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Purpose: This study aims to evaluate the impact of different timing of flurbiprofen axetil (FA) administration on postoperative acute
kidney injury (AKI) and other adverse events in non-cardiac surgery patients.

Patients and Methods: This retrospective cohort study included 45,062 adult patients undergoing non-cardiac surgery from
January 1, 2019, to October 31, 2023. Perioperative FA analgesia records were extracted from electronic medical records. The
primary outcome was AKI within 7 days after surgery. Secondary outcomes included postoperative adverse cardiovascular events
(ACE), postoperative length of stay (LOS), and in-hospital mortality.

Results: The incidences of AKI, ACE, and mortality were 6.0% (2,683/45,062), 8.5% (3,809/45,062), and 0.1% (48/45,062), respectively.
Intraoperative [odds ratio (OR), 0.71; 95% confidence interval (CI), 0.62—0.82] and postoperative (OR, 0.73; 95% CI, 0.66-0.79) FA
administration was associated with lower odds of AKI compared with non-use. Compared to patients who did not receive FA analgesia at
any point, those who received FA both during and post-surgery had a significantly lower odds of AKI (OR, 0.61; 95% CI, 0.51-0.73).
Subgroup analysis indicated a greater reduction in AKI odds for intraoperative FA administration in patients with a high inflammatory status
(OR and 95% CI: 0.58 [0.47—0.72] vs 0.84 [0.59-1.20], P for interaction = 0.010). Postoperative, but not intraoperative FA administration,
was associated with a lower odds of ACE (OR, 0.85; 95% CI, 0.79-0.91), with this association was significant in patients without
preoperative hypertension (OR and 95% CI: 0.81 [0.74-0.88] vs 0.96 [0.81-1.13], P for interaction<0.05). Accelerated failure time model
showed that both intraoperative and postoperative FA use was inversely correlated with postoperative LOS.

Conclusion: Perioperative FA analgesia was associated with a lower odds of postoperative AKI and shorter postoperative LOS,
whereas only postoperative FA analgesia was linked to a lower odds of postoperative ACE.

Keywords: flurbiprofen axetil, acute kidney injury, adverse cardiovascular events, perioperative analgesia, postoperative complications

Introduction
Postoperative acute kidney injury (AKI) is recognized as a severe complication following surgery, with reported incidence
ranging from 6.3% to 7.4% among inpatients undergoing non-cardiac procedures.'? AKI significantly increases the risk of
adverse clinical outcomes, including prolonged hospitalization, intensive care unit (ICU) admission, progression of chronic
kidney disease, and postoperative mortality.** Given its high incidence and severe consequences, identifying modifiable risk
factors for AKI is crucial for improving patient outcomes.

Flurbiprofen axetil (FA), a propionic acid-derived non-steroidal anti-inflammatory drug (NSAID), inhibits inflammatory
responses and is widely used for postoperative analgesia in non-cardiac surgery.” ’ Despite the long history of use, NSAIDs

remain a leading cause of drug-induced kidney injury as reported in prior study.® Recent study has summarized FA related
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adverse events, including AKI, nausea and vomiting, and facial edema.’ Besides, several case reports have indicated that FA
administration may induce renal papillary necrosis and acute tubulointerstitial nephritis.'®'' However, existing literatures
report inconsistent findings regarding the association between FA analgesia and postoperative AKI, regardless of its
administration during surgery or via analgesic pump postoperatively. Such as, FA administration following anesthesia
induction was associated with a lower risk of postoperative AKI in adult patients undergoing spinal surgery,'? and early
postoperative NSAID use did not increase AKI incidence in patients with major gastrointestinal surgery.'* Moreover, animal
studies have suggested a renoprotective effect of FA in rats with 5/6 kidney ablation.'*'> These conflicting results highlight the
need to clarify the relationship between FA and postoperative renal function in order to prevent drug-related renal injury.

Our previous study identified that inflammation is significantly associated with postoperative AKL.'® Thus, decreasing
inflammation may be an approach for FA to lower postoperative AKI odds, suggesting a potential dose—response
relationship.>'” However, study has shown that intraoperative administration of high-dose FA (>250 mg) is associated with
an increased risk of postoperative AKI.'® This leads to an important concern, that is, whether the continuous use of FA from
intraoperative to postoperative, which resulted in a cumulative dose, is related to postoperative AKI. However, previous
studies have predominantly focused on the relationship between AKI and FA use within specific, isolated perioperative period.

Given FA has been routinely used for both intraoperative and postoperative analgesia in clinical practice, this study
aims to reveal the association of FA administrated at different perioperative periods on postoperative AKI and other
adverse events, including adverse cardiovascular events (ACE), postoperative length of stay (LOS) and in-hospital
mortality, in patients undergoing non-cardiac surgery. The timing of FA administration (intraoperative and postoperative
periods) was our special attention. We hypothesized that FA analgesia is associated with low odds of postoperative AKI
and other adverse outcomes, and its continuous use may further improve prognosis.

Materials and Methods

Study Population and Data Sources

This retrospective cohort study was approved by the institutional ethics committee of Nanfang Hospital, Southern Medical
University (NFEC-202311-K33). The requirement for written informed consent was waived due to the retrospective design of
the study. All patient data were de-identified and handled in strict compliance with confidentiality requirements. This study
was conducted in accordance with the principles of the Declaration of Helsinki. We reviewed 99,969 patients who underwent
non-cardiac surgery between January 1st, 2019, and October 31st, 2023. They were excluded if: 1) missed serum creatinine
(Scr) measurements before or after surgery within 7 days (52,138); 2) age under 18 years (1,359); 3) underwent transplant
surgery, had end-stage renal disease defined as an estimated glomerular filtration rate [eGFR]<15 mL/min/1.73m?, or a history
of renal replacement therapy (1,350); 4) American Society of Anesthesiologists (ASA) physical status Vor VI (60) (Figure 1).
For individuals with multiple eligible surgeries throughout study period, only the first surgery record was retained. Data was
obtained from Perioperative Data Warehouse from Department of Anesthesiology. Patient data meeting the inclusion criteria
were automatically extracted from the electronic medical record system via our institutional perioperative data warehouse.
One investigator (a certified clinical researcher with a Good Clinical Practice [GCP] certificate) designed the extraction
algorithm by defining the eligibility criteria and variable specifications within the data warehouse platform. A second
investigator (also GCP-certified) independently reviewed the extraction rules for accuracy and completeness prior to final
data extraction. To ensure data fidelity, a random sample of 1% (1,000 patients) of the study population underwent manual
chart review. Data in this subset were compared against the automatically extracted data by the two investigators. If any
discrepancies were identified, the extraction rules were systematically reviewed and corrected. Following rule correction, the
entire dataset was re-extracted and subjected to the same validation process.

Exposure and Covariates

The interested exposure was perioperative FA analgesia, defined as receiving FA formulation, either intraoperative
intravenous infusion, or postoperative patient-controlled analgesia (PCA). According to the standardized analgesic
protocol at the study hospital, the PCA pump was initiated immediately after surgery. The pump was programmed to
deliver a fixed-rate continuous background infusion of FA, while patients could self-administer additional bolus doses as
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Figure | Flowchart of patients’ selection.
Abbreviations: AKI, acute kidney injury; ACE, adverse cardiovascular events; ASA, American Society of Anesthesiologists.

needed for pain control by pressing a button on the pump. The absence of FA formulation record was considered
equivalent to non-use, as FA is a prescription medication with mandatory recording. Patients were categorized into
intraoperative FA administration and postoperative FA administration. To further clarify cumulative effect from intrao-
perative to postoperative periods, we subsequently stratified patients into the following four groups according to different
timing of FA administration: non-use group (without administration of FA), intraoperative-only group (receiving FA
intraoperatively without postoperative administration), postoperative-only group (receiving FA after surgery without
intraoperative administration), and both use group (intraoperative and postoperative administration). Additionally, we
extracted data of FA dosage to analyze dose—response relationships for intraoperative, postoperative and total cumulative
administration.

Covariates potentially influencing development of postoperative AKI were selected based on previous studies or clinical
knowledge, covering demographic characteristics, comorbidities, preoperative laboratory tests and surgical factors. Detailed
definitions and coding schemes for each covariate were provided in Supplementary Table 1 in Appendix 1 and Appendix 2.

We identified preoperative comorbidities using ICD-10 diagnosis codes. To ensure a comprehensive preoperative assessment
of comorbidities, the admission records, past medical histories and discharge summaries in the electronic medical records have
all been reviewed to supplement potential under-documentation of comorbidities in ICD-10 diagnosis codes. Preoperative
laboratory values closest to the date of surgery were selected, with a maximum time window within 7 days. Surgical factors
comprised procedure duration, type of surgery, type of anesthesia, intraoperative use of remifentanil and sufentanil.

Outcomes
The primary outcome is the incidence of AKI within the first 7 postoperative days. According to Kidney Disease: Improving
Global Outcomes (KDIGO) criteria, AKI was defined as either a >26.5 pmol/L increase in Scr within 48 hours postoperatively
or a Scr elevation to >1.5 times the baseline documented within the 7 postoperative days. AKI severity was classified
according to KDIGO criteria: Stage 1, an increase in Scr by >26.5 umol/L within 48 hours, or an increase to >1.5-1.9 times
baseline; Stage 2, an increase in Scr to 2.0-2.9 times baseline; Stage 3, an increase in Scr to >3.0 times baseline, Scr >354
pumol/L (with an acute increase of >0.3 mg/dL), or initiation of renal replacement therapy.

The secondary outcomes included ACE, postoperative LOS, and in-hospital death. Postoperative ACE onset was
determined based on any documented cardiovascular events in the surgical discharge summary, including cardiovascular
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death, myocardial infarction, pulmonary embolism, atrial fibrillation, cardiac arrest and stroke. In-hospital death was
identified by reviewing death medical record system. Postoperative LOS was calculated as the interval between surgery
completion and hospital discharge, measured in minutes and then converted to days.

Statistical Analysis

Descriptive Statistics

Patients’ characteristics were summarized among the four groups: the non-use group, the intraoperative-only group, the post-
operative-only group, and the both use group. Normality of continuous variables was assessed using the Kolmogorov—Smirnov
test and summarized as mean = SD (normal distribution) or median with IQR (skewed distribution). Categorical variables were
presented as number (percentage). Comparisons among groups were performed using one-way ANOVA for normal continuous
variables, the Kruskal-Wallis test for skewed continuous variables, and the chi-square test for categorical variables.

Perioperative FA Administration and Primary Outcome

Univariable and multivariable logistic regression analyses were employed to investigate the correlations between FA
administration and postoperative AKI. Results were reported as odds ratios (OR) with 95% confidence intervals (CI).
Three models were conducted: Model 1 was constructed without adjusting for any covariate. Model 2 was adjusted for age,
sex, smoking status, drinking status, diabetic mellitus, hypertension, and cardiac comorbidities. Model 3 was further adjusted
for body mass index (BMI), hemoglobin, white blood cell, platelet, serum potassium, calcium, sodium, albumin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), urea, creatinine, procedure duration, ASA status, type of anesthesia,
surgery sites, and intraoperative use of remifentanil and sufentanil. To evaluate potential effect modification by inflammatory
status, patients were stratified using the INFLA-score'*—a composite of four inflammatory biomarkers (including C-reactive
protein [CRP], white blood cell count, platelet count, and granulocyte-to-lymphocyte ratio) ranging from —16 to 16, with
higher scores indicating greater inflammation (detailed in Supplementary Table 2 in Appendix 1). Participants were

dichotomized into high- and low-inflammatory groups based on the cohort median, and a multiplicative interaction term
(FA use x INFLA-score category) was included in the regression models. Additional subgroup analyses were performed by
sex, age, and preoperative comorbidities (hypertension, diabetes, and cardiac comorbidities). Ordinal logistic regression was
also applied to explore the association between FA administration and AKI stages under the proportional odds assumption.

The distribution of FA dose is extremely skewed, as there is no clinically recommended dose in current guidelines,
and dosing is instead based on anesthesiologists’ experience. Therefore, in the dose-response relationship analyses, we
categorized patients in a data-driven manner according to the actual distribution of FA dose. We modeled the
intraoperative, postoperative, and total-dose categories for intra- and postoperative, respectively. After considering the
actual dose used in each period and the number of people in each category, the intraoperative dose was categorized into
Non-use, 0-50 mg, and >50 mg; the postoperative dose and the total dose (intraoperative and postoperative combined)
were both categorized into Non-use, 0-100 mg, 101-249 mg, and >250 mg, with the Non-use category serving as the
reference. The associations of intraoperative, postoperative, and total dose of FA with AKI were modeled separately;
trend tests were not performed due to the absence of a strict dose-gradient design.

Perioperative FA Administration and Secondary Outcome

For secondary outcomes, logistic regression models were used to analyze the associations between perioperative FA
administration and postoperative ACE. The modeling strategy was consistent with that for the primary outcome, with three
models being conducted. Interaction analyses were performed for sex, age, cardiac comorbidities, preoperative hypertension,
and diabetes mellitus by introducing multiplicative interaction terms into the logistic regression models. An accelerated failure
time model was used to evaluate the association between FA administration and postoperative LOS, with in-hospital death
treated as a censoring of discharge alive. The results were presented as time ratios (TRs) with 95% Cls. Specifically, given the
limited number of postoperative mortality events, we restricted our analysis to descriptive comparisons using chi-square tests.
Patients were grouped simply according to intraoperative or postoperative FA administration, without further adjustment or
stratification, to avoid the risk of overfitting associated with multivariable modeling.
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Data Processing

Patients with over 30% missing data for any variables were excluded, whereas those with less than 30% missing data
were imputed using the random forest method in R software (via the missRanger R package). As this was a retrospective
cohort study, all eligible patients who underwent non-cardiac surgery at our institution were included, and no pre-
specified sample size estimation was performed. We evaluated the statistical power based on the observed event rates
(AKI and ACE) in the final sample using PASS software (version 2021, NCSS, LLC, USA). The achieved statistical
power for this study was 1.00 to detect the observed effect at a two-sided significance level of o = 0.05. Data processing
and statistical analysis were conducted using R software (version 4.4.3), with two-tailed tests and a statistical significance
level at P value <0.05.

Results

Baseline Characteristics

Among the 45,062 eligible patients, the mean age was 52 + 15 years, and 21,679 (48.1%) were females. The incidence of
AKI in this study was 6.0% (2,683/45,062), and ACE was 8.5% (3,809/45,062). The distribution of patients across FA
groups was as follows: non-use group (20,623, 45.8%), intraoperative-only group (2,374, 5.3%), postoperative-only group
(17,497, 38.8%), and both use group (4,568, 10.1%). The characteristics of patients are listed in Table 1. The four groups
showed significant differences in alcohol assumption. Preoperative laboratory measurements differed across the four
groups except for ALT and Scr. Significant differences were also observed in preoperative hypertension, preoperative
diabetes, operation duration, ASA physical status, and type of anesthesia.

FA Administration and AKI

A lower incidence of AKI was observed in patients who received FA either intraoperatively or postoperatively, relative to
those who did not receive FA (8.2% vs 3.3—4.3%, Table 1). Univariate logistic regression analysis showed that both

Table | Baseline Characteristics of Participants in Different Groups of Flurbiprofen Axetil Administration

Characteristics Overall FA administration P value
N=45062
Non-Use Intraoperative-Only Postoperative-Only Both Use
N=20623 N=2374 N=17497 N=4568
Female, n (%) 21679 (48.1) 9972 (48.4) 1170 (49.3) 8419 (48.1) 2136 (46.8) 0.164
Age, years 52+ 15 52+ 15 53+ 15 5315 52+ 15 0.736
Current smoking, n (%) 3579 (7.9) 1633 (7.9) 174 (7.3) 1400 (8.0) 372 8.1) 0.489
Current drinking, n (%) 1708 (3.8) 743 (3.6) 78 (3.3) 713 (4.1) 174 (3.8) 0.042
BMI, kg/m? 23.1 (20.7, 25.5) 23.0 (20.8, 25.5) 23.0 (20.8, 25.5) 23.1 (20.8, 25.5) 23.1 (20.8, 25.5) 0.077
Preoperative conditions
Hemoglobin, g/L 127 (114, 140) 127 (113, 140) 128 (116, 140) 128 (114, 139) 127 (114, 139) 0.009
White blood cell, x10%/L 6.6 (5.4,82) 6.7 (5.5, 8.4) 6.5 (5.3,7.9) 6.5 (5.3, 8.0) 6.4 (5.3,7.9) <0.001
C reactive protein, mg/L 22 (08, 89) 24 (08, 10.7) 1.9 (0.8, 6.8) 1.9 (0.7, 7.8) 2.0 (0.7, 7.6) <0.001
Platelet, x10°/L 237 (195, 287) 235 (192, 284) 242 (199, 290) 237 (195, 287) 238 (196, 289) <0.001
Serum potassium, mmol/L 39 (37,42) 4.0 (37,42 4.0 (3.7, 4.1) 3.9 (37,42) 39 (37,42 <0.001
Serum calcium, mmol/L 23(22,23) 23(2.2,23) 23(2.2,24) 23(22,23) 23(2.2,24) <0.001
Serum sodium, mmol/L 140 (139, 142) 140 (139, 142) 141 (139, 142) 141 (139, 142) 141 (139, 142) 0.011
Albumin, g/L 39.6 (36.9, 42.5) 39.6 (36.7, 42.4) 40.0 (37.4, 43.2) 39.6 (37.0, 42.5) 39.8 (37.2, 42.8) <0.001
AST, U/L 17 (14, 22) 17 (14, 23) 17 (14, 22) 17 (14, 22) 17 (14, 22) 0.011
ALT, U/L 23.6 +37.6 23.5 + 384 244 + 434 23.6 + 35.8 234 + 374 0.747
Glucose, mmol/L 5.0 (4.6, 5.7) 5.0 (4.5, 5.8) 5.0 (4.5, 5.8) 5.0 (4.6, 5.7) 5.0 (4.6, 5.6) <0.001
Urea, mmol/L 5.0 (4.0, 6.2) 5.1 (4.1, 6.5) 4.8 (4.0, 5.9) 4.9 (4.0, 6.1) 4.9 (4.0,5.9) <0.001
Cardiac comorbidities, n (%) 2168 (4.8) 1004 (4.9) 96 (4.0) 854 (4.9) 214 (47) 0315
Creatinine, pmol/ L 75.1 £28.1 75.1 + 284 75.7 £ 29.5 75.0 £ 27.4 754 + 28.1 0.684
Hypertension, n (%) 12269 (27.2) 6056 (29.4) 564 (23.8) 4551 (26.0) 1098 (24.0) <0.001
Diabetes, n (%) 5968 (13.2) 2816 (13.7) 260 (11.0) 2346 (13.6) 546 (12.0) <0.001
(Continued)
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Table | (Continued).

Characteristics Overall FA administration P value
N=45062
Non-Use Intraoperative-Only Postoperative-Only Both Use
N=20623 N=2374 N=17497 N=4568

Procedure duration, min 135.0 (84.8, 209.0) 128.0 (74.0, 217.0) 127.0 (85.0, 190.3) 138.0 (93.0, 202.0) 151.0 (104.0, 216.0) <0.001
ASA status, n (%) <0.001

| 6592 (14.6) 3222 (15.6) 389 (16.4) 2394 (13.7) 587 (12.9)

1] 30758 (68.3) 12222 (59.3) 1734 (73.0) 13244 (75.7) 3558 (77.9)

1] 6504 (14.4) 4095 (19.7) 233 (9.8) 1792 (10.2) 420 (9.2)

\% 1208 (2.7) 1120 (5.4) 18 (0.8) 67 (0.4) 3 (0.1)
Type of anesthesia, n (%) <0.001

General 38717 (85.9) 17131 (83.1) 2031 (85.6) 15379 (87.9) 4176 (91.4)

Intrathecal Block 4702 (10.4) 2869 (13.9) 201 (8.5) 1458 (8.3) 174 (3.8)

Nerve Block 600 (1.3) 353 (1.7) 37 (1.6) 188 (1.1) 22 (0.5)

Combined 1043 (2.3) 270 (1.3) 105 (4.4) 472 (2.7) 196 (4.3)
Surgery sites, n (%) 0.001

Gynecological 4512 (10.0) 2049 (9.9) 224 (9.4) 1786 (10.2) 453 (9.9)

Integumentary soft tissue 1310 (2.9) 616 (3.0) 80 (3.4) 495 (2.8) 119 (2.6)

Abdominal 12028 (26.7) 5420 (26.3) 670 (28.2) 4728 (27.0) 1210 (26.5)

Urinary 5733 (12.7) 2554 (12.4) 317 (13.4) 2244 (12.8) 618 (13.5)

Orthopedic 7798 (17.3) 3653 (17.4) 367 (15.5) 2949 (16.9) 829 (18.1)

Neurological 4081 (9.1) 1820 (8.8) 189 (8.0) 1671 (9.6) 401 (8.8)

Thoracic 5442 (12.1) 2545 (12.3) 279 (11.8) 2073 (11.8) 545 (11.9)

Other* 4158 (9.2) 1966 (9.5) 222 (10.4) 1551 (8.9) 340 (7.4)
Intraoperative remifentanil, umg 17238 (38.3) 7912 (38.4) 911 (38.4) 6663 (38.1) 1752 (38.4) 0.948
Intraoperative sufentani, pg 16077 (35.7) 7368 (35.7) 867 (36.5) 6216 (35.5) 1626 (35.6) 0.814
Postoperative AKI, n (%) 2683 (6.0) 1699 (8.2) 78 (3.3) 745 (4.3) 161 (3.5) <0.001
Postoperative ACE, n (%) 3809 (8.5) 1864 (9.0) 198 (8.3) 1363 (7.8) 384 (8.4) 0.004
Postoperative LOS, days 6.5 (3.9, 9.9) 6.8 (3.9, 11.6) 5.9 (3.8, 9.0) 5.9 (4.0, 8.8) 6.5 (4.6, 9.2) <0.001
Postoperative death, n (%) 48 (0.1) 31 (02) 0 (0.0) 15 (0.1) 2 (0.0 0.034

Note: *Other surgery type including hematologic or lymphatic, diagnostic procedures, vascular surgeries, ophthalmology, thyroid, ear, nose and throat.
Abbreviations: FA, flurbiprofen axetil; AKI, acute kidney injury; ACE, adverse cardiovascular events; BMI, body mass index; ASA, American Society of Anesthesiologists;
AST, aspartate aminotransferase; ALT, alanine aminotransferase. LOS, length of stay. | — IV, ASA Physical Status Classification.

intraoperative FA administration (OR 0.52, 95% CI 0.46-0.60) and postoperative FA administration (OR 0.51, 95% CI
0.47-0.56) were associated with lower AKI odds. After adjusted for potential confounders, the associations remained
significant (OR 0.71, 95% CI 0.62—0.82 for intraoperative FA group; OR 0.73, 95% CI 0.66—0.79 for postoperative FA
group). After further dividing FA-treated patients into four groups (ie. non-use, intraoperative-only, postoperative-only,
both use), the respective ORs and 95% CIs were 0.62 (0.49-0.79), 0.72 (0.65-0.79), 0.61 (0.51-0.73), respectively,
compared with non-use group (Figure 2). In addition, FA administration in any period was negatively associated with
AKI stage (Supplementary Table 3 in Appendix1). Further dose-response analyses confirmed a similar trend across all FA

dose levels, with the lowest incidence and odds of AKI in the 0—100 mg dose group (Supplementary Table 4 in Appendix1).
Subgroup analyses revealed a significant interaction across inflammatory status for FA administration, with a lower AKI

odds for intraoperative FA administration in high inflammatory status (interaction P, 0.010, Table 2). Associations were
consistent across subgroups stratified by sex, age, and preoperative comorbidities (Supplementary Tables 5—9 in Appendix1).

FA Administration and ACE

The incidence of ACE was higher in patients who did not receive FA (9.0% vs 7.8—8.4, Table 1). Multivariate analysis
revealed that postoperative FA administration was associated with a significant lower odds of ACE (OR 0.85, 95% CI
0.79—-0.91), while the intraoperative FA administration was not significantly associated with the odds of ACE (OR 1.00,
95% CI 0.91-1.10). Nevertheless, the combined FA administration from intraoperative to postoperative was associated
with a lower odds of ACE with an edge significance (OR 0.91, 95% CI 0.80—1.02) (Figure 3). Dose—response
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Timing of using FA

Intraoperative FA
Non-use
Use

Postoperative FA
Non-use
Use

Combination
Non-use
Intraoperative-only
Postoperative-only

Both use

AKI (%)

2444 (6.4)
239 (3.4)°

1777 (7.7)
906 (4.1)F

1699 (8.2)
78 (3.3)F
745 (4.3)
161 (3.5)°

OR (95% CI) of AKI

Model 1
Reference
0.52 (0.46, 0.60) o
Reference
0.51 (0.47, 0.56) ol
Reference

0.38 (0.30, 0.48)
0.50 (0.45, 0.54) .
0.41(0.35,0.48) ‘o

Model 2 Model 3

L4 Reference ‘ Reference ‘
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Figure 2 Logistic regression analysis for the association between different timing of FA administration and AKI. Model I: unadjusted model; Model 2: adjusted for age,
gender, smoking status, alcohol, diabetes, hypertension, cardiac comorbidities; Model 3: model 2 further adjusted for BMI, hemoglobin, white blood cell, platelet, serum
potassium, calcium, sodium, albumin, AST, ALT, urea, creatinine, procedure duration, ASA status, type of anesthesia, surgery sites, and intraoperative use of remifentanil and
sufentanil. “The incidence was significantly different compared to the non-use group.
Abbreviations: FA, flurbiprofen axetil; AKI, acute kidney injury; OR, odds ratio; Cl, confidence interval.

relationship analyses showed that increased intraoperative FA dose was not significantly associated with ACE; in

contrast, higher postoperative and total FA doses were potentially linked to a lower incidence and lower odds of ACE

(Supplementary Table 4 in Appendix1).

Inflammatory status, sex, age, preoperative diabetic mellitus and preoperative cardiac comorbidities did not modify

the associations (all interaction P > 0.05, Table 2, Supplementary Tables 10—12, Supplementary Table 14 in Appendix1).

While in patients without hypertension, postoperative FA administration demonstrated a stronger association with ACE

compared to patients with hypertension (interaction P = 0.022, Supplementary Table 13 in Appendix1).

Table 2 Subgroup Analysis According to Preoperative Infllammatory Status for the Association Between
Different Timing of FA Administration and AKI/ACE

Timing of Using FA

Intraoperative FA
Non-use
Use

P for internation

Postoperative FA
Non-use
Use

P for internation

Combination
Non-use
Intraoperative-only
Postoperative-only

Both use

P for internation

OR (95% CI) of AKI? OR (95% CI) of ACE?*

Low Inflammatory | High Inflammatory | Low Inflammatory | High Inflammatory
Reference Reference Reference Reference
0.84 (0.59, 1.20) 0.58 (0.47, 0.72) 1.02 (0.81, 1.29) 0.97 (0.84, 1.12)
0.010 0.583
Reference Reference Reference Reference
0.76 (0.61, 0.94) 0.69 (0.61, 0.78) 0.83 (0.70, 0.98) 0.88 (0.80, 0.97)
0.250 0.361
Reference Reference Reference Reference
0.70 (0.39, 1.28) 0.54 (0.38, 0.77) 0.87 (0.59, 1.28) 1.00 (0.80, 1.25)
0.74 (0.58, 0.93) 0.70 (0.61, 0.81) 0.78 (0.65, 0.94) 0.88 (0.79, 0.99)
0.74 (0.48, 1.15) 0.48 (0.37, 0.63) 0.93 (0.69, 1.25) 0.87 (0.72, 1.04)
0.066 0.252

Notes: “Covariates included age, gender, smoking status, alcohol, diabetes, hypertension, cardiac comorbidities, BMI, hemoglobin, white blood
cell, platelet, serum potassium, calcium, sodium, albumin, ALT, AST, urea, creatinine, procedure duration, ASA status, type of anesthesia, surgery
sites, and intraoperative use of remifentanil and sufentanil.
Abbreviations: FA, flurbiprofen axetil; AKI, acute kidney injury; ACE, adverse cardiovascular events; OR, odds ratio; Cl, confidence interval.
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Figure 3 Logistic regression analysis for the association between different timing of FA administration and ACE. Model |: unadjusted model; Model 2: adjusted for age,
gender, smoking status, alcohol, diabetes, hypertension, cardiac comorbidities; Model 3: model 2 further adjusted for BMI, hemoglobin, white blood cell, platelet, serum
potassium, calcium, sodium, albumin, AST, ALT, urea, creatinine, procedure duration, ASA status, type of anesthesia, surgery sites, and intraoperative use of remifentanil and
sufentanil. “The incidence was significantly different compared to the non-use group.

Abbreviations: FA, flurbiprofen axetil; OR, odds ratio; Cl, confidence interval.

FA Administration and Postoperative LOS and Mortality

We found perioperative FA analgesia in any periods was significantly associated with a shorter postoperative LOS (TR:
0.94, 95% CI: 0.92-0.97 for intraoperative; TR: 0.93, 95% CI: 0.91-0.94 for postoperative), with the combined use
group experiencing the greatest extent (TR: 0.89, 95% CI: 0.87, 0.92) (Table 3). The intraoperative dose of >50 mg was
significantly related to the shortening of postoperative LOS by 6% (TR: 0.94, 95% CI: 0.92, 0.96; median LOS: 6.0 vs
6.5 days). The postoperative or total dose of 101-249 mg exhibited the most extent shortening (around 10%, TR and 95%
CI: 0.90 [0.88-0.91] and 0.89 [0.87-0.91]) of postoperative LOS (median: 5.9 vs 6.8 days) compared with non-use group
(Supplementary Table 4 in Appendix1).

Chi-square test indicated that the incidence of postoperative death varied significantly between intraoperative FA
groups, whereas no significant difference was observed with regard to postoperative FA administration (Supplementary
Table 15 in Appendixl).

Table 3 Accelerated Failure Time Model Between Different Timing of FA Administration and Postoperative
LOS

Timing of using FA Model | Model 2 Model 3

TR (95% CI) P value TR (95% CI) P value TR (95% CI) P value

Intraoperative FA

Non-use Reference Reference Reference

Use 0.90 (0.88, 0.93) | <0.001 0.91 (0.89, 0.93) | <0.001 0.94 (0.92, 0.97) | <0.001
Postoperative FA

Non-use Reference Reference Reference

Use 0.86 (0.84, 0.87) | <0.001 0.86 (0.85, 0.88) | <0.001 0.93 (0.91, 0.94) | <0.001

Combination
Non-use Reference Reference Reference
Intraoperative-only | 0.83 (0.80, 0.86) | <0.001 0.84 (0.81, 0.87) | <0.001 0.94 (0.91, 0.98) 0.001
Postoperative-only 0.84 (0.83, 0.86) | <0.001 0.85 (0.83, 0.86) | <0.001 0.93 (0.91, 0.94) | <0.001
Both use 0.84 (0.82, 0.86) | <0.001 0.85 (0.83, 0.88) | <0.001 0.89 (0.87,0.92) | <0.001

Notes: Model I: unadjusted; Model 2: adjusted for age, sex, smoking status, alcohol consumption, diabetes, hypertension, and cardiac
comorbidities; Model 3: Model 2 further adjusted for BMI, hemoglobin, white blood cell, platelet, serum potassium, calcium, sodium,
albumin, creatinine, AST, ALT, urea, procedure duration, ASA status, type of anesthesia, surgery sites, and intraoperative use of remifentanil
and sufentanil.

Abbreviations: FA, flurbiprofen axetil; TR, time ratio; Cl, confidence interval. LOS, length of stay.
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Discussion

In this large retrospective cohort study of non-cardiac surgery patients, we found that perioperative FA analgesia was
associated with a lower odds of AKI. Notably, intraoperative FA administration conferred a greater reduction in AKI
occurrence among patients with a high preoperative inflammatory state. Furthermore, postoperative FA administration
was linked to a lower odds of ACE, but the correlation extent was attenuated in patients with comorbid hypertension. In
addition, FA analgesia in any periods was associated with shortened postoperative LOS.

The association of NSAIDs with AKI has been examined. For instance, Gomelsky et al reported that NSAIDs
increased the odds of AKI,*® while Kaufhold et al described a case of acute tubulointerstitial nephritis associated with
FA'' On the contrary, a recent retrospective study revealed that intraoperative FA administration is associated with
a reduced risk of postoperative AKI in adult patients undergoing spinal surgery.'? The limited sample size in previous
studies restricted covariate adjustment in regression models, thereby compromising the ability to adequately control for
potential confounding factors. Our study extends the investigation to a large sample size of over 40,000 non-cardiac
surgical patients, offering sufficient statistical power to adjust for an extensive set of confounders, and provide more
robust evidence for clinical practice.

This study focused on different FA administration periods that may influence renal function—a topic that remains
relatively underexplored in non-cardiac surgical settings. We demonstrated the negative association of FA, either intraopera-
tive or postoperative, with postoperative AKI. This exploration is grounded in the routine clinical use of FA during the
perioperative period. FA has been widely used as a background analgesic in clinical practice and various randomized

controlled trials,zl*24

yet its postoperative complications remained rarely studied. In addition, FA serves as an important
component of multimodal analgesia strategy, and could provide an excellent analgesia effect, such as, mild pain, low
incidences of gastrointestinal symptoms and postoperative cognitive impairment, and decreased opioid drug consumption,
when combined with other analgesics.”> > We additionally provided the evidence that continuous FA analgesia from intra- to
postoperative was associated with lower odds of AKI. A study in non-cardiac surgery patients reported a U-shape relationship
between intraoperative FA dose and AKI,'® which was similar with our results. Although our findings indicated that higher
doses of FA were not associated with an increased odds of AKI, the magnitude of odds reduction was attenuated compared
with lower FA doses. Nevertheless, the negative association of high dose FA with AKI remain significant.

Surgical stimuli contribute to a systemic inflammatory response, which may adversely affect renal function.'® While FA
acts through the inhibition of cyclooxygenase enzyme to suppress prostaglandins synthesis, attenuating the pro-inflammatory
effect related to prostaglandins, thereby potentially mitigating the adverse impact of surgical stress on postoperative
outcomes.™****2% Further evidence lie in the targeted delivery of FA via lipid microspheres to surgical incisions and
inflammatory sites, that can reduce its direct impact on kidney.?® We further conducted several subgroup analyses to better
understand how FA influences postoperative AKI across patients with different health statuses. Our study confirmed a stronger
association between intraoperative FA administration and AKI in patients with high inflammatory status. This effect may be
attributed to the enhanced anti-inflammation efficacy under high inflammatory conditions.

Beyond its anti-inflammatory effects, the potential impact of FA on the kidney, as an NSAID, also involves its classic
hemodynamic effects—a mechanism of particular importance in the perioperative context. FA inhibits the synthesis of
prostaglandin, thereby interfering with the compensatory vasodilatory mechanism, which may cause hemodynamically
mediated acute kidney injury.’’ Animal studies have confirmed that NSAID use resulted in significant reductions in renal
blood flow.*> However, in a randomized controlled trial, preoperative administration of FA did not significantly alter mean
arterial pressure or heart rate during the perioperative period,** and another study has shown that NSAID did not significantly
reduce renal blood flow or glomerular filtration rate.>* These inconsistent findings drive further research to clarify the
mechanism of FA on organ injury. Nevertheless, in the surgical context, we can understand the positive association of FA
on renal function from several aspects. First, the inhibition of vasodilation by FA can prevent sudden changes in renal blood
flow volume in the postoperative scene, thus maintaining hemodynamic stability and buffering the renal ischemia-reperfusion
injury.®>*¢ Second, FA can ameliorate hemodynamic abnormalities induced by surgery and pain through activation of the
renin-angiotensin system.>’~** In addition, prostaglandins participate in the inflammatory response. The inhibition of pros-
taglandins by FA may therefore reduce the inflammatory response. The above evidence suggests that FA-induced prostaglan-
dins reduction does not invariably lead to clinically significant hemodynamic abnormalities or significant renal hypoperfusion.

Drug Design, Development and Therapy 2026:20 https: 9



Wang et al

The ultimate renal outcome likely results from a comprehensive balance between its anti-inflammatory properties and
hemodynamic effects.

In addition to the anti-inflammatory effects and hemodynamic modulation discussed above, certain clinical factors may also
influence the association between perioperative FA use and postoperative outcomes. To address this concern, we implemented
several measures to minimize potential confounding bias in our study. First, to address confounding by indication—ie, the
possibility that clinicians might avoid NSAIDs in patients with preexisting renal dysfunction—we excluded patients with severe
renal impairment and adjusted for preoperative serum creatinine in the multivariable models. Other common comorbidities and
ASA classification were also included to account for baseline health status. Second, to account for differences in surgical
intensity, we adjusted for the type of surgery in the regression models. Collectively, these design features and analytical
adjustments substantially reduce the risk of residual confounding and strengthen the validity of our findings.

Previous studies have indicated that NSAIDs may increase the odds of cardiovascular events.*® Trelle et al’s network meta-
analysis reported high odds of various cardiovascular events related to NSAIDs, including myocardial infarction, stroke,
cardiovascular death®® The finding was soon supported by another meta-analysis confirming the positive association of
NSAIDs with vascular and upper gastrointestinal complications*' The aforementioned studies encompassed all patients requiring
anti-inflammatory therapy. However, in older patients undergoing non-cardiac surgery, Komatsu et al did not find a significant
association between NSAIDs and cardiovascular complications.** While we observed a significant negative association between
postoperative FA analgesia via analgesic pump and postoperative ACE. Our study specifically focused on FA, one of commonly
used NSAIDs, and we studied non-cardiac surgical patients, which may account for the inconsistent findings in previous
literature. Nevertheless, we did not observe a significant association between intraoperative FA analgesia and postoperative ACE,
a finding consistent with the study by Komatsu et al.** Our study utilized a substantially larger sample size of 3809 ACE cases,
extending beyond the 60 cases reported by Komatsu et al. The inconsistent associations of intraoperative FA analgesia with AKI
and ACE may be attributed to the distinct pathophysiological mechanisms. In addition, we found an attenuated association
between postoperative FA and ACE in patients with hypertension. This may be attributed to the shared pharmacological
mechanism between NSAIDs and hypertension, such as vasoconstriction and sodium/water retention.*’

Our study was conducted based on the two core analytical strategies—stratified by the timing of FA administration and grouped
by patient baseline characteristics. By clarifying the impact of different perioperative administration windows on postoperative
complications, this research offers an evidence-based reference for optimizing FA administration. Furthermore, heterogeneity
analyses across populations with different clinical characteristics provide a theoretical foundation for the individualized use of FA.
Nevertheless, these clinical implications require validation through prospective study. Our study has several limitations. First,
postoperative AKI was defined exclusively based on changes in Scr measurement, owing to the absence of postoperative urine
output data. Although this criterion is widely used in retrospective studies, it may lead to an underestimation of the actual
incidence of AKI. Second, the lack of postoperative inflammatory cytokines data limited direct exploration of FA’s anti-
inflammatory mechanism on renal protection. However, we indirectly explored this pathway by analyzing how preoperative
inflammatory status modifies the association between FA and postoperative AKI. Third, our study lacked systematic assessment
of postoperative pain, thereby precluding direct verification of the causal pathway linking analgesia to postoperative outcomes.
Fourth, the small number of mortality events precluded multivariate logistic regression analysis. Accordingly, we performed only
exploratory descriptive analyses, and the observed event rates were consistent with those reported in previous studies, under-
scoring the need for future investigations in larger cohorts. Finally, this single-center retrospective cohort study limited the
generalization of the conclusion and causal inference.

Conclusions

Our study demonstrated that FA administration, whether intraoperatively or postoperatively, was associated with a lower odds
of AKI. Preoperative inflammatory status may modify the association between perioperative FA use and AKI. Furthermore,
postoperative FA analgesia was linked to a lower odds of ACE. Future prospective studies are needed to explore the causality
between FA administration and postoperative outcomes, especially the timing of administration, and thereby providing
evidence for confirmatory clinical strategies.
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