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Abstract

Purpose Epilepsy is a common complication of gliomas. The diagnosis of nonconvulsive status epilepticus (NCSE) is
challenging because it causes impaired consciousness and mimics glioma progression. NCSE complication rate in the
general brain tumor patient population is approximately 2%. However, there are no reports focusing on NCSE in glioma
patient population. This study aimed to reveal the epidemiology and features of NCSE in glioma patients to enable
appropriate diagnosis.

Methods We enrolled 108 consecutive glioma patients (45 female, 63 male) who underwent their first surgery between
April 2013 and May 2019 at our institution. We retrospectively investigated glioma patients diagnosed with tumor-related
epilepsy (TRE) or NCSE to explore disease frequency of TRE/NCSE and patient background. NCSE treatment approaches
and Karnofsky Performance Status Scale (KPS) changes following NCSE were surveyed. NCSE diagnosis was confirmed
using the modified Salzburg Consensus Criteria (mSCC).

Results Sixty-one out of 108 glioma patients experienced TRE (56%), and five (4.6%) were diagnosed with NCSE (2 female,
3 male; mean age, 57 years old; WHO grade Il 1, grade 1l 2, grade IV 2). All NCSE cases were controlled by stage 2 status
epilepticus treatment as recommended in the Clinical Practice Guidelines for Epilepsy by the Japan Epilepsy Society. The
KPS score significantly decreased after NCSE.

Conclusion Higher prevalence of NCSE in glioma patients was observed. The KPS score significantly decreased after
NCSE. Actively taking electroencephalograms analyzed by mSCC may facilitate accurate NCSE diagnosis and improve
the activities of daily living in glioma patients.
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1 Introduction

Glioma is the most common primary malignant brain tumor in adults, although the incidence is low (about 5 per
100,000 persons) [1]. Survival rates for gliomas vary by glioma subtype and grade, but glioblastoma, the most malig-
nant type with a 5-year overall relative survival rate of only 6.8%, accounts for more than half of all gliomas. [2].
Therefore, it is important to control glioma comorbidities in order to maintain activities of daily living (ADL).
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Tumor-related epilepsy (TRE) is a common complication of brain tumors as forty to 80% of patients with brain
tumors present with epileptic seizures at least once in all disease courses [3]. Epilepsy is one the most common brain
disorders defined by recurrent epileptic seizures, affecting more than 1 in 100 people [4]. Primary brain tumors are
a leading cause of epilepsy, accounting for 5% of new-onset epilepsy in adults and more than 10% of focal epilepsy
[5]. A recent study also revealed that more than 70% of brain tumor patients suffer from epilepsy at the end of life
[6]. Brain tumor patients with epilepsy show the higher risk of lower quality of life in addition to the morbidities and
mortality [7]. For example, the most common reason reported for hospital readmission after craniotomy for malignant
supratentorial tumors is new onset seizures [8].

Status epilepticus (SE), which is the most extreme form of epileptic seizures, in addition to being a neurological
emergency [9]. The incidence of SE is reported to be ten to twenty per 100,000 persons per year [10]; mortality from
SE is reported to be 1.9 to 40% [11].

Nonconvulsive status epilepticus (NCSE) has recently gained increased attention because of its reported high
prevalence. NCSE is a subtype of status SE and generally accounts for 25 to 50% of SE [12]; although the number of
studies of NCSE is still small, but the mortality rates of approximately 30% have been reported in the elderly people
[13]. The feature of NCSE is lacking of prominent motor symptoms and primarily presents with impaired conscious-
ness. For instance, language disturbance are common manifestations of non-convulsive seizures and can be easily
misdiagnose as other neurological disease [14]. Accordingly, the diagnosis of NCSE is challenging, especially in
patients with glioma, who frequently show impaired consciousness due to tumor progression, other comorbidities
such as hemorrhage in the tumor, and treatment effects, including radiotherapy and chemotherapy [15]. To the best
of our knowledge, there are no prior reports about NCSE that focused on the glioma patient population; therefore, it
is difficult to diagnose and manage NCSE appropriately, especially in glioma patients. Marcuse et al. found that 2% of
brain tumor patients had NCSE (24 out of 1,101 patients); however, the study included all types of brain tumors [16].

Therefore, the current study aimed to investigate and demonstrate the epidemiology and features of NCSE in
the glioma patient population. We hypothesized that NCSE may be underestimated because symptoms of NCSE are
often difficult to recognize, especially in glioma patients. To achieve this objective, we retrospectively investigated
consecutive glioma patients at our institution and explored NCSE complications in these patients. Additionally,
using the Karnofsky Performance Status Scale (KPS), a well-established and widely used neurological impairment
assessment tool that reflects the Activity of Daily Living (ADL) [17], we evaluated the impact of NCSE on the lives of
glioma patients. The findings of this study may aid in the prompt treatment initiation for NCSE in glioma patients
through accurate disease diagnosis, thereby helping clinicians maximize ADL for glioma patients by reducing the
distress caused by NCSE complications.

2 Methods

We retrospectively reviewed the cases of 108 consecutive patients (63 males and 45 females) with supratentorial glioma
who underwent their first operation between April 2013 and May 2019 at Tokyo Medical and Dental University. There
were no exclusion criteria. The diagnosis of glioma was confirmed pathologically according to the 2007 World Health
Organization (WHO) Classification of Tumors of the Central Nervous System between 2013 and 2016 and the 2016 WHO
Classification of Tumors of the Central Nervous System between 2016 and 2019 [18, 19]. We defined low grade glioma as
WHO grade | and grade Il glioma. We investigated the hospital records of 108 glioma patients, including age, biological
sex, tumor location, genetic information of glioma (status of isocitrate dehydrogenase 1 mutation, IDH1-R132H muta-
tion), treatment for glioma, and perioperative anti-seizure medication (ASM) use. The sample size was set to exceed 88
participants in total to yield statistical power of 0.80 with effect size 0.3 for between group analysis (G*power 3.1.9.7).
We selected patients who had been diagnosed with TRE and NCSE from 108 glioma patients. To establish the
relationship between glioma patient background and TRE, Fisher’s exact tests were performed, and odds ratios
were calculated. The Kruskal-Wallis test was used for glioma location analysis. For NCSE patients, we extracted more
detailed information, including (1) seizure type at NCSE onset, (2) temporal course of NCSE (glioma surgery to NCSE
symptom onset, NCSE symptom onset to NCSE diagnosis confirmation by electroencephalogram (EEG), treatment
period, and NCSE duration), (3) ASM treatment, and (4) KPS before and after NCSE. To validate KPS changes induced
by NCSE episodes, we analyzed these changes using paired Student’s t-test. Paired Student t-test was selected as
the collected data was assumed to follow the normal distribution (Shapiro-Wilk test, p=0.50, performed with EZR,
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a modified version of R commander) [20]. The mean follow-up period and age at surgery of glioma patients with
and without NCSE were compared using the Mann-Whitney U test. The Kruskal-Wallis test was also conducted to
analyze the difference of glioma location between these two groups. Statistical analysis was determined that they
were significant when the p-value was < 0.05. All statistical analyses were performed using GraphPad Prism 8.4.3.

NCSE was diagnosed based on sudden consciousness deficiency episodes, EEG, and the exclusion of other differen-
tial diagnoses. EEG results were judged by two or more epileptologists based on periodic discharge, improvement by
ASM injection on EEG, and changes over time observed by continuous video-monitored EEG and/or repeated EEG. In
addition, computed tomography (CT), magnetic resonance imaging (MRI), and blood tests were performed to exclude
tumor progression, stroke, syncope, metabolic syndrome, infection, and other plausible causes that can induce instant
consciousness impairment. Furthermore, we confirmed diagnosis based on the efficiency of ASMs in the recovery of
consciousness.

We treated NCSE following the treatment guideline for SE that is recommended in the Clinical Practice Guidelines for
Epilepsy 2010 and in 2018 published by the Japan Epilepsy Society [21, 22]. These guidelines recommend the staged
approach treatment, which includes stage one (benzodiazepine intravenous injection), stage two (phenytoin, phenobar-
bital, midazolam, or levetiracetam injection), and stage three (general anesthesia using propofol, midazolam, thiopental,
or thiamylal). We decided whether the treatment was a success or failure based on EEG improvement because NCSE does
not present with obvious motor symptoms.

To confirm NCSE diagnosis, two or more epileptologists retrospectively reviewed the EEG of NCSE patients following
the modified Salzburg consensus criteria (mSCC). These criteria have been reported as useful in the diagnosis of NCSE [23].

This study was approved by the Ethics Committee of the Tokyo Medical and Dental University (M2000-1307, 9/25/2012).
Written informed consent was obtained from all patients and/or their guardians.

3 Results
3.1 Patient characteristics

The characteristics of the 108 glioma patients are shown in Table 1. Patients underwent tumor resection surgery or tumor
biopsy at a median age of 62.5 years. Two patients (1.9%) had WHO grade | glioma, 17 patients (16%) had WHO grade Il
glioma, 26 patients (24%) had WHO grade lll glioma, and 63 patients (58%) had WHO grade IV glioma. The pathology for
WHO grade | glioma was pilocytic astrocytoma (2 patients). WHO grade Il glioma were diffuse astrocytoma (5 patients),
oligodendroglioma (11 patients), and low-grade glioma (1 patient). WHO grade Il glioma were anaplastic astrocytoma (17
patients), anaplastic oligodendroglioma (8 patients), and anaplastic pleomorphic xanthoastrocytoma (1 patient). WHO
grade IV glioma included glioblastoma (60 patients), diffuse midline glioma (2 patients), and gliosarcoma (1 patient).
IDH1-R132H mutation was examined in all cases, and 31 patients (29%) had this mutation. Ninety-three patients (86%)
underwent radiotherapy, and 85 patients (79%) were treated with chemotherapy. Eighty-four patients (78%) had started
receiving an ASM perioperatively for prevention of epileptic seizures.

3.2 Patients with TRE and NCSE

Among 108 glioma patients, 61 patients (56%) showed TRE during the follow-up period. TRE occurrence was significantly
associated with chemotherapy only (odds ratio 0.2844, p=0.019, Supplementary Table 1).

Five out of 108 glioma patients (4.6%) were diagnosed with NCSE (three males and two females; Table 1). The median
age at the time of glioma surgery was 45 years (range 41-83 years). One patient had WHO grade | glioma (oligodendro-
glioma), two patients had WHO grade Il glioma (anaplastic astrocytoma and anaplastic pleomorphic xanthoastrocy-
toma), and two patients had WHO grade IV glioma (glioblastoma). Two patients had the IDH1-R132H mutation. Glioma
was located mainly in the parietal lobe in three of five patients. There were no significant relationships between NCSE
comorbidity and patient characteristics (Supplementary Table 2). The mean follow up period and the mean age at glioma
surgery were not significantly different between glioma patients with NCSE and without NCSE (Mann-Whitney U test,
p=0.95 and 0.90 respectively). Glioma location was not significantly different between the two groups (The Kruskal-Wal-
lis test, p=0.20).

NCSE started as a sudden deficiency in consciousness without prominent motor seizures in four patients (Table 2).
Case 4 had preceding convulsive SE from focal to bilateral tonic—clonic seizure (FBTCS), and convulsive SE subsequently

@ Springer



Research Discover Oncology (2023) 14:30 | https://doi.org/10.1007/512672-023-00632-3

Table 1 Glioma patient characteristics

The number of patients Total TRE NCSE
108 61 5
56% 4.6%
Age at glioma surgery (median 62.5 (5-91) 53 (5-91) 45 (41-83)
(range), years old)
follow up period (median, 14.6 17 12.7
months)
Biological sex
Male 63 (58%) 39 (64%) 3 (60%)
Female 45 (42%) 22 (36%) 2 (40%)
WHO grade
| 2 (1.9%)
Il 17 (16%) 14 (23%) 1 (20%)
1] 26 (24%) 17 (28%) 2 (40%)
\% 63 (58%) 30 (49%) 2 (40%)
IDH1-R132H mutation
Present 31 (29%) 21 (34%) 2 (40%)
Absent 77 (71%) 40 (66%) 3 (60%)
Glioma'’s main location
Temporal lobe 27 (25%) 15 (25%) 0 (0%)
Frontal lobe 44 (41%) 28 (46%) 1 (20%)
Parietal lobe 21 (19%) 13 (21%) 3 (60%)
Others 6 (15%) 5(8.2%) 1 (20%)
Treatment for glioma
Radiotherapy 93 (86%) 50 (82%) 4 (80%)
Chemotherapy 85 (79%) 43 (70%) 3 (60%)
Perioperative ASM use
Yes 84 (78%) 49 (80%) 4 (80%)
No 24 (22%) 12 (20%) 1 (20%)

TRE Tumor-related epilepsy, NCSE nonconvulsive status epilepticus, IDHT-R132H isocitrate dehydrogenase R132H, ASM anti-seizure medica-
tion

progressed to NCSE. EEG (video-monitored continuous EEG and/or repeated EEG) was performed in all five patients to
diagnose NCSE.

Four of five patients with NCSE had NCSE episodes after tumor surgery; however, the time between glioma surgery
and NCSE symptom onset varied (Table 2). One patient had NCSE over two years after tumor surgery, while another
patient had NCSE two days after tumor surgery.

After the diagnosis of NCSE, ASM treatment was initiated on the same day as NCSE symptom onset in three cases
(Table 2). In case 4, the progression from convulsive SE required stage three treatment for the initial convulsive SE.
Therefore, we found that NCSE progression depended on prolonged consciousness deficiency after extubation and EEG
findings. This explains the delay in diagnosis (11 days after extubation) in case 4. Case 5 was a patient who was transferred
from another hospital two days after the onset of NCSE symptoms; therefore, diagnosis and treatment initiation were
delayed. NCSE was managed by stage two treatments in all five patients.

All patients, except case 2, were administered prophylactic ASMs at the onset of NCSE (Table 2). Case 2 showed NCSE
before the initiation of preventative ASMs during the perioperative period. After NCSE episodes, three patients needed
an additional ASM, and the other two patients needed an increased dose of the same ASMs.
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3.3 Karnofsky performance status scale and NCSE

We investigated the KPS scores of all five NCSE patients before and after NCSE episodes to understand the effect of NCSE
on ADL. KPS significantly declined at discharge compared with that before hospitalization due to NCSE (34 versus 66,
p=0.0121) (Fig. 1). KPS decline was high (> 50% decline) in two older people (> 70 years, black square in Fig. 1), although
significant difference was not found (Mann-Whitney U test, p=0.30).

3.4 EEG findings and modified Salzburg consensus criteria (mSCC)

To confirm NCSE diagnosis, two or more epileptologists analyzed the EEG of five NCSE-diagnosed patients retrospectively
according to mSCC (Table 3). EEG showed rhythmic activity > 0.5 Hz and spatiotemporal evolution in all patients with
NCSE. In contrast, only one patient showed typical epileptiform discharge at above 2.5 Hz. Consciousness deficiency and
EEG features improved with intravenous ASM in all five patients.

3.5 Case presentation: 41 years old male (Case 5)

The NCSE episode in case 5 is described below. A 41-year-old man initially presented with hemiparesis. Preoperative brain
MRI fluid-attenuated inversion recovery (FLAIR) showed a hyperintense lesion in the left parieto-occipital lobe (Fig. 2a
and b). The patient underwent a tumor biopsy. Oligodendroglioma (WHO grade Il) was pathologically confirmed by a
neuro-oncologist and a pathologist following the 2016 WHO Classification of Tumors of the Central Nervous System
(Fig. 2c). The patient had been taking levetiracetam preventatively from the perioperative period. After the biopsy, the
patient received localized external beam radiation therapy (1.8 Gray per day, 30 days, 54 Gray in total). There were no
epileptic seizures or consciousness deficiencies during the radiation treatment course. Fifty-six days after surgery, the
patient suddenly fell down in the station while on the way home and was taken to another hospital. The patient had
a consciousness deficiency [Glasgow Coma Scale (GCS) 14 (E4V4M6) and Japan Coma Scale (JCS) I-2]; afterward, the
patient was transferred to Tokyo Medical and Dental University Hospital for two days. The patient still had a conscious-
ness deficiency (GCS 15 (E4V5M6), JCS I-1) without motor seizures. Brain imaging (MRl and CT) revealed no intracranial
hematoma, cerebral infarction, tumor necrosis, or tumor progression. Systemic examinations, including vital signs, blood
tests, electrocardiogram, and chest X-ray, excluded infections, metabolic abnormalities, or other causes that could induce
sudden onset and prolonged consciousness deficiency. We conducted EEG which showed (1) continuous epileptiform dis-
charge above 2.5 Hz mainly in the left occipito-temporal region (01, T5) during > 10 s (Fig. 2d), (2) rhythmic activity above
0.5 Hz mainly in the left occipital region (O1, T5) (Fig. 2e), and (3) spatiotemporal evolution of epileptic discharge into
the left parietal region (C3, P3) (Fig. 2f). Therefore, we diagnosed NCSE on the same day of hospitalization at our hospital
and started diazepam (stage one treatment), and phenytoin, levetiracetam, and perampanel (stage two treatment). He
recovered from consciousness deficiency five days after the start of treatment. Furthermore, EEG findings improved after
two weeks. He was discharged with a drop in the KPS score from 60 to 40.

4 Discussion

This is the first study to reveal the comorbidity rate and features of NCSE in glioma patients. Our study revealed three
important findings. First, 4.6% of consecutive glioma patients had NCSE. This shows that NCSE is not a rare complication
in glioma patients; instead, the frequency is more than twice of that of general brain tumor patients, according to a pre-
vious study [16]. Second, ADL significantly decreased after NCSE episodes. Third, mSCC could help in NCSE diagnosis in
glioma patients, especially by following EEG instructions. These findings emphasize the importance of managing NCSE
in glioma patients. At the same time, initiative-taking EEG, especially when analyzed by mSCC, may facilitate accurate
NCSE diagnosis and prompt initiation of treatment, which can lead to improved ADL in glioma patients.

In particular, the high prevalence of NCSE as a complication of glioma should receive increased attention. NCSE has
been associated with brain tumors and 4-12% of NCSE patients have been reported to have a pre-existing brain tumor
[15]. In addition, Giovannini et al. reviewed SE population and reported that 19 (4.3%) patients had glioma related NCSE
[24]. The frequency revealed by this present study matches these data; however, previous studies investigated the SE
population and not the glioma population. Our focus was on NCSE as one of the comorbidities of glioma; therefore,
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Fig. 1 KPS changes before and after NCSE. Pre KPS is prehospital KPS just before an NCSE episode. Post KPS is KPS at discharge from the hos-
pitalization for NCSE. Prehospital mean KPS was 66, mean KPS at discharge was 34. The mean KPS scores were compared between Pre KPS
and Post KPS using paired Student t-test. *p=0.0121. Black squares represent cases of patients aged over 70 years

Table 3 Five NCSE patients’ EEG and clinical data reviewed by modified Salzburg Consensus Criteria for NCSE

Case 1 Case 2 Case 3 Case 4 Case 5

EEG data Epileptiform discharge > 2.5 Hz n n n n y
Spatio-temporal evolution y y % y y
Rhythmic activity > 0.5 Hz y y y y y
Improvement of clinical and EEG features with [V ASM y y y y y
Clinicaldata  Subtle clinical ictal phenomenon n n y n n
Transition from premorbid to current ill state within minutes to hours y y y n y
Patient did not improve significantly in last minutes to hours, apart from 'y y y y y
waxing and waning
No information from brain imaging sufficiently explaining EEG pattern y y y y y
No metabolic/toxicological derangement sufficiently explaining EEG y y y y y

NCSE non-convulsive status epilepticus, EEG electroencephalogram, IV ASM intravenous anti-seizure medication

4.6% of patients is an intuitively useful number when you diagnose NCSE in glioma patient population. This difference
in population focus characterizes the novelty of our study.

Another important finding of this study is that NCSE had a significant negative effect on ADL. Previous clinical stud-
ies showed that NCSE neurological deficits occur in 10 to 40% of patients [25], with a mortality rate of 18 to 48% [16,
26-28]. Horvath et al. reported that NCSE was associated with mortality during long-term follow-up (odds ratio 9.86)
[29]. Additionally, Dominguez et al. reported that worse outcomes were observed in patients with NCSE who had been
overlooked and had not been treated properly [30]. In addition to these clinical studies, one preclinical study supports the
poor outcomes of NCSE by demonstrating histological neural damage and glial reactive changes caused by NCSE using
rodent models [31]. The significant KPS disturbance induced by NCSE in this study revealed the critical negative effects of
NCSE on ADL in patients with glioma. Interestingly, two elderly patients [Case 2 (83 years old) and Case 3 (72 years old)]
showed a relatively large decrease in KPS (Mann-Whitney U test, p=0.30), although there was no significant difference
between those over 70 and under 70 years old. The prognosis of NCSE was reported to be associated with age and the
elderly people are known as one of the groups who shows higher mortality after SE [32]. However, to our knowledge,
there is no revealing the relationship between age and the prognosis of NCSE in glioma population. Further accumula-
tion of cases is needed to clarify the effect of NCSE on ADLs in the elderly glioma patients.

The most problematic dilemma is the difficulty in prompt and accurate diagnosis of NCSE due to the absence
of established diagnostic criteria. However, promising diagnostic criteria for NCSE have recently gained attention.
The Salzburg consensus criteria were reported in 2013 with 97.7% sensitivity, 89.5% specificity, and a 92.5% overall
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Fig.2 MRI, histology and EEG of Case 5. a, b Preoperative axial and coronal FLAIR showed a hyperintense lesion on the left parieto-occipital
lobe (a axial plane, b coronal plane). ¢ Hematoxylin and eosin staining (HE) of the tumor. Oligodendroglioma was confirmed pathologically.
d Continuous epileptiform discharge with above 2.5Hz frequency mainly in the left occipital region during more than 10 s (O1, T5). e Rhyth-
mic activity with “0.5 Hz frequency mainly in the occipito-temporal region (01, T5). f Spatiotemporal evolution of epileptic discharge into
the parietal region (C3, P3)

accuracy rate [33]. In 2015, mSCC was developed upon the improving Salzburg consensus criteria; the criteria pro-
posed a reduction of false positives (from 28 to 0%) [23]. Regarding practicality in clinical situations, Krogstad et al.
showed that amateurs diagnosed NCSE with EEG as accurately as experts when they followed mSCC [34]. In terms
of clinical outcomes, prompt diagnosis of NCSE according to mSCC leads to long-term survival after NCSE [35]. In
this study, we retrospectively confirmed that all NCSE patients could be diagnosed by the mSCC. EEG results can
be changed by glioma and glioma surgery. However, mSCC can detect NCSE distinctly even in glioma patients who
already have abnormal EEG because some of the EEG feature definitions in mSCC focus on longitudinal EEG changes.
To initiate prompt treatments for NCSE according to the mSCC and observed seizure symptoms, EEG, especially con-
tinuous video-monitored EEG that can capture EEG changes (including ASM response) over time, should be performed
promptly when NCSE is suspected as a differential diagnosis for sudden consciousness impairment in glioma patients.

However, treatments for NCSE remain under discussion. There are no clear answers to how NCSE should be treated
because there are no established treatment guidelines for NCSE. There are a few studies of treatment outcomes in
NCSE. Seizures were reported to be controlled in 92% of NCSE patients and clinical symptoms were improved by
existing ASM treatments as a complication of brain tumor [16]. The Treatment of Recurrent Electrographic Noncon-
vulsive Seizures Trial (TRENJS trial), a prospective, randomized, blinded, and controlled trial for evaluating ASMs for
nonconvulsive seizures, demonstrated non-inferiority of lacosamide to fosphenytoin (p =0.02) and showed that NCSE
was controlled in 63.3% patients who were refractory to the two ASMs [36]. Bravo et al. reviewed the response rate
to ASM in NCSE patients and reported response rates between 17 and 100%, depending on the ASMs or studies [37].
In this present study, the treatment for SE recommended in the Clinical Practice Guidelines for Epilepsy published by
the Japan Epilepsy Society was also effective in the management of NCSE, and stage two treatment (ASM injection)

@ Springer



Discover Oncology (2023) 14:30 | https://doi.org/10.1007/s12672-023-00632-3 Research

was able to control NCSE in all five patients. However, treatment initiation on the same day of NCSE onset started did
not sufficiently prevent ADL disruption. Therefore, we need to accumulate NCSE treatment experience to establish
systemic NCSE treatment guidelines for better outcomes.

This study had two limitations including the small sample size and retrospective study design. We attempted to
describe the significantly related background of NCSE; however, it was difficult to show statistical significance because
of the small sample size. In addition, a future prospective study is essential to demonstrate the risk factors for NCSE.

5 Conclusion

Glioma patients showed a higher prevalence of NCSE than the general brain tumor population. In addition, there
was a significant KPS decline after NCSE episodes. Prompt EEG examinations and analysis following mSCC may lead
to an accurate diagnosis of NCSE. As a result, immediate treatment of NCSE can be initiated to maximize the ADL of
glioma patients.
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