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Background and Purpose: Non-convulsive status epilepticus (NCSE) is common in patients with disorders of consciousness and can cause secondary brain injury. Our study aimed to explore the determinants and prognostic significance of NCSE in stroke patients with impaired consciousness.

Method: Consecutive ischemic stroke patients with impaired consciousness who were admitted to a neuro intensive care unit were enrolled for this study. Univariate and multivariable logistic regression were used to identify factors associated with NCSE and their correlation with prognosis.

Results: Among the 80 patients studied, 20 (25%) died during hospitalization, and 51 (63.75%) had unfavorable outcomes at the 3-month follow-up. A total of 31 patients (38.75%) developed NCSE during 24-h electroencephalogram (EEG) monitoring. Logistic regression revealed that NCSE was significantly associated with an increased risk of death during hospital stay and adverse outcomes at the 3-month follow-up. Patients with stroke involving the cerebral cortex or those who had a severely depressed level of consciousness were more prone to epileptogenesis after stroke.

Conclusion: Our results suggest that NCSE is a common complication of ischemic stroke, and is associated with both in-hospital mortality and dependency at the 3-month follow-up. Long-term video EEG monitoring of stroke patients is, therefore required, especially for those with severe consciousness disorders (stupor or coma) or cortical injury.
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INTRODUCTION

An increasing number of new electroencephalogram (EEG) patterns have been discovered and have received extensive attention from researchers in the past few years owing to the extended monitoring periods and rapid development of EEG hardware equipment. Non-convulsive status epilepticus (NCSE) can be missed during short-term EEG recordings due to the limited sampling time (<30 min). However, NCSE measurement may be critical in stroke patients and could serve as an EEG marker with prognostic and predictive value. The negative effect of NCSE on patient outcomes has been gradually confirmed by clinical studies in patients with head trauma or cardiac arrest (1, 2). However, little is currently known about its clinical significance in patients with stroke. Meanwhile, it is unclear as to when, how, and under what conditions pharmacological interventions should be delivered due to the absence of noticeable symptoms of NCSE (3). Therefore, it is imperative to understand the predictors and prognostic significance of NCSE. The available evidence on its prognostic value in stroke patients is limited and conflicting (4). This study aimed to examine the prognostic significance of NCSE in stroke patients with altered consciousness and explored possible risk factors.



MATERIALS AND METHODS

This was a single-center observational study of stroke patients with disorders of consciousness. The local ethics committee of the Shanghai Jiaotong University Affiliated Sixth People's Hospital approved this study, and informed consent was obtained from the patients' family members.


Study Population

In this study, 80 consecutive patients with disorders of consciousness were admitted to the NICU at the Shanghai Jiaotong University Affiliated Sixth People's Hospital between June 2020 and May 2021 with acute anterior circulation ischemic stroke. The inclusion criteria were as follows: (1) acute ischemic stroke accompanied by neurological symptoms diagnosed by brain CT or MRI; (2) varying degrees of consciousness disturbance (Glasgow Coma Score [GCS] ≤14), ranging from lethargy to coma (Reaction Level Scale [RLS] ≥2); (3) age >45 years and patient was previously independent (premorbid score of mRS <1).

The exclusion criteria were as follows: (1) pre-existing disorders of consciousness or cognitive impairment; (2) history or family history of epilepsy; (3) other medical conditions that may severely impact electrical activity, such as traumatic brain injury, intracranial tumors, intracranial infection, mental illness, and mechanical ventilation within 48 h of admission; (4) severe comorbidities or other significant systemic diseases; (5) death within 72 h of hospitalization; (6) absence of a written informed consent or refusal to participate in the study.



Anthropometric and Laboratory Measurements

The following data were collected within 24 h of admission using an electronic medical history system: age, sex, hyper-early treatment, cortical infarcts, hemorrhagic transformation, location of the new foci, body mass index (BMI), HbA1c, low-density lipoprotein, homocysteine, creatinine, urea, uric acid, neuron-specific enolase and history of atrial fibrillation, hypertension, and smoking. Hyper-early treatment refers to thrombolysis or mechanical thrombectomy. The Glasgow Coma Scale (GCS) score and the state of consciousness of the patients were assessed by a professional researcher at the beginning of the EEG examinations. We then categorized GCS into the low-score group (GCS score ≤8) and high-score group (GCS score >8), while the degree of consciousness disorder was divided into three grades: lethargy (RLS = 2), stupor (RLS = 3), or coma (RLS = 4–8).



EEG Recording

The enrolled patients, managed by experienced neurological physicians who were blinded to the details of the study, were treated according to the guidelines for the diagnosis and treatment of acute ischemic stroke in China. Continuous video-EEG monitoring was performed (as early as possible) within 48 h after admission to the neuro intensive care unit (NICU) and patients were monitored continuously for 24 h, with EEG readouts displayed on their bedside monitor (Xltek, Canada). Signals were obtained using 11 standard 9-mm disc electrodes (eight recording channels: Fp1, Fp2, C3, C4, O1, O2, T3, and T4, two reference electrodes (A1 and A2) and one ground electrode (Fz), which were arranged according to the international 10–20 system. The EEG amplifier parameters were as follows: a time constant of 0.30 s, sensitivity of 7 μV/mm, and low- and high-pass filters were set at 0.3 and 35 Hz, respectively (5, 6). The EEG artifacts were corrected by a professional electrophysiological technician every 4–8 h. NCSE was independently diagnosed according to the Salzburg criteria (7) by two experienced electrophysiologists who were blinded to the clinical information. Any disagreements between specialists were resolved by consensus. Currently, there are no guidelines for active drug intervention for NCSE caused by stroke. Patients experiencing NCSE during the 24-h EEG monitoring were not treated with antiepileptic drugs.



Outcome Measurement

The primary objective was to investigate the correlation between NCSE and in-hospital death as well as poor outcome at the 3-month follow-up. In addition, we analyzed several clinical characteristics of the patients using regression analysis to determine the risk factors associated with the occurrence of NCSE. A poor outcome was defined as a modified Rankin Scale (mRS) score >3 at the 3-month follow-up after stroke onset.



Statistical Analysis

All statistical analyses were performed using SPSS, version 25.0 (IBM Corp, Armonk, NY, USA). For descriptive statistics, data with a normal distribution were expressed as mean ± standard deviation, continuous data with non-normal distribution were expressed as median (interquartile range), and categorical variables were expressed as frequency (percentage). We compared baseline characteristics between patients with and without NCSE using the Pearson chi-squared test or Fisher's exact test for categorical variables and Student's t-test or Mann–Whitney U test for continuous variables.

We performed logistic regression analysis to identify the risk factors for NCSE as well as the prognostic value of the outcome. A multivariable logistic regression analysis was performed on the factors that were revealed to be statistically significant by univariate analysis to control for the possible effect of confounders. Results are reported as odds ratios (ORs) and corresponding 95% confidence intervals (CIs). Differences were considered statistically significant at P < 0.05.




RESULTS

NCSE was common during the monitoring period in patients admitted to the NICU with acute schemic stroke. In this study, NCSE was observed in 38.75% of the patients, which was probably due to the cohort design (inclusion of patients with a reduced level of consciousness). Eighty patients (36 men and 44 women) enrolled in this study had varying degrees of consciousness disturbance, including 32 cases of lethargy, 24 cases of stupor, and 24 cases of coma. Of these, 51 patients received hyper-early treatment, and 31 patients were assigned to the low-score group. Detailed clinical information of the cohort is presented in Table 1.


Table 1. Comparison between NCSE group and Non-NCSE group.
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In comparison to the subgroup without NCSE, those who were diagnosed with this complication showed a significant difference in GCS score (P = 0.015), state of consciousness (P = 0.008), and cortical injury (P = 0.018). The clinical indices with statistical significance (identified in Table 1) were included in a multivariable logistic regression analysis, which showed that severe disturbance of consciousness (stupor or coma) and cortical injury are independent risk factors for NCSE after adjusting for confounding factors (Table 2).


Table 2. Multivariable logistic regression results of NCSE.
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In the follow-up results of the study, the overall prognosis of patients was not satisfactory, whereas 29 (36.25%) patients had a good prognosis signature. Twenty-five patients died during the study duration; 20 deaths occurred during hospitalization. The pre-disposing risk factors for in-hospital death included NCSE (P < 0.001), age (P = 0.036), low GCS score (P = 0.013), state of consciousness (P =0.003), and neuron-specific enolase (P =0.005). After controlling for potential confounders, the analysis revealed that NCSE (OR: 4.916, CI: 1.415–17.078, P = 0.012) and neuron-specific enolase (OR: 1.059, CI: 1.007–1.113, P = 0.025) were predictors of in-hospital mortality (Table 3).


Table 3. Logistic regression results of in-hospital mortality.
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Multiple factors, including NCSE, age, low GCS score, state of consciousness, cortical involvement, atrial fibrillation, neuron-specific enolase are associated with a poor prognosis on univariate analyses. On multivariable analysis, age (OR: 1.126, CI: 1.057–1.199, P < 0.003) and low GCS (OR: 7.652, CI: 1.699–34.463, P = 0.008) score retained a significant association with the trend for the less favorable disability outcomes at 3- month follow-up. Likewise, NCSE was independently associated with unfavorable prognosis in either unadjusted or adjusted (OR: 12.142, CI: 2.348–62.800, P = 0.003) regression models (Table 4).


Table 4. Independent predictors of poor outcome at three-months follow-up.
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DISCUSSION

While the exact incidence and prevalence remain unclear, NCSE is probably a common comorbidity in stroke patients, and its true incidence may be underestimated in the current report since it is underdiagnosed and often mistaken for other disorders (8). Stroke itself seems to be associated with a heightened risk of NCSE, with previous studies confirming stroke as the main cause of NCSE in their cohort (9). The overall prevalence of NCSE in our study population was 38.75%, which is in line with occurrence rates reported in previous studies that range from 14 to 45.3% (10–13). We likewise found that there was a greater rate of NCSE in our cohort than in exclusively retrospective studies. This might be attributed to the following reasons: first, the possibility of a biased selection of study subjects, as many patients with NCSE may not have undergone EEG examinations in the retrospective study, particularly those with no obvious clinical manifestations. The higher median age of our patients may also explain the higher prevalence of NCSE. Recent studies have found that NCSE typically occurs in ICU patients, especially in the elderly and the critically-ill patients (14, 15). Moreover, the subjects analyzed in our study presented with altered consciousness, which may be one of the reasons for the high NCSE occurrence observed in the study. It is generally agreed that altered consciousness is an important risk factor for the development of NCSE, as demonstrated in this study, while others believe that NCSE is the cause of the decreased level of consciousness (11, 16–18). Therefore, while evaluating patients presenting with an altered consciousness, it is important to consider the possibility of NCSE, particularly in those who do not respond to standard treatment. However, the causal relationship between NCSE and patient consciousness remains controversial and requires further research (19, 20).

To our knowledge, this is the first study to report cortical damage as an independent risk factor for NCSE. While it has long been recognized that ischemia of the cortex may be one of the important mechanisms for the generation of epileptiform activity and convulsive epilepsies, impairments in cortical activity have not been known to promote the onset of non-convulsive seizures (21). Recent studies have, however, provided additional evidence to support the correlations between them. One reason for this might be the imbalance of excitatory and inhibitory neurotransmission caused by avascular necrosis in the cortex, leading to abnormally increased excitability in the cortical region (22). Patients with persistent seizures can benefit significantly from the resection of the adjacent epileptogenic cortex (23). Evidence from animal experiments further confirms that some seizures initially originate in local cortical regions before spreading to other regions of the brain (24). Tomari and Belcastro also claim that cardioembolic stroke or large artery atherothrombosis tends to cause cell death in the cortex, and these may be underappreciated risk factors for NCSE; stroke caused by these two factors render the cortex susceptible to epileptic seizures (25, 26). We did not observe a higher risk of seizures in patients with atrial fibrillation, which may be attributed to the availability of aggressive therapeutic strategies, including intravenous thrombolysis and mechanical thrombectomy. The proportions of patients receiving these two specific therapeutic modalities across studies has been variable, with few reaching as high as 64%, as in our study.

Focal cortical irritation caused by blood metabolites in patients with intracerebral hemorrhage may predispose them to acute non-convulsive seizures (27). However, whether hemorrhagic transformation promotes seizures remains controversial. The main reason for this discrepancy could be the small size of bleeding relative to lobar hemorrhages and the distance of the cerebral cortex from the bleeding site. No significant correlations were found for these two parameters in our study, and additional studies are needed to explore the exact clinical relevance and possible mechanisms of NCSE.

Overall, the patients included in our study had a poor prognosis, with a high in-hospital mortality rate that could be attributed to the high proportion of severely ill patients included in the study after the exclusion of mild patients. All patients were admitted to the NICU and experienced different degrees of consciousness disorders. Several previous studies have found potential links between NCSE and poor stroke outcomes and reported mortality rates ranging from 11.9 to 51% (28–31). Additionally, advanced age is a well-known independent factor adversely affecting the prognosis of stroke patients (32), which was confirmed in our study. Compared to previously studied cohorts, the patients in our study were older and the median patient age was 78.5 years with an interquartile range of 66.0–87.0.

We identified several significant prognostic factors and our findings show that a higher neuron-specific enolase level correlated with higher in-hospital mortality, whereas other indices, including age and low GCS score, were independent risk factors that independently influenced patient independence at the 3-month follow-up. Only NCSE was correlated with both measures of outcome; therefore, it may be considered a detection index for lower survival rate and poor prognosis.

Shneker et al. observed that NCSE in patients correlated with substantial mortality (18%) and morbidity (39%) as early as 2003 (33). Patients diagnosed with this condition have longer hospital stays and experience more comorbid illnesses (10, 34). Similarly, Kikuta et al. showed that compared to the subgroup without NCSE, the risk of unfavorable outcomes at 3-months was nearly five-fold higher in patients with aneurysmal subarachnoid hemorrhage (34). The existing evidence in critically-ill patients suggests that NCSE may contribute to secondary brain injury or perpetual nerve damage. These patterns correlate with increased brain metabolism, similar to that observed in patients with convulsive epilepsies (35). This phenomenon was confirmed in some positron-emission tomography studies that revealed a higher level of metabolism in the discharge area (36). Intracranial multi-modal depth monitoring in patients with subarachnoid hemorrhage provides indirect evidence of elevated metabolic activity with the generation of discharge activity, which includes brain tissue oxygenation reduction, increased release of brain glucose, and increased cerebral lactate/pyruvate ratio (35, 37). Inadequately matched hypermetabolism should be considered as one of the causes of neurological deterioration in patients with epileptiform discharges. A recent study by Scoppettuolo et al. found that non-convulsive epileptic activity has a negative impact on the rehabilitation process after stroke. Neurological deterioration caused by NCSE is, therefore, an extremely important factor contributing to poor recovery (16).

Paul et al. also found that the duration and frequency of discharges are key influencing factors during metabolic crisis development and could worsen patient prognosis. Both seizure duration and delayed diagnosis of NCSE have been reported to be significantly associated with increased mortality in severely-ill patients. Early detection and timely intervention for secondary neural dysfunction induced by NCSE is a cornerstone in the management of neurocritically ill patients (26, 28). Although much of the data are from patients with subarachnoid hemorrhage and traumatic brain injury, the hypermetabolism associated with NCSE has been seen across multiple disease etiologies, including ischemic stroke (28). Tabaeizadeh et al. observed a positive dose-dependent association between seizure burden and worse outcomes in patients with stroke. Similarly, a study from Thailand demonstrated that every 1-h increment in the discharge duration was associated with a 1.10-fold [95% (CI) 1.01–1.21, p = 0.04] increased risk of unfavorable outcomes and a 1.16-fold [95% (CI) −0.33–0.05, p = 0.01] decrease in the TICS-score (30, 38, 39). Longer duration and accelerated frequency of abnormal brainwaves breaks the fragile balance between metabolite need and consumption in the ischemic area, and timely intervention can effectively alleviate the adverse metabolic disturbances of seizure activity in fragile brain tissue. This conclusion was supported by animal experiments. Levetiracetam can improve ischemic brain injury in rats with middle cerebral artery occlusion by suppressing non-convulsive seizure activity (40). Some researchers propose that NCSE itself is probably an important manifestation of severe neurological deficits, which can induce significantly elevated levels of neuron-specific enolase (NSE), a marker of acute brain injury (5, 41, 42). Similar correlations were found in our results, and this causal relationship requires further verification.

Whether these study results can be generalized in stroke patients remains to be clarified because there are studies that have reported contrasting data (9). A small-scale prospective cohort study revealed that the overall prognosis in patients diagnosed with NCSE was not significantly different from those without this complication (29, 43, 44). The findings in another study that included 145 ICU patients indicated that NCSE is a common complication in patients with altered mental status, and both patient outcome and hospital stay did not differ significantly between patients with and without NCSE. The use of antiepileptic drugs may explain this discrepancy (12). On the other hand, some scholars also believe that the different inclusion criteria for patients might yield different results, and etiology is the most important factor influencing prognosis.

From the perspective of the current challenges in managing critically-ill stroke patients, our results have important practical implications for clinical decision-makers. This research not only confirmed a significant correlation between NCSE and poor clinical outcomes but also analyzed factors associated with NCSE occurrence, including serious deterioration of consciousness and cortical injury.


Limitations and Future Perspectives

Our study has several limitations: (1) The small sample size and single-center data fails to represent all the characteristics of stroke patients and limited the generalizability of the conclusions, and therefore, the conclusions need further confirmation by additional multi-center studies enrolling sufficient number of patients. (2) Only mRS score was assessed 3 months after the onset of stroke, while long-term neurological and cognitive outcomes of NCSE remain unknown. (3) Our study did not explore the impact of the duration of NCSE and treatment therapy on outcomes; the clinical implications of NCSE in stroke patients remain controversial because the exact duration of epileptiform discharge is difficult to determine in some patients because of the subtlety of the clinical features. (4) We did not consider the effects of life-sustaining therapy on patient prognosis. Given that maintenance treatment may affect the prognosis of patients as an external factor, this may have an impact on the final results to some extent. Despite these limitations, our study has significant implications. This is the first prospective clinical study of NCSE in severe stroke patients presenting with altered consciousness, and the results indicate that it is an independent predictor of unfavorable functional outcomes, which provides strong support for further investigations into the influence of antiepileptic treatments on outcomes. Furthermore, we explored the prevalence of NCSE and identified the risk factors for its occurrence.




CONCLUSION

These results suggest that NCSE is an EEG pattern commonly seen in the acute phase of stroke. Cortical involvement and decreased level of consciousness should raise suspicion for this condition, and at least 24 h of video-EEG monitoring of these patients can help in its diagnosis. Our study also suggests that the occurrence of NCSE may have a negative effect on the patients and lead to unfavorable outcomes, which provides strong support for further investigations into the influence of antiepileptic treatments on outcomes.
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