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Background
Postoperative pain, inflammation, and sleep disturbances commonly arise after laparoscopic gynecological surgery and are increasingly recognized as interconnected factors that impede recovery and diminish quality of life. Flurbiprofen axetil, classified as a NSAID, is widely used during the perioperative period for pain management. Its potential to modulate inflammatory pathways and nociceptive transmission, thereby enhancing postoperative sleep quality, remains underexplored. Additionally, the optimal timing for NSAID administration—preoperative versus postoperative—remains debated, with limited evidence addressing its impact on sleep outcomes.
Objectives
This study investigates the impact of preoperative compared to postoperative use of flurbiprofen axetil on pain, systemic inflammatory responses, and particularly the sleep quality in patients undergoing laparoscopic gynecologic operations.
Methods
In this prospective, randomized controlled trial, 98 patients undergoing laparoscopic gynecological surgery were assigned to receive 50 mg of flurbiprofen axetil either 15 min prior to surgery (PreFA group) or at the end of surgery (PostFA group). The primary outcomes assessed included postoperative pain intensity (visual analog scale, VAS), sleep quality (Athens Insomnia Scale, AIS), and systemic inflammatory markers (SII, NLR, and MLR). Outcome data were collected by blinded assessors at predefined time points: preoperatively, 24 h, and 72 h postoperatively.
Results
The baseline characteristics were similar between groups. The PreFA group demonstrated significantly lower VAS scores for both resting and exertional pain at 24 and 72 h after surgery (P < 0.05). AIS scores were also substantially lower in this group on postoperative days 1 and 3 (P < 0.001 and P = 0.002), reflecting improved sleep quality. Inflammatory markers (SII, NLR, MLR) were elevated postoperatively in both groups but remained significantly lower in the PreFA group (all P < 0.05). Additionally, the incidence of postoperative nausea and vomiting was reduced in the PreFA group.
Conclusion
Preoperative administration of flurbiprofen axetil not only improved postoperative analgesia and reduced inflammatory responses but also significantly enhanced sleep quality, an essential yet frequently underestimated component of recovery. These findings underscore the broader physiological benefits of preemptive NSAID use and emphasize the importance of timing in analgesic strategies. Incorporating flurbiprofen axetil into preemptive multimodal analgesia protocols could provide a straightforward yet effective approach to optimizing recovery following laparoscopic gynecological surgery.
Clinical Trial Registration
clinicaltrials.gov, identifier NCT04611763.
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1 INTRODUCTION
Gynecological disorders are increasingly prevalent globally, driven by both environmental and lifestyle factors (Piechocki et al., 2022; Berghuis et al., 2022; Louie et al., 2018; Buia et al., 2015; Vennix et al., 2014). Laparoscopic surgery has become the standard approach for treating many of these conditions, due to its minimal invasiveness, faster recovery, and shorter hospital stays (Louie et al., 2018). Nevertheless, patients continue to experience considerable postoperative pain and sleep disturbances, which can impede recovery, prolong hospitalization, and deteriorate life quality (Qiu et al., 2022; Rampes et al., 2019).
A major contributor to these symptoms is the use of carbon dioxide (CO2) pneumoperitoneum in laparoscopic procedures, which irritates the peritoneum and diaphragm, activates peripheral nociceptors, and triggers inflammatory mediator release (Ji et al., 2018). This process often results in diffuse, non-incisional pain, such as referred shoulder or upper abdominal pain, that may even surpass incisional discomfort in severity (Hsien et al., 2017; Mouton et al., 1999; Shin et al., 2010; Phelps et al., 2008; Slim et al., 1999; Sao et al., 2019; Lee et al., 2018). Importantly, pain and sleep disturbances are interdependent in a bidirectional manner: pain disrupts sleep continuity and architecture, while impaired sleep lowers pain thresholds and amplifies nociceptive sensitivity, forming a vicious cycle that delays recovery (Chouchou et al., 2014; Miller et al., 2015).
Surgical trauma further induces a systemic inflammatory response, which contributes to both pain hypersensitivity and sleep dysregulation. Biomarkers such as the systemic immune-inflammation index (SII), neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and C-reactive protein (CRP) have been validated as sensitive indicators of this inflammatory state (Moldovan et al., 2023; Xing et al., 2024; Xing et al., 2023; Marver and McGlinchey, 2020; Polyné et al., 2021) Furthermore, increased levels of cytokines like IL-6 and CRP have been independently linked to postoperative sleep disturbance, suggesting that inflammation may be a critical mechanistic pathway linking pain and impaired sleep (Irwin and Opp, 2017).
Given this shared pathophysiology, an analgesic strategy that concurrently attenuates both pain and systemic inflammation may hold promise for improving postoperative sleep quality. Flurbiprofen axetil, a non-steroidal anti-inflammatory drug (NSAID) with both central and peripheral mechanisms of action, is well-suited for this purpose. With high affinity for inflamed tissue, it inhibits prostaglandin synthesis and neural hyperexcitability, providing prolonged, targeted analgesia (Marver and McGlinchey, 2020).
Evidence suggests that flurbiprofen axetil plays an effective role in managing postoperative pain, minimizing opioid use, and relieving common opioid-induced complications such as nausea, vomiting, and respiratory depression, all of which may contribute to sleep problems (Nowakowski and Meers, 2019; Chung et al., 2014). The concept of preemptive analgesia—administering analgesics prior to surgical insult—has been widely advocated as a strategy to prevent central sensitization and enhance postoperative recovery (Polyné et al., 2021). Although preoperative NSAID administration is supported by theoretical rationale, recent studies have reported limited efficacy in reducing pain intensity or opioid consumption, often without direct comparisons to postoperative use (In et al., 2023). Notably, the impact of timing on postoperative sleep quality—particularly in relation to flurbiprofen axetil—remains underexplored, especially in the setting of laparoscopic gynecological surgery.
This prospective randomized controlled trial aimed to evaluate the clinical outcomes of preoperative versus postoperative administration of flurbiprofen axetil on postoperative pain levels, systemic inflammation, and sleep quality. Given the close interplay between pain, inflammation, and sleep, we hypothesized that preemptive use of flurbiprofen axetil may confer superior multidimensional recovery benefits, offering new insights for optimizing perioperative NSAID protocols.
2 METHODS
2.1 Patient recruitment
Ethical approval for this study was granted by the Human Research Ethics Committee of Shengjing Hospital, China Medical University (IRB No. 2022PS1115K). This trial was registered at ClinicalTrials.gov (Unique Identifier: NCT04611763, clinicalTrials.gov, https://clinicaltrials.gov/study/NCT04611763) before participant enrollment. Written informed consent was obtained from all participants before inclusion. The study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki.
2.1.1 Participants
This study enrolled patients undergoing elective laparoscopic gynecological surgery under general anesthesia at Shengjing Hospital, China Medical University. Eligible participants were required to meet the following inclusion criteria: aged 18–75 years; classified as American Society of Anesthesiologists (ASA) physical status I or II; no prior neoadjuvant or adjuvant chemotherapy (Excluded due to potential influence on baseline inflammation. Previous studies have shown that both neoadjuvant and adjuvant chemotherapy can alter inflammatory markers such as the neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammation index (SII), and platelet-to-lymphocyte ratio (PLR). For example, Mleko et al. (2023) reported dynamic decreases in SII, NLR, and PLR during adjuvant paclitaxel–carboplatin chemotherapy in epithelial ovarian cancer. Similarly, Sanna et al. (2021) demonstrated that a decrease in NLR during neoadjuvant chemotherapy was significantly associated with clinical response, suggesting that chemotherapy-related immune changes may influence systemic inflammation markers); no use of medications that could affect hematological parameters preoperatively; no history of acute or chronic inflammatory diseases; no use of anti-inflammatory or immunosuppressive drugs within the last 3 months; and normal liver function. Exclusion criteria included a history of central nervous system or psychiatric disorders; preexisting sleep disorders; current or past use of sedatives, analgesics, or antidepressants; diagnosis of sleep apnea or moderate to severe obstructive sleep apnea-hypopnea syndrome (OSAHS); history of chronic gastritis or gastric ulcer; known allergy to flurbiprofen axetil; impaired communication abilities; or unwillingness to participate in the trial.
The sample size was initially calculated to be 74 participants. A pre-experimental pilot study was conducted involving 40 patients, with 20 allocated to the preoperative flurbiprofen axetil group (PreFA group) and 20 to the postoperative administration group (PostFA group). The primary outcome was postoperative pain intensity at 72 h, measured using the visual analog scale (VAS). The mean VAS scores were 1.70 ± 0.57 in the PreFA group and 2.35 ± 0.75 in the PostFA group.
Based on these data, the effect size (Cohen’s d) was estimated to be approximately 0.98.
The sample size estimation was performed using PASS software version 15.0 (NCSS, LLC, Kaysville, UT, United States). Assuming a two-sided alpha level of 0.05 and a power (1 − β) of 95%, a minimum of 29 participants per group was required to detect a significant difference in VAS scores. To account for an anticipated 20% dropout rate,the sample size was increased to 37 participants per group, resulting in a total target enrollment of 74 participants.
This effect size was directly derived from pilot data and reflects a clinically meaningful difference in postoperative pain scores between the two groups.
However, a total of 112 participants were enrolled during the pre-anesthesia evaluation conducted 1 day prior to randomization. Although the planned sample size was 74 patients, including a 20% allowance for potential post-randomization dropouts, we intentionally over-recruited based on our center’s prior clinical experience. Specifically, preoperative changes—such as elevated blood pressure, fever, or other conditions requiring surgical cancellation or conversion to open abdominal surgery—frequently resulted in patient ineligibility prior to randomization. To mitigate these anticipated exclusions, approximately 20%–30% more patients were recruited. Ultimately, 92 patients completed the study and were included in the per-protocol (PP) analysis. The PP population comprised 46 patients in the PreFA group and 46 in the PostFA group, all of whom completed the required interventions and outcome assessments without major protocol deviations. This PP analysis was conducted to evaluate the treatment effect under ideal conditions, with strict protocol adherence. Given the final sample size exceeded the minimum requirement, and all PP participants completed the study as intended, we proceeded with a per-protocol analysis. A detailed participant flow, including pre-randomization exclusions and any post-randomization dropouts, is presented in Figure 1, per CONSORT guidelines. All statistical analyses were conducted with a two-sided P-value < 0.05 considered statistically significant.
[image: Flowchart of a study involving 112 patients scheduled for laparoscopic gynecological surgery. 14 were excluded, leaving 98, randomized into a preoperative group (PreFA, 49) and a postoperative group (PostFA, 49). Each group had 3 exclusions during follow-up, with 46 patients from each group included in the final analysis.]FIGURE 1 | Patient screening and inclusion flowchart.2.2 Statistical analyses
All statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism version 9.5.
The normality of continuous variables was assessed using the Shapiro–Wilk test, supplemented by the D’Agostino–Pearson omnibus test, Anderson–Darling test, and Kolmogorov–Smirnov test. Variables with P > 0.05 were considered normally distributed. Normally distributed data are presented as mean ± standard deviation (SD), while non-normally distributed data are expressed as median with interquartile range (IQR).
Between-group comparisons were performed using independent-samples t-tests for normally distributed variables with equal variances. Welch’s t-test was applied when variances were unequal, as determined by Levene’s test. For non-normally distributed variables, the Mann–Whitney U test was used.
Categorical variables were summarized as number (n) and percentages (%).
Comparisons between groups were conducted using the chi-squared test or Fisher’s exact test, as appropriate.
A two-tailed P value < 0.05 was considered statistically significant.
2.3 Randomization into treatment groups
A total of 98 patients were randomized in a 1:1 ratio to receive flurbiprofen axetil either preoperatively (PreFA group, n = 49) or postoperatively (PostFA group, n = 49) using a computer-generated randomization sequence. Randomization was performed by an independent researcher not involved in patient care or outcome evaluation. Group assignments were concealed in sequentially numbered, opaque envelopes to ensure allocation concealment.
Blinding was maintained for participants, anesthesiologists, surgeons, and outcome assessors, consistent with a quadruple-blind design. Since both groups received the same drug at different time points, the timing of administration was concealed by delivering the medication in the operating room behind surgical drapes. To ensure effective blinding, the drug was administered by a designated anesthesiologist who was not involved in the intraoperative anesthetic management, postoperative care, data collection, or outcome assessment. This procedure ensured that neither the patients nor the intraoperative clinical team were aware of whether flurbiprofen axetil was administered before or after surgery. Sleep quality evaluations were conducted by independent anesthesiologists who were blinded to group allocation. All personnel involved in outcome evaluation and data analysis remained blinded to group assignments until the database was locked for final statistical analysis.
Postoperative sleep quality was assessed using the Athens Insomnia Scale (AIS), a validated, ICD-10-based self-report instrument comprising 8 items with a total score ranging from 0 to 24. A score ≥6 indicates probable insomnia (Okajima et al., 2013; Soldatos et al., 2000; Soldatos et al., 2003). AIS assessments were conducted on the night before surgery (Sleep Preop 1) and on postoperative days 1 and 3 (Sleep POD1 and POD3).
Systemic inflammatory markers, including the Systemic Immune-Inflammation Index (SII), Neutrophil-to-Lymphocyte Ratio (NLR), and Monocyte-to-Lymphocyte Ratio (MLR), were measured in peripheral blood samples collected preoperatively and on postoperative days 1 and 3. Calculations for these markers are detailed below:
SII=platelet count×neutrophil count / lymphocyte count
NLR=neutrophil count / lymphocyte count
MLR=monocyte count / lymphocyte count
Hemodynamic parameters—including mean arterial pressure (MAP) and heart rate (HR), were recorded at the following six timepoints: T0 (5 min after operating room entry), T1 (immediately after intubation), T2 (5 min post-intubation), T3 (end of surgery), T4 (extubation), and T5 (5 min post-extubation).
General anesthesia was induced with intravenous propofol (2 mg/kg), nalbuphine hydrochloride (0.2 mg/kg), and rocuronium bromide (0.6 mg/kg). Tracheal intubation was performed, followed by mechanical ventilation, with tidal volume and respiratory rate adjusted to maintain end-tidal carbon dioxide (EtCO2) between 35 and 45 mmHg.
Anesthesia was maintained via a combination of intravenous and inhalational agents. Propofol (4–8 mg/kg/h) and remifentanil (0.1–0.2 µg/kg/min) were administered intravenously. Sevoflurane (0.5%–2%) was inhaled to maintain a minimum alveolar concentration (MAC) ≥ 0.7, along with 100% oxygen at a fresh gas flow of 2 L/min. Rocuronium bromide (0.2 mg/kg) was administered intermittently to maintain muscle relaxation.
To prevent postoperative nausea and vomiting (PONV), ramosetron hydrochloride (0.3 mg) was administered intravenously 30 min before the end of surgery. All anesthetic agents were discontinued after surgery, and patients were extubated and transferred to the post-anesthesia care unit (PACU) for monitoring.
Postoperative analgesia was managed using a patient-controlled analgesia (PCA) pump containing ramosetron hydrochloride (0.6 mg) and nalbuphine hydrochloride (1 mg/kg), diluted to 100 mL with normal saline. Once patients regained full consciousness (indicated by following commands such as eye opening, finger squeeze, and deep breathing), the PCA pump was activated to deliver 2 mL/h continuously, with a bolus dose of 0.5 mL on demand and a 15-min lockout interval. Total cumulative PCA dosage was recorded at 24 h postoperatively.
Postoperative pain was assessed using a 10-cm visual analogue scale (VAS). Patients were asked to mark their perceived pain intensity on a horizontal line with endpoints labeled “no pain” (0 cm) on the left and “worst imaginable pain” (10 cm) on the right (El Sherif et al., 2016). The distance in centimeters from the left end to the mark was measured and recorded as the VAS score. Assessments were conducted during rest and during exertion, before surgery and again at 24 and 72 h after the procedure.
3 RESULTS
Initially, 112 patients were screened for eligibility. Fourteen were excluded due to not meeting the inclusion criteria, and six refused participation. As a result, 92 patients were finally enrolled in the PP group (Figure 1).
3.1 Baseline characteristics of the PreFA and PostFA groups
The demographic and perioperative characteristics of patients in the PreFA and PostFA groups were well balanced, with no statistically significant differences observed in age, BMI, duration of surgery, duration of anesthesia, intraoperative blood loss, intraoperative fluid volume, or surgical type (all P > 0.05; Table 1).
TABLE 1 | Comparison of basic characteristics between the PreFA and PostFA groups.	Characteristic	PreFA Group (n = 46)	PostFA Group (n = 46)	Test value (t-value/χ2 value)	P value
	Age (years)	42.80 ± 8.51	43.33 ± 9.25	−0.28	0.78
	BMI(kg/m2)	23.54 ± 2.63	23.98 ± 2.92	−0.76	0.45
	Surgical duration (min)	80.91 ± 16.64	84.46 ± 20.05	−0.92	0.36
	Anesthesia duration (min)	95.00 (85.00,110.25)	105.00 (89.25,115.00)	−1.21	0.23
	Blood loss (mL)	100.00 (50.00,120.00)	100.00 (50.00,150.00)	−0.29	0.77
	Intraoperative fluid volume (mL)	700.00 (600.00,900.00)	800.00 (675.00,1100.00)	−1.80	0.07
	Surgical type (n, %)	46 (100.00)	46 (100.00)	0.77	0.88
	Laparoscopic uterine lesion resection	13 (28.26)	11 (23.91)	0.06	0.81
	Laparoscopic total hysterectomy	23 (50.00)	21 (45.65)	0.04	0.84
	Laparoscopic total hysterectomy with unilateral adnexectomy	4 (8.70)	6 (13.04)	0.11	0.74
	Laparoscopic total hysterectomy with bilateral adnexectomy	6 (13.04)	8 (17.39)	0.08	0.77


Values are presented as mean ± standard deviation or median (interquartile range) for continuous variables, and as number (percentage) for categorical variables.
Test values represent t-values for normally distributed continuous variables, Chi-square tests with Yates’ continuity correction were used for all 2 × 2 categorical variables. P < 0.05 was considered statistically significant.
3.2 Intraoperative vital signs between the two groups
MAP and HR remained comparable between the two groups at T0 (preoperative) and at each intraoperative time point (T1 to T5; P > 0.05 for all) (Figures 2, 3).
[image: Box plot comparing mean arterial pressure (MAP) in PreFA and PostFA groups across six time points (T0 to T5). MAP values range from 50 to 150 millimeters of mercury. Both groups are depicted with PreFA in white and PostFA in gray. No significant differences (ns) are noted at the compared time points.]FIGURE 2 | Comparison of MAP at different time points between PreFA and PostFA groups.[image: Box plot comparing heart rates in the PreFA and PostFA groups across various time points (T0 to T5). Heart rate is measured in beats per minute (bpm). No significant differences (ns) are noted between groups at any time point.]FIGURE 3 | Comparison of HR at different time points between PreFA and PostFA groups.3.3 Comparison of postoperative medication and pain outcomes between the PreFA and PostFA groups
Postoperative analgesic consumption within the first 24 h was significantly reduced in the PreFA group compared to the PostFA group (P < 0.05) (Figure 4).
[image: Box plot comparing drug volume in milliliters between PreFA and PostFA groups. The PostFA group shows a higher median volume. Asterisks indicate statistical significance with a p-value less than 0.05.]FIGURE 4 | Total dose of analgesic pump medication (mL) used in the first 24 h postoperatively.At 24 h after surgery, both resting and coughing pain scores were significantly higher in the PostFA group compared to the PreFA group (P = 0.003 and P < 0.001, respectively). By 72 h, resting pain scores showed no significant difference between the two groups; however, coughing pain remained significantly elevated in the PostFA group (P = 0.001 and P < 0.001, respectively) (Table 2). Additionally, the total volume of analgesic pump medication (mL) used within 24 h postoperatively was markedly greater in the PostFA group than in the PreFA group (P < 0.001).
TABLE 2 | Comparison of pain scores and analgesic pump medication usage between PreFA and PostFA group.	Pain intensity and total analgesic dose	PreFA Group (n = 46)	PostFA Group (n = 46)	t 值	P值
	Preoperative Resting pain (VAS Score)	0.00 (0.00,0.25)	0.00 (0.00,0.00)	−0.25	0.81
	Preoperative exertional pain (VAS Score)	0.00 (0.00,1.00)	0.00 (0.00,1.00)	−0.61	0.54
	Resting pain in the first 24 h postoperatively (VAS Score)	3.00 (2.00,3.25)*	4.00 (3.00,5.00)	−2.99	0.00
	Exertional pain in the first 24 h postoperatively (VAS Score)	4.00 (3.00,5.00)*	5.00 (4.00,6.00)	−3.29	0.00
	Resting pain in the first 72 h postoperatively (VAS Score)	2.00 (1.00,2.00)*#	2.00 (2.00,3.00)	−3.91	0.00
	Exertional pain in the first 72 h postoperatively (VAS Score)	2.00 (2.00,3.00)*#	3.00 (2.75,4.00)	−3.22	0.00
	Total dose of analgesic pump medication used in the first 24 h postoperatively (ml)	48.25 (48.00,49.00)	49.50 (48.50,50.50)	−4.15	0.00


*, P < 0.05 when compared to baseline (preoperative); #, P < 0.05 when compared to 24-h postoperative values.
3.4 Comparison of SII, NLR, and MLR before and after surgery between the two groups
There were no significant preoperative differences in SII, NLR, and MLR between the two groups (P = 0.05; 0.53; 0.89). However, all three inflammatory markers significantly increased after surgery (P < 0.001) (Figures 5–7). Additionally, the PreFA group showed significantly lower postoperative SII, NLR, and MLR compared to the PostFA group (P < 0.001) (Figures 5–7).
[image: Box plot comparing SII across Baseline, Day 1, and Day 3 for PreFA and PostFA groups. Significant differences (P<0.05) noted between groups on Day 1 and Day 3. PreFA is white, PostFA is gray. Baseline shows no significant difference.]FIGURE 5 | SIl changes across different time points in PreFA and PostFA groups.[image: Box plot showing NLR across different time points for PreFA and PostFA groups. Significant differences (p<0.05) are marked at Day 1 and Day 3. No significant difference at baseline.]FIGURE 6 | NLR changes across different time points in PreFA and PostFA groups.[image: Box plot comparing MLR values in PreFA and PostFA groups across Baseline, Day 1, and Day 3 time points. Significant difference is noted on Day 1 with a p-value less than 0.05.]FIGURE 7 | MLR changes across different time points in PreFA and PostFA groups.3.5 Comparison of sleep quality and adverse effects between the two groups
There were no significant differences in the AIS score of patients in the PreFA Group and PostFA Group at Sleep-Preop 1 (P = 0.16). The PreFA Group presented a lower AIS score than PostFA Group at Sleep POD 1 and Sleep POD 3 (P < 0.001, P = 0.005 respectively) (Figure 8). The incidence of postoperative nausea and vomiting (PONV) was significantly higher in the PostFA group compared to the PreFA group (50.00% vs. 23.91%, P = 0.010; Table 3).
[image: Box plot comparing AIS scores across different time points for PreFA and PostFA groups. Preoperative scores show no significant difference, while POD1 and POD3 show significant differences with p-values less than 0.05.]FIGURE 8 | AIS changes at different time points in PreFA and PostFA groups.TABLE 3 | Comparison of the incidence of postoperative adverse events between the PreFA and PostFA groups.	Postoperative adverse events	PreFA Group (n = 46)	PostFA Group (n = 46)	χ2 Value	P Value
	Nausea and vomiting, n (%)	11 (23.91)	23 (50.00)	6.72	0.01
	Dizziness, n (%)	5 (10.87)	7 (15.22)	0.38	0.57
	Dyspnea, n (%)	0 (0.00)	3 (6.52)	1.38	0.24
	Bradycardia, n (%)	0 (0.00)	3 (6.52)	1.38	0.24
	Hypertension, n (%)	2 (4.35)	1 (2.17)	0.00	1.00
	Constipation, n (%)	1 (2.17)	1 (2.17)	0.00	1.00
	Hypotension, n (%)	2 (4.35)	4 (8.70)	0.18	0.67


This corresponds to an absolute risk reduction (ARR) of 26.09%, with a number needed to treat (NNT) of 3.83—indicating that approximately four patients would need to receive preoperative flurbiprofen axetil to prevent one case of PONV.
Other adverse events, including dizziness, shortness of breath, bradycardia, hypertension, constipation, and hypotension, showed no statistically significant differences between the two groups (P > 0.05; Table 3).
4 DISCUSSION
This randomized controlled trial provides evidence that preemptive administration of flurbiprofen axetil can offer clear clinical benefits for patients undergoing laparoscopic gynecological surgery. Compared to postoperative use, preoperative administration of flurbiprofen axetil was associated with enhanced postoperative analgesia (Yamashita et al., 2006; Wang et al., 2017), reduced systemic inflammation (Zhou et al., 2019), and lower opioid consumption (Yamashita et al., 2006). It also showed a trend toward improved sleep quality and fewer complications, although these findings require further validation.
Although prior studies have reported mixed results, our findings support preemptive flurbiprofen axetil as part of multimodal analgesia, emphasizing its role in reducing central sensitization and improving recovers (Halvey et al., 2023). Patients in the preoperative group reported lower pain scores at 24 and 72 h after surgery. They also required less opioid medication and had reduced PCA consumption. These results align with prior research, demonstrating that flurbiprofen axetil mitigates remifentanil-induced hyperalgesia (Zhang et al., 2017). Consistent with earlier studies by Sun et al. (2020), which found positive effects of preoperative NSAID use, our research further expands on this by integrating sleep quality and systemic inflammation as primary outcomes.
Importantly, our findings underscore the critical role of surgical trauma-induced inflammation in the development of postoperative complications. Surgical stress initiates a cascade of neuroendocrine and immune responses, with cytokines such as TNF-α, IL-6, and CRP playing central roles (Ivascu et al., 2024).
Recent studies have suggested that elevated systemic inflammation is linked to disruptions in sleep architecture (Engert and Besedovsky, 2025) with inflammatory markers also contributing to hyperalgesia and poor postoperative recovery (Savic Vujovic et al., 2023; Cocea and Stocia, 2024). Our results corroborate this connection: patients in the preoperative group demonstrated significantly lower levels of SII, NLR, and MLR—biomarkers increasingly recognized as sensitive indicators of perioperative immune dysregulation.
The improvement in postoperative sleep quality may be explained by the combined effects of better analgesia and reduced inflammation. Sleep disruption was prevalent in both groups, particularly on postoperative days 1 and 3 as shown by elevated AIS scores; however, patients in the preoperative group consistently reported better sleep. This reinforces the notion that pain and inflammation are key modifiable factors contributing to postoperative sleep disturbances. Moreover, opioids are known to suppress REM and slow-wave sleep (Wang and Teichtahl, 2007), and reduced opioid consumption in the preoperative group was likely contributed to enhanced sleep quality. The outcomes are in agreement with those documented by Knill et al., who demonstrated that postoperative REM sleep was inversely proportional to morphine use, with REM duration gradually increasing as opioid use declined (Knill et al., 1990). Flurbiprofen axetil’s pharmacological properties make it particularly effective for preemptive analgesia (Wang et al., 2017). As a lipid microsphere formulation, it allows for targeted and sustained drug delivery, prolonging analgesic effects while minimizing respiratory depression (Gu et al., 2020). Our study confirms that flurbiprofen axetil effectively reduces perioperative opioid requirements and alleviates inflammatory overactivation, promoting a smoother and faster recovery.
Beyond pain and inflammation, it is also important to recognize the broader impact of postoperative sleep disturbances and complications such as nausea and vomiting on recovery quality. These adverse outcomes can impair mobilization, delay wound healing, prolong hospital stay, and reduce overall patient satisfaction. The lower incidence of such complications observed in the preoperative group suggests that early administration of flurbiprofen axetil may help improve not only immediate perioperative outcomes but also the overall quality of recovery.
Despite these strengths, several limitations must be acknowledged. Sleep quality was assessed using the subjective AIS scale without objective validation through polysomnography or actigraphy. Although environmental variables such as noise, light, and nursing interventions were minimized, they could not be entirely controlled.
Furthermore, the study took place at a single center with a uniform group of female patients undergoing laparoscopic uterine procedures, which restricts the broader applicability of the findings. From a clinical perspective, these findings support incorporating flurbiprofen axetil into preemptive multimodal analgesic protocols. This strategy improves pain control, reduces systemic inflammation, and enhances postoperative sleep—thereby potentially accelerating recovery and reducing opioid dependence (Wang et al., 2012; Zhou et al., 2019). Future studies should involve multicenter trials encompassing various surgical groups, with a focus on objective monitoring of sleep, pain, and long-term outcomes to evaluate chronic pain and functional recovery.
To summarize, our results demonstrate that preemptive flurbiprofen axetil serves as a multifunctional adjunct in perioperative care, offering simultaneous benefits in pain control, attenuation of systemic inflammation—as evidenced by reductions in SII, NLR, and MLR—and improved sleep maintenance, thereby supporting enhanced postoperative outcomes in laparoscopic gynecological procedures and potentially other minimally invasive surgeries.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving humans were approved by Human Research Ethics Committee of Shengjing Hospital, China Medical University (IRB No. 2022PS1115K). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
XH: Formal Analysis, Methodology, Project administration, Software, Validation, Writing – original draft, Writing – review and editing. WW: Data curation, Investigation, Software, Validation, Writing – original draft. ZL: Formal Analysis, Methodology, Software, Writing – review and editing. BS: Methodology, Software, Validation, Writing – original draft, Writing – review and editing. MF: Investigation, Writing – original draft. JH: Investigation, Writing – original draft. JZ: Data curation, Investigation, Methodology, Software, Supervision, Validation, Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that no financial support was received for the research and/or publication of this article.
ACKNOWLEDGMENTS
All author(s) have thoroughly reviewed and approved the manuscript in its final form.
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
REFERENCES
	Berghuis, A. Y., Pijnenborg, J. F. A., Boltje, T. J., and Pijnenborg, J. M. A. (2022). Sialic acids in gynecological cancer development and progression: impact on diagnosis and treatment. Int. J. Cancer 150 (4), 678–687. doi:10.1002/ijc.33866

	Buia, A., Stockhausen, F., and Hanisch, E. (2015). Laparoscopic surgery: a qualified systematic review. World J. Methodol. 5 (4), 238–254. doi:10.5662/wjm.v5.i4.238

	Chouchou, F., Khoury, S., Chauny, J. M., Denis, R., and Lavigne, G. J. (2014). Postoperative sleep disruptions: a potential catalyst of acute pain?Sleep. Med. Rev. 18 (3), 273–282. doi:10.1016/j.smrv.2013.07.002

	Chung, F., Liao, P., Yegneswaran, B., Shapiro, C. M., and Kang, W. (2014). Postoperative changes in sleep-disordered breathing and sleep architecture in patients with obstructive sleep apnea. Anesthesiology 120 (2), 287–298. doi:10.1097/ALN.0000000000000040

	Cocea, A. C., and Stoica, C. I. (2024). Interactions and trends of interleukins, PAI-1, CRP, and TNF-α in inflammatory responses during the perioperative period of joint arthroplasty: implications for pain management-A narrative review. J. Personalized Med. 14 (5), 537. doi:10.3390/jpm14050537

	El Sherif, F. A., Othman, A. H., Abd El-Rahman, A. M., and Taha, O. (2016). Effect of adding intrathecal morphine to a multimodal analgesic regimen for postoperative pain management after laparoscopic bariatric surgery: a prospective, double-blind, randomized controlled trial. Br. J. Pain 10 (4), 209–216. doi:10.1177/2049463716668904

	Engert, L. C., and Besedovsky, L. (2025). Sleep and inflammation: a bidirectional relationship. Somnologie 29, 3–9. doi:10.1007/s11818-025-00495-6

	Gu, X., Yuan, Q., Zhang, J., and Yang, Y. (2020). A randomized control study on anesthetic effects of flurbiprofen axetil combined with propofol on patients with liver cancer receiving microwave ablation. Pak. J. Med. Sci. 36, 1275–1279. doi:10.12669/pjms.36.6.2091

	Halvey, E. J., Haslam, N., and Mariano, E. R. (2023). Non-steroidal anti-inflammatory drugs in the perioperative period. BJA Educ. 23 (11), 440–447. doi:10.1016/j.bjae.2023.08.001

	Hsien, C. F., Wang, C. L., Long, C. Y., Chen, Y. H., Lee, W. Y., Chen, S. C., et al. (2017). Factors associated with types and intensity of postoperative pain following gynecological laparoscopic surgery: a cross-sectional study. BioMed Res. Int. 2017, 2470397. doi:10.1155/2017/2470397

	In, J., Lim, E., and Kinjo, S. (2023). Assessment of perioperative sleep characteristics using subjective and objective methods: a secondary analysis of prospective cohort study. Sleep. Disord. 2023, 9633764. doi:10.1155/2023/9633764

	Irwin, M. R., and Opp, M. R. (2017). Sleep health: reciprocal regulation of sleep and innate immunity. Neuropsychopharmacol. Official Publ. Am. Coll. Neuropsychopharmacol. 42 (1), 129–155. doi:10.1038/npp.2016.148

	Ivascu, R., Torsin, L. I., Hostiuc, L., Nitipir, C., Corneci, D., and Dutu, M. (2024). The surgical stress response and anesthesia: a narrative review. J. Clin. Med. 13, 3017. doi:10.3390/jcm13103017

	Ji, R. R., Nackley, A., Huh, Y., Terrando, N., and Maixner, W. (2018). Neuroinflammation and central sensitization in chronic and widespread pain. Anesthesiology 129 (2), 343–366. doi:10.1097/ALN.0000000000002130

	Knill, R. L., Moote, C. A., Skinner, M. I., and Rose, E. A. (1990). Anesthesia with abdominal surgery leads to intense REM sleep during the first postoperative week. Anesthesiology 73 (1), 52–61. doi:10.1097/00000542-199007000-00009

	Lee, D. H., Song, T., Kim, K. H., and Lee, K. W. (2018). Incidence, natural course, and characteristics of postlaparoscopic shoulder pain. Surg. Endosc. 32 (1), 160–165. doi:10.1007/s00464-017-5651-5

	Louie, M., Strassle, P. D., Moulder, J. K., Dizon, A. M., Schiff, L. D., and Carey, E. T. (2018). Uterine weight and complications after abdominal, laparoscopic, and vaginal hysterectomy. Am. J. Obstetrics Gynecol. 219 (5), 480.e1–480. doi:10.1016/j.ajog.2018.06.015

	Marver, J. E., and McGlinchey, E. A. (2020). Sex differences in insomnia and risk for psychopathology in adolescence. Curr. Opin. Psychol. 34, 63–67. doi:10.1016/j.copsyc.2019.09.004

	Miller, A., Roth, T., Roehrs, T., and Yaremchuk, K. (2015). Correlation between sleep disruption on postoperative pain. Otolaryngology--Head Neck Surg. 152 (5), 964–968. doi:10.1177/0194599815572127

	Mleko, M., Pluta, E., Pitynski, K., Bodzek, M., Kałamacki, A., Kiprian, D., et al. (2023). Trends in systemic inflammatory reaction (SIR) during paclitaxel and carboplatin chemotherapy in women suffering from epithelial ovarian cancer. Cancers 15 (14), 3607. doi:10.3390/cancers15143607

	Moldovan, F., Ivanescu, A. D., Fodor, P., Moldovan, L., and Bataga, T. (2023). Correlation between inflammatory systemic biomarkers and surgical trauma in elderly patients with hip fractures. J. Clin. Med. 12 (15), 5147. doi:10.3390/jcm12155147

	Mouton, W. G., Bessell, J. R., Otten, K. T., and Maddern, G. J. (1999). Pain after laparoscopy. Surg. Endosc. 13 (5), 445–448. doi:10.1007/s004649901011

	Nowakowski, S., and Meers, J. M. (2019). Cognitive behavioral therapy for insomnia and women's health: sex as a biological variable. Sleep. Med. Clin. 14 (2), 185–197. doi:10.1016/j.jsmc.2019.01.002

	Okajima, I., Nakajima, S., Kobayashi, M., and Inoue, Y. (2013). Development and validation of the Japanese version of the Athens insomnia scale. Psychiatry Clin. Neurosci. 67 (6), 420–425. doi:10.1111/pcn.12073

	Phelps, P., Cakmakkaya, O. S., Apfel, C. C., and Radke, O. C. (2008). A simple clinical maneuver to reduce laparoscopy-induced shoulder pain: a randomized controlled trial. Obstetrics Gynecol. 111 (5), 1155–1160. doi:10.1097/AOG.0b013e31816e34b4

	Piechocki, M., Koziołek, W., Sroka, D., Matrejek, A., Miziołek, P., Saiuk, N., et al. (2022). Trends in incidence and mortality of gynecological and breast cancers in Poland (1980-2018). Clin. Epidemiol. 14, 95–114. doi:10.2147/CLEP.S330081

	Polyné, N. C., Miller, K. E., Brownlow, J., and Gehrman, P. R. (2021). Insomnia: sex differences and age of onset in active duty Army soldiers. Sleep. Health 7 (4), 504–507. doi:10.1016/j.sleh.2021.03.003

	Qiu, D., Wang, X. M., Yang, J. J., Chen, S., Yue, C. B., Hashimoto, K., et al. (2022). Effect of intraoperative esketamine infusion on postoperative sleep disturbance after gynecological laparoscopy: a randomized clinical trial. JAMA Netw. Open 5 (12), e2244514. doi:10.1001/jamanetworkopen.2022.44514

	Rampes, S., Ma, K., Divecha, Y. A., Alam, A., and Ma, D. (2019). Postoperative sleep disorders and their potential impacts on surgical outcomes. J. Biomed. Res. 34 (4), 271–280. doi:10.7555/JBR.33.20190054

	Sanna, E., Tanca, L., Cherchi, C., Gramignano, G., Oppi, S., Chiai, M. G., et al. (2021). Decrease in neutrophil-to-lymphocyte ratio during neoadjuvant chemotherapy as a predictive and prognostic marker in advanced ovarian cancer. Diagn. Basel, Switz. 11 (7), 1298. doi:10.3390/diagnostics11071298

	Sao, C. H., Chan-Tiopianco, M., Chung, K. C., Chen, Y. J., Horng, H. C., Lee, W. L., et al. (2019). Pain after laparoscopic surgery: focus on shoulder-tip pain after gynecological laparoscopic surgery. J. Chin. Med. Assoc. JCMA 82 (11), 819–826. doi:10.1097/JCMA.0000000000000190

	Savic Vujovic, K., Zivkovic, A., Dozic, I., Cirkovic, A., Medic, B., Srebro, D., et al. (2023). Oxidative stress and inflammation biomarkers in postoperative pain modulation in surgically treated patients with laryngeal cancer-pilot study. Cells 12 (10), 1391. doi:10.3390/cells12101391

	Shin, H. Y., Kim, S. H., Lee, Y. J., and Kim, D. K. (2010). The effect of mechanical ventilation tidal volume during pneumoperitoneum on shoulder pain after a laparoscopic appendectomy. Surg. Endosc. 24 (8), 2002–2007. doi:10.1007/s00464-010-0895-3

	Slim, K., Bousquet, J., Kwiatkowski, F., Lescure, G., Pezet, D., and Chipponi, J. (1999). Effect of CO2 gas warming on pain after laparoscopic surgery: a randomized double-blind controlled trial. Surg. Endosc. 13 (11), 1110–1114. doi:10.1007/s004649901184

	Soldatos, C. R., Dikeos, D. G., and Paparrigopoulos, T. J. (2000). Athens Insomnia Scale: validation of an instrument based on ICD-10 criteria. J. Psychosom. Res. 48 (6), 555–560. doi:10.1016/s0022-3999(00)00095-7

	Soldatos, C. R., Dikeos, D. G., and Paparrigopoulos, T. J. (2003). The diagnostic validity of the Athens insomnia scale. J. Psychosomatic Res. 55 (3), 263–267. doi:10.1016/s0022-3999(02)00604-9

	Sun, M., Cong, X., Chang, E., Miao, M., and Zhang, J. (2020). Efficacy of flurbiprofen for postoperative pain in Chinese surgical patients: a meta-analysis. J. Surg. Res. 252, 80–88. doi:10.1016/j.jss.2019.11.032

	Vennix, S., Pelzers, L., Bouvy, N., Beets, G. L., Pierie, J. P., Wiggers, T., et al. (2014). Laparoscopic versus open total mesorectal excision for rectal cancer. Cochrane Database Syst. Rev. 2014 (4), CD005200. doi:10.1002/14651858.CD005200.pub3

	Wang, D., and Teichtahl, H. (2007). Opioids, sleep architecture and sleep-disordered breathing. Sleep. Med. Rev. 11 (1), 35–46. doi:10.1016/j.smrv.2006.03.006

	Wang, Y., Zhang, H., Xia, B., Wang, G., and Zhang, M. Y. (2012). Preemptive analgesic effects of flurbiprofen axetil in patients undergoing radical resection of esophageal carcinoma via the left thoracic approach. Chin. Med. J. 125, 579–582. doi:10.3760/cma.j.issn.0366-6999.2012.04.004

	Wang, K., Luo, J., Zheng, L., and Luo, T. (2017). Preoperative flurbiprofen axetil administration for acute postoperative pain: a meta-analysis of randomized controlled trials. J. Anesth. 31, 852–860. doi:10.1007/s00540-017-2409-0

	Xing, N., Wang, H., Huang, Y., and Peng, J. (2023). Enhanced recovery after surgery program alleviates neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio in patients undergoing gynecological surgery. Front. Med. (Lausanne) 10, 1057923. doi:10.3389/fmed.2023.1057923

	Xing, H., Yuan, D., Zhu, Y., and Jiang, L. (2024). A nomogram model based on SII, AFR, and NLR to predict infectious complications of laparoscopic hysterectomy for cervical cancer. World J. Surg. Oncol. 22 (1), 190. doi:10.1186/s12957-024-03489-0

	Yamashita, K., Fukusaki, M., Ando, Y., Fujinaga, A., Tanabe, T., Terao, Y., et al. (2006). Preoperative administration of intravenous flurbiprofen axetil reduces postoperative pain for spinal fusion surgery. J. Anesth. 20, 92–95. doi:10.1007/s00540-006-0389-6

	Zhang, L., Shu, R., Zhao, Q., Li, Y., Wang, C., Wang, H., et al. (2017). Preoperative but not postoperative flurbiprofen axetil alleviates remifentanil-induced hyperalgesia after laparoscopic gynecological surgery: a prospective, randomized, double-blinded trial. Clin. J. Pain 33 (5), 435–442. doi:10.1097/AJP.0000000000000416

	Zhou, Z. J., Tang, J., Li, W. H., and Tao, W. D. (2019). Preoperative intravenous flurbiprofen reduces postoperative pain and inflammatory cytokines in elderly patients after hip arthroplasty. Exp. Ther. Med. 17, 354–358. doi:10.3892/etm.2018.6911


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Huang, Wei, Leng, Song, Fu, He and Zhu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1659179-g005.jpg
Across different time points

=3 PreFA Group

Day3
* mE PostFA Group

— 1T}
Day3{ —{[}——
Day1 —{1T A ]* *P<0.05
T I
I
Hl—

Day1
Baseline ]
ns

Baseline

0 2000 4000
Sl





OPS/images/fphar-16-1659179-g006.jpg
Across different time points

=33 PreFA Group

Day3 —1T 1+
* = PostFA Group
Day3{ —[J}——
Day1 — 1 *P<0.05
IE
paytq +—[ 1 _}F——
Baseline I—.—| ]
ns
Baseline I-u—|
0 5 10 15 20

NLR





OPS/images/fphar-16-1659179-g003.jpg
ns ns ns ns ns
 — | — 1  — | —  —
°

.

° L °

°

: é s * 2 e %

°
. ° .

TO T0O T1 T1 T2 T2 T3 T3 T4 T4 T5 TS5
Across different time points

=3 PreFA Group
B3 PostFA Group





OPS/images/fphar-16-1659179-g004.jpg
Drug volume (ml)

*
54 1
3 PreFA Group

L]
52
. E= PostFA Group
50
é *P<0.05
48

46





OPS/images/fphar-16-1659179-g007.jpg
Across different time points

Day3
Day3
Day1
Day1
Baseline

Baseline

- . =3 PreFA Group
T3] ] * 3 PostFA Group
— *P<0.05
— T 1+
. ] ns
—{TH
0.0 0.5 1.0 15

MLR





OPS/images/fphar-16-1659179-g008.jpg
Across different time points

pop3{ HI}—
pop3{ HTH :I *
POD1 —TH
POD1 —1}— ] *
Preop 1
Preop 1 I—D—l ] ns
0 5 10 15

AIS

=3 PreFA Group
B3 PostFA Group

*P<0.05





OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Preemptive flurbiprofen axetil for sleep-pain-inflammation modulation after laparoscopic gynecological surgery: a prospective, parallel-group randomized controlled trial		Background

		Objectives

		Methods

		Results

		Conclusion

		Clinical Trial Registration

		1 INTRODUCTION

		2 METHODS		2.1 Patient recruitment		2.1.1 Participants





		2.2 Statistical analyses

		2.3 Randomization into treatment groups





		3 RESULTS		3.1 Baseline characteristics of the PreFA and PostFA groups

		3.2 Intraoperative vital signs between the two groups

		3.3 Comparison of postoperative medication and pain outcomes between the PreFA and PostFA groups

		3.4 Comparison of SII, NLR, and MLR before and after surgery between the two groups

		3.5 Comparison of sleep quality and adverse effects between the two groups





		4 DISCUSSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		REFERENCES









OPS/images/cover.jpg
, frontiers | Frontiersin Pharmacology

Preemptive flurbiprofen axetil
for sleep-pain-inflammation
modulation after laparoscopic
gynecological surgery: a
prospective, parallel-group
randomized controlled trial





OPS/images/fphar-16-1659179-g001.jpg
A total of 112 patients
Excluded (n=14)

scheduled for laparoscopic
gynecological surgery were * 10 patients were ineligible
included. ( 2 had uncontrolled preoperative hypertension;
1 developed fever before surgery,
2 had recent use of anti-inflammatory or
immunosuppressive medications,
2 had taken sedatives, and
3 underwent changes in the planned
surgical approach) ;

Randomized in a 1:1 ratio + 4 refused to participate.
(n=98) (4 patients refused participation)

Allocation

A Preoperative Group (PreFA Postoperative Group (PostFA
Group) (n=49) Group) (n=49)

Follow-u

«2 patients lacked peripheral
blood samples on day 3
postoperation.

«1 patient was admitted to the
ICU for treatment.

PreFA Group: PostFA Group:

46 patients included in the +46 patients included in the
analysis. analysis.

Exclusion (n=3):
«2 patients had surgery modified.
«1 patient was lost to followup.






OPS/images/fphar-16-1659179-g002.jpg
MAP(mmHg)

50

ns

ZLEL

T2 T3 T3 T4 T4 T5 T5

T T2
Across different time points

=3 PreFA Group
= PostFA Group









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





