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Abstract

Objective Brain tumors and metastases account for approximately 10% of all status epilepticus (SE) cases. This study
described the clinical characteristics, treatment, and short- and long-term outcomes of this population.

Methods This retrospective, multi-center cohort study analyzed all brain tumor patients treated for SE at the univer-
sity hospitals of Frankfurt and Marburg between 2011 and 2017.

Results The 208 patients (mean 61.5+ 14.7 years of age; 51% male) presented with adult-type diffuse gliomas
(55.8%), metastatic entities (25.5%), intracranial extradural tumors (14.4%), or other tumors (4.3%). The radiologi-

cal criteria for tumor progression were evidenced in 128 (61.5%) patients, while 57 (27.4%) were newly diagnosed
with tumor at admission and 113 (54.3%) had refractory SE. The mean hospital length of stay (LOS) was 14.8 days
(median 12.0, range 1-57), 171 (82.2%) patients required intensive care (mean LOS 8.9 days, median 5, range 1-46),
and 44 (21.2%) were administered mechanical ventilation. All patients exhibited significant functional status decline
(modified Rankin Scale) post-SE at discharge (p <0.001). Mortality at discharge was 17.3% (n=36), with the greatest
occurring in patients with metastatic disease (26.4%, p=0.031) and those that met the radiological criteria for tumor
progression (25%, p < 0.001). Long-term mortality at one year (65.9%) was highest in those diagnosed with adult-type
diffuse gliomas (68.1%) and metastatic disease (79.2%). Refractory status epilepticus cases showed lower survival rates
than non-refractory SE patients (log-rank p=0.02) and those with signs of tumor progression (log-rank p=0.001).

Conclusions SE occurrence contributed to a decline in functional status in all cases, regardless of tumor type, tumor
progression status, and SE refractoriness, while long-term mortality was increased in those with malignant tumor
entities, tumor progressions, and refractory SE. SE prevention may preserve functional status and improve survival

in individuals with brain tumors.
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Introduction

Epilepsy is a frequent symptom of patients with brain
tumors, which are strong risk factors for seizures (rela-
tive risk=40) [1] despite representing only 4% of all
epilepsy etiologies [1-3]. In addition, greater than one-
third of patients with brain tumors develop epilepsy [4,
5]. Seizures are the presenting clinical signs of tumors
in 30-50% of patients, and an additional 10-30% exhibit
epilepsy later in the disease course, often in association
with neurosurgical procedures or disease progression [1,
4-8]. The prevalence of epilepsy varies greatly according
to tumor type and location and appears to be inversely
proportional to tumor grade, with reported frequencies
approximating 100% in non-malignant dysembryoblastic
neuroepithelial tumors, 29-49% in high-grade gliomas,
20-35% in metastases, and 10% in primary central nerv-
ous system (CNS) lymphomas [6, 9].

Status epilepticus (SE) is one of the most common neu-
rological emergencies [10], which according to the latest
definition proposed by the International League Against
Epilepsy (ILAE), is a condition resulting from either the
activation of abnormal mechanisms that prolong seizures
or the failure of mechanisms that terminate seizure activ-
ity. SE can lead to cell damage, neuronal death, neuronal
injury, or alteration of neuronal networks, depending on
seizure type. Therefore, prompt seizure termination and
prevention of recurrence is crucial in these cases [11-13].

The reported proportion of patients with SE that is
attributable to brain tumors is 3—-12% [10, 14]. However,
limited information is available that specifically evaluates
SE in this population [15]. Although seizures generally
occur in low-grade malignancies and early disease stages,
SE is more commonly found in high-grade tumors and
later stages, suggesting a potentially distinct pathophysi-
ological mechanism [9, 16]. A systematic review reported
a higher short-term mortality in tumor-related SE cases
compared to SE patients with other etiologies, although
that study provided insufficient data to assess differences
in treatment response, long-term mortality, or morbid-
ity [15]. Two independent reviews indicated that tumor-
associated SE (TASE) had a distinct clinical profile and
stressed the need for prospective multi-center studies [9,
15].

The aim of this study was to use a large multi-center
cohort to systematically describe the clinical character-
istics, treatment, and short- and long-term outcomes of
patients presenting with SE secondary to primary brain
tumors and brain metastases.

Material and methods
Study design and setting
This retrospective, multicenter cohort study was con-
ducted at the university hospitals of Frankfurt and
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Marburg between January 2011 and December 2017.
Both hospitals offered a full range of neurological care
services with expertise in epileptology, neurooncology,
and intensive care medicine. Frankfurt University Hospi-
tal serves primarily an urban area[17], while its Marburg
counterpart possesses a neurological department that
services the city and surrounding rural areas, managing
a population of more than 500,000. Due to its representa-
tive population structure, the area surrounding Marburg
has been used for a population-based estimate of the
incidence of SE in Germany [18].

This study included all adult patients (aged 18 or older)
admitted to hospital due to non-anoxic SE with brain
tumors or metastases. Only the first episode of SE dur-
ing the study period was analyzed. Patient records were
reviewed and data were collected using standardized
study forms and ascertained by the study coordinator
(AS) and one independent researcher at each site (SK,
FR). The study was approved by local ethics committees
and adhered to the STROBE guidelines [19].

Definition of SE

Following the latest definition and classification of SE
published by the International League Against Epilepsy
(ILAE) task force in 2015, all tonic—clonic seizures last-
ing>5 min and focal seizures with impaired conscious-
ness lasting>10 min were considered SE events [11].
Refractory status epilepticus (RSE) is defined as recur-
rent seizure activity after two appropriately selected and
dosed antiseizure medications (ASMs), which include
a benzodiazepine. Super-refractory status epilepticus
(SRSE) is an SE that continues or recurs >24 h after the
initiation of treatment with anesthetic drugs and includes
cases in which seizure control is attained after induc-
tion of anesthesia but recurs once the anesthetic agent
is tapered off [10, 20-22]. Nonconvulsive SE (NCSE) is
defined according to the Salzburg criteria [23].

Definition of measures

The patients were divided into four subgroups based on
tumor category: adult-type diffuse gliomas, including
glioblastomas and other CNS WHO Grade 2-4 gliomas;
intracranial extradural tumors, including meningiomas
and other benign extradural tumors; metastatic entities,
including solid metastases and leptomeningeal meta-
static diseases; and other tumors, such as CNS lympho-
mas. The latter group was not included in the analysis at
the subgroup level due to the small number and hetero-
geneity of the cases. In addition, patients were separated
into two groups based on the presence of progression
signs. Those who displayed the neuroradiological criteria
for tumor growth, tumor recurrence, increased perifocal
edema, or imaging changes (i.e., pseudoprogression) due
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to radiation therapy and/or systemic chemotherapy were
classified into the group with tumor progression signs.
Data regarding patient and SE characteristics, as well as
the treatment during the SE, tumor treatment prior to the
SE, and patient outcomes, were collected. Comorbidities
of the patients were scored using the Charlson Comor-
bidity Index (CCI) [24]. The functional status of the
patients was determined using a modified Rankin scale
(mRS) at admission and discharge (0—2=good functional
status, 3—5=poor functional status, 6 =deceased) [25].
SE severity was evaluated using the SE severity score
(STESS) [26] and the level of refractoriness (non-refrac-
tory=NRSE, refractory=RSE, super-refractory=SRSE).
The short-term outcomes of the patients were defined
using mortality, functional status (mRS), and destination
at hospital discharge, while long-term outcomes were
considered as mortality within one-year post-discharge.

Statistics

Statistical analyses were performed using IBM SPSS Sta-
tistics Version 28.0. Descriptive data are presented as
minimum, maximum, median, mean + standard deviation
(SD), range, and percentage values. Univariable compari-
sons of proportions were calculated using Pearson’s chi-
squared test. The Mann—Whitney U test was applied for
comparisons of variables of ordinal or non-normally dis-
tributed data. Long-term outcomes were depicted using
Kaplan—Meier survival curves, and the log-rank test
was performed for comparisons between the subgroups.
Two-sided p-values of less than 0.05 were considered to
be significant in all statistical analyses.

Results

During the study period, 208 patients presenting with SE
due to a brain tumor or metastasis were identified. The
mean age was 61.5+14.7 years (median 63 years; range
23-89 years) and 106 patients (51%) were male. Adult-
type diffuse gliomas formed the largest subgroup with
116 (55.8%) patients, with glioblastoma as the most com-
mon tumor type (n=385, 40.9%), followed by intracranial
extradural tumors (30 cases, 14.4%) and metastatic enti-
ties (53 cases, 25.5%). Details regarding tumor entities
are presented in Table 1, and localization data are listed
in Additional file 1: Table S1. At admission, 128 (61.5%)
patients presented with the neuroradiological criteria for
tumor progression, while the remaining 80 (38.5%) had
no signs of progression in the imaging.

Clinical characteristics of the SE patients

Table 2 shows the patient characteristics, SE characteris-
tics, and patient outcomes for all individuals, as well as
the univariate subgroup analysis according to tumor cat-
egory and tumor progression signs at admission.
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Table 1 Primary brain tumor and brain metastasis characteristics
of patients presenting with SE (n=208)

Variable N (%)
All patients 208 (100)
Adult-type diffuse gliomas 116 (55.8)
Glioblastoma 85 (40.9)
Other 31(14.9)
Anaplastic astrocytoma 18 (8.7)
Oligoastrocytoma 7(34)
Diffuse astrocytoma 524)
Gliomatosis cerebri 1(0.5)
Intracranial extradural tumors 30 (14.4)
Meningioma 26 (12.5)
Other 4(2.0)
Acoustic neuroma 1(0.5)
Adamantinous craniopharyngioma 1(0.5)
Prolaktinoma 1(0.5)
Pineal tumor 1(0.5)
Metastatic entities (primary tumors) 53 (25.5)
Solid Metastasis 47 (22.6)
Lung cancer (NSCLC & SCLC) 19(9.1)
Malignant melanoma 10 (4.8)
Breast cancer 6(2.9)
Colon adenocarcinoma 5(24)
Urothelial carcinoma 1(0.5)
Pharyngeal carcinoma 1(0.5)
Epitheloid angiosarcoma 1(0.5)
Renal cell carcinoma 1(0.5)
Uterine carcinoma 1(0.5)
Prostate cancer 1(0.5)
cup 1(0.5)
Leptomeningeal metastatic disease 6 (2.9)
Lung cancer (NSCLC & SCLC) 2(1.0)
Testicular teratocarcinoma 1(0.5)
Urothelial carcinoma 1(0.5)
Cutaneous t-cell ymphoma 1(0.5)
Esophageal carcinoma 1(0.5)
Other 9(4.4)
Lymphoma 7(34)
PNET 1(0.5)
Other 1(0.5)

NSCLC Non-small-cell lung cancer, SCLC Small-cell lung cancer, CUP Cancer of
Unknown Primary, PNET Primitive Neuro-Ectodermal Tumor

Patient characteristics

Patients with intracranial extradural tumors were sig-
nificantly older than those in other tumor categories. The
sex distribution showed higher proportions of female
patients with intracranial extradural tumors (n=23,
76.6%) and male patients with adult-type diffuse glio-
mas (n=72, 62%). High comorbidity loads (CCI>6),
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Table 2 Patient characteristics, status epilepticus characteristics, and outcomes stratified by tumor categories and tumor progression

signs
Variable All Cases Tumor category* Tumor progression signs
Adult-type Intracranial Metastatic p-value Yes No p-value
diffuse extradural entities
gliomas tumors
N (%) N (%) N (%) N (%) N (%) N (%)
All cases 208 (100) 116 (55.8) 30(144) 53(255) 128 (61.5) 80 (38.5)
Patient Characteristics
Age at SE onset (years)
Mean+SD 615+147 591+154 70.8+12.8 609+11.6 &<0.001; #0.003; 614+154 615+136 ns
§n.s
Median (Range) 62.5(23-89) 60.5 (23-88) 72.5 (33-89) 62 (31-96) 63.5(23-89) 61 (31-88)
Sex
Male 106 (51) 72 (62) 7(233) 22 (41.5) &<0.001; #0.046; 66 (51.6) 40 (50) n.s
§0.009
Charlson comorbidity Index (CCl)
2-5 145 (69.7) 110 (94.8) 26 (86.7) 0 &n.s,; #<0.001; 81(63.3) 64 (80) 0.008
§<0.001
>6 63 (30.3) 6(5.2) 4(133) 53(100) 47 (36.7) 16 (20)
Previous history of seizures
Yes 127 (61.1) 83(71.6) 17 (56.7) 23 (434) &0.045; #n.s,; 69 (53.9) 58(72.5) 0.007
§<0.001
Previous history of SE
Yes 22 (10.6) 14(12) 5(16.7) 3(5.7) n.s 12(94) 10(12.5) n.s
mRS before admission
0-2 118 (56.7) 66 (56.9) 18 (60) 27 (50.9) n.s 69 (53.9) 49 (61.3) n.s
3-5 90 (433) 50(43.1) 12 (40) 26 (49.7) 59 (46.1) 31(38.98)
SE Characteristics
STESS
0-3 176 (84.6) 104 (89.7) 18 (60) 46 (86.8) &<0.001;#0.002;  110(85.9)  66(82.5) ns
§n.s
4-6 32(15.4) 12(10.3) 12 (40) 7(13.2) 18 (14.1) 14(17.5)
Refractoriness of SE
NRSE 95 (45.7) 57 (49.1) 10(33.3) 24 (453) ns. ** 56 (43.8) 39 (48.8) n.s.**
RSE 94 (45.2) 50(43.1) 15 (50) 25(47.2) 61(47.7) 33(41.3)
SRSE 19 (9.1) 9(0.8) 5(16.7) 4(7.5) 11(8.6) 8(10)
Tumor progression signs
Yes 128 (61.5) 71(61.2) 9(30) 41(774) &<0.001;#<0.001; 128 (100) 0 n.t
§0.05
Tumor diagnosed at admission
Yes 57(27.4) 22(19) 8(26.7) 23 (434) &n.s; #n.s; 80001 53 (414) 4(5) <0.001
Time between tumor diagnosis and SE onset (years)
Mean +SD 23+44 23%4.1 53%7.1 06+09 &0.003; #0.002; §n.s  1.7£4.0 32+49 <0.001
Median (Range) 0.5 (0-24.5) 0.6 (0-24.5) 2.1(0-21.2) 0.2 (0-4.5) 03 (0-24.5) 1.2(0-21.2)
Outcome
mRS at discharge
0-2 61(29.4) 36(31) 8(26.7) 14 (26.4) n.s 28(21.9) 33(413) 0.003
3-6 147 (70.7) 80 (69) 22(73.3) 39(73.6) 100 (78.1) 47 (58.8)
Discharge destination
Home 79 (38.0) 49 (42.2) 7(23.3) 19(35.8) 46 (36) 33(41.3)
Rehabilitation 39(1838) 21(18.1) 14 (46.7) 4(7.5) 16 (12.5) 23(28.8)

Other hospital 21(10.0) 9(7.8) 3(10) 7(13.2) 12 (94) 9(11.3)
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Table 2 (continued)

Variable All Cases Tumor category* Tumor progression signs
Adult-type Intracranial Metastatic p-value Yes No p-value
diffuse extradural entities
gliomas tumors

N (%) N (%) N (%) N (%) N (%) N (%)
Nursing home 9 (4.3) 5(4.3) 1(3.3) (5.7) 6 (4.7) 3(3.8)
Palliative Care/ 15(7.2) 10 (8.6) 0 (7.5) 12 (9.4) 3(3.8)
Hospice
Other 9(4.3) 7 (6) 0 2(3.8) 4(3.1) 5(6.3)
Mortality
In-hospital 36 (17.3) 15(13) 5(16.7) 14 (26.4) &n.s,; #n.s.;§0.031 32 (25) 4 (5) <0.001 ***
30 days 50 (24.0) 26 (22.4) 5(16.7) 17 (32.1) n.s 41 (32) 9(11.2) 0.001 ***
1 year 137 (65.9) 79 (68.1) 11 (36.7) 42 (79.2) &0.003; #<0.001; 98 (76.5) 39 (48.8) <0.001 ***
§n.s. ***

p-values as pair-wise comparisons between tumor categories: & Adult-type diffuse gliomas vs Intracranial extradural tumors; # Intracranial extradural tumors vs
Metastatic entities; § Adult-type diffuse gliomas vs Metastatic entities; * Tumor group Other is not presented; ** Comparison between NRSE and RSE/SRSE; ***

Comparison between deceased and living

were detected in 63 (30.3%) patients, most of whom had
metastatic entities (n=>53, 84.1%), whereas patients in
the other tumor subgroups generally had significantly
lower CCI scores (2-5). The majority of patients (n=127,
61.1%) had a previous history of seizures, and this find-
ing was more pronounced among patients with no signs
of tumor progression (n="58, 72.5%) or adult-type diffuse
gliomas (n=383, 71.6%) at admission. In contrast, SE was
often the first epileptic manifestation in patients with
metastatic entities compared with those in other catego-
ries. The mRS before the SE showed no significant differ-
ences between the subgroups.

SE characteristics

A favorable STESS score of 0-3 points was present in 176
(84.6%) patients at admission, and this fraction was sig-
nificantly lower in intracranial extradural tumor patients
(n=18, 60%), who tended to exhibit lower proportions of
NRSE cases (n=10, 33.3% vs. all patients n=95, 45.7%)
and higher proportions of SRSE cases (n=5, 16.7% vs. all
patients n=19, 9.1%). Tumor progression signs (n=128,
61.5%) were common in patients with metastatic entities
(n=41, 77.4%) and less prevalent in those with intracra-
nial extradural tumors (n=9, 30%). Brain tumors were
newly diagnosed at SE admission in 57 patients (27.4%)
and more frequently in patients with metastatic entities
(n=23, 43.3%) and tumors with radiological progres-
sion (n=53, 41.4%) than those with adult-type diffuse
gliomas (n=22, 19%) and tumors without radiological
progression (n=4, 5%). The time between tumor diag-
nosis and SE averaged 2.3+4.4 years (median 0.5, range
0-24.5 years), with the shortest time interval occurring

for the metastatic entities (mean 0.6+0.9, median 0.2,
range 0—4.5 years) and the longest for the intracranial
extradural tumor group (mean 5.3+7.1, median 2.1,
range 0-21.2 years).

Treatment

On admission, 61 (29.3%) patients were receiving ongo-
ing tumor-specific therapy and 53 (25.5%) experienced
the SE within six months of completing radiation ther-
apy. Patients with adult-type diffuse gliomas had sig-
nificantly more ongoing treatment (n=44, 37.9%) and
radiation therapy in the six-month period (n=43, 37.1%)
than those in the other groups; details are presented in
Table 3. None of the patients with intracranial extradural
tumors had ongoing therapy or radiation therapy close to
the time of the SE event.

At admission, 64 (30.8%) patients were on dexameth-
asone, and this number increased to 101 (48.6%) at dis-
charge. Patients with intracranial extradural tumors
showed the lowest level of dexamethasone therapy
(admission n=2, 6.7%, discharge n=3, 10%). In addi-
tion, patients without progression signs were more often
receiving dexamethasone therapy at the time of admis-
sion (n=27, 33.8%) than patients with progression signs
(n=37, 28.9%), but as expected, the increase in usage was
more clear among patients with progression signs at dis-
charge (with n=71, 55.5% vs. without n=30, 37.5%).

Prior to SE onset, 126 (60.6%) patients used an average
of 1.6+ 0.8 (median 1, range 1-5) ASMs, with the greatest
usage by patients with adult-type diffuse gliomas (n=284,
72.4%) compared to the other two tumor categories. Dur-
ing the SE period, the average number of treatment steps
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Table 3 Hospital treatment, medication used for SE treatment, and tumor treatments prior to and during SE, stratified by tumor
categories and tumor progression signs

Variable All Cases Tumor category Tumor progression signs
Adult-type Intracranial Metastatic entities p-value Yes No p -value
——  diffuse extradural
N (%) gliomas tumors N (%) N (%)
All Cases 208(100) 116 (55.8) 30 (14.4) 53(25.5) 128(61.5) 80(385)

Hospital treatment
Length of hospital stay (days)

Mean+SD 148+115 147112 173+11.7 128+11.1 n.s 143+£108 154+£125 ns
Median (Range) 12 (1-57)  12(1-49) 15 (3-45) 10 (1-37) 12 (1-57)  12(1-49)

ICU /IMC treatment 171(82.2) 90 (77.6) 25(83.3) 48 (90.6) 109 (85.2) 62 (77.5)
Mean+SD 89+98 85+10 122488 731+87 &0.022; #0.005; §n.s 84+95 97103 ns
Median (Range) 50(1-46) 4 (1-46) 11(1-31) 3.5(1-37) 4 (1-46) 5(1-41)

Mechanical ventila- 44 (21.2) 19 (16.4) 11(36.7) 12 (22.6) &0.003; #n.s,; 8n.s 28(21.9) 16 (20) n.s

tion
For SE treatment 29(13.9) 12(10.3) 7(23.3) 17) 17 (13.3) 12 (15)
For airway protec- 15 (7.2) 7 (6) 4(13.3) 3(5.7) 11(8.6) 4(5)
tion

Limitation of therapy 36 (17.3) 21 (18.1) 2(6.7) 12 (22.6) n.s 29 (22.7) 7(8.8) 0.009

during SE

Medication
ASM use prior SE 126 (60.6) 84 (72.4) 13 (43.3) 24 (45.3) &0.006; #n.s.; §0.001 72(56.3)  54(675) ns
Mean number+SD  1.6+0.8 1.7+09 15+0.8 13105 n.s 15+0.8 1.7+0.8 n.s
Median number 1(1-5) 1(1-5) 1(1-3) 1(1-3) 1(1-5) 1(1-5)
(Range)

Number of ASMs used during SE
Mean+SD 36+22 35421 36+23 36+25 n.s 36+2.1 35424 n.s
Median (Range) 3(1-10) 3(1-9) 3(1-9) 3(1-10) 3(1-10) 3(1-10)

Number of ASMs at discharge
Mean +SD 22+1.1 24+1.1 2+1 2+1.1 n.s 21+1 23412 n.s
Median (Range) 2(1-5) 2(1-5) 2(1-5) 2(1-4) 2(1-5) 2(1-5)

Dexamethasone use 64 (30.8) 43 (37) 2(6.7) 18 (34) &<0.001;#0.002;8ns  37(289) 27(338) ns

at admission
Mean+SD dosage  64+59 65+6.2 55+5 58+54 7+6.7 46+23
(mg)

Median (Range) 4(0-24) 4 (0-24) 55(2-9) 4(0-24) 4(0-24) 4(1-9)
dosage (mg)

Dexamethasone use 101 (48.6) 63 (54.3) 3(10) 30 (56.6) &<0.001; #<0.001; 71(555) 30375 0012

at discharge §n.s
Mean+SDdosage 78%6.5 72466 7.7+51 9.1+6.7 92+72  46+23
(mg)

Median (Range) 8 (1-48) 6 (1-48) 9(2-12) 8(2-24) 8 (2-48) 4(1-9)
dosage (mg)

Tumor treatment
Ongoing tumor 61(293) 44(37.9) 0 15(28.3) &<0.001; #0.001;8ns 41 (32) 20 (25) n.s
spesific therapy
at SE admission
Temodal 27 (13.0) 26 (22.4) 0 0 20 (15.6) 7(8.8)

CCNU 7 (34) 7(6) 0 0 4(3.1) 33
Other chemo- 15(7.2) 3(2.6) 0 11(20.8) 9(7) 6 (7.5)
therapy
Immunotherapy 17 (8.2) 12 (10.3) 0 4(7.5) 12(94) 5(6.3)
Tumor treatment n.t n.t

prior SE
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Table 3 (continued)

Page 7 of 14

Variable All Cases Tumor category Tumor progression signs
Adult-type Intracranial Metastatic entities p-value Yes No p -value
iffuse extradural
N (%) gliomas tumors N (%) N (%)
Neurosurgery 87(41.8)  39(33.6) 9(30) 31(58.5) 64 (50) 23(28.98)
Radiation therapy 117 (56.3) 84 (724) 7(23.3) 23 (43.4) 64 (50) 53(66.3)
Radiation 111 (534) 84(724) 7(23.3) 17 (32.1) 62 (484) 49(61.3)
Gamma knife 7 (3.4) 3(26) 1(3.3) 13 (24.5) 9(7) 8(10)
Tumor specific 113 (543) 67(57.8) 1(3.3) 38(71.7) 69 (539) 44 (55)
therapy
Radiation ther- 53(255) 43(37.1) 0 9(17) &<0.001; #0.01;80.01 32 (25) 21(26.3) ns

apy <6 months prior
SE

p-values as pair-wise comparisons between tumor categories: & Adult-type diffuse gliomas vs. Intracranial extradural tumors; # Intracranial extradural tumors vs.
Metastatic entities; § Adult-type diffuse gliomas vs. Metastatic entities, n.s. non significant, n.t. not tested, ICU Intensive care unit, IMC Intermediate Care, SE status

epilepticus, ASM antiseizure medication

with an ASM was 3.6+2.2 (median 3, range 1-10), and
patients were discharged with an increased mean num-
ber of ASMs (2.2+1.1, median 2, range 1-5, p<0.001); a
detailed description of the treatment steps is presented in
Additional file 1: Table S2.

The mean length of stay (LOS) in hospital was
14.8+11.5 days (median 12, range 1-57 days). Of all
patients, 171 (82.2%) were admitted to the intensive care
unit (ICU) or intermediate care (IMC) department and
44 (21.2%) required mechanical ventilation. The mean
LOS in the ICU/IMC was 8.9 +9.8 days (median 5, range
1-46), while patients with intracranial extradural tumors
had hospital (17.3+11.7, median 15, range 3—45 days)
and ICU/IMC (12.2+8.8, median 11, range 1-31 days)
stays that were significantly longer and required mechan-
ical ventilation more often than patients from both other
tumor categories. Treatments or administered therapies
were limited during the SE event in 36 (17.3%) patients,
with less limitations for those with intracranial extradural
tumors (n=2, 6.7%); however, significantly reduced lev-
els of therapy were noted in patients with signs of tumor
progression (n=29, 22.7%). The detailed information on
inpatient stay, medications, and tumor treatments of the
SE patients is presented in Table 3.

Outcome

In total, 61 (29.4%) patients were discharged with good
functional status (mRS 0-2), 111 (53.3%) had poor
functional status (mRS 3-5), and 36 (17.3%) patients
were deceased. The functional status at discharge did
not differ significantly between the tumor categories;
however, a clear difference was observed depending
on the presence of the radiological criteria of tumor
progression, with only 28 (21.9%) of the patients with

progression presenting with good functional outcomes
compared to 33 (41.3%) of those without progression.
A clear shift to a poorer functional status at discharge
compared to that at admission was significant for
all patients (p<0.001) and all subgroups (tumor cat-
egory, progression signs, and refractoriness; all p-val-
ues <0.001). The mRS distribution of the subgroups is
shown in Fig. 1. The mortality at discharge was higher
among patients with metastatic entities (n=14, 26.4%)
than those with adult-type diffuse gliomas, and higher
among patients with progression signs (n=32, 25%)
than those without (n=4, 5%) these signs.

The long-term patient survival at one year is depicted
using Kaplan—-Meier curves in Fig. 2. Survival among
patients with intracranial extradural tumors was higher
than that for patients with adult-type diffuse gliomas
(log-rank p-value 0.002) and metastatic entities (log-
rank p-value<0.001) (Fig. 2a). There was no difference
between the results for the latter two groups (log-rank
p-value 0.059). Figure 2b shows the survival of patients
with meningiomas, glioblastomas, and solid metasta-
ses. Patients with signs of tumor progression had signif-
icantly poorer survival rates than those without signs of
progression (log-rank p-value <0.001) (Fig. 2c). Refrac-
toriness is depicted in Fig. 2d, whereby patients with
NRSE showed better survival rates than patients with
RSE (SRSE not included, log-rank p-value 0.020), while
no statistical difference was identified between NRSE
and SRSE patients (log-rank p-value 0.512) or between
RSE and SRSE patients (log-rank p-value 0.066). There
was no difference between those with a previous his-
tory of epilepsy or SE compared to those with new-
onset SE (log-rank p-value 0.456, Kaplan-Meier curves
not shown).
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Fig. 1 Functional status of all patients measured by modified Rankin Scale before and after SE (A) stratified by tumor progression signs (B), tumor

category (C), and SE refractoriness (D)

Discussion

This retrospective, multicenter study described the clini-
cal characteristics, treatment, and outcomes of 208 SE
patients with brain tumors and metastases using the
largest identified cohort published to date. The results
indicated that the SE event caused a clear decline in the
functional status (mRS) of the patients, which was inde-
pendent of tumor type, radiological progression, and SE
refractory level. Less than half of the patients survived for
a year after the SE event, and considerable mortality was
observed among the patients with nonmalignant intrac-
ranial extradural tumors. The SRSE cases presented bet-
ter survival rates than those of the less refractory cases at
one year after SE. The definition of SRSE requires anes-
thesia and only patients with a better outcome are likely

to be considered for anesthesia. In principle, refractori-
ness could also be defined according to the duration of SE
and number of therapies; this is currently being discussed
and researched [27-31].

The existing literature regarding SE in patients with
brain tumors is scarce [9, 15], despite brain tumors
presenting a high risk for the development of SE and
accounting for approximately 10% of all SE cases [10, 32].
A limited number of studies have focused on this specific
patient group, and the majority of these were retrospec-
tive, involved only a single center, and consisted of small
patient cohorts. Our literature review identified seven
original studies [14, 16, 33—37] and two reviews [9, 15],
the details of which are presented in Table 4. These stud-
ies indicated that SE patients with brain tumors averaged
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Fig. 2 Long-term outcomes depicted by Kaplan-Maier curves stratified by tumor category (A, B), tumor progression signs (C), and SE refractoriness

D)

55-68 years of age and mainly included males. The data
from the present cohort were concordant with those of
the previous studies, although the sex distribution dif-
fered significantly between tumor categories, as patients
with adult-type diffuse gliomas were more likely to be
male, while those from other groups were more often
female. In addition, patients with intracranial extradural
tumors were significantly older than the patients from
the other groups.

Adult-type diffuse gliomas and intracranial extradural
tumors accounted for the vast majority of primary brain
tumors in this study (70.2%), while 29.9% of the patients
had metastatic entities or other tumors. The propor-
tion of adult-type diffuse gliomas (55.8%) was compa-
rable with the results of previously reported SE cohorts
that indicated 41.5-65.7% for malignant brain tumors or
gliomas (high-grade and low-grade gliomas) [18, 34, 37].
Similarly, the intracranial extradural tumor (14.4%) and
metastatic entity (25.5%) percentages corroborated those
of previous studies, which reported 14.3-25% of benign
brain tumors/meningiomas and 26.8%-34.4% of meta-
static tumors [16, 34, 37]. These findings were expected,
as a higher frequency of seizures and SE events occurs

among patients with primary brain tumors compared
to those with metastasis [5, 16] and a higher risk of SE
is associated with increasing WHO grades [9, 14, 36, 38].

Arik et al. conducted a systematic review that consid-
ered SE outcomes and found that SE events caused by
brain tumors have higher in-hospital mortalities than
non-anoxic SE caused by other factors (17.2% vs. 6%)
[15]. Goonawardena et al. compared tumor-associated SE
(TASE) to SE in the general population and tumor-asso-
ciated epilepsy (TAE) in a systematic review and found
that the 30-day mortality of TASE ranged between 12 and
50%, which was similar to or higher than the mortality
percentage of the general population [9]. In the present
cohort, the overall mortality at discharge (17.3%) and
at 30 days (24%) was comparable to the 30 days mortal-
ity range estimated by Goonawardena et al. [9] and the
17.1% in-hospital mortality identified in a prospective
cohort of 82 patients published by Vilaseca-Jolonch et al.
(34]

Our data showed that the highest in-hospital mortal-
ity rate occurred among patients with metastatic entities
(26.4%) and that this value was significantly higher than
that of patients with adult-type diffuse gliomas. Higher



Page 10 of 14

(2024) 6:19

Rickel et al. Neurological Research and Practice

snodajida snyess 35 ‘sndida|ida SN3LIS SAIS|NAUOD-UOU FSIN ‘SYIUOW 7 38 AN[RIIO 4 "UBSI SE Pa3Uasald aBy .., 'snonda|ida snieis jo sawodino Huipiebal 21n3esdll| JO MIINSY,

- %¢eC - %S9 85 Ge siowny uelg 3S 2002-6661 J93uad 3|buIS 9AndadsonaY 9007 auslened

- %CLL - Ly siowni ulelg 35 6007661 (xS9IPNS ¥1) MaIARY 10T AUV

T e %08 %0 % 0S *%C9 v sioun uleig 3SON 7102-6007 J93uad 3|buIS SA123dsonRY 110 SSNIeN

%81l-¢l  %0S—Cl - - - - siowny utelg 3S €10c-5S61 - MaINRY  G10T eUspIemeuoos
|euon

%9¢ %0¢ %0 %08 SS 0¢ SewolS ES 710C=800C  JoIudININ -BAISSQO '9AND3dSOld 910C seeg-usspnuy

%6'LS %9°L€ %E'S %YLy *%0'€9 6l siseiselswi ulelg 39 8107-900C 193u92 3|BUIS 9A11adsonsY 6107 X04
|euon

%L %% - %8S 89 o Sewol| 3S 6107-€10C 191u92 3|6UIS -BAISSCO '9A11D9dS0ld 6107 lujuueAOID
[euon

%S5°CS - %LLL %S85 919 43 siowny ulelg EN) 6102110z 123u33 3|6uIS ~BAISSQO '9AD9dS0d 00T YSUO|Of-BI3SE[IA

- - — %E8S xxl S S Sewol|s 3SON 6107-€107 191udd 3|buIs aAndadsonay €20t EXOSUEY

sasey
%EYS %t %Ll %LS 9 80¢ -Seivul pue siouiny ulelg ES £10Z-110C  Jeru=dniny 9ADadsonaY  $Z0g 921y :ApNnis usLn)
Ayjeriow
3SYS/3sy Mow pog |eudsoy-u] ey (ueipaw)aby (N) saudned adAyiowny adAy3s pouad Apnis bunas ubisap Apnis Jesp loyiny

S9SPISEISW PUP SJOWN1 UleIg AQ pasned sased snofids|ids sniels uo saipnis paysiignd Jo Alewwns ¢ ajqeL



Rickel et al. Neurological Research and Practice (2024) 6:19

short-term mortalities and poorer outcomes in patients
with brain metastases compared those with to primary
brain tumors are consistent with the current literature
[16, 34, 37]. High-grade gliomas have shown greater
30-day mortality rates (20%) than low-grade gliomas with
no mortality [36]. In our cohort, patients with adult-type
diffuse gliomas had an in-hospital mortality rate of 13%;
however, a clear increase in mortality (up to 70%) was
noticed during the first year after discharge. In particular,
the survival of glioblastoma patients was similar to that
of metastatic entity patients at one year and distinctively
lower than that of patients with other types of glioma or
meningioma. In this regard, the long-term mortality of
TASE has been related to the natural prognosis of tumor
types [14].

Radiological progression was present in the majority
of SE patients in the cohort (61%). Previous literature
regarding the occurrence of SE concomitant with pro-
gression is inconsistent, as no difference was observed
between patients with stable tumors and those with
tumor progression in terms of the occurrence of SE in the
study by Knudsen-Baas et al. [36], although the occur-
rence of TASE has been associated with tumor progres-
sion [9]. Progressing brain lesions and tumor recurrences
are associated with a risk of mortality within 2 months
of the SE [37]. Similarly, tumor progression at the onset
of SE has been associated with long-term mortality, with
up to 73.3% of the patients dying due to tumor progres-
sion during the median 10.5-month follow-up period
[34]. These associations were confirmed in our cohort.
Radiological signs of CNS-related tumor progression at
admission were most prevalent in patients with meta-
static entities and least evident in those with intracra-
nial extradural tumors, which could partly explain the
poor outcomes of the former group. Dexamethasone use
at admission was more frequent among patients with-
out signs of progression but naturally increased among
patients showing signs of progression, which accounts for
the significant difference between the groups.

Giovannini et al. identified no increases in mortality or
morbidity after a TASE episode among glioma patients
[14]. Another study reported that 30% of patients
acquired new neurological deficits after glioma-associ-
ated SE; however, this finding was suggested to be related
to tumor progression as an etiology of SE [36]. Our study
showed a statistically significant decline in the functional
status of all patients during the SE treatment period.
SRSE showed the largest overall decline, which is in line
with the results of other studies [39]. In addition, patients
with intracranial extradural tumors experienced a clear
decline in functional status. The pre-SE functional status
did not differ between the subgroups; however, the sta-
tus at discharge was significantly poorer in patients with
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signs of tumor progression compared to those without
progression signs.

Previous studies have reported tumor-associated
SE refractoriness ranging from 12 to 57.9% [9, 14-16,
33-37]. Reviews have indicated that TASE tends to be
more responsive than SE to first- and second-line ASMs
in the general population, with refractoriness evident in
only 12-18% of cases [9]. Furthermore, TASE appears to
have a shorter duration than SE in the general population
(153 min vs. 174 min) [15]. The present study showed
a markedly high proportion of refractoriness (54.3%),
which is comparable with the 52.5% refractoriness level
found in another cohort study [34]. In addition, refracto-
riness was not related to tumor category or the signs of
progression, which corroborates the results of a previous
study [36]. Although SRSE has been associated with poor
prognoses in SE patients, the SRSE cases identified here
showed better outcomes than those of the less refractory
cases at one year [29, 40, 41]. This result could be partly
explained by the variation in SE treatment approaches
based on the overall prognosis of the patients; thus,
patients with better tumor prognoses might be offered
more therapy options, such as intubation and anesthesia
treatment, whereas patients with poorer overall progno-
ses are more likely to be administered ASM treatment
without the use of anesthesia. This study showed that
therapy limitations were more common in patients with
signs of tumor progression.

The majority of patients in this study had a previ-
ous history of seizures (61.1%), whereas other cohorts
showed slightly lower proportions (35-56.3%) [14, 16,
34-36]. This result was more prominent in patients with
adult-type diffuse gliomas and those without progres-
sion signs. A new brain tumor diagnosis was made in
every fourth patient at admission. The lowest percent-
age (15.8%, range 15.8—54%) of newly diagnosed tumors
at SE onset reported in the literature occurred in a study
focusing on SE in patients with brain metastasis, while
our study determined that a new tumor was usually diag-
nosed in patients with metastatic entities or signs of pro-
gression. The overall time between tumor diagnoses and
SE (2.3 years) was considerably longer than the 60 days
to 4 months reported in other studies [14, 35]. The long-
est interval was found among patients with intracranial
extradural tumors and the shortest was identified among
those with metastatic entities and tumors with progres-
sion signs. Our findings confirm the overall supposi-
tion that SE occurs later in the disease course or prior to
tumor progression [9, 42].

The median LOS in hospital (12 days) was comparable
to that of TASE patients in another study (9 days) [34].
However, the LOS value was in the upper range of the
reported median of 5-14 days among general SE patients
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[29, 41, 43, 44]. The present study is the first identified
report that determined the ICU LOS in the patient group
(median 5 days), which was revealed to be slightly higher
than the LOS for general SE patients (3 days) [29]. Simi-
lar to the 22% reported by Marcuse, 21.2% of the patients
required mechanical ventilation [37].

Finally, intracranial extradural tumors were the pre-
dominant tumors in all categories studied. The associated
patients differed significantly from those with adult-type
diffuse gliomas, as they presented more frequently with
SRSE, required additional mechanical ventilation, and
endured longer ICU stays. In addition, intracranial extra-
dural tumor patients showed less frequent tumor pro-
gression signs than patients with other tumors and were
administered less dexamethasone treatments than adult-
type diffuse glioma patients. However, the decline in the
functional status of these patients was clear during the SE
and the mortality at one year reached 36.7%. The older
age of these patients may partly explain the poor out-
comes; however, the direct effect of SE and related treat-
ments cannot be discounted.

Limitations

This study is limited by its retrospective design. How-
ever, the multicenter approach covering a study period of
over seven years and the considerable amount of material
reviewed increase the reliability of the results.

Direct comparisons of the results with prior studies
were compromised by the heterogeneity in study design
and differences in tumor categorization. The recent
increase in the biomolecular understanding of brain
tumors has changed the field, but since this retrospective
study aimed for a comprehensive cohort, gliomas were
included that were diagnosed according to former WHO
CNS tumor classification guidelines. Causes of death
were not assessed; therefore, it was not possible to dif-
ferentiate whether patients died as a direct consequence
of SE, related complications, or withdrawal of care. Fur-
thermore, we provided only descriptive data on differ-
ent tumor therapies such as neurosurgery, radiation, and
chemo- and immunotherapies, and further studies with
each tumor entity are required to determine the correla-
tions among different therapies and their benefits or risks
related to seizure and SE occurrence [45]. In addition,
future studies focusing on specific tumor entities should
address the resection extent of diffuse gliomas and meta-
static burden in patients with metastatic tumors.

Conclusion

SE occurrence in patients with brain tumors contributes
significantly to an immediate decline in functional sta-
tus, regardless of the type of tumor (malignant or non-
malignant), presence or absence of tumor progression,
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and refractoriness of the SE episode. Therefore, effective
prevention of SE events is imperative for preserving and
maintaining functional status in individuals with brain
tumors.
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The online version contains supplementary material available at https://doi.
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