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Objective: Chronic subdural hematoma (CSDH) is a common disease in neurosurgery, which usually occurs in the elderly. Seizure is one of the postoperative complications in CSDH patients and can affect patient outcomes. There is currently no consensus on whether antiepileptic drugs should be prescribed prophylactically. The aim of this study was to evaluate independent risk factors for postoperative seizures and unfavorable outcomes in CSDH patients.

Methods: We reviewed 1,244 CSDH patients who had undergone burr-hole craniotomy in this study. Patient clinical data, CT scan results, recurrence and outcome data were collected. We divided the patients into two groups based on whether they had a postoperative seizure. Percentages and χ2 tests were applied for categorical variables. Standard deviations and two-sided unpaired t-tests were applied for continuous variables. Stepwise logistic regression analyses were performed to identify the independent factors of postoperative seizures and unfavorable outcomes.

Results: The incidence of seizures after CSDH surgery was 4.2% in this study. There was no significant difference in recurrence rate between seizure and non-seizure patients (p = 0.948), and the outcome of seizure patients was significantly poor (p < 0.001). There are more postoperative complications in seizure patients (p < 0.001). Logistic regression analysis showed that the independent risk factors for postoperative seizures included drinking history (p = 0.031), cardiac disease (p = 0.037), brain infarction (p = 0.001) and trabecular hematoma (p < 0.001). The use of urokinase is a protective factor for postoperative seizures (p = 0.028). Hypertension is an independent risk factor for unfavorable outcome in seizure patients (p = 0.038).

Conclusion: Seizures after CSDH surgery were associated with postoperative complications, higher mortality and poorer clinical outcomes at follow-up. We believe that alcohol consumption, cardiac disease, brain infarction and trabecular hematoma are independent risk factors for seizures. The use of urokinase is a protective factor against seizures. Patients with postoperative seizures need more stringent management of their blood pressure. A prospective randomized study is necessary to determine which subgroups of CSDH patients would benefit from antiepileptic drugs prophylaxis.
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1. Introduction

Chronic subdural hematoma (CSDH) is one of the most common diseases in neurosurgery, especially in the elderly, which is characterized by the blood collection wrapped by the inner and outer membranes (1). Currently, the incidence of CSDH is about 7.2–10.3 per 100,000 people and is expected to increase to 17.1 per 100,000 by 2030 (2). In China, as the population ages, the incidence of CSDH is also gradually increasing (3, 4). At present, the pathological mechanism of CSDH is not clear. As a classical hypothesis, it has been widely cited that head injury leads to tearing and bleeding of the bridging vein between the brain and the dura mater. Alternatively, it has been hypothesized that the separation of dural boundary cells and the formation of subdural effusion are the initial factors leading to CSDH (1, 5).

As the disease progresses, increased CSDH can lead to compression of the cerebral parenchyma, and can cause headaches, nausea, limb movement disorders, unconsciousness, and focal neurological deficits (6). Treatment for CSDH consists mainly of surgical treatment and non-surgical treatment (7). At present, burr-hole craniotomy is the standard treatment for most patients with CSDH. It is simple, safe, and less invasive, even for patients over the age of 90 (8, 9). As one of the post-surgery complications of CSDH, seizures are not common in the clinic, as the patient’s cerebral parenchyma is normal in most cases (1). However, postoperative seizures can adversely affect the rehabilitation of patients, and even lead to increased mortality (10–14). Seizures may occur in association with occult cortical injury, decreased cerebral blood flow, and hemoglobin degradation products (5, 10, 15). There is also controversy about the need for prophylactic antiepileptic drugs (AEDs) in CSDH patients (1, 2, 16, 17).

The purpose of this study was to retrospectively analyze the incidence of postoperative seizures and functional outcomes in CSDH patients receiving standardized surgical treatment in a single institution. In addition, we used stepwise logistic regression to identify independent risk factors for postoperative seizures and adverse outcomes in seizure patients.



2. Materials and methods


2.1. Study population

We reviewed the continuous treatment of CSDH patients at Beijing Tiantan Hospital, Capital Medical University from November 2011 to July 2019. At our medical center, surgical intervention is commonly performed for symptomatic subdural hematomas, which are commonly characterized by confirmed CT findings and patients with obvious neurological symptoms such as headache, dizziness, limb weakness, dysphasia, and seizures. A total of 1,360 patients were recruited, of whom 1,244 were treated surgically and the remaining 116 treated conservatively were excluded from the study. All enrolled patients underwent burr-hole craniotomy and postoperative exhaustive drainage, as detailed in our previous report (18). By reviewing previous clinical records, we identified 52 patients with postoperative seizures, with an incidence of 4.2%. Due to limitations in medical records, we only recorded seizure events without distinguishing in detail the type and timing of the seizures. Ultimately, all patients who underwent surgery and enrolled in the study were divided into two groups (with seizures: without seizures = 52: 1192; Figure 1).

[image: Figure 1]

FIGURE 1
 Flow chart of patient screening and inclusion.




2.2. Date collection

The following characteristics of all enrolled patients were collected, including gender, age, history of trauma, preoperative symptoms, personal history, and history of anticoagulant drug use. All patients should stop taking anticoagulants for at least 7 days before surgery. Preoperative coagulation tests included international standardized ratio (INR), activated partial thromboplastin time (APTT), prothrombin time (PT), thrombin time (TT) and fibrinogen (Fg). An abnormality in any of the indices is considered as a dysfunction of the coagulation. In addition, the laterality of the hematoma and the pre/postoperative maximum transverse diameter of the hematoma were determined from CT scans. The reduction of the hematoma is calculated from the reduction of the transverse diameter after the operation. According to the suggestion by Milo et al. (19), hematoma is divided into 7 types (type A: hypodense; type B: isodense; type C: hyperdense; type D: laminar; type E: separated; type F: gradation; type G: trabecular). We documented in detail the postoperative complications of the patients, including pneumonia, rebleeding, thrombotic events, coma, wound infection, and death. Two neurosurgeons independently followed up patients who had been discharged from the hospital for more than 6 months by telephone to track their outcomes. We used the modified Rankin score to evaluate the neurological function outcomes and quality of life of the patients. We define a score of 0–3 as favorable and a score of 4–6 as unfavorable. CSDH recurrence is defined as the hematoma reaccumulation in the hematoma cavity and the preoperative symptoms reoccurrence within 6 months. This study was approved by the Institutional Review Board of Beijing Tiantan Hospital, Capital Medical University (Ethical inspection No. KY2020-094-02). Written informed consent was obtained from all enrolled patients.



2.3. Statistical analyses

We used IBM SPSS Statistics (version 26.0; IBM Corp.) to analyze the data. The data for the categorical variables were presented as numbers and percentages, and the differences between groups were compared by chi-squared tests. Continuous variables were expressed as mean and standard deviation, and the differences between groups were compared by independent t-tests. Forward stepwise logistic regression analysis was used to identify the independent risk factors for postoperative seizures and unfavorable outcomes. All tests were double-tailed, and p < 0.05 was considered to be significant.




3. Results


3.1. Preoperative clinical features among CSDH patients

Our study included a total of 1,244 patients, 52 in the seizure group and 1,192 in the non-seizure group. As shown in Table 1, there was no significant difference in the proportion of males between the two groups, which were 84.6 and 82.5%, respectively. With regard to age, the average age of patients with postoperative seizures was 65.08 ± 14.64 years old, while that of patients without seizures was 63.03 ± 16.98 years old, and the difference did not reach statistical significance. Among the symptoms on admission, the proportion of preoperative dysphasia in patients with postoperative seizures was higher than that in patients without seizures (p = 0.043). As for the comorbidities of patients, the proportions of previous drinking (p = 0.004), cardiac disease (p = 0.011) and brain infarction (p < 0.001) in the postoperative seizures group were higher than that in the non-seizures group. There were no significant differences between the two groups in smoking history, hypertension and diabetes. In addition to the above, there were no significant differences between the two groups in terms of trauma history, anticoagulant use, coagulation function on admission, and the laterality as well as maximum transverse diameter of the hematoma. It is worth noting that there is a great difference in the type of hematoma between the two groups, and the probability of trabecular hematoma in the postoperative seizures group is considerably higher than that in the non-seizures group (36.5 vs. 15.7%, p < 0.001).



TABLE 1 Preoperative clinical features among chronic subdural hematoma (CSDH) patients with or without seizures after surgery.
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3.2. Postoperative clinical features among CSDH patients

As shown in Table 2, the reduction of hematoma volume after operation in the seizures group was lower than that in the non-seizures group (p = 0.017). However, there was no significant difference between the two groups in the use and frequency of postoperative urokinase. The duration of drainage catheter in the seizures group was slightly longer than that in the non-seizures group (p = 0.037). In addition, the incidence of postoperative complications in the seizures group was significantly higher than that in the non-seizures group (p < 0.001). As shown in Table 3, postoperative coma (p < 0.001), pneumonia (p = 0.012), and mortality (p < 0.001) in the seizures group were higher than those in the non-seizures group.



TABLE 2 Postoperative clinical features among CSDH patients with or without seizures after surgery.
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TABLE 3 Complications among CSDH patients with or without seizures after surgery.
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From our results, postoperative seizures seemed to have no effect on the recurrence of hematoma (p = 0.948), and the recurrence rates in the two groups were 3.8 and 4.0%, respectively. However, we found that the outcomes of patients in the seizures group were worse than that in the non-seizures group, and the incidence of unfavorable outcomes in the seizures group was higher (p < 0.001).



3.3. Independent risk factors for postoperative seizures

We screened out the independent risk factors for postoperative seizures in CSDH patients through a stepwise logistic regression analysis. As presented in Table 4, after including the relevant variables of all patients before and after operation, we found that drinking history (p = 0.031, B = 0.735, Exp (B) = 2.085, 95% CI 1.072–4.057), cardiac disease (p = 0.037, B = 1.048, Exp (B) = 2.852, 95% CI 1.066–7.634), brain infarction (p = 0.001, B = 1.134, Exp (B) = 3.108, 95% CI 1.588–6.080) and trabecular hematoma (p < 0.001, B = 1.344, Exp (B) = 3.834, 95% CI 2.008–7.321) were independent risk factors for postoperative seizures. In addition, we also found that the use of urokinase is a protective factor against postoperative seizures (p = 0.028, B = −0.707, Exp (B) = 0.493, 95% CI 2.262–0.927).



TABLE 4 Forward stepwise logistic analyses of factors related to postoperative seizures in CSDH patients.
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3.4. Independent risk factors for unfavorable outcomes

As shown in Table 5, we explored independent risk factors for unfavorable outcomes after including all CSDH patients in the stepwise logistic regression analysis. In the end, a total of four variables had a significant impact on the adverse outcomes of patients: age (p = 0.004, B = 0.063, Exp (B) = 1.065, 95% CI 1.020–1.112), hypertension (p = 0.005, B = 1.305, Exp (B) = 3.687, 95% CI 1.491–9.117), brain infarction (p = 0.001, B = 1.435, Exp (B) = 4.199, 95% CI 1.838–9.591), and postoperative complications (p < 0.001, B = 2.071, Exp (B) = 7.932, 95% CI 3.258–19.313). For patients in the postoperative seizures group, the results showed that only hypertension (p = 0.038, B = 2.377, Exp (B) = 10.769, 95% CI 1.140–101.721) was an independent risk factor for adverse outcomes. The results are shown in Table 6.



TABLE 5 Forward stepwise logistic analyses of factors related to outcomes in CSDH patients.
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TABLE 6 Forward Stepwise Logistic analyses of factors related to outcomes in CSDH patients with postoperative seizures.
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4. Discussion

Chronic subdural hematoma is one of the most common conditions faced by neurosurgeons worldwide. As a disease that primarily occurs in elderly patients, with the aging of the population, CSDH is becoming more and more common in clinical practice (20). Postoperative seizure is a potential complication after surgical removal of CSDH. The incidence of postoperative seizures reported in the literature varies widely, ranging from 0.67 to 32.0% (13, 21). Our study reported 4.2% of the incidence (52/1244), which is within the scope of the existing literature. The reasons for such a large difference are various. There are several reasons for such a wide variation in seizures rates among the studies. The definition of seizure, the population included, the choice of surgical protocol, and the use of prophylactic AEDs may all affect incidence. The reported incidence in studies without routine use of EEG monitoring tends to be low, between 0.7 and 5.4% (1). Nayil et al. (22) included 1,181 patients, of whom only 8 (0.7%) had seizures.

Our results suggest that a history of alcohol consumption, cardiac disease, brain infarction, and the trabecular hematoma present on preoperative CT are independent risk factors for postoperative seizures. However, in our study, we did not find that gender, age, trauma history, anticoagulant use, unilateral or bilateral hematoma, and maximum transverse diameter of hematoma had any effect on postoperative seizures.

Risk factors for seizures after CSDH surgery have been reported in the literature. Hussam et al. (5) did a literature overview in their study summarizing findings from previous articles, including mixed density hematoma, right-side hematoma, female sex, midline shift, membranectomy, and depressed brain volume. Alcoholism and remote stroke have also been reported as risk factors for postoperative seizures. In our study, the proportion of postoperative seizure patients with a history of alcohol abuse reached 32.7%. The incidence of postoperative seizures in the 131 patients included by Kotwica et al. (23) was 7%, among whom 45 (34%) had a history of alcoholism. Rubin et al. (24) believe that alcoholics often have repeated head injuries that lead to brain damage. In addition, there are various mechanisms that reduce the threshold for seizures in alcohol abuse patients. These increased risks include brain atrophy, changes in certain neurotransmitter pathway systems, and ionic or metabolic imbalances (25). Similar to the results of Won et al. (15), we also found that patients with a history of stroke had a higher incidence of seizures. In our study, 17 (32.7%) patients with postoperative seizures had a previous history of cerebral infarction. In patients with previous brain infarction, there are some permanent changes in the central nervous system that lead to the emergence of potential epileptogenic foci. These changes include gliosis within the cortex and loss of brain tissue, resulting in the destruction of neural networks and the increase of neuronal excitability (26). In our study, a higher proportion of postoperative seizure patients had complicated cardiac disease than those without seizures. Patients with a previous history of coronary heart disease may experience arrhythmias and insufficient cardiac output under the shock of surgery, which can affect blood supply to the brain and induce seizures. Mixed density hematoma as a risk factor for seizures in CSDH has been confirmed by many studies (10, 11, 27), which has also been verified in our data. In our study, trabecular hematoma accounted for a large proportion of postoperative seizures patients, twice as numerous as non-seizures patients (36.5 vs. 15.7%). This may be due to the stimulating effect of hemoglobin and fibrin and their breakdown products on the cerebral cortex.

Unlike previous studies, we were surprised to find a protective effect of urokinase against postoperative seizures. Although multivariate analysis showed no difference, in univariate analysis, we found that the reduction of hematoma cavity in patients with postoperative seizures was lower than in patients without seizures (53.5 vs. 60.9%). At our medical center, we routinely use urokinase to promote the drainage of hematoma fluid in postoperative CSDH patients. Therefore, the possible reason for this difference is that non-seizure patients receive more urokinase and therefore have fewer residual hematomas than those who have seizures, and the more residual hematomas, the higher the risk of seizures, since more seizure-inducing substances remain.

Currently, it is commonly believed that postoperative seizure is an independent predictor of adverse outcomes (15, 20). Postoperative seizures in CSDH patients may be associated with significant complications, prolonged hospital stays, and poor functional outcomes (27). Our study did not show a relationship between postoperative seizures and CSDH recurrence, but patients with seizures had more postoperative complications and higher mortality during hospitalization. At the same time, the proportion of seizure patients with unfavorable outcomes was also higher than non-seizure patients (11.5 vs. 1.9%).

There is still controversy about the prophylactic use of AEDs in CSDH patients, and the 2013 Cochrane review failed to provide meaningful conclusions (16). A meta-analysis done by Deivanai et al. (1) did not show any significant reduction in seizure risk in CSDH patients after taking AEDs. At our center, AEDs are not a routine option after surgery due to the low incidence of postoperative seizures, but are commonly used in patients who do have symptomatic seizures. The selection of AEDs is often based on the practice of the physician in charge. Phenobarbital, levetiracetam, and valproate are routine options. At the same time, since we only studied postoperative seizures during hospitalization and did not provide long-term follow-up data, we cannot determine whether prophylactic use of AEDs is beneficial. Given the poor prognosis of seizure patients, prophylactic use of AEDs may be necessary, but further prospective studies are needed to validate this. Studies using subgroup analysis and risk scores are necessary to determine which specific populations can benefit (27). In addition, our study analyzed risk factors for adverse outcomes in CSDH patients. In contrast to all CSDH patients, whose risk factors for adverse outcomes included age, hypertension, brain infarction, and postoperative complications, hypertension was the only risk factor for seizure patients. Therefore, blood pressure management is also extremely critical in postoperative patients with seizures, and proper blood pressure control may be able to improve the patient outcomes.



5. Limitation

Because this study is a retrospective, single-center study, the determination of postoperative seizures is based on previous medical records, and not all patients with CSDH have received intensive care after surgery, so some seizure patients may not be detected and recorded, which affects the accuracy of reported incidence of postoperative seizures. We also did not record the patient’s past history of epilepsy, and these patients may have a higher risk of postoperative seizures. In addition, we assessed the risk of seizures only during hospitalization, and we did not provide long-term follow-up data for patients with seizures. Finally, it is unclear whether AEDs prophylaxis will translate into clinical benefits for CSDH patients. More prospective observational or interventional studies are needed to help clinicians make decisions in the future.



6. Conclusion

Seizures after CSDH surgery were associated with postoperative complications, higher mortality and poorer clinical outcomes at follow-up. We believe that alcohol consumption, cardiac disease, brain infarction and trabecular hematoma are independent risk factors for seizures. The use of urokinase is a protective factor against seizures. Patients with postoperative seizures need more stringent management of their blood pressure. A prospective randomized study is necessary to determine which subgroups of CSDH patients would benefit from AEDs prophylaxis.
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