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Increased Postoperative Fasting Glucose Is Associated With Unfavorable Outcomes in Patients Treated With Mechanical Thrombectomy Treatment
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Background and objective: Hyperglycemia on admission was associated with worse clinical outcomes after mechanical thrombectomy (MT) of acute ischemic stroke (AIS). We evaluated whether increased postoperative fasting glucose (PFG) was also related to poor clinical outcomes in patients who underwent MT treatment.

Methods: Consecutive patients with large vessel occlusion underwent MT in our center were included. Admission glucose and fasting glucose levels after MT treatment were evaluated. Primary outcome was 90-day unfavorable outcomes (modified Rankin Scale score of 3–6). Secondary outcome was the rate of symptomatic intracranial hemorrhage (sICH) after MT treatment. The association of PFG and 90-day clinical outcome after MT treatment was determined using logistic regression analyses.

Results: One hundred twenty seven patients were collected. The median postoperative fasting glucose level was 6.27 mmol/L (IQR 5.59–7.62). Fourteen patients (11.02%) had sICH, and fifty-eight patients (45.67%) had unfavorable outcomes at 90-day after MT. After adjustment for potential confounding factors, PFG level was an independent predictor of 90-day unfavorable outcome (OR 1.265; 95% CI 1.017–1.575; p = 0.035) and sICH (OR 1.523; 95% CI 1.056–2.195; p = 0.024) after MT. In addition, older age, higher baseline NIHSS score, and higher postoperative NLR were also associated with unfavorable outcomes at 90-day after MT treatment.

Conclusions: Increased PFG is associated with unfavorable outcomes at 90-day and an increased risk of sICH in patients underwent MT treatment.
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INTRODUCTION

Endovascular mechanical thrombectomy (MT) therapy is now accepted as standard treatment for stroke patients caused by large vessel occlusions in anterior circulation (1). However, about 54% of patients still have a poor prognosis, even after urgent and successful reperfusion (2).

Hyperglycemia is common and independently associated with worse clinical outcomes in AIS patients (3). The potential effects of hyperglycemia include increased lactic acidosis resulting in increasing cytotoxic edema and impairment of the penumbra, reduced cerebral vasomotor reactivity and damage collateral circulation, disruption of the blood-brain barrier and increased risk of sICH (4–8). Several studies found that hyperglycemia on admission or fasting hyperglycemia were associated with worse outcomes in patients treated with intravenous alteplase (9, 10). However, whether disturbed glucose metabolism is related to clinical outcome in patients after MT is unknown. Recently, several studies have focused on the influence of admission glucose on outcomes for endovascular therapy. Huo et al. showed that higher admission blood glucose was independently associated with poor clinical outcome at 3 months in patients experienced MT (11). Goyal et al. showed that higher admission glucose and hyperglycemia were independent predictors of worse functional outcomes in patients treated with MT (12).

Previous research has mainly focused on the effects of admission glucose or hyperglycemia and clinical outcomes after MT, but the correlation between PFG and prognosis remains unclear. In this study, we explored the potential association between PFG level and 90-day clinical outcomes in patients treated with MT.



METHODS


Study Population

We retrospectively collected a consecutive group of patients who treated with MT at Zhejiang Provincial People's Hospital between August 2015 and April 2017. The inclusion criteria were (1) Patients with AIS and admission within 6 h after symptom onset; (2) Proximal large vessel occlusion in the intracranial internal carotid artery, the middle cerebral artery M1 or M2; and (3) treatment with MT and successful reperfusion. Patients were excluded if they (1) had posterior circulation large vessel occlusion or (2) lacked integral laboratory data, such as glucose levels at different time points or subsequent CT/MRI scans.

This study was authorized by the Ethics Committee of Zhejiang Provincial People's Hospital (2017KY021).



Data Collection and Clinical Assessment

Demographics, medical history, clinical and laboratory data, and procedural characteristics were collected for analysis. Stroke severity was measured by National Institutes of Health Stroke Scale (NIHSS). Stroke etiology was classified by the criteria of the Trial of ORG 10172 in Acute Stroke Treatment (13). Successful reperfusion was defifined as a modifified Thrombolysis in Cerebral Infarction (mTICI) score of 2b or 3 (14). Symptomatic intracranial hemorrhage (sICH) was diagnosed according to Heidelberg Bleeding Classification criteria (15): (1) neurological deterioration ≥4 total points on NIHSS; (2) NIHSS increase of ≥2 points in any subcategory; (3) led to intubation, hemicraniectomy, external ventricular drain placement; (4) absence of other explanation for deterioration. The mRS at 90-day was obtained by outpatient or telephone follow-up. Clinical outcomes at 90-day after MT was divided into a favorable outcome (mRS 0–2) and an unfavorable outcome (mRS 3–6).



Statistical Analysis

Kolmogorov-Smirnov test was performed to examine the normality of distribution. Continuous variables were presented as the mean ± standard deviation (SD, normal distribution) and the median with IQR (skewed distribution). Differences between patients with and without favorable outcomes were explored using Student's t test or Mann-Whitney U test for continuous variables and Fisher's exact test or χ2 test for categorical variables. Clinically variables with p < 0.05 from the results of the univariate analyses were included in logistic regression. Adjustments were performed for age, baseline NIHSS, post-operation NIR (neutrophil-lymphocyte ratio, NLR), a multivariate logistic regression was used to analyze the postoperative fasting glucose on 90-day clinical outcomes. After adjusting for baseline ASPECTS, platelet count, IV-tpa, hypertension, admission glucose, a multivariate logistic regression was used to analyze the postoperative fasting glucose on sICH after MT. A two-tailed P < 0.05 was deemed statistically signifificant. Statistical analysis was conducted using IBM SPSS (version 25).




RESULTS

Overall, 127 patients were included in the current analysis. The mean age was 70.95 years, and 51.2% were men. The median baseline NIHSS score was 20 (IQR 16–25), and the median time from stroke onset to treatment was 305 min (IQR 236–366). Median PFG levels were 6.27 mmol/L (IQR 5.59–7.62). Fourteen patients (11.02%) had sICH. A total of fifty-eight patients (45.67%) had unfavorable outcomes at 90 days. The main characteristics of the patients are summarized in Table 1.


Table 1. Comparison of characteristics between patients with favorable and unfavorable outcome.
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Compared to patients without favorable outcomes, patients with favorable outcomes tended to be younger (67.38 vs. 75.21 years old, p = 0.001). Moreover, patients with favorable outcomes had lower baseline NIHSS scores (median, 18 vs. 24; P = 0.001), lower postoperative fasting glucose levels (median, 6.12 vs. 7.03; P = 0.001), lower postoperative NLR (7.2 vs. 9.33; p = 0.001), and higher baseline ASPECTS (median, 8 vs. 7; P = 0.001). The prevalence of sICH was lower in patients with favorable outcomes (2.9% vs. 20.7%; P = 0.001) (Table 1).

After adjusting for confounding factors (age, baseline NIHSS score, postoperative NLR) in multivariate logistic analyses, PFG level remained an independent predictor of 90-day unfavorable outcome after MT (OR 1.265; 95% CI 1.017–1.57); p =0.035). We also found that older age, higher baseline NIHSS score, and higher postoperative NLR were also associated with unfavorable outcomes at 90-day after MT (Table 2).


Table 2. Association between postoperative fasting glucose and 90-day unfavorable outcomes after mechanical thrombectomy.
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After adjusting for aseline ASPECTS, platelet count, IV-tpa, hypertension, admission glucose, multivariate regression analyses showed that PFG (OR 1.523; 95% CI 1.056–2.195; p = 0.024) was an independent risk factor for sICH after MT (Table 3).


Table 3. Association between postoperative fasting glucose and sICH after mechanical thrombectomy.
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DISCUSSION

In this study, we found that increased postoperative fasting glucose level was independently associated with unfavorable outcomes at 90-day and an increased risk of sICH in patients treated with mechanical thrombectomy. We speculated that hyperglycemia should be managed more aggressively after MT.

Previous research has demonstrated that hyperglycemia was independently associated with adverse clinical outcomes in AIS, and a J-shaped association between admission glucose and clinical outcomes has been reported in patients with AIS before the endovascular treatment era (16). Compared to previous therapy, MT has significantly improved the recanalization rate and clinical prognosis, and the impact of hyperglycemia on clinical outcomes in patients underwent MT requires further research. Observational study shown that hyperglycemia maybe an adverse prognostic factor in patients treated with MT (17). Borggrefe et al. showed that admission hyperglycemia, age, and NIHSS score were main factors for an unfavorable outcome after MT (18). Rinkel et al. showed that increased admission glucose was associated with worse outcome and increased risk of sICH (19). Broocks G and colleagues found that elevated admission blood glucose levels were associated with aggravation brain edema and adverse clinical outcomes (20). The impact of blood glucose levels on outcome depended on collateral status, and higher glucose levels reduced the likelihood of a favorable outcome among patients with good collaterals but less significantly for patients with poor collaterals (21). However, the influence of admission hyperglycemia on clinical outcomes have shown contradictory results. In MR CLEAN pretrial cohort, there were no association between admission blood glucose level and 90-day functional outcome was found (22).

To date, the association of admission hyperglycemia and poor outcome in patients with AIS after MT has been well-studied. However, only a few studies have evaluated the role of impaired fasting glucose on outcomes in patients treated with MT. Our study findings are consistent with recently published studies that found that increasing PFG levels were independently associated with unfavorable outcomes at 90-day and an increased risk of sICH after MT. Osei et al. reported that fasting glucose after MT was an independent risk factor for worse outcomes in patients experienced MT (23). Li et al. reported that postoperative glucose levels might be an independent risk factor for sICH in patients with acute large vessel occlusion who are treated with MT (24). Increased fasting glucose levels are a result of stress hyperglycemia, which is caused by the interplay of hormones, with concomitant insulin resistance during acute illness (25). Therefore, fasting glucose, which reflects stress hyperglycemia, may be more reliable in predicting clinical outcomes. One study found that higher fasting glucose levels after intravenous alteplase predicted poor outcome or death better than admission glucose; moreover, the association of fasting glucose with unfavorable outcome was independent of HBA1c levels and the presence of diabetes (26). Another study supported than fasting glucose was a more important predictor of long-term clinical outcome in patients treated with MT compared with glucose on admission (27).

The impact of dysfunctional glucose metabolism on clinical outcomes after MT could be explained by several pathophysiological mechanisms. Hyperglycemia may affect mitochondrial function in ischemic penumbra. Altered mitochondrial function leads to acidosis and cell death (5); impairs cerebrovascular reactivity in the microvasculature, which may disturb reperfusion after recanalization (28); and alters blood barrier permeability and induces blood barrier disruption, which may aggravate brain edema formation and lead to hemorrhagic transformation (4).

In addition, consistent with prior research, we confirmed that a higher postoperative NLR was also associated with unfavorable outcomes at 90-day after MT. Moustafa Aly et al. showed that a lower NLR at 3–7 days was an independent predictor of favorable outcomes and reduced risk for sICH (29). Semerano et al. found that the follow-up higher NLR in MT patients was associated with an increased risk of sICH (30). The underlying mechanism may involve the activation of neutrophils and the suppression of lymphocytes by systemic stress, resulting in an increased risk of reperfusion injury, malignant edema, and/or hemorrhagic transformation (31, 32).

Our study has several limitations. First, the study design was retrospective with all inherent limitations, and we adjusted the variables using multivariate logistic regression analysis to exclude possible bias. Second, this study only includes data from this period, as the cohort is relatively small, a longer time frame and thus more patients would increase the power of the statistical findings. Third, the effect of blood glucose level on outcome depended on collateral status, and collateral grades were not evaluated in our data. Fourth, glucose levels are a dynamic condition, and one isolated value at one point seems to be insufficient.



CONCLUSION

In conclusion, our study revealed that increased postoperative fasting glucose seems to be associated with unfavorable outcomes at 90-day and an increased risk of sICH in AIS patients treated with MT. These findings indicate the importance of optimal management of serum glucose after MT in AIS patients with large vessel occlusion.
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intemal carotid artery; M1-MCA, M1 segment of middie cerebral artery; M2-MCA, M2 segment of middile cerebral artery; TOAST, the trial of Org 10172 in acute stroke treatment; SICH,

symptomatic intracerebral hemorrhage.
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