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Purpose: This study evaluated whether oxycodone alone could substitute for fentanyl combined with remifentanil for general 
anesthesia in laparoscopic uterine myoma surgery.
Patients and Methods: 90 adult female patients were randomized into three groups: oxycodone 0.35 mg/kg (Group A), oxycodone 
0.30 mg/kg (Group B), or fentanyl 5 μg/kg (Group C) for induction. Anesthesia was maintained with propofol plus saline (Groups A/ 
B) or remifentanil (Group C). Primary outcomes included Numerical Rating Scale (NRS) pain scores in the Post-Anesthesia Care Unit 
(PACU). Secondary outcomes were intubation reaction, vital signs, extubation/PACU times, Ramsey Sedation Scores (RSS) in PACU, 
NRS pain scores and adverse events within 48 hours postoperatively.
Results: Intubation reactions were rare (one case each in Groups B/C, none in Group A). Group B had significantly lower PACU NRS 
scores than Group C (0.6 ± 0.7 vs 1.3 ± 1.4, P = 0.011), while Group A showed a nonsignificant trend (0.8 ± 0.9 vs 1.3 ± 1.4, P = 
0.051). RSS scores, extubation/PACU times, and 48-hour NRS scores were comparable. However, oxycodone groups had longer 
postoperative evacuation times than fentanyl group (Group A vs Group C: 20.0 ± 7.3 hours vs 16.5 ± 5.1 hours, P=0.038; Group B vs 
Group C: 20.3 ± 8.2 hours vs 16.5 ± 5.1 hours, P=0.034).
Conclusion: Oxycodone alone provides superior early postoperative analgesia compared to fentanyl-remifentanil in laparoscopic 
myoma surgery but may delay bowel recovery.
Keywords: oxycodone, laparoscopic surgery, myomas, fentanyl, postoperative pain

Introduction
Myomas are the most common benign tumors of the female reproductive tract, with a prevalence of up to 40% during the 
childbearing years.1 Many patients with myomas may not exhibit obvious symptoms, while approximately 50% 
experience issues such as abnormal menstruation, pelvic pain, compression symptoms,2 or even infertility.3 Recently, 
laparoscopic hysterectomy or laparoscopic myomectomy has emerged as the most effective treatment for symptomatic 
uterine myomas due to its minimally invasive nature and favorable surgical outcomes, including reduced postoperative 
pain and shorter recovery times compared to traditional laparotomy.2 Patients undergoing laparoscopic surgery often 
experience moderate to severe postoperative pain, particularly visceral pain. Unlike somatic pain, visceral pain is a deep, 
hidden pain within the abdomen that is difficult to localize precisely. This type of pain can trigger autonomic reflexes, 
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lead to significant discomfort and potentially provoke negative emotional responses.4 Severe postoperative pain can even 
lead to respiratory impairment, prolong hospitalization, and negatively impact patient prognosis and quality of life.5 

Furthermore, chronic postoperative pain is often associated with early postoperative visceral pain.6

Opioids remain the cornerstone of surgical and postoperative pain relief. International Narcotics Control Board 
(INCB) data on country-level use of pharmaceutical opioids shows opioid analgesic use is low in Africa, Asia, Central 
America, the Caribbean, South America, eastern and south-eastern Europe. The United States is the country with the 
highest consumption of opioid drugs, mainly for chronic non-cancer pain (CNCP).7 Over time, various analgesic agents 
and combination strategies have been explored to enhance efficacy and minimize side effects.

The most widely used clinical analgesia protocol combines fentanyl for induction with remifentanil for maintenance. 
During induction, fentanyl provides rapid-onset, sustained initial analgesia while stabilizing hemodynamics. For main
tenance, remifentanil enables precise dose titration, minimizes accumulation risks, and facilitates faster postoperative 
recovery. This regimen optimally balances analgesic efficacy with safety, and is widely used in China.

Research has shown that oxycodone is one of the widely used opioid drugs worldwide, with the greatest association 
with Canada.8 Oxycodone, a semisynthetic agonist of the μ-, κ-, and δ-opioid receptors, stands out among potent opioids 
because it induces analgesia not only through the μ-opioid receptor but also via the κ- and δ-opioid receptors.9–11 Given 
that the κ-receptor plays a crucial role in inhibiting visceral pain, oxycodone offers superior postoperative pain manage
ment following laparoscopic surgery.4 Moreover, oxycodone has been demonstrated to relieve neuropathic pain.12 It has 
proven effective for postoperative pain control and is well tolerated across various surgical procedures and patient 
populations.4

Oxycodone has a rapid onset time of 2 to 3 minutes13 and a prolonged duration of action, approximately 4 hours 
(similar to morphine),14 suggesting that it could be used as the sole opioid for general anesthesia. Oxycodone may serve 
as an alternative to fentanyl for induction and may provide superior analgesic efficacy compared to fentanyl for acute 
postoperative pain.5 Recently, intravenous (IV) oxycodone is used for the induction to prevent the hemodynamic 
response of tracheal intubation,15 as well as for intraoperative and postoperative pain management.16 Our findings and 
other research indicate that oxycodone can be safely administered as the sole opioid for induction and with/without 
additional dose during general anesthesia for pain management.16,17 We hypothesize that a sufficient dose of oxycodone 
at induction could provide enough analgesia to support general anesthesia in moderate surgery. However, it remains 
unclear whether the use of oxycodone alone could substitute for the combination of fentanyl and remifentanil, which is 
widely used for general anesthesia. If feasible, this could significantly facilitate anesthesia and analgesia management for 
laparoscopic myomectomy procedures.

In this study, we first proposed to evaluate the analgesic effect and safety of using oxycodone alone in laparoscopic 
uterine myomas surgery (laparoscopic hysterectomy or myomectomy), and compared it with the combination of fentanyl 
and remifentanil, to assess its clinical applicability.

Materials and Methods
Ethical Review
This study was approved by the ethics committee of the First Affiliated Hospital, College of Medicine, Zhejiang 
University (2017–381) (Chairman Min Zheng) on 24 March 2017 and was registered with the Chinese Clinical Trial 
Registry (http://www.chictr.org.cn, ChiCTR-IPR-17011085). Written informed consent was obtained from all patients. 
The study protocol was designed in line with the CONSORT guidelines and complies with the Declaration of Helsinki.

Patients
From December 2017 to September 2018, adult female patients classified as American Society of Anesthesiologists 
(ASA) Class I or II, aged 18 to 64 years, undergoing selective laparoscopic hysterectomy or laparoscopic myomectomy 
for symptomatic uterine myomas were enrolled. Patients were excluded if they 1) had a body mass index (BMI) >30 kg/ 
m² or ≤18.4 kg/m², 2) had severe cardiovascular or respiratory disease, 3) had a history of difficult intubation, a predicted 
difficult airway, 4) had renal, liver, or hematological disorders, 5) were taking narcotics for chronic pain, or 6) had 
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contraindications to oxycodone and parecoxib sodium. Patients were withdrawn from the study if they 1) had more than 
one attempt of intubation attempt, 2) could not complete the follow-up.

Randomization
Patients were randomly assigned to receive either oxycodone 0.35 mg/kg (Group A), oxycodone 0.30 mg/kg (Group B), 
or fentanyl 5 μg/kg (Group C) for induction according to a computer-generated random-number sequence. The study 
drugs were administered in a double-blind manner. An anesthesia nurse prepared a computer-generated randomization 
list and the blinded study medications. Syringes were labeled with the study name, consecutive patient numbers, and the 
intended time of use. The randomization list was securely held by the assistant nurse and was released only after the 
completion of the study.

Anesthesia and Interventions
The blinded study drugs were prepared according to the following protocol: 1) For induction: 0.35 mg/kg oxycodone 
(Hamol Limited, UK) in Group A, 0.30 mg/kg oxycodone in Group B, or 5 μg/kg fentanyl (Humanwell Healthcare 
Limited, China) in Group C was diluted with saline to a total volume of 20 mL. 2) For the maintenance of general 
anesthesia: 2 mg remifentanil (HengRui Medicine Limited, China) was diluted with saline to a total volume of 40 mL in 
Group C. The same dose of 40 mL saline was prepared in Group A and B. This solution was utilized for continuous 
infusion during general anesthesia. An additional analgesic (0.06 mg/kg oxycodone in Group A and B, or 6 μg/kg 
fentanyl in Group C) was diluted to 10 mL and administered at 5 mL per dose when the anesthesiologists determined that 
the analgesia might be insufficient during general anesthesia. 3) For the end of the operation: The “ending drug”, which 
consisted of 100 mg tramadol (Grünenthal Co., Ltd., Germany) diluted to 2 mL, was prepared for Group C. The same 
volume of saline was prepared and marked for Group A and B. This solution was administered 5 minutes prior to the end 
of the operation. 4) For postoperative pain management in the post-anesthesia care unit (PACU): The same additional 
analgesic (either oxycodone or fentanyl, as utilized during the operation) was prepared in a 10 mL solution for 
administration in the PACU. When patients report moderate or severe pain, the anesthesiologist in the PACU administers 
a 2 mL solution in a titrated manner to relieve the pain.

All patients were transferred to the operating room without receiving premedication. Standard monitors were 
employed to measure pulse oximetry (SpO2), electrocardiography (ECG), invasive blood pressure (BP), and bispectral 
index (BIS). Baseline measurements of systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate 
(HR) were recorded with the average of three measurements in a calm state.

Induction began with the slow administration of the blinded drug (either oxycodone or fentanyl), followed by an 
intravenous injection of 2 mg/kg propofol (AstraZeneca, Italy) and 0.8 mg/kg rocuronium (N.V. Organon, Holland). 
Tracheal intubation was performed 5 minutes after induction using a video laryngoscope (TD-C-IV, Zhejiang Yu Yi 
Medical Equipment Co., Ltd.) and a standard endotracheal tube, conducted by experienced anesthesiologists. Patients 
were mechanically ventilated with a tidal volume of 8–10 mL/kg at a respiratory rate of 12 breaths per minute to maintain 
an end-tidal carbon dioxide partial pressure (ETCO2) of 30–40 mmHg.

Before the operation, 50 mg of parecoxib sodium (Pharmacia Healthcare Limited, UK) and 0.25 mg of palonosetron 
(Qilu Pharmaceutical Co., Ltd., China) were administered. General anesthesia was maintained by continuous infusion of 
propofol (5–10 mg/kg) to keep the BIS (BIS A-1050 Monitor, Aspect Medical Systems, Newton, MA, USA) within 
a range of 40–60. A continuous infusion of the blinded analgesic (remifentanil or saline) at a rate of 10–20 mL/h was also 
administered. An additional 5 mL of the blinded analgesic was administered if the anesthesiologist suspected insufficient 
analgesia. At the end of surgery, the 2 mL blinded ending drug was administered, and the propofol infusion was 
discontinued.

Cisatracurium was administered as needed to maintain muscle relaxation. A dose of 0.5 mg of atropine was 
administered intravenously if severe bradycardia occurred (HR <50 bpm), and 6 mg of ephedrine was administered 
for hypotensive events (a decrease in systolic blood pressure (SBP) of <30% from the baseline value or SBP 
<90 mmHg). For hypertensive events (an increase in SBP ≥30% from baseline), 10 mg of urapidil was administered 
intravenously.
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The patient was transferred to the PACU after surgery, where another anesthesiologist performed extubation. The 
anesthesiologist gently patted the patient’s shoulder and called the patient’s name to facilitate waking up intermittently. 
The patient was monitored for at least 30 minutes after extubation before being transferred to the ward. If the patient 
reported pain and requested medication, an additional dose of the blinded drug (2 mL at a time) was administered 
gradually.

Within 2 days of being transferred to the ward, the patients were routinely treated with 40mg bid of parecoxib 
sodium. When the patients reported pain with an NRS score of 4 or higher, 100 mg tramadol was administered for 
additional pain relief.

Assessment
Hemodynamic parameters (SBP, DBP and HR) were recorded at the following time points: T0 = baseline (arrival in the 
operating room); T1 = before intubation; T2 = 1 minute after intubation; T3 = skin incision; T4 = artificial pneumoper
itoneum; T5 = head-down position; T6 = 30 minutes after the start of surgery; T7 = 60 minutes after the start of surgery; 
T8 = end of the operation; T9 = extubation time.

The intubation reaction was recorded if SBP, DBP, or HR increased more than 20% from baseline values within 
3 minutes of intubation.

Additionally, the operation time (duration of the surgical procedure), anesthesia time (from induction to cessation of 
propofol infusion), extubation time (from cessation of propofol infusion to extubation), and PACU time (total duration in 
the PACU) were recorded. The total dose of propofol and any additional analgesics (oxycodone or fentanyl) administered 
in each group were also noted.

A blinded observer was responsible for evaluating adverse events, sedation, and pain scores. Pain was assessed using 
the Numerical Rating Scale (NRS), where 0 indicates no pain and 10 indicates the worst possible pain. We recorded 
patients’ pain scores after extubation in the PACU, as well as at rest and during movement (eg, while coughing) at 4, 8, 
12, 24, and 48 hours postoperatively. Adverse events were documented in the PACU and within 48 hours following 
surgery, with respiratory depression defined as a respiratory rate of fewer than 8 breaths per minute. Additionally, 
evacuation time was recorded.

Furthermore, the Ramsey Sedation Score (RSS) was employed to evaluate the sedation state in the PACU as follows: 
1=Anxious, agitated, or restless; 2=Cooperative, oriented, and tranquil; 3=Responds to commands; 4=Responds briskly 
to a light glabellar tap or loud sound; 5=Responds sluggishly to a light tap or loud sound; 6=Unresponsive to stimuli.

Statistical Analysis
A sample size calculation was performed based on the expected difference in NRS changes in the PACU. In our previous 
study,15,16 we explored the use of oxycodone for induction and observed its effectiveness in pain management as the sole 
opioid in general anesthesia, with an NRS of 0.63±1.07 in the PACU. In comparison, the NRS was 1.4±1.25 for patients 
who received fentanyl for induction and remifentanil for maintenance. Assuming a 5% significance level, 0.8 statistical 
power, and a two-sided test, 28 patients were required in each group. To account for an 10% dropout rate, 30 patients 
were enrolled in each group, resulting in a total of 90 participants.

Statistical analyses were performed using SPSS v. 27.0 (IBM, Armonk, NY, USA). The distributions of continuous 
variables were assessed for normality using the Shapiro–Wilk test. Data are presented as the mean ± SD for variables 
with normal distributions or as the median (range) for variables with non-normal distributions. Variables with normal 
distributions were compared using one-way ANOVA and LSD post hoc test, while those with non-normal distributions 
were compared using the Kruskal–Wallis test or Mann–Whitney U-test. Count data were compared using the chi-square 
test or Fisher’s exact test. Ranked data were also analyzed using the Kruskal–Wallis test. P <0.05 presents statistically 
significant.

Results
A total of 90 patients scheduled for elective laparoscopic hysterectomy or myomectomy were enrolled and randomized 
into three groups. No patients were excluded, and all were included in the final analysis without withdrawn (Figure 1).
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Baseline Demographics and Perioperative Characteristics
There were no statistically significant differences among the groups in terms of patient age, body mass index, operation 
time, anesthesia time, PACU time, or extubation time. The demographic and clinical characteristics of the patients are 
presented in Table 1.

Intubation Reaction
Intubation reactions occurred in 1 patient (3.3%) in Group B and Group C respectively, while no reactions were observed 
in Group A. SBP, DBP, and HR are presented in Figure 2. There was no statistically significant difference in any of these 
parameters among the three groups.

Intraoperative Medication
Additional analgesics were administered in 3 cases (10%) in Group A, 2 cases (6.7%) in Group B, and 1 case (3.3%) in 
Group C. There was no statistically significant difference in the comparison among the three groups. The total dose of 
propofol was lower in Group C compared to Group A (10.0 ± 2.4 mg/kg vs 13.3 ± 4.5 mg/kg, P = 0.0005) and compared 
to Group B (10.0 ± 2.4 mg/kg vs.13.0 ± 3.1 mg/kg, P = 0.0012) (Figure 3).

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

Table 1 Demographic and Clinical Characteristics of Patients

Group A (n=30) Group B (n=30) Group C (n=30) F/H/χ² P

Age (years) 44.2 ±4.3 43.2 ±7.9 42.4 ±7.2 0.579 0.563

Height (cm) 161.6 ±4.1 159.2 ±4.4 160.4±5.0 2.261 0.110

Weight (kg) 58.3±7.9 57.4±9.5 60.7±9.5 1.336 0.268
Laparoscopic hysterectomy/myomectomy (n/n) 6 / 24 9 / 21 10 / 20 1.440 0.487

BMI (kg/m2) 22.3±3.1 22.7±2.8 22.5±2.8 1.280 0.283

Operation time (min) 83.0±24.8 92.9±26.0 88.1±26.8 1.088 0.341
Anesthesia time (min) 107.5±27.3 113.7±26.0 110.2±26.6 0.415 0.662

Extubation time (min) 20.0 (8–60) 22.5 (7–54) 18.5 (5–38) 2.824 0.244

PACU time (min) 51 (30–100) 55.5 (30–83) 54.5 (30–74) 1.088 0.580

Notes: Data presented as mean ± SD, median (range), or number. 
Abbreviation: BMI, body mass index.
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NRS Pain Score in PACU and 48h Postoperatively
Oxycodone reduced pain more effectively than the combination of fentanyl and remifentanil in the PACU. Group 
B exhibited a significantly lower NRS pain score compared to Group C (0.6±0.7 vs 1.3±1.4, P = 0.011). Although there 
was a trend toward a lower pain score in Group A compared to Group C (0.8±0.9 vs 1.3±1.4, P =0.051), but there was no 
statistically difference (Figure 4a). After extubation in the PACU, one patient in Group A had a NRS score of 4 but 
refused additional analgesia, whereas three patients in Group C had NRS scores higher than 4 and received additional 
analgesic treatment.

The pain levels were similar across all groups when assessed at rest (Figure 4c) and movement (Figure 4d) at 4, 8, 12, 
24, and 48 hours postoperatively, without additional analgesia required.

Sedation in PACU
There were no significant differences in the Ramsey Sedation Scores (RSS) among the three groups in the PACU 
(Figure 4b). However, Group B reported three cases of excessive sedation (RSS = 4), while Group C reported two cases.

Figure 2 Blood pressure (BP) and heart rate (HR) at perioperative period. (a) Systolic blood pressure (SBP) and diastolic blood pressure (DBP), (b) heart rate (HR). 
Anesthesia induction: oxycodone 0.35 mg/kg (group A), oxycodone 0.30 mg/kg (group B), or fentanyl 5 μg/kg (group C) T0 = arrival in the operating room; T1 = before 
intubation; T2 = 1 minute after intubation; T3 = skin incision; T4 = artificial pneumoperitoneum; T5 = head-down position; T6 = 30 minutes after the start of surgery; T7 = 
60 minutes after the start of surgery; T8 = end of the operation; T9 = extubation time.

Figure 3 The total dose of propofol. Anesthesia induction: oxycodone 0.35 mg/kg (group A), oxycodone 0.30 mg/kg (group B), or fentanyl 5 μg/kg (group C), ** presents 
P <0.01, *** presents P<0.001. The total dose of propofol includes induction and maintenance doses.
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Adverse Events
Postoperative adverse events, including nausea, vomiting, dizziness, and respiratory depression, showed no significant 
differences among the three groups (Table 2). However, the evacuation time of Group A was significantly longer than that 
of Group C (20.0±7.3 hours vs 16.5±5.1 hours, P = 0.038), similar in Group B vs Group C (20.3±8.2 hours vs 16.5 
±5.1 hours, P = 0.034) (Figure 5).

Discussion
Our non-inferiority study findings support oxycodone alone as a clinically viable alternative to the fentanyl-remifentanil 
combination for general anesthesia analgesia during laparoscopic hysterectomy or myomectomy. In contrast, oxycodone 
demonstrates superior efficacy in early postoperative analgesia but prolongs intestinal recovery.

Based on our previous ED50 and ED95 results for oxycodone induction,15 to further verify the dose-response 
relationship of oxycodone in preventing intubation-induced reactions, we selected oxycodone doses of 0.35 mg/kg 
(probit analysis for 90% of patients without intubation reaction) and 0.30 mg/kg (probit analysis for 80% of patients 
without intubation reaction) in this study. The results showed that all patients in Group A (oxycodone 0.35 mg/kg) and 
96.7% of patients in Group B (oxycodone 0.30 mg/kg) and C (fentanyl 5 µg/kg) did not experience intubation reactions. 
These findings suggest that both oxycodone doses are effective and safe for induction, and 0.30 mg/kg oxycodone and 
5 µg/kg fentanyl have similar effects in preventing tracheal intubation reaction. Moreover, the effective rates exceeded 

Figure 4 NRS and RSS in different states at different times. Three groups of patients’ NRS (a) and RSS (b) scores in PACU. NRS scores of three groups of patients at rest (c) 
and during movement (d) within 48 hours after surgery. Anesthesia induction: oxycodone 0.35 mg/kg (group A), oxycodone 0.30 mg/kg (group B), or fentanyl 5 μg/kg (group C), 
* presents P <0.05.
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the predicted rates by the probit analysis, which based on data from the Dixon up-down method for ED50 may be lack of 
precision. Nevertheless, these oxycodone doses are higher than those used in previous reports,18 which demonstrated that 
oxycodone 0.2 mg/kg for endotracheal intubation was as effective as fentanyl 2 µg/kg in attenuating the hemodynamic 
response. This discrepancy may be attributed to the different definitions of intubation reaction. We defined the intubation 
reaction as an increase in SBP/DBP or HR exceeding 20% from baseline within 3 minutes of intubation, whereas that 
study used thresholds of over 40% for mean blood pressure (MBP) and 20% for HR within 5 minutes. The lower 
requirement for stable hemodynamics in the previous study may explain the lower dose of oxycodone used.

Our previous research had demonstrated the feasibility of using oxycodone as the sole opioid for the induction and 
maintenance of general anesthesia in minor to moderate surgeries.16 Wirz et al (Year 2018) similarly demonstrated the 
feasibility of oxycodone monotherapy for general anesthesia in orthopedic surgery.17 However, their reported cumulative 
oxycodone dose (0.16 mg/kg with isoflurane) was notably lower than the doses employed in our previous study (0.32 mg/ 
kg with propofol). In this study, we focus on a specific type of moderate surgery to compare the analgesic effects of 

Table 2 Postoperative Adverse Events in the PACU and 48 hours After Surgery in the Ward

Adverse events Group A 
(n=30)

Group B 
(n=30)

Group C 
(n=30)

χ² P

In PACU Nausea 0 (0) 0 (0) 1 (3.3%) 1.840 1.000

Vomiting 0 (0) 0 (0) 1 (3.3%) 1.840 1.000

Dizziness 0 (0) 1 (3.3%) 0 (0) 1.840 1.000
Respiratory depression 

Moderate pain

0 (0) 

1 (3.3%)

0 (0) 

0(0)

0 (0) 

3 (10.0%)

0 1.000

0.268 0.605

< 24h after surgery Nausea 4 (13.3%) 3 (10.0%) 2 (6.7%) 0.797 0.905
Vomiting 4 (13.3%) 4 (13.3%) 2 (6.7%) 0.976 0.763

Dizziness 2 (6.7%) 1 (3.3%) 0 (0) 1.866 0.770
24h - 48h after surgery Nausea 0 (0) 1 (3.3%) 0 (0) 1.840 1.000

Vomiting 0 (0) 0 (0) 0 (0) 0 1.000

Dizziness 0 (0) 0 (0) 0 (0) 0 1.000

Notes: Data presented as number (%) or mean ± SD.

Figure 5 Evacuation time in each group. Anesthesia induction: oxycodone 0.35 mg/kg (group A), oxycodone 0.30 mg/kg (group B), or fentanyl 5 μg/kg (group C), * presents 
P <0.05.
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oxycodone alone and the combination of fentanyl and remifentanil. Ultimately, we found that oxycodone could provide 
stable hemodynamics during surgery (Figure 2) and Group B (oxycodone 0.3 mg/kg) offered superior analgesia than 
Group C (NRS: 0.6±0.7 vs 1.3±1.4, P=0.011) in the PACU. This may be attributed to: (1) the active metabolites of 
oxycodone, oxymorphone and noroxymorphone, which contribute to the prolonged duration of oxycodone’s action.9 (2) 
the nature of laparoscopic surgery, which typically involves both somatic and visceral pain.19 Given that laparoscopic 
surgery is minimally invasive, the pain is predominantly visceral.20 Oxycodone, as a kappa receptor agonist, plays 
a crucial role in inhibiting visceral pain, making it particularly effective for postoperative pain management after 
laparoscopic surgery compared to other opioids.21 Unexpectedly, Group A (oxycodone 0.35 mg/kg) did not provide 
better pain management than Group C (NRS, 0.8±0.9 vs 1.3±1.4, P =0.051) in the PACU. We speculate that this may be 
due to the small sample size, individual variations in opioid requirements, and differences in pain perception. For 
instance, one patient in Group A reported an NRS score at 4 but refused further analgesic treatment. Since there is no 
objective indicator, the NRS remains widely used for pain evaluation.

Our results demonstrate that the majority of patients across all three groups experienced either no pain (NRS = 0) or 
mild pain (NRS 1–3), with very few reporting moderate pain (NRS ≥4). This finding reflects our institutional commit
ment to ethical pain management, as evidenced by tramadol administration following fentanyl-remifentanil cessation to 
guarantee optimal postoperative analgesia. Although the observed low NRS scores demonstrate limited clinical dis
criminative value, the statistically significant between-group differences in PACU NRS scores (favoring oxycodone) 
suggest its clinical utility as a potential substitute for fentanyl-remifentanil. Future multicenter trials with expanded 
cohort sizes will be necessary to validate these preliminary findings and determine their clinical significance.

Additionally, no significant differences were observed in pain levels among the three groups during the subsequent 
48 hours postoperatively. This finding contrasts with previous studies, which suggest that oxycodone is superior to other 
analgesics for up to 24 hours post-laparoscopic surgery.22 The differences were caused by the study design. In most 
studies, oxycodone is administered either as a single dose23 or through a patient-controlled analgesia (PCA) pump at the 
end of surgery,24 but one finding indicated that oxycodone demonstrated comparable efficacy to fentanyl in PCIA 
following laparoscopic myomectomy.25 In this study, oxycodone was administered for induction before surgery, and four 
hours after surgery or later was beyond its effective duration. Moreover, research has suggested that the combined use of 
opioids and nonsteroidal anti-inflammatory drugs (NSAIDs) can reduce opioid dosages and associated side effects.26 Our 
study demonstrated that no patient required additional analgesics within 48 hours postoperatively, indicating that our 
medication regimen which utilized oxycodone as the sole opioid in combination with parecoxib sodium can provide 
sufficient analgesia for laparoscopic hysterectomy or myomectomy and eliminate the need for a PCA pump, thereby 
simplifying analgesic management while simultaneously minimizing adverse reactions.

Oxycodone, a long-acting opioid, raises concerns about delayed extubation due to its potential respiratory depressant 
effects, particularly when administered at high doses. However, in this study, there was no significant difference in 
extubation times among the three groups: Group A (20.0 minutes), Group B (22.5 minutes), and Group C (18.5 minutes). 
This outcome may be attributed to the study design. Despite we use a higher dose of oxycodone for induction, the 
relatively long surgical duration (80–90 minutes) likely alleviate the respiratory depressant of oxycodone and minimize 
its impact on extubation time.

Our previous research found that administering high doses of oxycodone as the sole opioid for general anesthesia may 
lead to excessive sedation.16 In this study, the overall level of sedation in the PACU was similar among the three groups, 
with all patients in a state of quiet cooperation, indicating safety. However, three cases of excessive sedation (RSS = 4) 
were observed in Group B (0.3 mg/kg oxycodone). Notably, these three patients did not experience significantly 
prolonged PACU stays or respiratory depression. In contrast, Group A (0.35 mg/kg oxycodone) reported zero cases. 
Notably, our prior research16 observed that some patients maintained normal sedation levels (RSS 2–3) despite receiving 
higher oxycodone doses (>0.35 mg/kg) and some patients developed oversedation at oxycodone doses 0.25–0.35 mg/Kg 
(unpublished data). However, the limited sample size in these studies prevented definitive conclusions regarding a dose- 
response relationship between oxycodone administration and sedation effects.

As with other opioids, oxycodone may cause opioid-induced bowel dysfunction (OIBD),27 which includes symptoms 
such as nausea, vomiting, somnolence, and constipation, due to its action on gastrointestinal μ-receptors. To prevent these 
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symptoms, we typically administer palonosetron prior to surgery, which is a second-generation antiemetic drug with 
a duration of approximately 40 hours. In this study, we found that both the oxycodone and fentanyl groups experienced 
a limited number of cases of nausea and vomiting within 24 hours postoperatively. Additionally, some patients in the 
oxycodone group reported dizziness. However, there was no significant difference among the three groups. Notably, the 
evacuation time was significantly longer in the oxycodone group than in the fentanyl group. We hypothesize that this 
extended evacuation time may result from oxycodone, which inhibits gastrointestinal motility,28 reduces gastric acid 
secretion, increases sphincter tone,29 and affects water absorption in the intestines.30 Conversely, the combination of 
fentanyl and remifentanil is rapidly metabolized,31 which minimizes postoperative residual effects. Although the 
administration of tramadol before the end of surgery in the fentanyl group is associated with a risk of delayed evacuation, 
the impact of oxycodone on prolonging evacuation time remains significant. Therefore, when using oxycodone to 
maintain effective postoperative analgesia, it is crucial to consider its effect on gastrointestinal function recovery, 
which may influence the clinical decision to use oxycodone alone.

Additionally, our study found that the total amount of propofol required in oxycodone group was higher than that in 
fentanyl group throughout the surgical procedure. We speculate that this may result from the potent analgesic effects of 
continuous remifentanil infusion, which can reduce patients’ responses to surgery and decrease the need for propofol. 
However, it may also cause hyperalgesia, therefore, we specifically administered tramadol in fentanyl group prior to 
discontinuation to ensure analgesic needs.

The strength of this study lies in its randomized, double-blind, controlled design, with observations of the trial results 
conducted by the same investigator, which helps to minimize subjective errors in the assessment of outcomes. 
Additionally, this study is the first to investigates whether oxycodone alone at an adequate induction dose, supplemented 
intraoperatively as needed, can provide sufficient pain management for laparoscopic uterine myoma surgery under 
general anesthesia, thereby serving as an alternative to the fentanyl-remifentanil combination regimen.

This study has some limitations: (1) The sample size was relatively small, as it was calculated based on the expected 
difference in NRS changes in the PACU from our previous study. We determined that 30 patients per group represent the 
minimum effective baseline. Further, large sample size researches are required to establish clinical relevance and dose- 
dependent sedation (2) Pain assessment using the NRS involves a subjective component, as it relies on patient self- 
reporting. To minimize assessment bias, we employed fixed follow-up evaluators; however, since pain scores are 
inherently subjective and patient-reported, residual bias may persist, potentially influencing our results.

Conclusion
This exploratory study provides preliminary evidence that oxycodone alone as a potential alternative to the fentanyl- 
remifentanil combinations for analgesia in laparoscopic myomectomy. Oxycodone alone provides superior early post
operative analgesia compared to fentanyl-remifentanil in laparoscopic myoma surgery but may delay bowel recovery.

Data Sharing Statement
Deidentified individual participant data underlying the results reported in this article will be made available upon request 
to qualified researchers, along with the study protocol. Data will be accessible beginning 6 months after publication and 
will remain available for 5 years. Requests should be directed to the corresponding author at baofp@zju.edu.cn.
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