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Background

Neuroinflammatory response contributes to early neurological deterioration (END) and unfavorable long-term functional outcome in patients with acute ischemic stroke (AIS) who recanalized successfully by endovascular thrombectomy (EVT), but there are no reliable biomarkers for their accurate prediction. Here, we sought to determine the temporal plasma profiles of the bioactive lipid mediators lipoxin A4 (LXA4), resolvin D1 (RvD1), and leukotriene B4 (LTB4) for their associations with clinical outcome.



Methods

We quantified levels of LXA4, RvD1, and LTB4 in blood samples retrospectively and longitudinally collected from consecutive AIS patients who underwent complete angiographic recanalization by EVT at admission (pre-EVT) and 24 hrs post-EVT. The primary outcome was unfavorable long-term functional outcome, defined as a 90-day modified Rankin Scale score of 3-6. Secondary outcome was END, defined as an increase in National Institutes of Health Stroke Scale (NIHSS) score ≥4 points at 24 hrs post-EVT.



Results

Eighty-one consecutive AIS patients and 20 healthy subjects were recruited for this study. Plasma levels of LXA4, RvD1, and LTB4 were significantly increased in post-EVT samples from AIS patients, as compared to those of healthy controls. END occurred in 17 (20.99%) patients, and 38 (46.91%) had unfavorable 90-day functional outcome. Multiple logistic regression analyses demonstrated that post-EVT levels of LXA4 (adjusted odd ratio [OR] 0.992, 95% confidence interval [CI] 0.987-0.998), ΔLXA4 (adjusted OR 0.995, 95% CI 0.991-0.999), LTB4 (adjusted OR 1.003, 95% CI 1.001-1.005), ΔLTB4 (adjusted OR 1.004, 95% CI 1.002-1.006), and post-EVT LXA4/LTB4 (adjusted OR 0.023, 95% CI 0.001-0.433) and RvD1/LTB4 (adjusted OR 0.196, 95% CI 0.057-0.682) ratios independently predicted END, and post-EVT LXA4 levels (adjusted OR 0.995, 95% CI 0.992-0.999), ΔLXA4 levels (adjusted OR 0.996, 95% CI 0.993-0.999), and post-EVT LXA4/LTB4 ratio (adjusted OR 0.285, 95% CI 0.096-0.845) independently predicted unfavorable 90-day functional outcome. These were validated using receiver operating characteristic curve analyses.



Conclusions

Plasma lipid mediators measured 24 hrs post-EVT were independent predictors for early and long-term outcomes. Further studies are needed to determine their causal-effect relationship, and whether the imbalance between anti-inflammatory/pro-resolving and pro-inflammatory lipid mediators could be a potential adjunct therapeutic target.
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Introduction

Acute ischemic stroke (AIS) is a devastating cerebrovascular disease, and timely recanalization by intravascular thrombolysis and/or endovascular thrombectomy (EVT) is the primary therapeutic goal (1). Randomized controlled clinical trials and meta-analyses have established that EVT treatment for acute large vessel occlusion (LVO) within the proximal anterior circulation achieves >80% of near-complete or complete angiographic recanalization [modified thrombolysis in cerebral infarction score (mTICI) of 2b-3]. However, a proportion of AIS patients who were recanalized successfully develop early complications, including malignant brain edema, symptomatic hemorrhagic transformation, and secondary infarct growth, etc. Their symptoms and neurological deficits worsened within 24 hrs after EVT, known as early neurological deterioration (END) (2–4). Moreover, ~50% of successful recanalized AIS patients have a poor 3-month functional dependency [modified Rankin Scale (mRS) of 3-6], which is the condition that is termed as futile recanalization (5, 6). Accurate prediction of these early and long-term clinical outcomes may help to identify AIS patients suitable for EVT and optimize adjunct therapeutic strategies (4, 7).

Recanalization is often accompanied by cerebral ischemia-reperfusion (I/R) injury, which has been shown as a major cause of early complications, long-term neurological dysfunctions, or even death of AIS patients undergoing EVT (2, 3). Innate immunity and acute inflammatory response within the penumbra play important roles in the pathological progression of cerebral I/R injury. The regulation and execution of neuroinflammatory responses are mediated by inflammatory mediators, including vasoactive amines and peptides, lipid mediators, cytokines, chemokines, and complements (8–11). Novel biomarkers in neuroinflammation may therefore be of great value in predicting clinical outcomes in patients with AIS after EVT treatment. Recently, the lipid metabolism of the brain, especially that of polyunsaturated fatty acids (PUFAs) and their bioactive derivatives, has emerged as a key process of the neuroinflammation related to cerebral I/R injury (12). PUFAs are structural and functional constituents of cellular membranes that are enriched in cells of the central nervous system and that can be further divided into the omega-3 fatty acids such as docosahexaenoic acids (DHA) and eicosapentaenoic acids (EPA) that are found in fish oil and omega-6 fatty acids [e.g. arachidonic acid (AA) and alpha-linoleic acid (ALA)] that are often found in plant oil (12, 13). Bioactive lipid mediators are a large family of versatile molecules derived from PUFAs, and are involved in the initiation, progression, and resolution of inflammation. These lipid mediators include AA-derived prostaglandins (PGs; e.g., PGE2), leukotrienes (LTs; e.g., LTB4), and thromboxanes (TXs; e.g., TXA2), and an expanding list of newly discovered specialized pro-resolving mediators (SPMs). SPMs are mainly classed as AA-derived lipoxins (LXs; e.g., LXA4), DHA-derived resolvins (RvDs; e.g., RvD1), EPA-derived resolvins (RvEs; e.g., RvE1), neuroprotectins (NPs; e.g., NPD1), and maresins (MaRs; e.g., MaR1) (12, 13). These bioactive lipid mediators exert ambivalent role during inflammatory process. Previous studies using experimental model of cerebral I/R injury have shown that LTs, especially LTB4, induce an acute inflammatory response and aggravate brain damage, whereas SPMs dampen excessive inflammation and promote tissue repair shortly after the initiation of the acute inflammatory response (14–16). Hence, the balance of pro-inflammatory LTB4 and anti-inflammatory/pro-resolving SPMs during acute inflammation defines the duration and strength of the inflammatory response (17–19). To date, few studies have addressed the longitudinal changes of inflammation-related lipid mediators and their associations with clinical outcomes in AIS patients after EVT. To fill this critical knowledge gap, we enrolled patients with AIS who received successful recanalization by EVT to determine 1) the temporal profiles of plasma anti-inflammatory/pro-resolving LXA4 and RvD1, and pro-inflammatory LTB4 before (on admission) and 24 hrs after EVT, 2) the dynamic balance between SPMs and LTB4 (SPMs/LTB4 ratio), and 3) whether these lipid markers predict unfavorable early (END) and long-term functional outcomes.



Material and Methods


Study Population

We performed a retrospective analysis of plasma samples and clinical information of consecutive AIS patients with first-ever LVO admitted to Liaocheng People’s Hospital (Liaocheng, China) and Xuanwu Hospital, Capital Medical University (Beijing, China), and achieved complete angiographic recanalization by EVT. EVT was performed with the basis of available high-level national and international evidence and contemporary EVT techniques. The study period was May 22, 2019 to October 23, 2020. Inclusion criteria were EVT-treated AIS patients with 1) ≥18 years of age, 2) LVO of the anterior circulation [internal carotid artery (ICA), proximal middle Cerebral Artery (MCA), or tandem occlusion] identified by computed tomography (CT)-angiography, magnetic resonance angiography, or digital subtracted angiography, 3) groin puncture initiated within 6 hrs from the symptom onset (last known well), 4) mTICI of 3. Exclusion criteria were EVT-treated AIS patients with 1) posterior circulation stroke, 2) pre-stroke disability (mRS of 2-6), 3) unfavorable clinical outcomes occurred before sampling, 4) concurrent or recent infection, hematological, rheumatic, or autoimmune disorders, 5) on anti-inflammatory or immunosuppressant on admission, 6) active malignancy, 7) severe liver or kidney dysfunction, 8) incomplete clinical or follow-up data. In addition, during the same period, 20 age- and sex- matched healthy individuals who received physical examination in Liaocheng People’s Hospital and Xuanwu Hospital, Capital Medical University were recruited as controls to analyze temporal profile of plasma lipid mediators in EVT-treated AIS patients. This study was approved by the Ethics Committees of Liaocheng People’s Hospital and Xuanwu Hospital, Capital Medical University, and was carried out in accordance with the Helsinki declaration. All study participants or their legal representatives were informed of the study protocol and potential risks, and gave written consent for the study.



Clinical Data Collection

We collected demographic characteristics (age and gender), vascular risk factors (hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, atrial fibrillation, and current smoking), stroke severity on admission and 24 hrs post-EVT assessed using National Institutes of Health Stroke Scale (NIHSS) score, stroke location, stroke etiology stratified using Trial of Org 10,172 in acute stroke treatment (TOAST) classification system, procedural parameters (time from symptom onset to groin puncture, time from groin puncture to recanalization, number of maneuver passes, and intravenous thrombolysis prior to EVT), current lipid-lowering/anti-platelet/coagulation treatment, and the occurrence of symptomatic intracranial hemorrhage (sICH) diagnosed according to the criteria of the Heidelberg Bleeding Classification within 72 h post-EVT (20). The following clinicodemographic data were collected from the healthy controls: age, gender, vascular risk factors, and current lipid-lowering/anti-platelet/coagulation treatment. Functional outcome at 90 days post-EVT served as the primary study end-point and was assessed using mRS by telephone or outpatient review. Unfavorable outcome was defined as mRS of 3-6, while favorable outcome was defined as mRS of 0-2. The secondary end-point was END that was defined as an increase in NIHSS score ≥4 points from baseline to 24 hrs post-EVT (4, 21).



Blood Collection and Lipid Mediator Measurements

Blood samples were drawn from the cubital veins of healthy subjects and AIS patients (on admission and 24 hrs post-EVT). Routine laboratory data of complete blood counts were collected, and the neutrophil/lymphocyte ratio (NLR) was calculated. For lipid marker measurement, sodium citrated blood samples (0.36% of final concentration) were centrifuged at 1,500 g for 15 min to collect the supernatant, which was then centrifuged at 13,000 g for 3 min to collect cell-free plasma and stored at -80°C until use. Levels of LXA4 (Cat. No. EK12146), RvD1 (Cat. No. EK11723), and LTB4 (Cat. No. EK10021) were quantified by enzyme-linked immunosorbent assay (ELISA) kits (SAB® Signalway Antibody, Greenbelt, MD, USA) following the manufacturer’s instructions.



Statistical Analysis

Statistical analysis was performed by SPSS 22.0 statistical software (IBM, Armonk, NY, USA), and statistical significance was set at two-tailed p<0.05. Data normality of distributions was performed with the Kolmogorov-Smirnov test. Continuous variables with a normal distribution were presented as the mean ± standard deviation (SD), and intergroup differences were analyzed using the independent-samples t-test. Non-normally distributed variables were presented as medians with interquartile range (IQR), and intergroup differences were analyzed using the Mann-Whitney U test. Categorical variables were presented as frequency and percentage, and intergroup differences were analyzed using the chi-square test (or Fisher’s exact test when the expected value was <5). To control the error rate under multiple testing, False Discovery Rate (FDR)-correction was conducted. To analyze dynamic changes of plasma levels of lipid mediators pre- and post-EVT, paired student’s t test (normally distributed continuous variables) or paired Wilcoxon signed-rank test (non-normally distributed continuous variables) was used. Spearman correlation coefficient was performed to correlate plasma lipid mediators with the 90-day mRS scores, and Pearson correlation coefficient was used to correlate plasma lipid mediators with NLR. The relationship between plasma lipid mediators and early (END) and long-term functional outcomes was analyzed by using the multivariate logistic regression analysis after adjustment for confounding variables (significant differences between subgroups). Results were expressed as adjusted odds ratio (OR) with the corresponding 95% confidence interval (CI). The receiver operating characteristic (ROC) curve and the area under the curve (AUC) were then used to determine the sensitivity, specificity, and optimal diagnostic values of these plasma lipid mediators to predict outcome.




Results


Baseline Characteristics of the Study Population

A total of 81 consecutive AIS patients with first-ever LVO of the anterior circulation who achieved complete angiographic recanalization by EVT (mean age 68.53 ± 10.63 years; 38 female) were enrolled in this study. We used the TOAST classification system to determine that 28 (34.57%) patients had cardioembolic stroke, 46 (56.79%) patients had large artery atherothrombotic stroke, and 14 (17.28%) patients had AIS for unknown reason. The median admission NIHSS score was 18 (IQR, 13-25.5). A bridging therapy with recombinant tissue-plasminogen activator (rt-PA) prior to EVT was performed in 49 (60.5%) patients. The current lipid-lowering, anti-platelet, and anti-coagulation treatment were observed in 15 (18.52%; atorvastatin: 12; rosuvastatin: 3), 18 (22.22%; aspirin: 16; clopidogrel: 2), and 3 (3.7%; heparin: 2; warfarin: 1) patients, respectively. Seven patients with AIS (8.64%) suffered sICH after recanalization. In addition, 20 matched healthy subjects (mean age 66.55 ± 11.58 years; 9 female) were enrolled and severed as baseline to analyze temporal profile of plasma lipid mediators in EVT-treated AIS patients. Among them, 3 (15%) underwent lipid-lowering therapy (all atorvastatin) and 3 (15%) received anti-platelet drugs (all aspirin) at the time of sample collecting. The demographic and clinical characteristics of the study population are summarized in Table 1 and found to be comparable between AIS patients and healthy controls, except for the frequency rate of atrial fibrillation (6.67% vs. 35.8%, p=0.007, Table 1).


Table 1 | Baseline characteristics of the study population.





Temporal Profile of Plasma Lipid Mediators in EVT-Treated AIS Patients

As shown in Figures 1A, B, plasma levels of LXA4 and RvD1 were significantly lower in AIS patients on admission compared to healthy controls [LXA4: 66.38 (IQR 38.41-103.63) vs. 205.6 (IQR 151.7-291.37) pg/mL, p<0.001; RvD1: 197.16 (IQR 131.28-299.62) vs. 429.74 (IQR 278.75-511.35) pg/mL, p<0.001], but became higher 24 hrs post-EVT than their pre-EVT levels [LXA4: 333.74 (IQR 221.77-455.49) vs. 66.38 (IQR 38.41-103.63) pg/mL, p<0.001; RvD1: 666.3 (IQR 453.5-812.44) vs. 197.16 (IQR 131.28-299.62) pg/mL, p<0.001) and those of control subjects [LXA4: 333.74 (IQR 221.77-455.49) vs. 205.6 (IQR 151.7-291.37) pg/mL, p<0.001; RvD1: 666.3 (IQR 453.5-812.44) vs. 429.74 (IQR 278.75-511.35) pg/mL, p<0.001]. In contrast, pre-EVT LTB4 levels in AIS patients were significantly higher than those of healthy controls [339.12 (IQR 235.16-424.38) vs. 226.72 (IQR 181.3-341.34) pg/mL, p=0.027] and increased further 24 hrs post-EVT [672.9 (IQR 481.38-985.51) vs. 339.12 (IQR 235.16-423.38) pg/mL, p<0.001, Figure 1C]. The ratio of SPM to LTB4 has been previously used to define the balance between anti-inflammatory/pro-resolving and pro-inflammatory responses of the patients (19). As shown in Figures 1D, E, both pre-EVT LXA4/LTB4 ratio and RvD1/LTB4 ratio were significantly lower in AIS patients compared to healthy controls [LXA4/LTB4 ratio: 0.18 (IQR 0.12-0.36) vs. 0.73 (IQR 0.63-0.97) pg/mL, p<0.001; RvD1/LTB4 ratio: 0.58 (IQR 0.41-0.9) vs. 1.55 (IQR 0.93-2.01) pg/mL, p<0.001]. They were significantly increased in samples collected 24 hrs post-EVT [LXA4/LTB4 ratio: 0.46 (IQR 0.25-0.93) vs. 0.18 (IQR 0.12-0.36) pg/mL, p<0.001; RvD1/LTB4 ratio: 0.88 (IQR 0.56-1.49) vs. 0.58 (IQR 0.41-0.9) pg/mL, p<0.001], but remained lower than those of control subjects [LXA4/LTB4 ratio: 0.46 (IQR 0.25-0.93) vs. 0.73 (IQR 0.63-0.97) pg/mL, p=0.017; RvD1/LTB4 ratio: 0.88 (IQR 0.56-1.49) vs. 1.55 (IQR 0.93-2.01) pg/mL, p=0.004].




Figure 1 | Plasma levels of LXA4 (A), RvD1 (B), LTB4 (C), ratio of LXA4/LTB4 (D), and ratio of RvD1/LTB4 (E) in healthy controls and EVT-treated AIS patients (pre- and 24 hrs post-EVT). Healthy controls were severed as baseline to analyze temporal profile of plasma lipid mediators in EVT-treated AIS patients. Data were presented as median and IQR. Differences between AIS patients and healthy controls were analyzed using the Mann-Whitney U test or independent-samples t-test (LTB4: healthy control vs. pre-EVT, RvD1: healthy control vs. post-EVT). The paired Wilcoxon signed-rank test was used to analyze dynamic changes of plasma levels of lipid mediators pre- and post-EVT. #p<0.05 and ###p<0.001: healthy control vs. pre-EVT; *p<0.05, **p<0.01, and ***p<0.001: healthy control vs. post-EVT; $$$p<0.001: pre-EVT vs. post-EVT.





Plasma Levels of Lipid Mediators and END

END occurred in 17 (20.99%) patients. Age (p=0.038) and proportion of female (p=0.028) were significantly higher in AIS patients who had END than in those who had no END (Table 1). In contrast, no statistical differences were observed between the two groups in vascular risk factors (including hypertension, diabetes, dyslipidemia, coronary artery disease, atrial fibrillation, and smoking), NIHSS score on admission, stroke location, stroke etiology, procedural parameters (including time from symptom onset to groin puncture, time from groin puncture to recanalization, number of passes, and intravenous thrombolysis prior to EVT), current medication treatment, and the occurrence of sICH (Table 1). As shown in Figure 2A, there were no significant differences in the lipid mediator parameters tested in samples collected on admission between the two groups (adjusted p>0.05). The post-EVT plasma LXA4 levels (adjusted p<0.001), the LXA4/LTB4 (adjusted p<0.001) and RvD1/LTB4 (adjusted p=0.009) ratios, and ΔLXA4 levels (adjusted p=0.003) were significantly lower, while those of post-EVT LTB4 levels (adjusted p<0.001) and ΔLTB4 (adjusted p<0.001) were significantly higher in samples from patients with END as compared to those with non-END. However, post-EVT levels of RvD1 (adjusted p=0.702) and ΔRvD1 (adjusted p=0.659) were comparable between the two groups. Multivariate logistic regression analyses revealed that post-EVT LXA4 levels (p=0.004), LTB4 levels (p=0.002), and the LXA4/LTB4 (p=0.012) and RvD1/LTB4 (p=0.01) ratios, as well as ΔLXA4 levels (p=0.01), and ΔLTB4 levels (p<0.001) were independent predictors of END after adjustment for confounding factors (age and gender; Figure 2B). To further evaluate the sensitivity, specificity, and predictive values of these variables for END, ROC curve was plotted (Figure 2C). The AUC for post-EVT LXA4 levels, LTB4 levels, the LXA4/LTB4 and RvD1/LTB4 ratios, ∆LXA4 levels, and ∆LTB4 levels were 0.8171 (95%CI: 0.7034-0.9308), 0.907 (95%CI: 0.6923-0.9217), 0.8557 (95%CI: 0.7506-0.9608), 0.7132 (95%CI: 0.5869-0.8396), 0.7491 (95%CI: 0.6192-0.879), and 0.8281 (95%CI: 0.7063-0.9499), respectively. Their corresponding optimal cutoff values were 333.8 pg/mL (sensitivity 60.94% and specificity 94.12%), 824.3 pg/mL (sensitivity 76.56% and specificity 88.24%), 0.258 (sensitivity 85.94% and specificity 82.35%), 1.065 (sensitivity 54.69% and specificity 82.35%), 166.4 pg/mL (sensitivity 76.69% and specificity 58.82%), and 655.3 pg/mL (sensitivity 89.06% and specificity 70.59%), respectively.




Figure 2 | Plasma levels of lipid mediator parameters and END. (A) Plasma levels of lipid mediator parameters in EVT-treated AIS patients with or without END. aData were presented as median and IQR, and were analyzed by Mann-Whitney U test. bData were presented as mean ± SD, and were analyzed by independent-samples t-test. cFalse Discovery Rate (FDR)-correction was conducted to control the error rate under multiple testing. (B) Multivariate logistic regression of independent risk factors of END. Confounding factors: age and gender. (C) Receiver operator characteristic (ROC) curve analyses for lipid mediator parameters to predict END after successful EVT in patients with AIS. OR, odds ratio; CI, confidence interval. AUC, area under the curve.





Correlations of Plasma Levels of Lipid Mediators With 90-Day Functional Outcome

Spearman correlation coefficient showed no correlation between the lipid mediator parameters measured on admission and 90-day mRS scores (p>0.05, Figures 3A-C, E), except for LXA4/LTB4 ratio (r=-0.229, p=0.0398, Figure 3D). Post-EVT LXA4 levels (r=-0.5418, p<0.001, Figure 3F), the ratios of LXA4-to-LTB4 (r=-0.5629, p<0.0001, Figure 3I) and RvD1-to-LTB4 (r=-0.33, p=0.0026, Figure 3J), and ΔLXA4 levels (r=-0.4871, p<0.001, Figure 3K) were inversely associated with the 90-day mRS scores, whereas levels of post-EVT LTB4 (r=0.4499, p<0.0001, Figure 3H) and ΔLTB4 (r=0.3971, p=0.0002, Figure 3M) were positive associated with 90-day mRS scores. There was no significant correlation between levels of post-EVT RvD1 (p=0.8315, Figure 3G) and ΔRvD1 (p=0.7383, Figure 3L) and 3-month mRS scores.




Figure 3 | Spearman correlation coefficient analyses of correlation between plasma lipid mediator parameter levels in EVT-treated AIS patients and 90-day mRS scores.





Plasma Levels of Lipid Mediators and Unfavorable 90-Day Functional Outcome

Among the 81 AIS patients, 43 (53.09%) had 90-day mRS of 0-2 (favorable outcome) and 38 (46.91%) had mRS of 3-6 (unfavorable outcome, futile recanalization). Table 1 indicates the demographic and clinical data of AIS patents with favorable and unfavorable 90-day functional outcomes. Age (p=0.007), frequency rate of female (p=0.021), diabetes (p=0.023) and END (p=0.002), and the NIHSS score on admission (p<0.001) were significantly higher in AIS patients who had unfavorable outcome than in those who had favorable outcome. In contrast, we did not detect statistical differences between the two groups for vascular risk factors (including hypertension, dyslipidemia, coronary artery disease, atrial fibrillation, and smoking), stroke location, stroke etiology, procedural parameters (including time from symptom onset to groin puncture, time from groin puncture to recanalization, number of passes, and intravenous thrombolysis prior to EVT), current lipid-lowering/anti-platelet/coagulation treatment, and occurrence of sICH. As shown in Figure 4A, there were no significant difference in the lipid mediator parameters tested in samples collected on admission between AIS patients with unfavorable outcome and those with favorable outcome (adjusted p>0.05). The plasma levels of post-EVT LXA4 (adjusted p<0.001), LXA4/LTB4 ratio (adjusted p<0.001), and ΔLXA4 (adjusted p=0.002) were significantly lower, while those of post-EVT LTB4 (adjusted p=0.015) and ΔLTB4 (adjusted p=0.036) were significantly higher in samples from patients with unfavorable outcome as compared to those with favorable outcome. However, levels of post-EVT RvD1 and RvD1/LTB4 ratio, and ΔRvD1 were comparable between the two groups (adjusted p>0.05). Furthermore, multivariate logistic regression analyses (Figure 4B) revealed that plasma post-EVT LXA4 levels (p=0.008) and LXA4/LTB4 ratio (p=0.024), and ΔLXA4 levels (p=0.013), but not post-EVT LTB4 (p=0.196) and ΔLTB4 were independent predictors of unfavorable 90-day functional outcome after adjustment for confounding factors (age, frequency rate of female, diabetes and END, and admission NIHSS scores). In addition, we also showed that END was an independent predictor of unfavorable 90-day functional outcome (p=0.006). As shown in Figure 4C, we then found that we then found that AUC for post-EVT LXA4 level and LXA4/LTB4 ratio, and ΔLXA4 level were 0.757 (95%CI: 0.5368-0.8623), 0.7399 (95%CI: 0.6317-0.8481), and 0.7209 (95%CI: 0.61-0.8319), respectively. The optimal cutoff value of post-EVT LXA4 level and LXA4/LTB4 ratio, and ΔLXA4 level were 333.8 pg/mL (sensitivity 69.77% and specificity 73.68%), 0.2452 (sensitivity 95.35% and specificity 44.74%), and 203.3 pg/mL (sensitivity 79.07% and specificity 60.53%), respectively.




Figure 4 | Plasma levels of lipid mediator parameters and 90-day functional outcome. (A) Plasma levels of lipid mediator parameters in EVT-treated AIS patients with favorable or unfavorable 90-day outcomes. aData were presented as median and IQR, and were analyzed by Mann-Whitney U test. bData were presented as mean ± SD, and were analyzed by independent-samples t-test. cFalse Discovery Rate (FDR)-correction was conducted to control the error rate under multiple testing. (B) Multivariate logistic regression of independent risk factors of unfavorable 90-day outcome. Confounding factors: age, frequency rate of female, diabetes and END, and admission NIHSS scores. (C) Receiver operator characteristic (ROC) curve analyses for lipid mediator parameters to predict unfavorable 90-day outcome after successful EVT in patients with AIS. OR, odds ratio; CI, confidence interval. END, early neurological deterioration. AUC, area under the curve.





Correlations of Plasma Lipid Mediators With NLR at 24 Hrs Post-EVT

NLR reflects the severity of systemic or local disease-related inflammation, and has been validated to be a prognostic indicator (e.g., sICH, 90-day outcome, and mortality) for AIS patients treated with EVT (3, 10). We then determine the relationship between these inflammation-related lipid mediators with NLR at 24 hrs post-EVT. Pearson correlation coefficient showed that levels of anti-inflammatory/pro-resolving LXA4 (r=-0.5099, p<0.0001, Supplemental Figure 1A) were inversely associated with NLR, whereas levels of pro-inflammatory LTB4 (r=0.4918, p<0.0001, Supplemental Figure 1C) were positive associated with NLR. There was no correlation between levels of RvD1 and NLR (r=0.0413, p=0.7141, Supplemental Figure 1B).




Discussion

In the present study, our main findings were that 1) post-EVT LXA4 level, LTB4 level, the LXA4/LTB4 and RvD1/LTB4 ratios, ΔLXA4 level, and ΔLTB4 level were independent predictors for END, 2) post-EVT LXA4 level and LXA4/LTB4 ratio, and ΔLXA4 level were independent predictors for unfavorable 90-day functional outcome in patients with AIS who treated with successful EVT. However, the question remains as whether these variables are the cause or the result of the futile recanalization, which need further studies to determine the causal-effect relationship.

Several generic markers including age, gender, stroke severity, time from onset to puncture, and comorbidities (hypertension, diabetes, and atrial fibrillation) have been reported associated with clinical outcomes after EVT (4, 7, 22). In the present study, we also identified that the unfavorable functional outcome group was older, and had higher proportion of female, higher incidence of diabetes mellitus, and higher baseline NIHSS scores. However, the predictive values of these generic markers are poor and often non-specific. In addition, we also found that END was an independent predictor of unfavorable functional outcome, which was consistent with previous studies (23). Several recent studies have found that EVT procedural-related factors (e.g., first-pass effect versus multiple-pass effect) and post-procedural complications are strong predictors of unfavorable functional outcome (24, 25). In addition, radiological markers are emerging, CT-based texture, blood-brain barrier disruption, brain atrophy, and leukoaraiosis, CT perfusion-based cerebral perfusion parameters, and diffusion-weighted imaging (DWI)-based large deep white-matter lesions have demonstrated to predict prognosis after EVT (26–30). Moreover, blood-based biomarkers are also found to be predictive for unfavorable early (END) and long-term functional outcomes of EVT-treated AIS patients, including interleukin-6, NLR, N-terminal probrain natriuretic peptide, albumin, matrix metalloprotease-9, enascin-c, thioredoxin, ADAMTS-13 (a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13, and occludin, etc. (2, 3, 10, 31–35). We have recently reported that high levels of the pro-resolving protein mediator annexin A1 correlated with 3-month clinical outcomes of AIS patients who underwent successful recanalization by EVT (36). However, none of these biomarkers has been sufficiently reliable for guidance in clinical practice, which still need to be validated in large clinical trials. Meanwhile, it is urgent to further explore the recanalization by EVT-induced cellular, biochemical, and molecular changes, and identify more novel biomarkers.

Neuroinflammatory responses, characterized by glial activation, recruitment of peripheral immune cells, and production of inflammatory mediators have been implicated in the pathophysiology of cerebral I/R injury at multiple stages. Effective resolution of excessive and uncontrolled inflammation is essential for balancing cerebral I/R-induced neuroinflammation to restore brain homeostasis and to avoid neurological impairments (8–10). For example, cells subjected to brain ischemia accumulate PUFAs and their metabolites lipid mediators, which regulate both the pro-inflammatory and the anti-inflammatory/pro-resolving processes (12). After the onset of AIS, PUFAs are released from the cellular membrane by the activities of phospholipase enzymes (e.g., phospholipase A2), pro-inflammatory classical eicosanoids, including prostaglandins and leukotrienes, are then produced from AA and promote the resident microglial activation, neutrophil infiltration, and vascular permeability. Next, prostaglandins, primarily PGE2, initiate the lipid mediator class switch via activating the biosynthesis of the SPMs from both n-6 PUFA AA and n-3 PUFAs DHA and EPA. SPMs actively resolute inflammation to homeostasis by limiting neutrophil activation and recruitment, decreasing the production of pro-inflammatory mediators, increasing the production of anti-inflammatory mediators, and enhancing non-phagocytic recruitment and phagocytosis (efferocytosis) of macrophages (14–16). These bioactive lipid mediators may therefore represent as predictive markers of stroke severity as well as the outcomes, and serve as potential adjuvant therapeutics. However, these theories are largely based on experimental evidence, few clinical investigations of lipid mediators in patients with AIS have been conducted so far.

The pro-inflammatory LTB4 is synthesized from AA through 5-lipoxygenase (5-LOX). Upon binding to its B-leukotriene receptor (BLTR, including BLT1 and BLT2), LTB4 promotes the activation and chemotaxis of inflammatory cells (mainly neutrophil) and enhances the production of other pro-inflammatory mediators (37). Neutrophils are a major source of LTB4 accumulated in cells of the ischemic brains and circulation during acute stroke (38). LTB4 administration increased infarct volume, while strategies reducing LTB4 production (5-LOX inhibitor) and/or inhibiting its receptor (BLTR antagonism) could exert neuroprotective effects against cerebral I/R injury (38–40). Chan et al. (38) reported that levels of plasma LTB4 in AIS patients with MCA occlusion were increased rapidly, reaching its peak level on day 1 from symptom onset to almost twice of the initial post-stroke levels, and that higher levels of LTB4 on days 0 and 7 are associated with poor 3-month clinical outcomes. Similar to these findings, we found that LTB4 levels were significantly increased after successful recanalization, and the increased post-EVT LTB4 and ΔLTB4 levels were inversely associated with 3-month clinical outcome. Furthermore, AIS patients with unfavorable early (END) and long-term functional outcomes had higher levels of post-EVT LTB4 and ΔLTB4 than those with favorable outcome. After adjusting for confounding factors, these two variables were proven served as independent predictors for END but not 90-day functional outcome, which may be most likely caused by too small sample size. These results indicated that reperfusion after EVT provoke excess and uncontrolled neuroinflammatory responses that may ultimately lead to early and permanent neurological deficits and poor prognosis of AIS patients.

LXA4 is the first described and most intensively studied SPM that is generated from AA via LOX-mediated transcellular biosynthesis (41, 42). Pre-clinical researches in atherosclerotic plaque formation, vulnerable plaque rupture, occurrence of AIS, and post-stroke recovery have confirmed that LXA4 or its analogs resolute acute inflammation and prevent chronic inflammation by activating formyl peptide receptor type 2/LXA4 receptor (FPR2/ALX) expressed on various target cells (e.g., endothelial cells, leukocytes, and microglia/macrophages). The potential mechanisms include preventing BBB disruption, reducing leukocyte and platelet activation, and neutrophil-platelet aggregate (NPA) formation, inhibiting microglial activation, promoting microglia/macrophage polarization to anti-inflammatory M2 type, decreasing the release of pro-inflammatory cytokines, and increasing the release of anti-inflammatory cytokines (9, 43–47). In addition, LXA4 has demonstrated to reverse cholesterol transport, decrease levels of low-density lipoprotein (LDL), reduce oxidized LDL-induced inflammation, and inhibit foam cell formation, thus contributing to plaque regression (48, 49). Wang et al. (17) reported that circulating LXA4 is related to cognitive status in ischemic stroke patients, and decreased LXA4 are associated with post-stroke cognitive impairment (PSCI). Consistent with these reports, we found that the LXA4 levels were reduced during the onset of AIS but significantly increased after the successful recanalization by EVT. The increased post-EVT levels of LXA4 and ΔLXA4 were more pronounced in AIS patients with favorable functional outcome. Finally, we found that these two variables independently predicted both early (END) and long-term outcomes after adjusting for confounding factors. These results indicated that cerebral ischemia impaired resolution of inflammation and that anti-inflammatory/pro-resolving mechanisms are activated immediately after recanalization. Notably, NPA has been proven to be a major source of LXA4 (50, 51). Considering cerebral I/R injury is accompanied by neutrophil and platelet activation, and NPA formation within cerebral microvessels (9), increased LXA4 may exert crucial neuroprotective roles in inhibiting excessive acute inflammatory response after EVT treatment, and inadequate production of LXA4 contribute to cerebral I/R injury, and subsequent END and futile recanalization, but their underlying mechanism remains poorly understood.

RvDs are first identified in brain tissues, and they are synthesized from DHA. Studies indicated that RvDs are biosynthesized via transcellular biosynthesis with interactions between neutrophil and hypoxic vascular endothelial cells (52–54). RvD1 is most intensively studied RvDs, and exerts its potent anti-inflammatory and pro-resolving properties mediated through ALX/FPR2 or D resolving receptor 1 (DRV1/GPR32) in neurological diseases (55, 56). RvD1 is reported to promote atherosclerotic plaque rupture, and delivery of RvD1 in animal models produced a beneficial effect on plaque stability (19, 57). The levels of plasma RvD1 are lower in patients presenting acute plaque rupture events than those in patients with asymptomatic carotid disease (58). Szczuko et al. (59) reported that plasma RvD1 levels in patients with AIS were significantly lower in comparison to control subjects, and suggested that RvD1 is one of the most important PUFA derivatives in reducing post-stroke inflammation. Kotlęga et al. (60) demonstrated that higher levels of RvD1 were associated with better cognitive functions in the acute phase of stroke and during the 6-month follow-up. In an experimental model of cerebral I/R injury, RvD1 could reduce oxidative stress, inflammatory response, and neuronal apoptosis, probably by inactivating NLRP3 (NOD-like receptor family pyrin domain containing 3) inflammasome (61). In addition, the RvD1 precursor DHA prevents retrograde amnesia by changing acute cerebral I/R injury rather than stimulating memory performance (62, 63). Similar with LXA4, we found that plasma levels of RvD1 decreased during AIS onset but increased significantly post-EVT. However, we did not find association between RvD1 or ΔRvD1 and clinical outcomes, indicating that RvD1 may not play a decisive role in acute phase of post-EVT cerebral I/R injury.

The dynamic balance between pro-inflammatory lipid mediators and SPMs during acute inflammation defines the duration and intensity of inflammatory responses and the timing of tissue resolution (19). As such, their imbalance can lead to chronic inflammation and tissue injury. The ratio of SPMs to LTB4 may indicate the balance state between pro-resolving and pro-inflammatory signals. Wang et al. (17) demonstrated that the reduction of LXA4 to LTB4 ratio was inversely correlated with PSCI. Miao et al. (18) found that diabetes mellitus impairs the process of inflammation resolution in AIS, and the ratio of RvD2/LTB4 was correlated with the prognosis of acute AIS. In atherosclerosis, a reduced RvD1 to LTB4 ratio measured in salivary fluids predicts the thicker intima media of the carotid artery (64). Moreover, there is a decreased ratio of RvD1 to LTB4 in the tissues collected from vulnerable atherosclerotic plaques (19). In the present study, we showed that higher LXA4/LTB4 ratio independently predicted better early and long-term outcomes of the AIS patients, and the RvD1/LTB4 ratio independently predicted END. The latter may be due to significant differences in LTB4. In addition, we also found LXA4 were inversely, while LTB4 were positively associated with systemic/local inflammatory state (evaluated by NLR). Taken together, combined with experimental researches on mechanisms, our study suggests that the imbalance between the pro-resolving/anti-inflammatory lipid mediator LXA4 and the pro-inflammatory LTB4 may weaken the neuroinflammation resolution, thus leading to post-EVT cerebral I/R injury and chronic inflammation progresses.

This study has several limitations. First, our data provides a basis for speculation that lipid mediator could be an important mechanism underlying reperfusion injury, but these data cannot establish a causal-effect relationship. Second, this is a retrospective study, and the relatively small sample size may weaken the statistical power of detecting subtle differences. Third, we adjusted confounding factors that achieved statistical difference in the multivariate logistic regression analysis. There may be additional confounding factors that could influence the conclusion. Fourth, we collected blood samples at 24 hrs post-EVT, potentially insufficient to detect the dynamic changes of the lipid mediator-mediated inflammation to better predict clinical outcomes. Finally, the study may require validation in independent patient cohorts and using the state-of-art technologies such as liquid chromatography-mass spectrometry, which has been extensively used in quantifying small molecules such as lipid mediators in biological samples. Our study serves as a pilot and exploratory study that lays the foundation for large, sufficiently powered, and prospective multicenter trials.



Conclusions

An imbalance between the pro-resolving/anti-inflammatory lipid mediator LXA4 and the pro-inflammatory LTB4 developed during the acute phase of AIS patients with first-ever LVO who underwent complete angiographic recanalization by EVT. Plasma levels of lipid mediators were independent predictors for early and long-term functional outcomes. Additional studies are needed to investigate the causal-effect relationship, and whether targeting inflammation-related lipid mediators has therapeutic potential.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethics Committees of Liaocheng People’s Hospital and Xuanwu Hospital, Capital Medical University. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

LZ, LJ, XX, and JH conceived and designed the study. YFe, XX, and WG developed methodology. JH, YFe, XX, MZ, YFa, TY, and BY carried out the experiments. KY performed data analysis. XX, KY, BY, and WG interpreted the results and prepared the figures and tables. GD and JW provided technical support. XX and JH drafted the manuscript. LZ and LJ reviewed and revised the manuscript and supervised the study. All authors read and approved the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by grants from the National Natural Science Foundation of China (grant 82001317, 82171303, and 81801231), the National Key Research & Development Project (grant 2016YFC1301703).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.917974/full#supplementary-material



References

1. Guo, X, and Miao, Z. Advances in Mechanical Thrombectomy for Acute Ischaemic Stroke From Large Vessel Occlusions. Stroke Vasc Neurol (2021) 130(8):1230–51 . doi: 10.1136/svn-2021-000972

2. Zhang, X, Yan, S, Zhong, W, Yu, Y, and Lou, M. Early NT-ProBNP (N-Terminal Probrain Natriuretic Peptide) Elevation Predicts Malignant Edema and Death After Reperfusion Therapy in Acute Ischemic Stroke Patients. Stroke (2021) 52(2):537–42. doi: 10.1161/STROKEAHA.120.029593

3. Pikija, S, Sztriha, LK, Killer-Oberpfalzer, M, Weymayr, F, Hecker, C, Ramesmayer, C, et al. Neutrophil to Lymphocyte Ratio Predicts Intracranial Hemorrhage After Endovascular Thrombectomy in Acute Ischemic Stroke. J Neuroinflamm (2018) 15(1):319. doi: 10.1186/s12974-018-1359-2

4. Bhole, R, Nouer, SS, Tolley, EA, Turk, A, Siddiqui, AH, Alexandrov, AV, et al. C. Investigators: Predictors of Early Neurologic Deterioration (END) Following Stroke Thrombectomy. J Neurointerv Surg (2022). doi: 10.1136/neurintsurg-2022-018844

5. Shafie, M, and Yu, W. Recanalization Therapy for Acute Ischemic Stroke With Large Vessel Occlusion: Where We Are and What Comes Next? Transl Stroke Res (2021) 12(3):369–81. doi: 10.1007/s12975-020-00879-w

6. Chen, M. Why Futile Recanalization Matters. J neurointerv Surg (2020) 12(10):925–6. doi: 10.1136/neurintsurg-2020-016789

7. Deng, G, Xiao, J, Yu, H, Chen, M, Shang, K, Qin, C, et al. Predictors of Futile Recanalization After Endovascular Treatment in Acute Ischemic Stroke: A Meta-Analysis. J neurointerv Surg (2021). doi: 10.1136/neurintsurg-2021-017963

8. Liao, Y, Cheng, J, Kong, X, Li, S, Li, X, Zhang, M, et al. HDAC3 Inhibition Ameliorates Ischemia/Reperfusion-Induced Brain Injury by Regulating the Microglial cGAS-STING Pathway. Theranostics (2020) 10(21):9644–62. doi: 10.7150/thno.47651

9. Vital, SA, Becker, F, Holloway, PM, Russell, J, Perretti, M, Granger, DN, et al. Formyl-Peptide Receptor 2/3/Lipoxin A4 Receptor Regulates Neutrophil-Platelet Aggregation and Attenuates Cerebral Inflammation: Impact for Therapy in Cardiovascular Disease. Circulation (2016) 133(22):2169–79. doi: 10.1161/CIRCULATIONAHA.115.020633

10. Aly, M, Abdalla, RN, Batra, A, Shaibani, A, Hurley, MC, Jahromi, BS, et al. Follow-Up Neutrophil-Lymphocyte Ratio After Stroke Thrombectomy is an Independent Biomarker of Clinical Outcome. J neurointerv Surg (2021) 13(7):609–13. doi: 10.1136/neurintsurg-2020-016342

11. Kollikowski, AM, Pham, M, Marz, AG, Papp, L, Nieswandt, B, Stoll, G, et al. Platelet Activation and Chemokine Release Are Related to Local Neutrophil-Dominant Inflammation During Hyperacute Human Stroke. Transl Stroke Res (2022) 13(3):364–9. doi: 10.1007/s12975-021-00938-w

12. Miao, Z, Schultzberg, M, Wang, X, and Zhao, Y. Role of Polyunsaturated Fatty Acids in Ischemic Stroke - A Perspective of Specialized Pro-Resolving Mediators. Clin Nutr (2021) 40(5):2974–87. doi: 10.1016/j.clnu.2020.12.037

13. Kim, AS, and Conte, MS. Specialized Pro-Resolving Lipid Mediators in Cardiovascular Disease, Diagnosis, and Therapy. Adv Drug Deliv Rev (2020) 159:170–9. doi: 10.1016/j.addr.2020.07.011

14. Tulowiecka, N, Kotlega, D, Bohatyrewicz, A, and Szczuko, M. Could Lipoxins Represent a New Standard in Ischemic Stroke Treatment? Int J Mol Sci (2021) 22(8):4207 . doi: 10.3390/ijms22084207

15. Yin, P, Wei, Y, Wang, X, Zhu, M, and Feng, J. Roles of Specialized Pro-Resolving Lipid Mediators in Cerebral Ischemia Reperfusion Injury. Front Neurol (2018) 9:617. doi: 10.3389/fneur.2018.00617

16. Tulowiecka, N, Kotlega, D, Prowans, P, and Szczuko, M. The Role of Resolvins: EPA and DHA Derivatives Can Be Useful in the Prevention and Treatment of Ischemic Stroke. Int J Mol Sci (2020) 21(20):7628. doi: 10.3390/ijms21207628

17. Wang, X, Miao, Z, Xu, X, Schultzberg, M, and Zhao, Y. Reduced Levels of Plasma Lipoxin A4 Are Associated With Post-Stroke Cognitive Impairment. J Alzheimers Dis (2021) 79(2):607–13. doi: 10.3233/JAD-201050

18. Miao, Z, Tang, X, Schultzberg, M, Zhao, Y, and Wang, X. Plasma Resolvin D2 to Leukotriene B4 Ratio Is Reduced in Diabetic Patients With Ischemic Stroke and Related to Prognosis. BioMed Res Int (2021) 2021:6657646. doi: 10.1155/2021/6657646

19. Fredman, G, Hellmann, J, Proto, JD, Kuriakose, G, Colas, RA, Dorweiler, B, et al. An Imbalance Between Specialized Pro-Resolving Lipid Mediators and Pro-Inflammatory Leukotrienes Promotes Instability of Atherosclerotic Plaques. Nat Commun (2016) 7:12859. doi: 10.1038/ncomms12859

20. von Kummer, R, Broderick, JP, Campbell, BC, Demchuk, A, Goyal, M, Hill, MD, et al. The Heidelberg Bleeding Classification: Classification of Bleeding Events After Ischemic Stroke and Reperfusion Therapy. Stroke (2015) 46(10):2981–6. doi: 10.1161/STROKEAHA.115.010049

21. Gong, P, Liu, Y, Gong, Y, Chen, G, Zhang, X, Wang, S, et al. The Association of Neutrophil to Lymphocyte Ratio, Platelet to Lymphocyte Ratio, and Lymphocyte to Monocyte Ratio With Post-Thrombolysis Early Neurological Outcomes in Patients With Acute Ischemic Stroke. J Neuroinflamm (2021) 18(1):51. doi: 10.1186/s12974-021-02090-6

22. Zhou, T, Yi, T, Li, T, Zhu, L, Li, Y, Li, Z, et al. Predictors of Futile Recanalization in Patients Undergoing Endovascular Treatment in the DIRECT-MT Trial. J Neurointerv Surg (2021). doi: 10.1136/neurintsurg-2021-017765

23. Kobeissi, H, Ghozy, S, Bilgin, C, Kadirvel, R, and Kallmes, DF. Early Neurological Improvement as a Predictor of Outcomes After Endovascular Thrombectomy for Stroke: A Systematic Review and Meta-Analysis. J neurointerv Surg (2022). doi: 10.1136/neurintsurg-2022-019008

24. Baek, JH, Kim, BM, Heo, JH, Nam, HS, Kim, YD, Park, H, et al. Number of Stent Retriever Passes Associated With Futile Recanalization in Acute Stroke. Stroke (2018) 49(9):2088–95. doi: 10.1161/STROKEAHA.118.021320

25. van de Graaf, RA, Samuels, N, Chalos, V, Lycklama, ANGJ, van Beusekom, H, Yoo, AJ, et al. M. C. R. Investigators: Predictors of Poor Outcome Despite Successful Endovascular Treatment for Ischemic Stroke: Results From the MR CLEAN Registry. . J neurointerv Surg (2021) 14(7):660–65. doi: 10.1136/neurintsurg-2021-017726

26. Hirai, S, Tanaka, Y, Sato, H, Kato, K, Kim, Y, Yamamura, T, et al. Quantitative Collateral Assessment Evaluated by Cerebral Blood Volume Measured by CT Perfusion in Patients With Acute Ischemic Stroke. J Stroke Cerebrovasc Dis (2021) 30(7):105797. doi: 10.1016/j.jstrokecerebrovasdis.2021.105797

27. Cartmell, SCD, Ball, RL, Kaimal, R, Telischak, NA, Marks, MP, Do, HM, et al. Early Cerebral Vein After Endovascular Ischemic Stroke Treatment Predicts Symptomatic Reperfusion Hemorrhage. Stroke (2018) 49(7):1741–6. doi: 10.1161/STROKEAHA.118.021402

28. Shi, ZS, Duckwiler, GR, Jahan, R, Tateshima, S, Szeder, V, Saver, JL, et al. Early Blood-Brain Barrier Disruption After Mechanical Thrombectomy in Acute Ischemic Stroke. J Neuroimaging (2018) 28(3):283–8. doi: 10.1111/jon.12504

29. Sarioglu, O, Sarioglu, FC, Capar, AE, Sokmez, DFB, Topkaya, P, and Belet, U. The Role of CT Texture Analysis in Predicting the Clinical Outcomes of Acute Ischemic Stroke Patients Undergoing Mechanical Thrombectomy. Eur Radiol (2021) 31:6105–15 . doi: 10.1007/s00330-021-07720-4

30. Kaginele, P, Beer-Furlan, A, Joshi, KC, Kadam, G, Achanaril, A, Levy, E, et al. Brain Atrophy and Leukoaraiosis Correlate With Futile Stroke Thrombectomy. J Stroke Cerebrovasc Dis (2021) 30(8):105871. doi: 10.1016/j.jstrokecerebrovasdis.2021.105871

31. Mechtouff, L, Bochaton, T, Paccalet, A, Da Silva, CC, Buisson, M, Amaz, C, et al. Association of Interleukin-6 Levels and Futile Reperfusion After Mechanical Thrombectomy. Neurology (2021) 96(5):e752–7. doi: 10.1212/WNL.0000000000011268

32. Bustamante, A, Ning, M, Garcia-Berrocoso, T, Penalba, A, Boada, C, Simats, A, et al. Usefulness of ADAMTS13 to Predict Response to Recanalization Therapies in Acute Ischemic Stroke. Neurology (2018) 90(12):e995–e1004. doi: 10.1212/WNL.0000000000005162

33. Zang, N, Lin, Z, Huang, K, Pan, Y, Wu, Y, Wu, Y, et al. Biomarkers of Unfavorable Outcome in Acute Ischemic Stroke Patients With Successful Recanalization by Endovascular Thrombectomy. Cerebrovasc Dis (2020) 49(6):583–92. doi: 10.1159/000510804

34. Gao, J, Zhao, Y, Du, M, Guo, H, Wan, T, Wu, M, et al. Serum Albumin Levels and Clinical Outcomes Among Ischemic Stroke Patients Treated With Endovascular Thrombectomy. Neuropsychiatr Dis Treat (2021) 17:401–11. doi: 10.2147/NDT.S293771

35. Li, W, Yuan, S, Sui, X, Bian, H, Wei, M, Chen, Z, et al. Higher Serum Occludin After Successful Reperfusion Is Associated With Early Neurological Deterioration. CNS Neurosci Ther (2022) 28(7):999–1007. doi: 10.1111/cns.13830

36. Xu, X, Gao, W, Li, L, Hao, J, Yang, B, Wang, T, et al. Annexin A1 Protects Against Cerebral Ischemia-Reperfusion Injury by Modulating Microglia/Macrophage Polarization via FPR2/ALX-Dependent AMPK-mTOR Pathway. J Neuroinflamm (2021) 18(1):119. doi: 10.1186/s12974-021-02174-3

37. Haeggstrom, JZ. Leukotriene Biosynthetic Enzymes as Therapeutic Targets. J Clin Invest (2018) 128(7):2680–90. doi: 10.1172/JCI97945

38. Chan, SJ, Ng, MPE, Zhao, H, Ng, GJL, De Foo, C, Wong, PT, et al. Early and Sustained Increases in Leukotriene B4 Levels Are Associated With Poor Clinical Outcome in Ischemic Stroke Patients. Neurotherapeutics (2020) 17(1):282–93. doi: 10.1007/s13311-019-00787-4

39. Shi, SS, Yang, WZ, Tu, XK, Wang, CH, Chen, CM, and Chen, Y. 5-Lipoxygenase Inhibitor Zileuton Inhibits Neuronal Apoptosis Following Focal Cerebral Ischemia. Inflammation (2013) 36(6):1209–17. doi: 10.1007/s10753-013-9657-4

40. Tu, XK, Yang, WZ, Shi, SS, Chen, CM, and Wang, CH. 5-Lipoxygenase Inhibitor Zileuton Attenuates Ischemic Brain Damage: Involvement of Matrix Metalloproteinase 9. Neurol Res (2009) 31(8):848–52. doi: 10.1179/174313209X403913

41. Filep, JG, Zouki, C, Petasis, NA, Hachicha, M, and Serhan, CN. Anti-Inflammatory Actions of Lipoxin A(4) Stable Analogs are Demonstrable in Human Whole Blood: Modulation of Leukocyte Adhesion Molecules and Inhibition of Neutrophil-Endothelial Interactions. Blood (1999) 94(12):4132–42. doi: 10.1182/blood.V94.12.4132

42. Serhan, CN. Lipoxins and Aspirin-Triggered 15-Epi-Lipoxins are the First Lipid Mediators of Endogenous Anti-Inflammation and Resolution. Prostaglandins Leukot Essent Fatty Acids (2005) 73(3-4):141–62. doi: 10.1016/j.plefa.2005.05.002

43. Sobrado, M, Pereira, MP, Ballesteros, I, Hurtado, O, Fernandez-Lopez, D, Pradillo, JM, et al. Synthesis of Lipoxin A4 by 5-Lipoxygenase Mediates PPARgamma-Dependent, Neuroprotective Effects of Rosiglitazone in Experimental Stroke. J Neurosci (2009) 29(12):3875–84. doi: 10.1523/JNEUROSCI.5529-08.2009

44. Wu, Y, Wang, YP, Guo, P, Ye, XH, Wang, J, Yuan, SY, et al. A Lipoxin A4 Analog Ameliorates Blood-Brain Barrier Dysfunction and Reduces MMP-9 Expression in a Rat Model of Focal Cerebral Ischemia-Reperfusion Injury. J Mol Neurosci (2012) 46(3):483–91. doi: 10.1007/s12031-011-9620-5

45. Hawkins, KE, DeMars, KM, Alexander, JC, de Leon, LG, Pacheco, SC, Graves, C, et al. Targeting Resolution of Neuroinflammation After Ischemic Stroke With a Lipoxin A4 Analog: Protective Mechanisms and Long-Term Effects on Neurological Recovery. Brain Behav (2017) 7(5):e00688. doi: 10.1002/brb3.688

46. Wu, L, Miao, S, Zou, LB, Wu, P, Hao, H, Tang, K, et al. Lipoxin A4 Inhibits 5-Lipoxygenase Translocation and Leukotrienes Biosynthesis to Exert a Neuroprotective Effect in Cerebral Ischemia/Reperfusion Injury. J Mol Neurosci (2012) 48(1):185–200. doi: 10.1007/s12031-012-9807-4

47. Li, QQ, Ding, DH, Wang, XY, Sun, YY, and Wu, J. Lipoxin A4 Regulates Microglial M1/M2 Polarization After Cerebral Ischemia-Reperfusion Injury via the Notch Signaling Pathway. Exp Neurol (2021) 339:113645. doi: 10.1016/j.expneurol.2021.113645

48. Demetz, E, Schroll, A, Auer, K, Heim, C, Patsch, JR, Eller, P, et al. The Arachidonic Acid Metabolome Serves as a Conserved Regulator of Cholesterol Metabolism. Cell Metab (2014) 20(5):787–98. doi: 10.1016/j.cmet.2014.09.004

49. Mai, J, Liu, W, Fang, Y, Zhang, S, Qiu, Q, Yang, Y, et al. The Atheroprotective Role of Lipoxin A4 Prevents oxLDL-Induced Apoptotic Signaling in Macrophages via JNK Pathway. Atherosclerosis (2018) 278:259–68. doi: 10.1016/j.atherosclerosis.2018.09.025

50. Serhan, CN, and Sheppard, KA. Lipoxin Formation During Human Neutrophil-Platelet Interactions. Evidence for the Transformation of Leukotriene A4 by Platelet 12-Lipoxygenase In Vitro. J Clin Invest (1990) 85(3):772–80. doi: 10.1172/JCI114503

51. Serhan, CN, and Romano, M. Lipoxin Biosynthesis and Actions: Role of the Human Platelet LX-Synthase. J Lipid Mediat Cell Signal (1995) 12(2-3):293–306. doi: 10.1016/0929-7855(95)00035-o

52. Marcheselli, VL, Hong, S, Lukiw, WJ, Tian, XH, Gronert, K, Musto, A, et al. Novel Docosanoids Inhibit Brain Ischemia-Reperfusion-Mediated Leukocyte Infiltration and Pro-Inflammatory Gene Expression. J Biol Chem (2003) 278(44):43807–17. doi: 10.1074/jbc.M305841200

53. Hong, S, Gronert, K, Devchand, PR, Moussignac, RL, and Serhan, CN. Novel Docosatrienes and 17S-Resolvins Generated From Docosahexaenoic Acid in Murine Brain, Human Blood, and Glial Cells. Autacoids in Anti-Inflammation. J Biol Chem (2003) 278(17):14677–87. doi: 10.1074/jbc.M300218200

54. Serhan, CN, Hong, S, Gronert, K, Colgan, SP, Devchand, PR, Mirick, G, et al. Resolvins: A Family of Bioactive Products of Omega-3 Fatty Acid Transformation Circuits Initiated by Aspirin Treatment That Counter Proinflammation Signals. J Exp Med (2002) 196(8):1025–37. doi: 10.1084/jem.20020760

55. Norling, LV, Dalli, J, Flower, RJ, Serhan, CN, and Perretti, M. Resolvin D1 Limits Polymorphonuclear Leukocyte Recruitment to Inflammatory Loci: Receptor-Dependent Actions. Arterioscler Thromb Vasc Biol (2012) 32(8):1970–8. doi: 10.1161/ATVBAHA.112.249508

56. Krishnamoorthy, S, Recchiuti, A, Chiang, N, Yacoubian, S, Lee, CH, Yang, R, et al. Resolvin D1 Binds Human Phagocytes With Evidence for Proresolving Receptors. Proc Natl Acad Sci U S A (2010) 107(4):1660–5. doi: 10.1073/pnas.0907342107

57. Makino, Y, Miyahara, T, Nitta, J, Miyahara, K, Seo, A, Kimura, M, et al. Proresolving Lipid Mediators Resolvin D1 and Protectin D1 Isomer Attenuate Neointimal Hyperplasia in the Rat Carotid Artery Balloon Injury Model. J Surg Res (2019) 233:104–10. doi: 10.1016/j.jss.2018.07.049

58. Bazan, HA, Lu, Y, Jun, B, Fang, Z, Woods, TC, and Hong, S. Circulating Inflammation-Resolving Lipid Mediators RvD1 and DHA are Decreased in Patients With Acutely Symptomatic Carotid Disease. Prostaglandins Leukot Essent Fatty Acids (2017) 125:43–7. doi: 10.1016/j.plefa.2017.08.007

59. Szczuko, M, Kotlega, D, Palma, J, Zembron-Lacny, A, Tylutka, A, Golab-Janowska, M, et al. Lipoxins, RevD1 and 9, 13 HODE as the Most Important Derivatives After an Early Incident of Ischemic Stroke. Sci Rep (2020) 10(1):12849. doi: 10.1038/s41598-020-69831-0

60. Kotlega, D, Peda, B, Drozd, A, Zembron-Lacny, A, Stachowska, E, Gramacki, J, et al. Prostaglandin E2, 9s-, 13s-HODE and Resolvin D1 are Strongly Associated With the Post-Stroke Cognitive Impairment. Prostaglandins Other Lipid Mediat (2021) 156:106576. doi: 10.1016/j.prostaglandins.2021.106576

61. Chen, JJ, Chen, J, Jiang, ZX, Zhou, Z, and Zhou, CN. Resolvin D1 Alleviates Cerebral Ischemia/Reperfusion Injury in Rats by Inhibiting NLRP3 Signaling Pathway. J Biol Regul Homeost Agents (2020) 34(5). doi: 10.23812/20-392-A

62. Correia Bacarin, C, Mori, MA, Dias Fiuza Ferreira, E, Valerio Romanini, C, Weffort de Oliveira, RM, and Milani, H. Fish Oil Provides Robust and Sustained Memory Recovery After Cerebral Ischemia: Influence of Treatment Regimen. Physiol Behav (2013) 119:61–71. doi: 10.1016/j.physbeh.2013.06.001

63. Lalancette-Hebert, M, Julien, C, Cordeau, P, Bohacek, I, Weng, YC, Calon, F, et al. Accumulation of Dietary Docosahexaenoic Acid in the Brain Attenuates Acute Immune Response and Development of Postischemic Neuronal Damage. Stroke (2011) 42(10):2903–9. doi: 10.1161/STROKEAHA.111.620856

64. Thul, S, Labat, C, Temmar, M, Benetos, A, and Back, M. Low Salivary Resolvin D1 to Leukotriene B4 Ratio Predicts Carotid Intima Media Thickness: A Novel Biomarker of non-Resolving Vascular Inflammation. Eur J Prev Cardiol (2017) 24(9):903–6. doi: 10.1177/2047487317694464




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.


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 © 2022 Hao, Feng, Xu, Li, Yang, Dai, Gao, Zhang, Fan, Yin, Wang, Yang, Jiao and Zhang. 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.


OEBPS/Images/fimmu-13-917974-g001.jpg
LXA4 (pg/mL)

800

600

400

200

Healthy control

*%
$$$

RvD1 (pg/mL)

S ... Cc = 8%
it $59 —* _§8

Pre-EVT Post-EVT
AIS patient
D *
$$$
5 —

&
@4
=
21 -
-
G 2 S
2
e’ —g— :

0 ; -@a

Healthy control

Pre-EVT
AIS p:

Healthy control Pre-EVT Post-EVT Healthy control Pre-EVT Post-EVT
AIS patient AIS patient
E *%k
$5$
6 °
o5
= °
]
¥ S 4 . .
Q
. Z3 - 0
N = [ .
: 1) -
* 22 3
= £ -
1 >
T == =
Post-EVT Healthy control Pre-EVT Post-EVT
nt AIS patient





OEBPS/Images/fimmu-13-917974-g003.jpg
A B C D E
r=0.1095 p=0.3304 r=-0.229 p=0.0398 r=-0.1454 p=0.1952
6 T " 6xa 5§ e s g 5
5 e . 5 5w s
2 Lad o o0 o een e . B4 s semes v 4 ]
£ £ £ £ £
> 33 om cea >3 o = ws > >
4 3 3 3 3
g g % e . o g 2 . o .. - g g
y & . S @umn woo . 1 *e m @ seme s 00 o
T T o b Irachiet RO s i T 0 Sempeses-e—Te-e T o
0 100 200 300 o 100 200 300 400 500 600 0 200 400 600 800 0.0 0.4 08 12
LXA4 (pgimL) RVD1 (pg/mL) LTB4 (pg/mL) Ratio of LXA4/LTB4 Ratio of RvD1/LTB4
Pre-EVT
F G H 1 J
r=-0.5418 p<0.0001 r=0.024 p=0.8315 r=0.4499 p<0.0001 r=-0.5629 p<0.0001 r=-0.33 p=0.0026
b e s 65w m we  se @ & s PE o
5o oo 5 6 = # s 5
2 4 2a 24 2 2
£ £ £ £ £
z° g3 53 g Y
3 g g
i g2 g2 g g
1 1 1 .
¥ U —— o+ X S | e o o« .
0 300 600 900 600 1200 1800 3 4 5 1 2 3 4
LXA4 (pgimL) RVD1 (pg/mL) LTB4 (pgimL) Ratio of LXA4/LTB4 Ratio of RvD1/LTB4
Post-EVT
K L M
r=-0.4871 p<0.0001 r=0.0377 p=0.7383 r=0.3971 p=0.0002
Gy saesms - By o ol s feeeueer 5 3 S
P 5 i & e 5
2a 2a c es e cem 2a
£ E £
33 53 5 sl e o8 33
b b % e s9¢ 3
32 g2 “ o cme g2
1 1 DT 1
0 T p—— - 0t T 0
0 200 400 600 800 -400 -200 0 200 400 600 800 1000 -300 0 300 600 900 1200 1500

ALXA4 (pg/mL)

ARVD1 (pg/mL)

A (Post-EVT minus Pre-EVT)

ALTB4 (pgimL)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Plasma Lipid Mediators Associate With Clinical Outcome After Successful Endovascular Thrombectomy in Patients With Acute Ischemic Stroke

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Material and Methods

        

          		

            Study Population

          



          		

            Clinical Data Collection

          



          		

            Blood Collection and Lipid Mediator Measurements

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Baseline Characteristics of the Study Population

          



          		

            Temporal Profile of Plasma Lipid Mediators in EVT-Treated AIS Patients

          



          		

            Plasma Levels of Lipid Mediators and END

          



          		

            Correlations of Plasma Levels of Lipid Mediators With 90-Day Functional Outcome

          



          		

            Plasma Levels of Lipid Mediators and Unfavorable 90-Day Functional Outcome

          



          		

            Correlations of Plasma Lipid Mediators With NLR at 24 Hrs Post-EVT

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2022.917974_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Plasma Lipid Mediators Associate
With Clinical Outcome After
Successful Endovascular
Thrombectomy in Patients With
Acute Ischemic Stroke





OEBPS/Images/fimmu-13-917974-g002.jpg
Plasma levels of lipid mediators in AIS patients with/without early neurological deterioration

Variable

LXAd4, pg/mL, median (IQR)
RDI, pg/mL, median (IQR)
LTB4, pg/mL, median (IQR)
LXA4/LTBA ratio, median (IQR)
RvDI/LTB4 ratio, median (IQR)
PostEVT

LXAd, pg/mL, median (IQR)
RvDI, pg/mL, median (IQR)
LTB4, pg/mL, median (IQR)
LXA4/LTBA ratio, median (IQR)
RVDI/LTBA4 ratio, median (IQR)
Temporal change

ALXAd, pg/mL, median (IQR)
ARVDI, pg/mL, mean +SD
ALTB4, pg/mL, median (IQR)

Early neurological deterioration

No (n=64)

70.31 (42.45,113.5)
210.6 (140.9, 300.8)
3433 (254,451.7)
0.196 (0.129, 0.366)
0.564 (0.409, 0.928)

369 (251,491.9)
662.7 (4593, 781.8)
639.1(444.6,822.3)
0.643 (0303, 1.009)
1,099 (0.669, 1.574)

2715 (189.6,432.9)
421342615
254 (120.5, 529.6)

Yes (n=17)

37.25(18.04,8143) 0039
155.1(103.5,326.1)
321.8 (2617, 398.8)
0.145 (0.063,0.312)
0.702 (0.387,0.901)

190.5 (139,293.1)
7147 (3609, 953.3)
996.9 (890.2, 1248)
0.23(0.103,0.257)
0.763 (0.331,0.969)

131.9 (5679, 245.9)
4552+344.1
767.7 (576.3, 1031)

» Adjusted p¢

0195

0451 0.564
0286 0477
0115 0288
0945 0.945
<0.001° <0.001
0.702* 0702
<0.001* <0.001
<0.001° <0.001
0.007* 0.009
0.002* 0.003
0.659° 0.659
<0.001* <0.001

Multivariate logistic regression of independent risk factors of

neurological deter

ation in AIS patients

Variable OR 95% CI
Post-E!

LXA4 0992 0.987-0.998
LTB4 1003 1.001-1.005
LXA4/LTB4 ratio 0023 0.001-0.433
RvD1/LTBA ratio 0196 0.057-0.682
Temporal change

ALXA4 0995 0.991-0.999
ALTB4 1004 1.002-1.006

14

0.004

0.002

0.012
0.01

0.01
<0.001

o
LXA4 post-EVT LTB4 post-EVT LXA4/LTB4 ratio post-EVT
100 v 100 % 100
_ 80 _ 80 7 _
S 9 g
. 60 Z. 60 =
= Z Z
g 40 G 40 Z
3 S g
2 20 ; AUC: 0.8171 2 2 AUC: 0.807 a 204 AUC: 0.8557
- p<0.0001 . p=0.0001 p<0.0001
T T T T 1 0 T T T T rt+—T—T—T— T 1
20 40 60 80 100 0 20 40 60 80 100 020 40 60 80 100
1 - Specificity (%) 1 - Specificity (%) 1 - Specificity (%)
RvD1/LTB4 ratio post-EVT ALXA4 ALTB4
100 — 100 —
_ 804 - _ _ 804 o
g g g
z 60 E z o
2 2 =
G 40 Z g 40
o} g g
(| AUC: 0.7132 @ AUC: 0.7491 “ AUC: 0.8281
p=0.0071 p=0.0017 p<0.0001
0

0 20 40 60 80 100

1 - Specificity (°%)






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-917974-g004.jpg
A

Plasma levels of lipid mediators in AIS patients with favorable/unfavorable functional outcome

Variable

Pre-EVT
LXAd, pg/mL, median (IQR)
RvDI, pg/mL, median (IQR)
LTB4, pg/mL, mean +SD
LXA4/LTBA4 ratio, median (IQR)
RvDI/LTBA ratio, median (IQR)
Post-EVT

LXA4, pg/mL, median (IQR)
RvDI, pg/mL, mean £ SD
LTB4, pg/mL, median (IQR)
LXA4/LTBA ratio, median (IQR)
RvD1/LTBA4 ratio, median (IQR)
Temporal change

ALXA4, pg/mL, median (IQR)
ARVDI, pg/mL, mean + SD
ALTB4, pg/mL, median (IQR)

90-day functional outcome

mRS 0-2 (n=43)

77.46 (57.82, 117.8)
219.3 (149.6, 302)
334.9+146.1
0281 (0.129, 0.402)
0.611 (0422, 1.034)

410.6 (289, 572.4)
641.84218.5
634 (429.3, 898.7)
0735 0311, 1.154)
1.094 (0.722, 1.529)

320.5 (207.7, 537.5)
413.44248.6
303.2 (116.4, 562.6)

mRS 3-6 (n=38)

52.79 (34.8, 89.29)
166.6 (107.1, 301.9)
353.7+128.5
0.154 (0.113, 0.303)
0.545 (0.392, 0.775)

2493 (169.9,345.2)
663.6£242.8
821 (519.6, 1082)
0.288 (0.168, 0.641)
0.803 (0.464, 1.368)

182.9 (92.4,298.6)
44554312
514 (150.9, 806.2)

P

0.051*
0.325*
0.544°
0.06*
0.188"

<0.001*
0.672°
0.009*

<0.001*
0.077*

0.001*
0.608"
0.024*

Adjusted p©

0.255
0.406
0.544
0.15

0.313

<0.001
0.672
0.015

<0.001
0.096

0.002
0.608
0.036

(o

2 @ = 2
s 8 & 38

Sensitivity (%)

2
S

LXA4 post-EVT

AUC: 0757
p<0.0001

Sensitivity (%)

20 40 60 80 100

1 - Specificity (%)

100

LXA4/LTB4 ratio post-EVT

%
g

Fy
By

IS
3

n
2

0 20

AUC: 0.7399
p=0.0002

40 60 80 100

1 - Specificity (%)

Multivariate logistic regression of independent risk factors of

unfavorable functional outcome in AIS patients

Variable OR 95% CI »

Post-EVT

LXA4 0995 0992099  0.008

LTB4 1001 0999-1.003  0.196

LXA4/LTBA ratio 0285 00960845  0.024

END 8201  181337.004  0.006

Temporal change

ALXA4 0996 09930999  0.013

ALTB4 1001 0999-1.003 0250
ALXA4

100

_ 80

8

Z. 60

&

F 40

g

LI AUC: 07209

p=0.0006

0 20 40 60 80
1 - Specificity (%)

100





OEBPS/Images/table1.jpg
Characteristic Healthy Controls AIS Patients P Early neurological deterioration 90-day functional outcome
(n=20) (n=81)
No (n=64) Yes (n=17) P mRS 0-2 mRS 3-6 P
(n=43) (n=38)

Age, year 66.55 + 11.58 68.53 + 10.63  0.465% 68 (62, 74) 75(70,78.5) 0.038" 6558 +10.54 71.87+9.83 0.007*
mean + SD or median (IQR)
Gender, male/female, n 11/9 44/38 0.878° 38/26 5/12 0.028° 28/16 16/23 0.021°
Vascular Risk factors, n (%)
Hypertension 7 (35%) 36 (44.4%) 0.444° 30 (46.27%) 6(35.71%) 0.393° 16 (37.21%) 17 (44.74%)  0.491°
Diabetes 5 (25%) 16 (19.75%) 0.759° 12 (19.4%) 4(21.43%) 0.734° 4 (9.3%) 1(28.95%) 0.023°
Dyslipidemia 4 (20%) 10 (12.35%) 0.469° 9 (13.43%) 1(7.14%) 0.68° 6 (13.95%) 3(7.9%) 0.49°
Coronary artery disease 6 (30%) 23 (28.4%) 0.887° 17 (28.36%) 6(28.57%) 0.549° 9 (20.93%) 13 (34.21%) 0.18°
Atrial fibrillation 1(6.67%) 20(35.8%)  0.007° 23(37.31%)  6(28.57%) 0.961° 13(30.23%) 16 (42.11%)  0.266°
Smoking 5 (25%) 18(222%)  0772° 15(23.88%)  3(1429%) 0.751° 9(20.93%)  9(23.68%)  0.766°
Admission NIHSS score, N/A 18 (13, 25.5) = 19.8 + 9.31 1953+7.8 0914° 15(12,23) 23 (15,26.75) <0.001°
mean + SD or median (IQR)
Stroke location, n (%)

Internal carotid artery N/A 22 (27.16%) = 17 (26.86%) 5(28.57%) 0.966° 12 (27.91%) 9 (23.68%) 0.901°
Middle cerebral artery N/A 45 (55.56%) 36 (56.72%) 9 (50%) 24 (55.81%) 22 (57.9%)
Tandem lesion N/A 14 (17.28%) 1(16.42%) 3(21.43%) 7 (16.28%) 7 (18.42%)
Stroke cause (TOAST), n
(%)
Cardioembolic N/A 28 (34.57%) = 21 (34.33%) 7(385.71%)  0.772° 15 (34.88%) 13(34.21%)  0.385°
Large artery atherosclerosis N/A 46 (56.79%) 37 (66.72%) 9 (57.15%) 26 (60.47%) 20 (52.63%)
Unknown N/A 7 (8.64%) 6 (10.45%) 1(7.14%) 2 (4.65%) 5 (13.16%)
Procedural parameters
Onset to groin puncture, N/A 231(157,311.5) - 229 (1403, 259 (196,  0.144% 228 (157, 2495 (141, 0.773°
min, median (IQR) 294.3) 324.5) 312) 313)
Groin puncture to N/A 70 (49, 95.5) - 70(47.5,94.75) 70(54.5,  808%  65(39,93  72(60,98) 0.077¢
recanalization, 98.5)
min, median (IQR)
Number of passes, 1/2/3/4/ N/A 41/25/6/7/2 = 34/19/5/5/1 7/6/1/2/1 0.765°  25/12/2/4/0 16/13/4/3/2  0.339°
5n
First pass, n (%) N/A 41 (50.62%) - 34 (52.24%) 7 (42.86%) 0.381° 25 (58.14%) 16 (42.11%) 0.15°
Prior IV 1t-PA, n (%) N/A 49 (60.5%) = 41(64.18%)  8(42.86%) 0.202° 28 (65.12%) 21 (55.26%) 0.365°
Medications, n (%)
Antiplatelet 3 (15%) 18(22.22%)  0567° 12(17.91%)  6(42.86%) 0.19°  7(16.3%)  11(2895%) 0.171°
Anticoagulation 0(0%) 3(3.7%) 1.000° 2 (4.48%) 1 (0%) 0512° 2 (4.65%) 1(263%)  1.000°
Lipid-lowering 3 (15%) 15 (18.52%) 1.000° 12 (17.91%) 3(21.43%)  1.000° 10 (23.26) 5 (13.16%) 0.243°
sICH, n (%) N/A 7 (8.64%) = 4 (6.97%) 3(21.43%) 0.157° 2 (4.65%) 5 (13.16%) 0.244°
END, n (%) N/A 17 (20.99%) - - - - 3 (6.98%) 14 (36.84) 0.002°

“Analysed by Independent sample t-test; ®Analysed by Chi-square test; *Analysed by Fisher's exact test. “Analysed by Mann-Whitney U test; AlS, acute ischemic stroke; END, Early
neurological deterioration. SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale; N/A, not available; TOAST, Trial of Org 10172 in Acute Stroke Treatment; IV,
intravenous; rt-PA, recombinant tissue plasminogen activator: mTICI, modified Treatment in Cerebral Infarction; sICH, symptomatic intracerebral hemorrhage.





