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Purpose: Oxycodone is a dual μ/κ-opioid receptor agonist effective in managing both somatic and visceral pain. We compared the 
effect of oxycodone-based versus sufentanil-based multimodal regimens on early gastrointestinal recovery and pain control following 
laparoscopic colorectal cancer surgery.
Methods: In this single-center, prospective, randomized, double-blind trial, 76 patients undergoing elective laparoscopic colorectal 
cancer surgery were allocated to the oxycodone group (Group O) or the sufentanil group (Group S). Both groups received standardized 
multimodal analgesia with preoperative TAP block, postoperative PCIA, and flurbiprofen axetil for rescue. The primary endpoint was 
time to first flatus; secondary outcomes included other recovery indicators, pain and sedation scores, opioid and PCIA use, adverse 
effects, PACU stay, and hospital length of stay.
Results: Group O shortened time to first flatus (43.7±7.9 h vs 48.4±8.7 h, mean difference −4.8 h; 95% CI −8.6 to −1.0; P = 0.015) 
and time to ambulation (47.3±5.1 h vs 50.0±3.8 h, mean difference −2.7 h; 95% CI −4.8 to −0.7; P = 0.010). Group O reduced PCIA 
demands (median 0 vs 2), rescue analgesia (7.9% vs 26.3%), PONV (7.9% vs 31.6%), PACU stay (median 55 vs 60 min), and 
remifentanil use (2.8±0.4 vs 3.1±0.5 mg) (all P < 0.05). Postoperative sedation at 4 h was better in group O. Visceral pain scores at 12 
h and 48 h were lower with oxycodone, whereas incisional pain and solid-food tolerance did not differ; length of stay was similar.
Conclusion: Oxycodone-based multimodal analgesia was associated with improved early gastrointestinal recovery indicators, better 
visceral pain control, and fewer opioid-related adverse effects than the sufentanil-based regimen, but did not reduce hospital length of stay.
Trial Registration: Chinese Clinical Trial Registry (ChiCTR2500100676).
Keywords: oxycodone, laparoscopic colorectal surgery, gastrointestinal recovery, multimodal analgesia, enhanced recovery after 
surgery, ERAS

Introduction
Colorectal cancer is among the most common gastrointestinal malignancies, and surgical resection remains the mainstay 
of treatment. With the increasing adoption of minimally invasive techniques, laparoscopic surgery has become widely 
used because it reduces surgical trauma and facilitates postoperative recovery.1,2 Nevertheless, postoperative 
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gastrointestinal dysfunction (PGID), manifested as delayed first flatus, abdominal distension, nausea, and vomiting, 
remains common after laparoscopic colorectal surgery and is associated with prolonged recovery and increased 
healthcare resource use.3,4 Within enhanced recovery after surgery (ERAS) pathways, optimizing perioperative analgesia 
represents a potentially modifiable strategy to mitigate PGID and support early recovery.5

Pain itself may contribute to PGID. Post-laparoscopic pain consists mainly of incisional pain and visceral pain. 
Incisional pain is restricted to the abdominal wall incision site, whereas visceral pain is typically deep, dull, and poorly 
localized.6–8 After laparoscopic procedures, visceral pain often predominates over somatic incisional pain and is more 
difficult to assess and treat. Persistent visceral pain may trigger sympathetic activation and reflex ileus, thereby 
contributing to delayed gastrointestinal recovery.6–9 Accordingly, analgesic strategies that more effectively target visceral 
nociception may be particularly relevant in ERAS-oriented care for laparoscopic colorectal surgery.

Current postoperative analgesia commonly relies on μ-opioid receptor agonists such as sufentanil. Although effective for 
analgesia, μ-agonists may suppress enteric motility and increase postoperative nausea and vomiting (PONV), which may limit 
their suitability in gastrointestinal surgery.10,11 Oxycodone, a dual μ/κ opioid receptor agonist, provides analgesia for both 
somatic and visceral pain, and its κ-receptor activity relevant to visceral pain suggests a potentially more gut-friendly 
profile.12–17 Previous oxycodone-related studies in postoperative analgesia have included both intravenous and oral regimens, 
but have varied in surgical population, comparator strategy, and outcome focus, limiting direct comparison across studies. Oral 
oxycodone has demonstrated postoperative analgesic efficacy in diverse surgical populations, whereas ERAS pathways for 
colorectal surgery remain heterogeneous in their multimodal analgesic composition and opioid-sparing approaches.18,19 

Because opioid-related gastrointestinal dysfunction may delay recovery, reducing gastrointestinal adverse effects remains a 
clinically relevant objective in ERAS-oriented perioperative management.20 Therefore, in laparoscopic colorectal surgery, an 
important unmet clinical need remains the identification of analgesic regimens that better target visceral pain while minimizing 
gastrointestinal side effects and supporting early postoperative recovery.

In the present study, postoperative recovery was defined primarily in terms of early ERAS-relevant clinical dimen
sions, including gastrointestinal function, pain control, early mobilization, and opioid-related adverse effects, rather than 
broader patient-reported recovery scales or long-term outcomes.5 Therefore, we conducted this prospective, randomized, 
double-blind trial to compare oxycodone-based versus sufentanil-based multimodal analgesia in patients undergoing 
laparoscopic colorectal cancer surgery, with a particular focus on early postoperative gastrointestinal recovery, pain 
outcomes, and short-term recovery indicators during the first 48 hours after surgery. We hypothesized that the oxyco
done-based regimen would be associated with improved early gastrointestinal recovery and visceral pain control 
compared with the sufentanil-based regimen, while recognizing that broader ERAS outcomes, such as hospital length 
of stay, may be influenced by multiple perioperative factors beyond analgesic strategy alone.21

Methods
Study Design
This was a single-center, prospective, randomized, double-blind controlled trial approved by the Ethics Committee of the 
Affiliated Hospital of Xuzhou Medical University (Approval No. XYFY2024-KL577-01). The enrollment started in 
April 2025, and all follow-ups were completed by July 2025. The study was registered in the Chinese Clinical Trial 
Registry (ChiCTR2500100676). Written informed consent was obtained from all participants.

Patient Selection
Eligible patients were adults aged 18 to 70 years, with American Society of Anesthesiologists (ASA) physical status I–III and 
a body mass index (BMI) ≤ 30 kg/m², who were scheduled to undergo laparoscopic surgery for colorectal cancer. Exclusion 
criteria included: (1) active or clinically significant functional gastrointestinal diseases (eg, Crohn’s disease, ulcerative colitis); 
(2) chronic opioid therapy or a history of opioid or alcohol dependence; (3) allergy to drugs in the study; (4) severe cardiac, 
respiratory, hepatic, or renal impairment that may affect anesthesia or postoperative recovery; (5) major postoperative 
complications, such as severe infection, uncontrolled bleeding, or analgesic device failure; (6) recent involvement in another 
clinical trial (within 3 months); (7) unwillingness or inability to complete follow-up assessments.
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Randomization and Blinding
Patients were randomized in a 1:1 ratio into the oxycodone group (Group O) or sufentanil group (Group S). Allocation 
concealment was ensured using sequentially numbered, opaque, sealed envelopes prepared and kept by an independent 
investigator. The envelopes were opened in sequence only after the patient had been enrolled. Both drugs were prepared as 
colorless solutions in normal saline and administered via identical syringes and Patient-Controlled Intravenous Analgesia 
(PCIA) pumps. The anesthesiologist strictly adhered to a standardized anesthesia protocol. Patients, anesthesiologists, 
surgical team, postoperative nursing staff and outcome assessors were blinded to group allocation. All assessors were 
trained to proficiency in applying the assessment scales and passed consistency tests prior to trial commencement.

Anesthesia
Preoperative fasting, bowel preparation, and perioperative thromboprophylaxis were managed according to the routine 
standardized protocol in all patients. Upon operating room arrival, standard monitoring was applied, including electrocardio
graphy (ECG), blood pressure (BP), pulse oximetry (SpO2). Baseline vital signs were documented. Subsequently, general 
anesthesia was induced using etomidate 0.3 mg kg−1, sufentanil 0.5 μg kg−1, rocuronium 0.9 mg kg−1, and tropisetron 2 mg. 
Following endotracheal intubation, mechanical ventilation was initiated with EtCO2 maintained at 35–45 mmHg. Patients 
then received group-specific opioids: Group O (oxycodone 0.1 mg kg−1) and Group S (sufentanil 0.1 μg kg−1).

After anesthesia induction, all patients received a preoperative bilateral ultrasound-guided transversus abdominis 
plane (TAP) block. The block was performed by an attending anesthesiologist on the lateral abdominal wall, between the 
lower costal margin and the iliac crest. Under real-time ultrasound guidance, 20 mL of 0.375% ropivacaine was injected 
on each side, with confirmation of adequate hydrodissection and spread within the fascial plane. Anesthesia was 
maintained with remifentanil 0.1–0.3 μg kg−1 min−1, propofol 1–3 mg kg−1 h−1, rocuronium 5–10 μg kg−1 min−1, and 
sevoflurane (1–2%). BIS values were kept between 40–60, and normothermia was maintained. Sevoflurane was 
discontinued at skin closure, and rocuronium infusion was stopped 30 minutes before the end of surgery. Before 
completion, each group received a second loading dose of their assigned opioid: Group O (oxycodone 0.1 mg kg−1) 
and Group S (sufentanil 0.1 μg kg−1).

After surgery, patients were transferred to the PACU, and residual neuromuscular blockade was reversed with 
sugammadex 2 mg kg−1. Extubation criteria included adequate spontaneous breathing, consciousness, cough reflex, 
SpO2 > 95%, hemodynamic stability. PCIA was then started with group-specific solutions: oxycodone 2 mg kg−1 or 
sufentanil 2 μg kg−1 (adjusted for Boer Lean Body Mass equation),22 each with tropisetron 6 mg in 100 mL saline. 
Tropisetron was added to the PCIA solution in both groups at the same dose as a standardized prophylactic antiemetic 
measure. Consistent with literature, oxycodone clearance correlates significantly with lean body mass.23,24 Individualized 
PCIA dosing using Boer formula-adjusted body weight better aligns with its pharmacokinetics. PCIA was set with a 2 
mL/h basal rate, 0.5 mL bolus, 15-min lockout, and continued for 48 h. Rescue analgesia (flurbiprofen axetil 50 mg IV) 
was provided for VAS ≥ 4. Published studies suggest that the equianalgesic ratio of intravenous morphine to oxycodone 
ranges from 0.65 to 1.5.25,26 Opioid doses were selected for regimen design based on available perioperative clinical 
literature: intravenous oxycodone 1 mg ≈ sufentanil 1 μg ≈ morphine 1 mg.27–30 This ratio was applied uniformly 
throughout the entire perioperative period. The conversion ratio was an approximate regimen-design assumption based 
on perioperative clinical literature rather than a universally established equianalgesic standard.

Patients were discharged from the PACU according to standardized criteria, including stable vital signs, adequate recovery 
of consciousness, satisfactory spontaneous respiration and oxygenation, and acceptable control of pain and nausea.

Postoperative Care
All patients were managed according to the same standardized postoperative care protocol to ensure consistent care 
between the two study groups: (1) early oral fluids within 4 hours; (2) early chewing gum; (3) unified ambulation 
protocol led by the surgical nursing team; (4) Tropisetron was incorporated into the PCIA solution for standardized 
antiemetic prophylaxis. If obvious nausea or vomiting occurred, 10 mg of Metoclopramide was intravenously injected for 
antiemesis; (5) standardized criteria for progression to oral food intake.
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Outcome Measures
Primary outcome: time to first flatus (Time to first flatus was recorded immediately after patient report according to a 
standardized postoperative instruction process. For patients with an ostomy, visible inflation of the ostomy bag was used 
as the corresponding indicator). Secondary outcomes: time to first unaided ambulation (≥10 m with assistance permitted 
for safety), time to solid-food tolerance (first intake of chewable diet without emesis and nausea during the following 4 
h), incisional pain scores (pain at the abdominal wall incision site) and visceral pain scores (deep, dull, and poorly 
localized abdominal pain) (VAS 0–10; rest vs cough) at 4, 12, 24 and 48 hours postoperatively, Ramsay Sedation Scale 
(RSS 1–6) at 4, 12, 24 and 48 hours postoperatively, PCIA use, rescue flurbiprofen use, intraoperative remifentanil use, 
PONV (any nausea requiring antiemetic or any vomiting), extubation time, respiratory depression (Respiratory rate < 8 
min−1 or SpO2 < 90% despite O2), PACU stay, patient satisfaction (5-point Likert scale), and hospital length of stay.

Statistical Analysis
Sample size estimation was based on the primary outcome—time to first postoperative flatus. Pilot data from 10 patients 
in each group showed a mean difference of 6.2 hours, with standard deviations of 8.0 hours and 8.3 hours in the 
oxycodone and sufentanil groups, respectively. Using a two-sided α of 0.05 and β of 0.20 (power = 80%), the required 
sample size was calculated with PASS 21.0 software based on a two-sample means test model. Accounting for an 
estimated 20% dropout rate, a total of 76 patients were ultimately enrolled.

All statistical analyses were performed using SPSS version 25.0. Normality was assessed by Shapiro–Wilk. Between- 
group comparisons used Welch’s t-test or Mann–Whitney U as appropriate; categorical variables used χ²-test or Fisher’s exact 
test. Repeated measures (pain and sedation) were analyzed with GEE (exchangeable correlation, identity link) including 
group, time, and group × time, with Bonferroni for post-hoc time-point contrasts. The primary outcome was compared using a 
general linear model (GLM) adjusted for age, sex, surgical site, and ostomy (pre-specified). Analyses followed the intention- 
to-treat principle; there were no missing data. A two-sided α of 0.05 was considered statistically significant.

Results
Patient Enrollment and Baseline Characteristics
Of 88 screened patients, 76 met the eligibility criteria and consented to participate in the study, subsequently randomized 
into two equal groups (38 per group, Figure 1). All randomized patients completed the study and were included in the 
final intention-to-treat analysis, with no dropouts or losses to follow-up.

Baseline demographic and clinical characteristics, including age, gender, BMI, ASA status, surgical site, comorbid
ities, and education level, were comparable between the oxycodone and sufentanil groups, showing no statistically 
significant differences (Table 1).

Perioperative Data
There were no statistically significant differences between groups regarding surgical duration, anesthesia time, electrolyte 
levels, hemoglobin levels, intraoperative hemodynamic parameters, or vasoactive drug usage (Table 2).

Gastrointestinal Recovery
Patients in the oxycodone group experienced significantly earlier recovery of gastrointestinal function compared with 
those in the sufentanil group. The oxycodone group demonstrated a shorter time to first flatus (43.7±7.9 h vs 48.4±8.7 h; 
mean difference −4.8; 95% CI, −8.6 to −1.0; P = 0.015; Table 3 and Figure 2). Subgroup analysis further indicated this 
advantage was consistent across age, gender, surgical site, and ostomy status, with no significant subgroup interactions 
observed (all P > 0.05; Figure 3). Early ambulation was also accelerated in the oxycodone group compared to the 
sufentanil group (47.3±5.1 h vs 50.0±3.8 h; mean difference −2.7; 95% CI, −4.8 to −0.7; P = 0.010; Table 3).
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Postoperative Pain and Sedation
Analgesic outcomes favored the oxycodone group. The incidence of rescue analgesia was lower (7.9% vs 26.3%; odds 
ratio [OR] 4.17; 95% CI, 1.05 to 16.60; P = 0.033), and patients in this group had fewer PCIA demands within 48 hours 
postoperatively (median: 0 vs 2, P = 0.041). Additionally, intraoperative remifentanil consumption was reduced in the 
oxycodone group (2.8±0.4 mg vs 3.1±0.5 mg; mean difference −0.2 mg; 95% CI −0.4 to −0.0; P = 0.048; Table 3). 

Figure 1 Trial flow diagram.

Table 1 Baseline Data

Oxycodone (n=38) Sufentanil (n=38) P-value

Age (years) 55.9(11.2) 56.7(8.0) 0.724

Gender, n(%) 0.166

Male 24(63.2%) 18(47.4%)

Female 14(36.8%) 20(52.6%)

(Continued)
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Table 1 (Continued). 

Oxycodone (n=38) Sufentanil (n=38) P-value

BMI (kg/m²) 24.2(3.4) 24.3(3.0) 0.929

ASA classification, n(%) 0.743

I 5(13.2%) 7(18.4%)

II 28(73.7%) 25(65.8%)

III 5(13.1%) 6(15.8%)

Surgical site, n(%) 0.818

Rectum 20(52.6%) 21(55.3%)

Colon 18(47.4%) 17(44.7%)

Ostomy, n(%) 13(34.2%) 13(34.2%) > 0.999

Comorbidities, n(%)

Hypertension 10(26.3%) 10(26.3%) > 0.999

Diabetes mellitus 3(7.9%) 6(15.8%) 0.283

Smoking history, n(%) 13(34.2%) 15(39.5%) 0.634

Education level, n(%) 0.876

≤Primary education 23(60.5%) 25(65.8%)

Secondary education 12(31.6%) 10(26.3%)

Higher education 3(7.9%) 3(7.9%)

Notes: Data are presented as mean (standard deviation) or n (%). Percentages are rounded. 
Abbreviations: BMI, Body Mass Index; ASA, American Society of Anesthesiologists.

Table 2 Perioperative Data

Oxycodone (n=38) Sufentanil (n=38) P-value

Surgical data

Operation time (min) 171.8(43.0) 179.2(31.6) 0.399

Anesthesia time (min) 196.7(42.8) 204.6(32.6) 0.369

K+ (mmol/L)

Preoperative 3.9(0.5) 3.8(0.4) 0.252

Postoperative 3.8(0.5) 3.7(0.3) 0.420

Hb (g/dL)

Preoperative 12.5(11.2–13.8) 13.2(11.4–13.9) 0.519

Postoperative 11.8(1.5) 12.1(1.5) 0.430

Postoperative WBC count (×109/L) 9.3(7.1–11.8) 9.1(8.2–10.6) 0.831

Vasoactive drugs, n(%) 13.0(34.2%) 18.0(47.4%) 0.243

(Continued)
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Patients receiving oxycodone reported better sedation at 4 hours postoperatively (Ramsay scores, P < 0.05; Figure 2). 
Furthermore, postoperative visceral pain control was superior in the oxycodone group, with lower VAS scores observed 
at rest (12 hours postoperatively, P < 0.05; Figure 2) and during coughing (12 and 48 hours postoperatively, all P < 0.05; 

Table 2 (Continued). 

Oxycodone (n=38) Sufentanil (n=38) P-value

MAP (mmHg)

On admission 96(91.5–102.5) 96(91.9–102.2) 0.811

At induction 87.5(5.6) 85.4(8.0) 0.196

At skin closure 88.0(82.8–91.7) 86.0(80.2–90.0) 0.120

After awakening 97.4(6.7) 96.9(10.6) 0.796

HR (bpm)

On admission 79.5(72.5–82.8) 75.5(70.0–80.0) 0.319

At induction 68.0(60.8–72.0) 62.5(57.0–70.0) 0.078

At skin closure 62.5(57.0–72.0) 60.0(53.8–64.3) 0.063

After awakening 78.0(66.8–82.0) 76.0(63.0–82.0) 0.423

Hypertensive events, n(%) 6(15.8%) 7(18.4%) 0.761

Notes: Data are presented as mean (standard deviation), median (interquartile range) or n (%). Percentages are 
rounded. 
Abbreviations: Hb, Hemoglobin; WBC, White Blood Cell; MAP, Mean Arterial Pressure; HR, Heart Rate.

Table 3 Study Outcomes Data

Oxycodone (n=38) Sufentanil (n=38) P-value

First flatus time (h) 43.7(7.9) 48.4(8.7) 0.015

First ambulation time (h) 47.3(5.1) 50.0(3.8) 0.010

Solid food tolerance time (days) 4.1(3.8–4.4) 4.1(3.9–4.5) 0.555

Extubation time (min) 15.0(11.8–20.3) 19.0(13.5–24.3) 0.285

PACU stay time (min) 55.0(50.0–65.0) 60.0(50.0–65.0) 0.046

Rescue analgesia, n(%) 3(7.9%) 10(26.3%) 0.033

PCIA demands (48h) 0.0(0.0–1.3) 2.0(0.0–4.0) 0.041

PONV, n(%) 3(7.9%) 12(31.6%) 0.009

Discharge satisfaction 5.0(5.0–5.0) 5.0(5.0–5.0) > 0.999

Remifentanil consumption (mg) 2.8(0.4) 3.1(0.5) 0.048

Hospital stay (days) 13.0(11.0–16.0) 14.5(10.8–17.0) 0.481

Respiratory depression, n(%) 0(0%) 0(0%) > 0.999

Notes: Data are presented as mean (standard deviation), median (interquart-ile range) or n (%). Percentages are 
rounded. 
Abbreviations: PACU, Post-Anesthesia Care Unit; PCIA, Patient-Controlled Intravenous Analgesia; PONV, 
Postoperative Nausea and Vomiting.
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Figure 2). However, incisional pain scores did not differ significantly between groups at any timepoint (Figures 2). The 
VAS scores for visceral and incisional pain demonstrated a statistically significant decrease over time (all P < 0.05), with 
no significant difference observed in the temporal trends between the two groups. Sedation scores did not change 
significantly over time, although an overall group effect was observed (Table 4).

Figure 2 (A) Time to First Flatus; (B) Ramsay sedation scores; (C–F) Postoperative pain during the first 48 hours assessed using a Visual Analog Scale (VAS): (C) Incisional 
pain at rest; (D) Incisional pain at coughing; (E) Visceral pain at rest; (F) Visceral pain at coughing. The data for the oxycodone and sufentanil groups are shown in blue and 
red, respectively. Pointwise between-group comparisons used Welch’s t-test (A) or Mann–Whitney U-test (B–F), while longitudinal repeated-measures effects were analyzed 
using generalized estimating equations (GEE) and are summarized in Table 4. *P < 0.05.

Figure 3 The estimated mean difference (MD) and 95% confidence interval (CI) between the sufentanil and oxycodone groups are displayed for each subgroup, derived 
from a general linear model (GLM). The squares represent the point estimate of the MD for each subgroup, with the horizontal lines spanning the 95% CI. The vertical 
dashed line (MD = 0) indicates no difference between groups. Subgroups are based on age, sex, type of surgery, and presence of an ostomy. 
Abbreviation: SD, standard deviation.
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Adverse Events and Other Outcomes
Postoperative nausea and vomiting (PONV) occurred significantly less frequently in the oxycodone group compared to 
the sufentanil group (7.9% vs 31.6%; OR, 5.4; 95% CI, 1.4 to 21.0; P = 0.009). Patients receiving oxycodone spent less 
time in the PACU (55 minutes [IQR: 50–65] vs 60 minutes [IQR: 50–65], P = 0.046). No episodes of respiratory 
depression occurred in either group, and discharge satisfaction scores and hospital stay length were comparable between 
groups (Table 3).

Discussion
Postoperative gastrointestinal dysfunction is common after colorectal surgery and is influenced by multiple factors, 
including bowel manipulation, postoperative inflammation, inadequate analgesia, and opioid exposure.31,32 In this 
context, the present findings suggest that an oxycodone-based multimodal regimen may better support early postoperative 
recovery than a sufentanil-based regimen, particularly with respect to gastrointestinal recovery indicators and visceral 
pain control. A possible explanation is that oxycodone may provide more favorable coverage of visceral nociception 
while imposing a lower gastrointestinal burden, thereby helping to reduce the interaction between pain-related stress 
responses and opioid-related gut dysfunction. Rather than indicating a global improvement in all recovery domains, these 
benefits appear to be mainly relevant to selected early postoperative recovery dimensions within ERAS-oriented care.

Our findings support the concept that analgesic strategies targeting visceral nociception may translate into tangible 
gastrointestinal benefits after colorectal surgery. By contrast, μ-selective opioids—while potent for somatic incisional 
pain—may be less suited to addressing visceral pain and can contribute to enteric hypomotility and emetogenicity.10,11,16 

The lack of between-group differences in incisional pain is clinically plausible given the standardized TAP block, which 
likely equalized somatic pain control.33,34 The lighter early sedation and lower PONV with oxycodone are consistent 
with an overall opioid-sparing effect (fewer PCIA demands and less remifentanil).28,35,36

Oxycodone’s dual μ/κ-receptor profile provides broad analgesic coverage; κ-receptor activity is particularly relevant 
for visceral pain and may be less detrimental to gut motility than relying on μ-agonism alone.29,30,37,38 Better suppression 
of visceral nociceptive input could reduce sympathetic activation and reflex ileus, aligning with the observed advances in 
first flatus and ambulation.12–17 Additionally, lower remifentanil exposure may mitigate opioid-induced hyperalgesia, 
further reduce postoperative pain and decrease PCIA requirements.39,40 The reduction in PONV likely reflects both lower 
overall opioid burden and improved visceral analgesia.41 Because both groups received identical tropisetron prophylaxis 
in the PCIA solution, the between-group difference in PONV is unlikely to be explained by differential antiemetic 
exposure. Metoclopramide was used only as rescue treatment. Although it has prokinetic effects that could theoretically 
influence gastrointestinal recovery, its use was consistent across groups and thus likely represents only a minimal 
potential confounding factor. However, this finding should not be interpreted as being solely attributable to oxycodone 
itself; rather, it may reflect the overall differences between the two opioid-based analgesic regimens.

The observed reduction in PONV may be associated with enhanced gastrointestinal recovery. However, the lighter 
sedation observed in the oxycodone group should not be interpreted as a definitive marker of superior overall recovery. 

Table 4 Generalized Estimating Equation Analysis of Repeated Postoperative Pain and Sedation Outcomes

Outcome Group Effect, p-value Time Effect, P-value Group × Time Interaction, P-value

Ramsay sedation 0.028 0.090 0.090

Incisional pain 0.937 < 0.001 0.271

Incisional pain on coughing 0.432 < 0.001 0.423

Visceral pain 0.065 < 0.001 0.174

Visceral pain on coughing 0.003 < 0.001 0.124

Notes: Repeated postoperative sedation and pain outcomes were analyzed using generalized estimating equations (GEE). Group effect represents 
the overall between-group difference, time effect represents the overall longitudinal change, and group × time interaction represents whether the 
temporal profiles differed between groups.
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This difference is more likely attributable to the pharmacodynamic distinctions between oxycodone and sufentanil. 
Furthermore, the opioid-sparing effect achieved in the oxycodone regimen may have contributed to this sedation profile. 
It is noteworthy that the sedation difference was transient: while significant at the 4-hour assessment, the Ramsay 
sedation scores showed no statistically significant disparity between the two groups at 12–48 hours postoperatively. This 
temporally limited pattern further supports the interpretation that early divergence in sedation levels is primarily driven 
by pharmacodynamic factors rather than by a sustained recovery advantage.

Notably, although the oxycodone-based regimen was associated with faster time to first flatus and earlier ambulation, 
no significant difference was observed in hospital length of stay between the two groups. This finding is clinically 
relevant and should be interpreted cautiously. Length of stay is a broader and multifactorial outcome than early 
gastrointestinal recovery alone, and may be influenced by several factors beyond postoperative analgesic regimen, 
including surgical complexity, ostomy, postoperative complications, discharge criteria, and institutional perioperative 
pathways. Therefore, improvement in selected early recovery indicators does not necessarily translate into a shorter 
hospitalization, particularly in a single-center study with a relatively limited sample size. Our findings should thus be 
interpreted as suggesting that oxycodone-based multimodal analgesia may improve certain early recovery dimensions 
relevant to ERAS, rather than demonstrating a broader optimization of all ERAS-related outcomes.

The equianalgesic conversion between intravenous oxycodone and sufentanil remains uncertain in acute postoperative 
multimodal analgesia. Although the conversion ratio adopted in the present study was derived from available periopera
tive clinical literature, other literature-based interpretations suggest that intravenous oxycodone may provide relatively 
greater analgesic potency in some settings.25–30 For example, interpretations such as “intravenous oxycodone’s potency is 
approximately 1.5–2 times that of morphine” may also be reasonable, although this remains to be further validated in 
future studies. The present findings should be interpreted as a comparison between two clinically applied multimodal 
analgesic regimens. Therefore, residual nonequivalence between the two opioid regimens cannot be fully excluded and 
should be considered when interpreting the observed between-group differences.

From an ERAS perspective, a roughly 5-hour earlier first flatus and 3-hour earlier ambulation are operationally 
meaningful differences that can streamline care pathways, improve patient comfort and promote the patient’s early 
recovery. Given the absence of differences in incisional pain, solid-food tolerance, or hospital stay, the primary added 
value of an oxycodone-centered regimen appears to lie in early visceral analgesia and gastrointestinal recovery, with 
collateral benefits on PONV and early sedation. These data support considering oxycodone as the core opioid within a 
multimodal strategy (regional blocks + non-opioids), with dosing reference to lean body mass and routine monitoring for 
sedation and respiratory safety.

Strengths of this study include the randomized, double-blind design, standardized anesthesia, regional analgesia, and 
PCIA parameters, as well as consistent findings across subgroups. This study also has several limitations. First, the 
sample size calculation was based on pilot data for the primary endpoint, time to first flatus. The treatment effect 
observed in the pilot study was larger than that observed in the full trial, reflecting the instability of effect-size estimates 
derived from small pilot samples. Although the primary endpoint remained statistically significant, the smaller observed 
effect implies a risk of type II error for secondary outcomes, infrequent adverse events, and other non-significant 
endpoints. Consequently, secondary outcomes should be regarded as preliminary and supportive. These outcomes, such 
as reductions in PONV and analgesic rescue requirements, require confirmation in future multicenter trials with larger 
patient populations. Second, gastrointestinal recovery was assessed mainly using prespecified early clinical indicators 
(time to first flatus, time to first ambulation), which are commonly used and ERAS-aligned, but do not fully reflect the 
multidimensional or mechanistic aspects of postoperative gastrointestinal dysfunction. Objective biomarkers, structured 
tools such as ultrasonographic peristalsis indices or the I-FEED classification were not included. Similarly, the proposed 
link between oxycodone’s κ-receptor-related visceral analgesia and improved gastrointestinal recovery remains biologi
cally plausible but indirect. Because time to first flatus was based primarily on patient report, some degree of reporting 
bias cannot be excluded, despite the use of a standardized recording procedure. Third, this study focused on early 
postoperative recovery relevant to ERAS, rather than a comprehensive assessment of global recovery quality. Broader 
recovery domains, including patient-reported well-being, psychological recovery, and overall symptom burden, were not 
assessed. Long-term outcomes beyond 48 hours—such as chronic pain, bowel function recovery, persistent opioid use, 
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and patient-reported metrics like QoR-15—were also not captured, leaving the duration of oxycodone-related benefits 
uncertain. Finally, generalizability to populations outside the inclusion criteria (eg, opioid-tolerant patients or those with 
substantially higher BMI) warrants confirmation.

Future studies should consider larger multicenter trials, broader perioperative variable collection, standardized 
objective recovery measures, long-term outcomes including chronic pain and quality of global recovery and life, dose- 
finding studies, and comparative effectiveness against other ERAS-consistent multimodal analgesic regimens.

Conclusion
In this single-center randomized double-blind trial, oxycodone-based multimodal analgesia was associated with faster 
early gastrointestinal recovery, improved visceral pain control, and fewer opioid-related adverse effects than the 
sufentanil-based regimen after laparoscopic colorectal cancer surgery. However, these benefits were observed mainly 
in early postoperative recovery measures within 48 hours and did not translate into a shorter hospital stay. Therefore, 
these findings support a potential role for oxycodone in ERAS-oriented analgesic selection, while requiring confirmation 
in larger multicenter studies.
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