Effect of Opioid-Free vs Opioid-Based Anesthesia on Immune Function in Elderly Patients Undergoing Unilateral Knee Arthroplasty: A Randomized Clinical Trial
Study Protocol

Introduction
Background and Rationale
Opioids have been a cornerstone of clinical anesthesia since their introduction. While they are effective in managing pain, accumulating evidence suggests that intraoperative opioid use does not necessarily reduce postoperative pain and is associated with a higher incidence of side effects, particularly postoperative nausea and vomiting (PONV), which can delay recovery [1]. Furthermore, opioids—especially synthetic short‑acting agents—administered either systemically or neuraxially can induce dose‑dependent hyperalgesia [1] and tolerance, leading to increased postoperative pain and the potential development of persistent pain.
The impact of opioids on immune function has been widely reported [2]. Opioids exert inhibitory effects on lymphocytes and macrophages [3]. In general, opioids are not entirely safe and effective; therefore, in recent years, a growing number of international anesthesiologists have proposed the concept of opioid‑free anesthesia (OFA) [4], and research on OFA has become a hot topic in the field of anesthesia.
Patients undergoing general anesthesia often exhibit altered immune function after surgery, which may be related to surgical stress, anesthetic drugs, intraoperative fluid or blood transfusion, hypothermia, and postoperative pain. These changes are frequently characterized by overexpression of inflammatory factors and suppression of cell‑mediated immunity [5]. The influence of anesthetics on immune function has become a research focus, especially the effects of perioperative analgesics. Appropriate anesthetic drugs and rational anesthetic techniques can effectively inhibit surgical nociceptive stimuli, reduce the impact on immune function, and facilitate rapid postoperative recovery [3].
Knee arthroplasty is commonly performed to treat knee osteoarthritis, rheumatoid arthritis, and other joint diseases. Elderly patients often have comorbidities, diminished organ function, and reduced metabolic capacity, making them more sensitive to anesthetic drugs. In unilateral knee arthroplasty, opioid‑based general anesthesia may lead to immunosuppression, affecting postoperative recovery, prolonging hospital stay, and increasing mortality risk.
This study aims to investigate whether opioid‑free anesthesia differs from opioid‑based anesthesia in terms of immune function in elderly patients undergoing unilateral knee arthroplasty, thereby providing evidence to guide clinical anesthesia practice, accelerate patient recovery, and improve quality of life.
Objectives
We hypothesize that, in elderly patients undergoing unilateral knee arthroplasty under general anesthesia combined with peripheral nerve blocks, an opioid‑free anesthesia (OFA) strategy is superior to a standard opioid‑based anesthesia (OBA) strategy in reducing postoperative immunosuppression. The primary objective is to compare the change in natural killer (NK) cell proportion from preoperative baseline to postoperative day 3 between the two groups. Secondary objectives include comparing pain scores, functional recovery, opioid consumption, hemodynamic stability, and the incidence of adverse events.
Trial Design
This study is a single‑center, randomized, controlled, single‑blind trial with two parallel arms. Eligible patients will be enrolled and randomly assigned in a 1:1 ratio to receive either OFA or OBA. The trial will be conducted at the Affiliated Hospital of Jiaxing University. Participant enrollment is planned from April 1, 2023, to April 30, 2025. The protocol follows the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2013 statement.
Methods: Participants, Interventions, and Outcomes
Trial Setting
The study will be conducted at the Affiliated Hospital of Jiaxing University, China. Written informed consent will be obtained from all participants prior to enrollment.
Eligibility Criteria
Inclusion Criteria
Participants must meet all of the following criteria to be eligible:
1. Age 60 to 80 years (inclusive);
2. Scheduled for elective unilateral total knee arthroplasty under general anesthesia with tracheal intubation;
3. American Society of Anesthesiologists (ASA) physical status I–III;
4. Body mass index (BMI) 20–30 kg/m²;
5. Able and willing to provide written informed consent.
Exclusion Criteria
Participants will be excluded if they meet any of the following criteria:
1. Known allergy or contraindication to any of the study medications;
2.Atrioventricular block, intraventricular conduction block, or sick sinus syndrome;
3. Adam‑Stokes syndrome;
4. Long‑term use of β‑blockers with a resting heart rate <50 beats/min;
5. Severe cardiovascular disease (e.g., unstable angina, myocardial infarction within 6 months);
6. Increased intraocular pressure;
7. Uncontrolled hyperthyroidism;
8. Contraindications to peripheral nerve block (e.g., infection at puncture site, coagulopathy);
9. Chronic analgesic use (daily or almost daily for >3 months) or opioid dependence;
10. Psychiatric disease or inability to communicate normally.
Dropout Criteria
Participants who refuse postoperative follow‑up will be considered dropouts.
Who Will Take Informed Consent?
On the day before surgery, a member of the research team will assess eligibility, provide a detailed explanation of the study, and obtain written informed consent. Participants will be given ample time to consider their decision.
Interventions
Upon arrival in the operating room, all participants received standard monitoring, including 3-lead electrocardiography, pulse oximetry, non-invasive blood pressure, and capnography. Anesthesia was administered by the unblinded attending anesthesiologist according to the randomized allocation. Both groups will receive combined general anesthesia and peripheral nerve blocks. Both groups of patients received a standardized ultrasound-guided peripheral nerve block regimen as part of their perioperative multimodal analgesia. The procedures, settings, and evaluation criteria were identical to ensure consistency and eliminate bias. Experienced anesthesiologists performed all block procedures after standardized training for the study. Blocks were administered 30 minutes before anesthesia induction for optimal onset and effectiveness.
Block procedures were conducted using a Philips EPIQ 5 ultrasound system. The adductor canal block (ACB) was performed by approaching the adductor canal at the mid-lower thigh in a transverse cross-sectional manner using a high-frequency linear array probe (L12-3 MHz). For the infiltration between the popliteal artery and capsule of the posterior knee (IPACK) block, a supra-popliteal approach was employed by positioning the probe 3 to 5 cm above the popliteal crease and using a low-frequency convex array probe (C5-1 MHz) to scan the area between the popliteal artery and the posterior knee capsule in the sagittal plane. Both blocks were executed using a 22G, 100 mm nerve block-specific puncture needle (Stimuplex®, B. Braun, Melsungen, Germany). The dosage administered was 10 mL of 0.25% ropivacaine for ACB and 20 mL of 0.25% ropivacaine for IPACK. On average, each block procedure for a single patient, from positioning the ultrasound probe to completing the drug administration, took 12±3 minutes, with no significant difference between the two groups.
Fifteen minutes post drug administration, the block effect was assessed uniformly using cold sensory testing. Evaluation criteria included sensory hypoesthesia in the saphenous nerve innervation territory (medial lower leg) and posterior knee skin. Anesthesia induction commenced only upon confirmation of successful sensory block. All study participants completed the block procedure without any instances of block failure, local anesthetic systemic toxicity (LAST), or related complications. Visual Analogue Scale (VAS) scores for posterior knee pain during and after surgery further confirmed the efficacy of the blocks.
All patients received general anesthesia with endotracheal intubation. Patients in the OBA group were induced with propofol 1.5–2 mg/kg, lidocaine 1–1.5 mg/kg, sufentanil 0.1–0.5 μg/kg, and cisatracurium 0.15 mg/kg, and anesthesia was maintained with remifentanil 8–10 μg/(kg·h), dexmedetomidine 0.4–1.4 μg/(kg·h), lidocaine 1 mg/(kg·h), and sevoflurane titrated to maintain BIS 40–60. Patients in the Opioid Free Anesthesia (OFA) group were induced with propofol 1.5–2 mg/kg, lidocaine 1–1.5 mg/kg, esketamine 0.2–0.5 mg/kg, and cisatracurium 0.15 mg/kg, and anesthesia was maintained with esketamine 0.1–0.5 mg/(kg·h), dexmedetomidine 0.4–1.4 μg/(kg·h), lidocaine 1 mg/(kg·h), and sevoflurane titrated to maintain BIS 40–60. Intravenous ketorolac 30 mg and granisetron 3 mg were administered intraoperatively as adjuvants in both groups. 
A fully unified, protocol-prespecified standardized hemodynamic management protocol was implemented for all patients in both groups during surgery, with core management targets of maintaining mean arterial pressure (MAP) within ±20% of the preoperative baseline value and heart rate (HR) between 50 and 100 beats per minute. The administration of vasoactive agents strictly followed the prespecified standardized triggering rules and dosing algorithm: for HR <50 beats per minute lasting more than 30 seconds, 0.25 mg of atropine was administered via intravenous bolus, with repeat dosing permitted at 5-minute intervals; for MAP reduction > 20% from the preoperative baseline lasting more than 1 minute, 6 mg of ephedrine was preferentially administered via intravenous bolus, with repeat dosing permitted at 3-minute intervals; for persistent hypotension with inadequate response to ephedrine, intravenous infusion of norepinephrine was initiated at a starting dose of 0.05 μg/(kg·min), with the dose dynamically titrated according to real-time MAP values, and single high-dose bolus administration was avoided throughout the procedure. 
Both groups received postoperative opioids via PCIA and rescue analgesia, with only the intraoperative opioid-free approach being implemented. Postoperative analgesia was identical in the two groups: all patients received patient-controlled intravenous analgesia (PCIA) consisting of sufentanil 100 μg and granisetron 6 mg diluted in 120 mL normal saline, with a background infusion of 2 mL/h, a 2 mL bolus dose, and a 20-minute lockout interval for 48–60 h. Rescue analgesia with subcutaneous oxycodone 5 mg was administered if the VAS score remained >4 at 30 min after a PCIA bolus.
Standard for Morphine Equivalent Dose Conversion: 1 microgram (μg) of sufentanil administered via intravenous infusion is equivalent to 7.5 milligrams (mg) of oral morphine.
Criteria for Discontinuing or Modifying Allocated Interventions
The allocated intervention may be discontinued or modified by the attending anesthesiologist for safety reasons, including but not limited to:
1.Severe hemodynamic instability unresponsive to standard treatment;
2.Anaphylaxis or other serious adverse reaction to study medications;
3.Withdrawal of consent by the participant or legal representative during the procedure;
4.Unexpected surgical complications requiring alteration of the anesthetic plan.
Any deviation will be documented in the case report form (CRF), and data will be analyzed according to the intention‑to‑treat principle.
Strategies to Improve Adherence to Interventions
Participants will receive thorough information about the study procedures, potential benefits, and risks. All procedures will be strictly performed according to the protocol. The research team will be available to address any concerns.
Relevant Concomitant Care Permitted 
Standard perioperative care, including antibiotics and thromboprophylaxis, will be administered according to institutional guidelines.
Provisions for post-trial care
After the completion of surgery, all patients will be transferred to a general ward, except for those in critical condition who may require admission to the Intensive Care Unit post-surgery. If any complications occur during the intervention, trial participant will receive standard postoperative care from a multidisciplinary team comprising surgical, anaesthesiology, and critical care specialists. If any serious adverse events are deemed related to this clinical trial, the research team will provide the necessary treatment free of charge. Furthermore, we will closely monitor participant throughout the postoperative period to promptly detect any potential complications and offer timely interventions as needed. These follow-up visits will not only help monitor adverse events but also provide ongoing support and encouragement, answer questions, and assist participants in addressing any issues that may emerge.
Outcomes
Primary Outcome
The primary outcome is the change in the proportion of natural killer (NK) cells among total lymphocytes from preoperative day 1 to postoperative day 3.
Secondary Outcomes
1.Lymphocyte subsets: Changes in the proportions of CD3⁺, CD4⁺, CD8⁺ T cells, and B cells from preoperative day 1 to postoperative day 3. The detection method is as follows: Flow cytometry (using a BD FACSCanto II flow cytometer) was employed. Cells were stained with the antibody panel consisting of CD3-FITC, CD4-PE, CD8-PE-Cy5, CD19-APC, and CD56-PE-Cy7 (all purchased from BD Biosciences). The operation was performed in accordance with the kit instructions to acquire and analyze cell proportion data. This detection was conducted by professional technicians from the Clinical Laboratory of our hospital, and the entire detection process strictly adhered to standard operating procedures.
[bookmark: OLE_LINK19]2.Pain intensity: Pain intensity evaluated using the VAS at rest and during passive knee flexion to 60°, recorded preoperatively and at 4, 8, 12, 24, 48, and 72 hours postoperatively. The VAS is a 10 cm horizontal line representing pain intensity, with 0 indicating "no pain" and 10 indicating "worst imaginable pain." Pain levels are categorized as mild (1–3), moderate (4–6), and severe (7–10). The dynamic VAS score in this study refers to the immediate pain VAS score reported by the patient when the operated knee was passively flexed to 60° at a controlled speed by the assessor, using a goniometer, in the supine position.
A consistent medical goniometer was employed for all evaluations. The passive flexion angle at 60° was controlled by defining the femoral and tibial long axes and ensuring a slow and steady flexion movement lasting approximately 5 seconds. Pain scores were recorded immediately after fixing the angle. Assessors underwent standardized training to ensure uniformity in the assessment process. 
Pain scores were recorded by research coordinators who were blinded to the patients' group allocation. They were not involved in anesthesia, clinical care, or treatment decisions, and had no access to anesthesia records or group information to prevent assessment bias.
3.Functional recovery: Active maximum knee flexion angle and walking distance (in meters) at 24, 48, and 72 h postoperatively.
4.Analgesic consumption: Number of effective PCIA presses at 4, 8, 12, 24, 48, and 72 h postoperatively, and opioid consumption (in morphine milligram equivalents) within 72 h after surgery. 
5.Intraoperative hemodynamics: MAP, HR, BIS values recorded at the following time points: pre-induction (T0), post-induction (T1), skin incision (T2), 30 minutes into surgery (T3), and at the end of surgery (T4). 6.Intraoperative vasopressor use: Total dose of vasopressors administered.
7.Local anesthetic toxicity: Any signs or symptoms of local anesthetic systemic toxicity (LAST) during block placement or surgery.
8.Recovery characteristics: Time to extubation (from end of anesthetics to tracheal extubation), incidence of postoperative nausea and vomiting (PONV), sleep quality assessed by the Pittsburgh Sleep Quality Index (PSQI) on POD3, need for rescue analgesia, and length of hospital stay (days). 
9.Safety outcomes: Incidence of adverse events including block‑related complications (infection, hematoma), in‑hospital falls, and any other serious adverse events (SAEs).
PSQI Scoring: The PSQI assesses sleep quality over the past month across seven components, with a total score ranging from 0 to 21. Higher scores indicate poorer sleep quality: 0–5 (very good), 6–10 (good), 11–15 (fair), 16–21 (poor).
Participant Timeline
The schedule of enrollment, interventions, and assessments is summarized in Table 1.
Table 1. Study Timeline
	Timepoint
	Preop Day 1
	Surgery (Day 0)
	Postop 4h
	8h
	12h
	24h
	48h
	72h
	Discharge

	Enrollment
	
	
	
	
	
	
	
	
	

	Eligibility screen
	X
	
	
	
	
	
	
	
	

	Informed consent
	X
	
	
	
	
	
	
	
	

	Baseline demographics
	X
	
	
	
	
	
	
	
	

	Randomization
	
	X (pre‑op)
	
	
	
	
	
	
	

	Interventions
	
	
	
	
	
	
	
	
	

	Nerve block (IPACK+ACB)
	
	X
	
	
	
	
	
	
	

	OFA or OBA general anesthesia
	
	X
	
	
	
	
	
	
	

	PCIA
	
	
	X
	X
	X
	X
	X
	X
	

	Assessments
	
	
	
	
	
	
	
	
	

	Immune function (NK, etc.)
	X
	
	
	
	
	
	X
	
	

	VAS pain score
	X
	
	X
	X
	X
	X
	X
	X
	

	Active knee flexion angle
	X
	
	
	
	
	
	X
	X
	

	Walking distance
	
	
	
	
	
	
	X
	X
	

	PCIA bolus count
	
	
	X
	X
	X
	X
	X
	X
	

	Hemodynamics (MAP, HR)
	
	X (T0–T4)
	
	
	
	
	
	
	

	Vasopressor use
	
	X
	
	
	
	
	
	
	

	LAST symptoms
	
	X
	
	
	
	
	
	
	

	Time to extubation
	
	
	X
	
	
	
	
	
	

	PONV
	
	
	X
	X
	X
	X
	X
	X
	

	PSQI sleep quality
	X
	
	
	
	
	
	
	X
	

	Rescue analgesia
	
	
	X
	X
	X
	X
	X
	X
	

	Adverse events
	
	X
	X
	X
	X
	X
	X
	X
	X

	Hospital discharge
	
	
	
	
	
	
	
	
	X



Sample Size
The sample size calculation is based on the primary outcome: the change in NK cell proportion from preoperative day 1 to postoperative day 3. Based on pilot data, we anticipate a mean difference of 16% between the OFA and OBA groups, with a common standard deviation of 20%. Using a two‑sample t‑test with a two‑sided α = 0.05 and power (1‑β) = 80%, the required sample size is 25 patients per group. To account for a 20% dropout rate, we aim to enroll 30 patients per group, for a total of 60 patients.
Recruitment
Patients scheduled for unilateral knee arthroplasty at the Affiliated Hospital of Jiaxing University will be screened for eligibility by research staff. Consecutive eligible patients will be approached for informed consent.
Assignment of Interventions: Allocation
Sequence Generation
A computer-generated random sequence (SAS 9.4) was used to allocate patients in a 1:1 ratio to the OFA or OBA group. An independent statistician created the randomization scheme using blocked randomization (block size = 6) and implemented group assignments 24 hours before surgery.
Concealment Mechanism
Group allocations will be placed in sequentially numbered, sealed, opaque envelopes. The envelopes will be stored by a research nurse who is not involved in the study procedures.
Implementation
On the day of surgery, after the patient has provided written informed consent and at least 30 min before induction, the attending anesthesiologist will open the next envelope to reveal the group assignment. The anesthesiologist will then prepare the corresponding anesthetic drugs.
Blinding
[bookmark: OLE_LINK1]This was a single-blind randomized controlled trial. An independent statistician generated a 1:1 blocked randomization sequence (block size = 6) using SAS 9.4 software, with group assignments implemented via a randomization system 24 hours before surgery. Allocation concealment was achieved using sealed, opaque envelopes with unique random codes, held by an independent operating room nurse and opened 30 minutes before anesthesia induction. Participants, outcome assessors (postoperative data collection coordinators), data analysts, and the principal investigator remained blinded to group allocation until database lock and final statistical analysis. Attending anesthesiologists could not be blinded due to the nature of the interventions but were strictly excluded from all postoperative data collection and analysis. Blinding was maintained by using identical syringes and infusion pumps for both groups, with anesthetic drugs prepared by the unblinded anesthesiologist in a separate area. After the collection of all 72-hour postoperative outcome indicators was completed and before formal unblinding, we conducted a blinding guess verification for all participants and outcome assessors in accordance with the standard of blinding verification for clinical randomized controlled trials 
Procedure for Unblinding if Needed
If a serious adverse event (SAE) occurs that requires knowledge of the allocated intervention for clinical management, the attending physician may request unblinding through the principal investigator. The reason for unblinding will be documented.
Data Collection and Management
Plans for Assessment and Collection of Outcomes
Data will be collected prospectively using standardized electronic case report forms (eCRFs) and the hospital’s electronic medical record system. All research personnel involved in data collection will receive formal training on the protocol and assessment tools. Preoperative data (demographics, medical history, baseline immune function, VAS, PSQI) will be collected by a blinded research coordinator. Intraoperative data (drug doses, hemodynamics, vasopressor use) will be recorded by the attending anesthesiologist on a dedicated intraoperative eCRF. Postoperative outcomes will be assessed by blinded research coordinators at the specified time points.
Plans to Promote Participant Retention and Complete Follow‑up
Participants will receive clear information about the follow‑up schedule during the consent process. Reminder calls may be made if necessary. The research team will address any concerns promptly to encourage retention.
Data Management
All data will be entered into Microsoft Excel by an investigator and double‑checked for accuracy. Raw data (eCRFs) will be stored in a locked cabinet in the anesthesiology department. Electronic data will be stored on a password‑protected computer with access restricted to authorized personnel.
Confidentiality
All researchers will adhere to patient confidentiality regulations. Personal data will be handled confidentially and managed in accordance with applicable data protection laws.
Plans for Collection, Laboratory Evaluation, and Storage of Biological Specimens
Blood samples (5 mL) for immune function testing (NK cell proportion and lymphocyte subsets) will be collected preoperatively (day 1) and on postoperative day 3. Samples will be processed in the hospital’s clinical laboratory using flow cytometry. No genetic or molecular analyses are planned. Samples will be discarded after analysis according to institutional biohazard disposal protocols.
Statistical Methods
Statistical Methods for Primary and Secondary Outcomes
[bookmark: OLE_LINK15]All analyses will be conducted according to the intention-to-treat (ITT) principle, in which all randomized participants will be analyzed in the group to which they were originally assigned, regardless of protocol adherence or the treatment ultimately received. Baseline demographic and clinical characteristics will be summarized to assess the balance achieved between the two groups by randomization. Continuous variables were presented as means with standard deviations (SDs) or medians with interquartile ranges (IQRs), while categorical variables were presented as frequencies and percentages. Between-group comparisons were performed using the independent samples t-test, the Mann-Whitney U test, or the χ² test (or Fisher's exact test, as appropriate). 
The primary outcome was analyzed as a confirmatory analysis, which was defined as the pre-to-postoperative change in NK cell proportion (ΔNK). Between-group comparisons were performed using independent-samples t-test and ANCOVA adjusted for baseline NK proportion, age, and ASA status; within-group comparisons were conducted using paired t-test.
All secondary outcomes were considered as exploratory analyses. For immune cell subsets, paired t-tests were used for within-group comparisons and independent-samples t-tests for between-group comparisons. Repeated measurement data were analyzed using GEE with an exchangeable correlation matrix, adjusting for baseline values, and conducting Bonferroni-corrected post hoc pairwise comparisons. Single time-point continuous data were compared using independent-samples t-tests for normal distributions and Mann-Whitney U tests for non-normal distributions. Categorical data were compared using Pearson χ² tests (Fisher’s exact test for expected frequencies <5), while ordinal data were assessed using Mann-Whitney U tests.
Interim Analyses
No interim analyses are planned.
Methods for Additional Analyses (e.g., Subgroup Analyses)
Exploratory subgroup analyses may be performed based on age (<70 vs. ≥70 years), sex, or ASA class, provided sample sizes are adequate. Interaction tests will be used to assess heterogeneity of treatment effects.
Methods to Handle Missing Data
Missing data for repeated measures (missing rate <5%) were handled via GEE likelihood-based estimation; immune outcome missing data were imputed via MICE (MAR assumption, 20 imputations). 
Plans to Give Access to the Full Protocol, Participant‑Level Data, and Statistical Code
The full protocol is available from the corresponding author upon reasonable request. Participant‑level data will not be shared publicly due to privacy restrictions but may be made available to qualified researchers after de‑identification, subject to institutional approval.
Oversight and Monitoring
Composition of the Coordinating Centre and Trial Steering Committee
This is an investigator‑initiated trial. The principal investigator (PI) is responsible for overall coordination, protocol adherence, and data integrity. A steering committee has not been formed.
Composition of the Data Monitoring Committee
A formal data monitoring committee is not deemed necessary because the interventions are standard anesthetic drugs with well‑known safety profiles, and the trial is of moderate size and short duration. Safety monitoring will be conducted by the PI and the local Institutional Review Board (IRB).
Adverse Event Reporting and Harms
All adverse events (AEs) and serious adverse events (SAEs) were systematically monitored and documented from the time of randomization until 48 hours postoperatively. An AE was defined as any untoward medical occurrence in a participant, regardless of whether it was considered related to the study intervention. An SAE was defined as any AE that resulted in death, was life-threatening, required inpatient hospitalization or prolongation of existing hospitalization, or resulted in persistent or significant disability.
The unblinded attending anesthesiologist was responsible for identifying and documenting any intraoperative AEs. Blinded research coordinators and nursing staff were responsible for identifying and documenting postoperative AEs through systematic assessment and patient interviews.
All AEs were recorded on a dedicated page in the electronic case report form, detailing the event, its onset and resolution, severity (mild, moderate, or severe), and the investigator's assessment of its relationship to the study intervention (definitely related, probably related, possibly related, or not related). All SAEs were required to be reported to the principal investigator within 24 hours of awareness and subsequently to the IRB in accordance with local regulatory requirements and institutional policies.
Frequency and Plans for Auditing Trial Conduct
An independent researcher not involved in the trial will review protocol adherence, data quality, and informed consent documentation every two weeks.
Plans for Communicating Important Protocol Amendments
Any protocol amendments will be submitted to the IRB for approval before implementation. 
Dissemination Plans
Upon completion of the statistical analysis, we will make every effort to publish the results in reputable peer-reviewed journals specializing in clinical anesthesia. 
Discussion
This single‑center, randomized, single‑blind trial is designed to evaluate whether opioid‑free anesthesia, combined with regional blocks, can preserve postoperative immune function better than standard opioid‑based anesthesia in elderly patients undergoing unilateral knee arthroplasty. The primary endpoint—change in NK cell proportion—is a sensitive marker of innate immunity and has been linked to postoperative infection and cancer recurrence in some studies. By also assessing a comprehensive set of secondary outcomes including pain, function, recovery quality, and safety, we aim to provide a holistic view of the potential benefits of OFA in this vulnerable population.
Strengths of this study include its randomized design, strict blinding of outcome assessors, and a well‑defined, standardized anesthetic protocol. The use of multimodal non‑opioid agents (esketamine, dexmedetomidine, lidocaine) in the OFA group reflects current clinical trends, while the OBA group represents routine practice. The combination of IPACK and ACB blocks ensures effective posterior knee analgesia, minimizing confounding from uncontrolled pain.
Limitations include the single‑center setting, which may limit generalizability, and the inability to blind the attending anesthesiologist. However, the use of objective outcomes (laboratory values, extubation time) and blinded assessors reduces bias. The sample size is modest and powered for the primary outcome, but subgroup analyses may be underpowered. The postoperative PCIA contains sufentanil in both groups, which could attenuate differences in opioid‑related immune effects; however, this pragmatic design reflects real‑world practice where complete opioid avoidance throughout the entire perioperative period is often not feasible.
In conclusion, this trial will provide valuable evidence on the impact of intraoperative opioid avoidance on immune function and clinical recovery in elderly arthroplasty patients. If OFA proves beneficial, it could support a shift in anesthetic practice toward opioid‑free strategies for this population.
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