0.8 mg/mL. The background dosage was set at 0.5 mL, the single dosage was set at 1.5 mL,
and the lockout period was fixed between 8 and 10 min.

Inclusion Criteria
Patients scheduled for elective hip joint replacement surgery; aged between 40 and 80; with ASA classification from I to
IIT; provided informed consent prior to the commencement of the study; and signed a consent form.

Exclusion Criteria

1. Patients with neuropathic pain, for example, pain induced by tumour compression of neural structures (nerve roots,
nerve plexuses, or spinal cord).

2. Patients who were currently using or needed to use anticholinergic medication, antidepressants, or any pain
medication other than the ones used in the study, including NSAIDs.

3. Patients with unstable comorbid conditions or evident organ functional impairments.

4. Patients who may change concomitant medications during the study, excluding changes related to the treatment of
adverse reactions to opioid medications.

5. Patients showing poor adherence or who were unable to comply with the intervention.

6. Patients who were terminated from the study due to severe adverse events.
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Evaluation of the Postoperative Analgesic Effect

At the 24 h, 48 h, and 72 h postoperative time points, a visual analogue scale was used for pain assessment, as follows:
A 10 cm line was drawn on paper; one end of the line was labelled “0”, representing no pain, and the other end was labelled
“10”, representing extreme pain; the middle portion represented varying degrees of pain. After discharge, the Global Pain
Scale (GPS), which is a self-assessment scale developed by the American scholar Gentile, was used. The GPS uses a simple
numerical score to assess the subjective and objective multidimensional pain perceptions of individuals with pain. The scale
is divided into four dimensions: pain, emotional perception, clinical presentation, and daily behaviour, with a total of 20
items. A 0-10 grading system is used, where 0 means “no pain” or “strongly disagree” and 10 means “most painful” or
“strongly agree”. A higher total score indicates a more severe subjective and objective impact of pain.

Postoperative Adverse Reaction Assessment

Adverse drug reactions experienced by patients were meticulously documented in the research logs collected within 72
h after surgery. The determination of adverse events was made by an independent, blinded adjudication committee
composed of three clinicians: a physician from the anaesthesiology department, a nurse, and a surgeon.

Education and Follow-Up for Patients

All patients in the two groups received postoperative education regarding pharmacological and nonpharmacological
pain management, including the monitoring of oxygen saturation by relatives at the bedside, precautions for physical
pain treatment, and awareness of the risks of opioid abuse. Accessible contact details were given to patients for
emergency pain relief if the analgesic effect was inadequate and for immediate treatment in case of other adverse
events. All patients were monitored and contacted via phone at the postoperative time points of 24 h, 48 h, 72 h, 2
weeks, and 1-4 months.

Safety Measures

Before the study, all patients underwent tests including ECG, complete blood counts, urinalysis, blood chemistry
analysis, and liver and kidney function evaluations, followed by blood chemistry and liver and kidney function
evaluations after the study. Immediate action was taken and recorded for any adverse reactions during the patient’s
hospital stay, as well as reasons for readmission within 30 days post discharge. The anaesthesia and pain management
team at Tianjin Jizhou People’s Hospital was on standby at all times in case of emergency situations, such as severe
uncontrolled pain, signs of serious drug adverse reactions, or other urgent health issues. The team was equipped to
respond quickly, provide expert care, and take necessary measures to protect the health and well-being of patients
participating in this study. The study was structured with several layers of patient safety and support mechanisms, and the
research team pledged to focus on the health and comfort of all participants during the entire postsurgical timeframe.

Measurement of Data and Outcomes

During the initial clinical assessments, comprehensive patient data, including age, sex, body mass index (BMI), smoking
and drinking histories, disease course, initial medical conditions, and hip pain scores, were collected. Prior pain
medications and durations were also recorded. The outcome metrics for analysis included surgical details (such as the
type and duration of surgery, anaesthesia time, type of anaesthesia, total and postsurgical hospital stay durations,
intraoperative blood loss and transfusions); postoperative data covering 24 h, 48 h, and 72 h rest and activity pain
scores (with a VAS minimal significant difference set at 1); total morphine consumption at different time intervals (rescue
tramadol doses were also considered in the total consumption); and rates of adverse reactions (such as nausea, vomiting,
headaches, respiratory depression, and urinary retention).

Statistical Analysis
Data recording and analysis were conducted using the WINDOWS IBM SPSS version 25.0. Normally distributed
continuous data with homogeneity of variance were compared using independent sample #-tests and are presented herein
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as the mean + standard deviation (x + s). For skewed data, Mann—Whitney U-tests were used for comparison and are
presented as the median [interquartile range (IQR)]. Categorical and count data are presented as frequencies (rates) and
were compared using chi-squared or Fisher’s tests. Repeated measures analysis of variance was used to compare
indicators at 24 h, 48 h, and 72 h. The Shapiro—Wilk test was used to test the normality of the data. Bonferroni
corrections were applied for multiple comparisons within groups. A P value < 0.05 (two-tailed) was considered
statistically significant.

Subgroup analyses were conducted based on sex (male/female), age categories (40—-64, 65-70, 71-80 years), type of
anaesthesia (general/epidural), primary disease type (aseptic necrosis/fracture), and surgical method (total hip replacement/
artificial femoral head replacement). The results of the subgroup analyses are provided in Figures 5-7.

Results

Participant Flow and Recruitment

Out of 103 patients screened for eligibility, 96 were randomized: 56 to the experimental group and 40 to the control
group, the latter of which received the standard treatment (Figure 1). Following randomization, 7 patients were excluded
from further analysis—one for unspecified reasons and six due to postoperative tonic pain. Regarding the primary
outcome, the follow-up rate was 100% (96 out of 96) at 48 h and 96.8% (94 out of 96) at 72 h. The recruitment process
commenced in May 2023, and the final follow-up concluded in September 2023.

Baseline Characteristics

The average age of the enrolled patients was 68.13 years, with a standard deviation (SD) of 6.037. Both groups had a nearly
equal sex distribution, with males representing 37.5% (36 out of 96). The mean body mass index (BMI) was 23.38,
calculated as body weight (in kg) divided by the square of height (in m). The predominant type of injury was a femoral neck
fracture, affecting 77.1% (74 out of 96) of the patients, and this distribution was consistent across both groups. In terms of
surgical procedures, 56 patients (58.3%) underwent an artificial total hip replacement, making it the most common
procedure. Meanwhile, 40 patients (41.7%) received an artificial femoral head replacement. The anaesthesia methods
differed; four patients (4.2%) were administered general anaesthesia, while 92 (95.8%) received lumbar anaesthesia. The
average duration of the operations was 76.8 min (SD, 15.97), with comparable times observed in both groups (Table 1).

Primary Outcomes: Morphine Consumption

Seventy-two hours post-surgery, the mean morphine consumption for the control group was 66.6 mg (MD, 4.43 mg; 95%
CI: 57.6-75.5), whereas it was 54.5 mg for the experimental group (MD, 1.91 mg; 95% CI: 50.7-58.3). The distribution
of morphine consumption deviated from a normal pattern, a trend that persisted even after the log transformation.
Consequently, based on the prespecified SAP, the Mann—Whitney U-test was utilized. In the primary analysis of the main
outcome, patients in the experimental group consumed significantly fewer opioids (median, 50.0 mg; IQR, 18.0) than
those in the control group (median, 60.0 mg; IQR, 37.5; z = —2.6; P <0.001). Figure 2 provides a histogram illustrating
the total opioid consumption for each group.

Secondary Outcomes: Pain Scores and Adverse Events

Seventy-two hours post-surgery, the average pain score for the control group stood at 1.6 (95% CI, 1.28-1.92), whereas the
experimental group registered a score of 1.84 (95% CI, 1.61-2.07; P = 0.211). This difference in pain scores did not surpass
the preestablished minimum clinically significant difference of one point. Figure 3 presents the VAS scores for mean resting
pain across both groups over a span of 72 h. Upon discharge, most patients from both the standard treatment and ulinastatin
groups expressed satisfaction with their pain management, with no noteworthy differences between the groups. The odds
ratio for dissatisfaction in the standard treatment group was 1.058 (95% CI, 0.62—1.82; P > 0.05). During the 72-hour
observation period, six adverse events were documented: four occurred in the standard treatment group (10%) and two in the
ulinastatin group (3.6%). In the standard treatment cohort, four serious adverse events were reported, including joint
dislocation and a high fever not related to postoperative pain management. The investigative commission attributed two
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of these serious events (joint dislocations) directly to the surgical procedures rather than to the medications administered

during the trial. In contrast, the two adverse events noted in the ulinastatin group involved calf swelling, which the committee

identified as tension pain. This condition exacerbated the patients’ pain and led to an increase in the use of pain relievers.
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Table | Baseline Characteristics

Characteristics No. (%) of Ulinastatin
Patients Standard Group (n=56)
Group (n=40)

Ages

<64 10 (25) 16 (28.6)

65 to 70 8 (20) 16 (28.6)

271 22 (55) 24 (42.8)
Sex

Men 12 (30) 24 (43)

Women 28 (70) 32 (57)
BMI

Underweight <18.5 6 (15) 0 (0)

Normal weight 18.5 to <25 26 (65) 44 (78.6)

Overweight 25 to <30 6 (15) 8 (14.3)

Obese 30 to <40 2 (5) 4 (7.1)
Anaesthetic strategy, No./total (%)

General 2 (5) 2 (3.5)

Spinal 38 (95) 54 (96.5)
Side

Left 18 (45) 24 (42.9)

Right 22 (55) 32 (57.1)
Comorbidities

Diabetes 14 (35) 16 (28.6)

Previous surgical 18 (45) 12 (21.4)

Asthma 20 (50) 26 (46.4)
Primary disease

Fracture 34 (85) 40 (71.4)

Aseptic necrosis of the femoral head 6 (15) 16 (28.6)
Procedures performed

Total hip arthroplasty 20 (50) 36 (64.3)

Artificial femoral head replacement 20 (50) 20 (35.7)
Use of tobacco product

None 34 (85) 54 (96.4)

Previous smoker 6 (15) 2 (3.6)
Operating time

<90 min 32 (80) 43 (76.8)

290 min 8 (20) 13 (23.2)

Within the standard treatment group, the most commonly reported adverse reactions included drowsiness in 15 patients
(37.5%), gastrointestinal discomfort in 13 (32.5%), and dizziness in 4 (10%). In contrast, the ulinastatin group reported
gastrointestinal discomfort in 5 patients (8.9%), drowsiness in 2 patients (3.6%), and dizziness in 1 patient (1.9%).

Additional Prespecified Outcomes: C Response Protein

In the control group, the patients’ median protein C response protein (T1-T0) value was 3.5 with a quartile range of 12.5, whereas
the median value in the ulinastatin group was —8.7 with an interquartile range of 14.0 (z=—3.572, P<0.01). Six hours post-surgery,
the standard treatment group showed a median of 9.00 and a quartile range of 23.10, in contrast to the ulinastatin group, which
had a median of —1.25 and an interquartile range of 4.50. Twenty-four hours post-surgery, the respective values for the standard
treatment and ulinastatin groups were a median of 41.150 with a quartile range of 58.48 and a median of 31.05 with a quartile
range of 31.1. By 48 h, the figures for the standard treatment were a median of 67.90 and a quartile range of 60.45, while the
ulinastatin group had a median of 50.15 and an interquartile range of 160.1. Seventy-two hours post-surgery, the standard
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treatment group showed a median of 64.20 and a quartile range of 46.73 versus the ulinastatin group’s median of 39.35 and
interquartile range of 180.1. Statistically significant changes were observed in C-reactive protein levels in the standard treatment
group specifically at 6 h after surgery, with z values of —3.810 and —3.967, both significant at P<0.01. See Figure 4 and Table 2.

Subgroup Analyses

We conducted prespecified subgroup analyses as outlined earlier. Across all subgroups, which encompassed sex, anaes-
thesia type, age groups, primary disease type, and procedure selection, significant differences were observed at 24 h, 48 h,
and 72 h for individuals under 65 years (P < 0.05), see Figure 5. Notably, in the context of total hip replacement, significant
differences persisted at 24 h, 48 h, and 72 h (P < 0.05), as illustrated in Figures 6. And in primary disease type “fracture”,
significant differences persisted at 24 h, 48 h, and 72 h (P < 0.05), as illustrated in Figures 7.

Post Hoc Analyses

Incorporation of these variables as random effects into the mixed-effects model revealed no significant interaction effect
between the site or surgery type on the primary outcome. Postsurgically, during days 0-3, the average VAS pain score
showed no significant difference between the 1.93 rated for the standard treatment group and the 1.63 rated for the
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Figure 4 Postoperative changes of C-reactive protein in patients(T| Immediately after the operation, T2 6 h after surgery, T3 24 h after surgery, T4 48 h after surgery, T5
72 h after surgery).

intervention group (P =0.110). In the same postoperative timeframe, the total opioid consumption was notably higher in
the standard treatment group than in the intervention group (average: 66.6 mg vs 54.5 mg; median: 60.0 mg vs 50.0 mg
z =—1.935; P < 0.001). When patient satisfaction was evaluated, no significant difference was observed between the two
groups.

Discussion

In this randomized controlled trial (RCT), we assessed the efficacy of ulinastatin as a component of postoperative pain
management. Our study results indicate that the use of opioid medications significantly decreased within 72
h postsurgically when ulinastatin was incorporated into the pain management regimen compared to the standard analgesic
protocol. Notably, despite the promising initial outcomes, there were no significant differences in reported pain, use of
rescue analgesics, or patient satisfaction scores within 72 h postoperatively between the two groups. Our findings
contribute to the growing body of evidence supporting the effectiveness of multimodal analgesic regimens across various
surgical fields. In these regimens, the concurrent use of multiple analgesics is thought to produce a synergistic effect,
potentially reducing opioid consumption while optimizing pain control.”*** Within this framework, ulinastatin emerged
as a promising adjunctive drug in our study, as evidenced by its role in reducing total opioid consumption and patient-
reported adverse reactions to medications.

Comparison of Adverse Events Between Treatment Groups

Our analysis revealed a notable difference in the incidence and severity of adverse events between the ulinastatin and
standard treatment groups. The ulinastatin group exhibited a lower rate of adverse events (3.6%) compared to the
standard treatment group (10%). This suggests that ulinastatin may have a safer profile with respect to the incidence of
adverse effects. The adverse events observed in the ulinastatin group, specifically calf swelling leading to tension pain,

Table 2 C Reaction Protein Difference in
Two Group

Ulinastatin Standard P

TI-TO | —11.77+14.78 | 6.30%11.49 <0.01
T2-TO | —15.24+43.48 | 11.30+15.78 | <0.01
T3-TO | 39.34+40.48 42.08+37.88 | 0.91

T4-TO | 56.98+92.68 64.77+£56.60 | 0.26
T5-TO | 48.31+£94.72 66.89+64.43 | 0.04
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were significantly less severe compared to those in the standard treatment group, which included serious adverse events
like joint dislocation and high fever unrelated to postoperative analgesia. These findings highlight a potential advantage

of ulinastatin in minimizing the risk of severe complications associated with surgical interventions.
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The nature of the adverse events associated with ulinastatin, particularly the calf swelling resulting in increased pain
and subsequent higher analgesic consumption, raises questions about whether these effects are dose-dependent or if they
might be mitigated through other therapeutic strategies. The calf swelling described as tension pain suggests a possible
mechanical or procedural origin rather than a pharmacological response, indicating that dosage adjustment may not
necessarily prevent such outcomes.”> However, a lower or adjusted dose could potentially reduce the severity or
frequency of these symptoms if they are indeed dose-responsive.

To better manage and possibly prevent the escalation of such adverse effects, additional interventions may be
required. This could include more stringent monitoring for early signs of calf swelling and proactive management of
pain post-surgery. Implementing routine checks and early intervention protocols may help in managing these symptoms
more effectively and preventing the increased consumption of analgesics.

Given these observations, future clinical trials should aim to establish a comprehensive understanding of the dose-
response relationship and evaluate the effectiveness of additional preventive measures. Such studies could significantly
enhance the therapeutic application of ulinastatin, ensuring both efficacy in surgical settings and minimization of adverse
effects.

Rationale for Dosage Selection

In this study, we administered 60 IU of ulinastatin to the experimental group, a dosage determined based on preliminary
data and consultations with clinical experts.”” While comprehensive dose-ranging studies specific to ulinastatin are not
currently available in the literature,”® the dose chosen reflects a conservative approach based on analogous clinical
scenarios and expert consensus.

We acknowledge a significant gap in the existing literature regarding specific dosage recommendations for ulinastatin.
Current studies provide limited guidance on the optimal doses for achieving desired therapeutic outcomes without
adverse effects. This gap underscores the need for our study and highlights its potential contribution to the field. By
documenting our findings associated with the 60 IU dosage, we aim to provide a preliminary foundation for dose-related
efficacy and safety that can be further explored in subsequent research.

Given the preliminary nature of the dosage used in this study, we are committed to further investigating ulinastatin’s
dosing requirements. Planned future studies include dose-gradient tests designed to methodically vary the amount of
ulinastatin administered to determine the most effective and safest therapeutic dose. These studies will not only help in

optimizing the dosage but also in establishing a more robust pharmacodynamic profile of ulinastatin.
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In existing clinical guidelines, nonsteroidal anti-inflammatory drugs (NSAIDs) are a key component of multimodal
plans and are well tolerated by patients.’ Given the recognized risks of NSAIDs, they should be selectively chosen as
first-line analgesics and used with care, particularly for patients without contraindications. Our research provides
a foundation for subsequent exploration into the coadministration of NSAIDs and ulinastatin, to further clarify their
potential to reduce postsurgical opioid usage. Our results hold significant implications against the backdrop of the
ongoing opioid crisis.

Our study also introduces the potential of patient education as an effective strategy to reduce postoperative opioid use.
Educating patients preoperatively about pain expectations, management approaches, and opioid-related risks may
contribute to reduced postoperative opioid usage in the short and long term and enhance patient satisfaction.>

This randomized controlled trial had multiple strengths, such as blinding of both outcome assessors and data analysts
to mitigate possible biases. This study’s broad eligibility criteria and inclusion of common orthopaedic surgeries suggest

that our findings may be applicable to a wide patient population.

Limitations
First, due to the feasibility limitations of the trial, the anaesthetists were not blinded to the intervention during the surgery.

Second, the secondary outcomes of the trial were dependent on patient-reported symptoms.

Third, no significant differences were observed in morphine consumption 48 h postoperatively in this study.

Fourth, the interpretation of the subgroup analysis in this study carries risk.

Fifth, this study primarily involved patients receiving a particular type of surgical procedure.

Sixth, this study did not exclude patients who were long-term users of opioids. However, given regional variations, in
China, the prevalence of long-term opioid use is lower. Hence, these findings should be cautiously interpreted when
considering their applicability to this particular patient group, as the responses to pain management strategies could vary
significantly between long-term opioid users and the patients enrolled in this study.

Conclusion

In patients undergoing hip replacement surgery, the administration of ulinastatin was associated with a significant
reduction in opioid consumption within the first 72 h after surgery. Specifically, patients who received ulinastatin as
a part of their postoperative pain management strategy needed significantly lower doses of opioids to manage pain during
this period than those who were managed with the standard analgesic regimen alone. This reduction in opioid use did not
result in increased pain scores, indicating that ulinastatin effectively contributed to pain control.

Data Sharing Statement

1. Will individual participant data be available (including data dictionaries)?
No.

1. What data in particular will be shared?
Not available.

1. What other documents will be available?
Study Protocol.

1. When will data be available (start and end dates)?

Immediately following publication. No end date.
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1. With whom?
Not applicable.
1. For what types of analyses?
Not applicable.
1. By what mechanism will data be made available?

Not applicable.
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