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Objective: To investigate the effects of blood glucose variability on early therapeutic effects after intravenous thrombolysis with alteplase and the levels of serum inflammatory factors in patients with acute ischemic stroke (AIS).

Methods: We enrolled AIS patients who received intravenous thrombolysis within 4.5 h of the onset of symptoms. Clinical data, including the National Institutes of Health Stroke Scale (NIHSS), glycosylated hemoglobin, mean blood glucose, standard deviation of blood glucose, mean amplitude of glycemic excursion, mean variation coefficient of blood glucose, interleukin-6 (IL-6), active matrix metalloproteinase-9 (MMP-9), tumor necrosis factor α (TNF-α), and hypersensitive C-reactive protein (hs-CRP) levels, were compared between a group who showed improvement (the improvement group) and a group who did not show improvement (the non-improvement group). Relevant factors for early neurological improvement after thrombolysis with alteplase were analyzed by using multivariate logistic regression models. A Pearson linear correlation analysis was also performed on blood glucose variation and inflammatory factor levels within the two groups.

Results: A total of 146 patients were included, 63 of which had early symptom improvement (43.15%). The diabetes ratio, atrial fibrillation ratio, baseline NHISS score, random blood glucose at admission, and glycosylated hemoglobin of patients in the improvement group were significantly lower than those in the non-improvement group (P < 0.05 in all cases). The mean blood glucose, standard deviation of blood glucose, mean amplitude of glycemic excursion, and mean blood glucose variation coefficients of patients in the improvement group were significantly lower than those in the non-improvement group (P < 0.05). Serum inflammatory factor levels, including IL-6, MMP-9, TNF-α and hs-CRP, were significantly lower in patients in the improvement group compared to patients in the non-improvement group (P < 0.05). Multivariate logistic regression analysis showed that baseline NIHSS scores (OR = 1.28, 95% CI = 1.05–1.62, P = 0.02), glycosylated hemoglobin scores (OR = 2.57, 95% CI = 1.78–3.98, P = 0.0005), diabetes (OR = 13.10, 95% CI = 1.63~131.45, P = 0.021), the mean amplitude of glycemic excursion (OR = 2.98, 95% CI = 1.92–5.00, P < 0.0001), and the mean variation coefficient of blood glucose (OR = 1.40, 95% CI = 1.26–1.60, P = 0.0078) were significantly correlated with early symptom improvement after thrombolysis. Pearson linear correlation analysis showed that the standard deviation of blood glucose, mean amplitude of glycemic excursion, and the mean variation coefficient of blood glucose were significantly positively correlated with IL-6, MMP-9, TNF-α and hs-CRP levels (P < 0.01).

Conclusions: Blood glucose variability is correlated with early neurological improvement after intravenous thrombolysis with alteplase in AIS patients. With the increase of blood glucose fluctuation range, the inflammatory response is enhanced, which affects the prognosis of patients.
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Stroke is the disease with the highest incidence, disability, and mortality in China, with ischemic stroke accounting for 70% of disease burden. At present, the most effective treatment is intravenous thrombolytic therapy with recombinant tissue plasminogen activators (rt-PA) at early stages of the disease (<4.5 h) (1). Early improvement in neurological function after thrombolytic therapy is a marker of vascular recanalization and is independently predictive of good prognoses at 3 months. However, the efficacy of intravenous thrombolytic therapy is not always satisfactory. This may be due to many factors. Blood glucose and blood glucose variability are important risk factors for cardiovascular and cerebrovascular diseases, and blood glucose variation can induce the occurrence or aggravation of inflammatory responses. Recent studies have confirmed that blood glucose variability is an important prognostic factor that can independently predict death in critically ill patients. However, there is still no consensus about the influence of blood glucose variability on the effects of early thrombolytic therapy and inflammatory responses in AIS patients. Here, we studied AIS patients that were treated with intravenous thrombolytic therapy with alteplase. While strictly controlling for blood glucose levels and reducing the incidence of hypoglycemia, we evaluated the correlation between blood glucose variation levels, the early treatment effects of intravenous thrombolytic therapy with alteplase, and levels of serum inflammatory factors. We hope to guide effective blood glucose-based interventions, and to improve the therapeutic effects of intravenous thrombolysis in patients experiencing AIS.


PATIENTS AND METHOD


Patients

We included a total of 154 AIS patients who received intravenous thrombolysis with alteplase within 4.5 h of onset between August 2020 and June 2021. Among these patients, 8 cases were treated intravenously using bridging after intravenous thrombolysis, with a total of 146 cases eventually included in the final analysis.


Inclusion Criteria

(1) Age > 18. (2) Illness conformed to the “Guidelines for diagnosis and treatment of acute ischemic stroke 2018 in China”. (3) Stroke symptom duration was ≥30 min, National Institutes of Health Stroke Scale (NIHSS) score between 4 and 25 points, with no significant improvement in symptoms before thrombolytic therapy. (4) The standard of intravenous thrombolysis was met within 4.5 h of onset. (5) The clinical data were detailed and complete. (6) Patients or their families agreed to the study and signed informed consent forms.



Exclusion Criteria

(1) Patients with a history of severe stroke and mRS scores >2 before onset. (2) Patients with a history of severe head trauma or stroke within the past 3 months. (3) Patients with intracranial hemorrhage. (4) Patients with active hemorrhage. (5) Patients with a history of seizures. (6) Patients with serious insufficiencies within important organs, including the heart, lungs, liver, kidneys, and others. (7) Patients with inflammatory conditions, including but not limited to connective tissue disease, vasculitis, infection, tumor and acute myocardial infarction. (8) Patients that had recently used anti-inflammatory drugs, including glucocorticoids, immunosuppressants, biologics and non-steroidal anti-inflammatory drugs (excluding low-dose aspirin and statins). (9)Patients with blood pressure higher than 185/110 mmHg (1 mmHg = 133.32 Pa) after antihypertensive therapy. (10) Patients with random blood glucose levels <2.7 mmol/L at admission. (11) Patients with oral anticoagulant therapy and INR >1.5. (12) Patients with platelets t <100× 109/L. (13) Cases where the time of onset was unknown. (14) Cases were intravenous thrombolysis was followed by endovascular bridging therapy. (15) Cases with incomplete clinical data. (16)Telephone or outpatient follow-up could not be completed.

This study was approved by the ethics committee of Tianjin Huanhu Hospital.




Methods
 
General Information Collection

Baseline data, including gender, age, hypertension, diabetes, hyperlipidemia, coronary heart disease, atrial fibrillation, prior stroke/transient ischemic attack (TIA), smoking history, drinking history, onset to treatment (OTT), and NIHSS score before thrombolysis, were collected for all patients.



Treatment

Lyophilized alteplase powder (specification: 20 and 50 mg) produced by the German company, Boehringer Ingelheim, was used. Alteplase was dissolved in 100 ml normal saline at a total dose of 0.9 mg/kg (maximum dose was 90 mg), 10% of which was intravenously injected within 1 min, and the other 90% of which was intravenously injected within 1 h. Brain CT or MRI examinations were performed 24 h after thrombolysis. Patients without cerebral hemorrhage were treated with anti-platelet aggregation drugs and neuroprotection. Patients after cerebral infarctions were treated with insulin hypoglycemia when blood sugar was more than 10.0 mmol/L, and when blood sugar was below 3.3 mmol/L, 10–20% glucose was administered orally or by injection. Patients who were unable to eat orally were given a nasal fluid diet, with their blood glucose levels closely monitored.



Observation Indicators

(1) Blood glucose monitoring: after admission, blood glucose was monitored every 4 h for 72 h using a Roche blood glucose meter. Then, the mean blood glucose (MBG), standard deviation of blood glucose (SDBG), mean amplitude of glycemic excursion (MAGE), and mean variation coefficient of blood glucose (MVCBG) were calculated. The last three indexes are used to measure the degree of variation in blood glucose levels. (2) Detection of inflammatory factors: in the morning following admission, 3 ml of fasting venous blood was extracted, and serum was separated. Interleukin-6 (IL-6), active matrix metalloproteinase-9 (MMP-9) and tumor necrosis factor α (TNF-α) were detected by enzyme-linked immunosorbent assay (ELISA), and the level of hypersensitive C-reactive protein (hs-CRP) were detected using scattering turbidimetry. (3) Efficacy evaluation: NIHSS scores were recorded at 1 h, 2 h, 24 h and 7 days after intravenous thrombolysis. Cases with NIHSS scores that decreased by ≥4 points 7 days after thrombolysis, or with neurological deficits that were completely resolved (i.e., NIHSS score = 0), were defined as having significant early improvement, as shown in Figure 1.


[image: Figure 1]
FIGURE 1. Study schema. AIS, acute ischemic stroke; NIHSS, National Institutes of Health Stroke Scale; IV, intravenous.




Case Grouping

Patients were divided into improvement and non-improvement groups based on whether neurological functioning improved in the early stages after thrombolytic therapy.




Statistical Analysis

Statistical analysis was carried out using SAS 9.4 statistical software. Data that conformed to normal distributions were expressed by mean ± standard deviation (SD) and assessed using t-tests. A rank sum test was also used for comparison for data that did not conform to normal distributions. Enumeration data were represented by frequency and rate (%), and assessed by a x2 test. Multivariate Logistic stepwise regression analysis was performed for the factors with statistically significant differences in univariate analysis. The levels of blood glucose variability and inflammatory factors were compared between the two groups using Pearson linear correlation analysis. A P < 0.05 indicated a statistically significant difference.




RESULTS


Univariate Analysis of Baseline Data

There were 63 patients in the improvement group and 83 patients in the non-improvement group, including 2 patients with symptomatic intracerebral hemorrhage. The proportion of diabetes and atrial fibrillation in the non-improvement group was higher than that in the improvement group (P < 0.05). The baseline NHISS score of the non-improvement group was higher than that of the improvement group, the non-improvement group had higher random blood glucose levels at admission than the improvement group, and glycosylated hemoglobin in the non-improvement group was significantly higher than in the improvement group (P < 0.05; Table 1).


Table 1. Baseline data for the improvement group and non-improvement group.

[image: Table 1]



Comparison of Blood Glucose Monitoring Indexes

The MBG, SDBG, MAGE and MVCBG levels of patients in the improvement group were significantly lower than those in the non-improvement group (P < 0.05; Table 2).


Table 2. Comparison of blood glucose monitoring indexes.
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Comparison of Inflammatory Factor Levels

Patients in the improvement group had significantly lower levels of serum inflammatory factors, including IL-6, MMP-9, TNF-α and hs-CRP, than patients in the non-improvement group (P < 0.05; Table 3).


Table 3. Comparison of the levels of inflammatory factors.
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Multivariate Logistic Regression Analysis

Variables with P < 0.05 in Tables 1, 2 (diabetes, atrial fibrillation, baseline NHISS scores, random blood glucose at admission, glycosylated hemoglobin, MBG, SDBG, MAGE, MVCBG) were selected for multivariate logistic regression analysis to analyze factors related to early symptom improvement. Results showed that baseline NIHSS scores, glycosylated hemoglobin, diabetes, MAGE, and MVCBG were significantly correlated with early symptom improvement after thrombolysis (Table 4).


Table 4. Multivariable analysis for early symptom improvement.
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Correlation Analysis of Blood Glucose Variability Indices and Inflammatory Factors

Pearson linear correlation analysis showed that the blood glucose variability indices, including SDBG, MAGE, and MVCBG, were significantly positively correlated with the inflammatory factors IL-6, MMP-9, TNF-α and hs-CRP (P < 0.01; Table 5).


Table 5. Correlation analysis of blood glucose variability indices and inflammatory factors.
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DISCUSSION

Revascularization in patients with acute ischemic stroke has previously been associated with better outcomes. Early recovery of brain function has been considered to be an indicator of arterial recanalization and brain tissue reperfusion, and the relationship between vascular recanalization and early recovery of nerve function has been confirmed using multiple examination methods, such as transcranial Doppler imaging (2), CT angiography, magnetic resonance angiography, or digital subtraction angiography (DSA), etc. In this study, baseline NIHSS scores, glycosylated hemoglobin, diabetes, MAGE, and MVCBG were associated with early improvement after intravenous thrombolysis with alteplase in patients with AIS. High baseline NIHSS scores, high glycosylated hemoglobin levels, a history of diabetes, and high blood glucose variability were risk factors for decreased vascular recanalization.

At present, a number of studies have reported that hyperglycemia and diabetes are associated with the low rate of recanalization and poor clinical outcomes in IV rt-PA-treated patients (3). Therefore, how to control blood glucose more effectively, or if lowering blood glucose level alone is sufficient, has become a research hotspot (4). Blood glucose variability (blood glucose fluctuation) is also known as blood glucose drift and refers to the tendency of blood glucose levels to fluctuate. Between peaks and troughs, these changes are considered to be a third type of dysglycemia, in addition to hypoglycemia and hyperglycemia. Blood glucose variability can lead to vascular endothelial cell apoptosis via oxidative stress and inflammatory responses. Patients with acute cerebral infarctions are prone to stress hyperglycemia, so blood glucose fluctuations are more obvious (5). However, blood glucose variability has been consistently overlooked in stroke studies exploring the association between glycemia and clinical outcomes (6), and there are currently limited studies which have evaluated the association between blood glucose variability and clinical outcomes of stroke. There are also few studies that have investigated intravenous thrombolytic therapy related to stroke (7). A retrospective study assessed GV as the range of glucose (maximum-minimum) in diabetic AIS patients (8). It showed that high GV was associated with adverse functional outcomes, even after adjusting for hyperglycemic measures or hypoglycemic events. In one study, 336 diabetic AIS patients were recruited within 72 h of stroke onset, and the mean amplitude of glycemic excursion was found to be associated with early neurological deterioration (9). A study evaluating the association between GV indices and clinical outcomes in acute stroke patients showed that greater GV might be related to decreased odds of neurological improvement during hospitalization (10). Furthermore, a recent study demonstrated that high GV values during the first 48-h after ischaemic stroke were associated with increased mortality (11). Patients treated with intravenous thrombolytic therapy and non-diabetic patients were included in this study. The results showed that the random blood glucose levels at admission, glycosylated hemoglobin, mean blood glucose levels and blood glucose variability indices (SDBG, MAGE, MVCBG) in the improvement group were lower than those in the non-improvement group. Differences in blood glucose variation, however, were more significant. We therefore suggest that blood glucose variability indices will better predict outcomes in AIS patients treated with intravenous alteplase thrombolysis, and that the sensitivity of MAGE and MVCBG is higher than that of SDBG.

The mechanism by which elevated blood glucose variability could lead to poor outcomes is not entirely clear. Some studies have confirmed that blood glucose fluctuation can induce the adhesion of inflammatory cytokines and vascular endothelial cells, aggravate body's inflammatory responses, and then affect the prognosis of patients with acute cerebral infarctions (12). Barbieri M et al. showed that both acute and chronic blood glucose fluctuations could induce inflammatory responses in T2DM patients. Compared with stable hyperglycemia, excessively large and frequent blood glucose fluctuations may cause more intense T2DM complications (13). Lowering the levels of blood glucose variability may reduce the levels of inflammatory factors, reduce the degree of neurological impairment in ACI patients, and improve their prognosis (14). TNF-α is one of the most important Th1 pro-inflammatory cytokines, and is considered a potential therapeutic target for acute stroke (15). As an important factor in the inflammatory response, Il-6 induces blood vessel damage during and following AIS (16). IL-6 can increase vascular endothelial permeability, improve coagulation factor activity, promote coagulation, and cause vascular dysfunction, which may ultimately lead to thrombosis and bleeding events (17). MMP-9 expression levels are low in normal brain tissue, but are increased after ischemic strokes. MMP-9 is involved in brain tissue injury through a number of mechanisms, including destruction of the blood-brain barrier (BBB), the promotion of inflammatory cell infiltration and inflammatory factor release, inducing nerve cell death and hemorrhage transformation of ischemic tissue (18, 19). C-reactive protein (CRP) is a sensitive acute reactive protein. Previous studies have shown that hs-CRP can predict the occurrence of ACI, and that the degree of neurological impairment in ACI patients is closely related to hs-CRP levels. Therefore, hs-CRP levels can indirectly indicate disease severity (20, 21).

Here, we selected four important inflammatory factors related to acute cerebral infarction as observation indicators, and found that their levels were significantly higher in the non-improvement group than in the improvement group. We therefore postulate that because IL-6, MMP-9, TNF-α and hs-CRP levels in AIS patients with high blood glucose variability who are treated with intravenous alteplase thrombolysis are significantly increased, the degree of inflammation is severe, which may lead to poor prognoses.

In summary, our study showed that blood glucose variability was significantly correlated with the early therapeutic effects of intravenous alteplase thrombolysis, as well as with the level of inflammatory factors in acute cerebral infarctions. If blood glucose fluctuates greatly, inflammatory reactions are obvious, and intravenous thrombolysis has a somewhat negligible effect. Thus, the reduction of blood glucose variability and inhibition of inflammatory responses has become a novel therapeutic mechanism for improving the prognosis of AIS patients. Clinicians should closely monitor and manage blood glucose variability in AIS patients. Blood glucose fluctuations should be controlled effectively, rather than by simply lowering blood glucose levels. Reducing blood glucose fluctuations may improve the prognosis of AIS patients treated with intravenous thrombolytic therapy.

Our study had some limitations. Since not all subjects were diabetic, fingernail blood glucose measurements were used to calculate blood glucose variability, rather than employing a continuous blood glucose monitoring method. In the future, we hope to apply a dynamic blood glucose monitoring system and obtain more accurate data. In addition, there is no widely accepted optimal index for blood glucose variability, leading to substantial reporting heterogeneity in relevant studies. Additionally, our sample size was small because this was a single-center study. A larger sample drawn from multiple centers would be useful for obtaining more reliable results in the future.
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