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ABSTRACT

Objective: Cryptogenic new-onset refractory status epilepticus ((NORSE) is a devastating condition characterized by the de
novo onset of status epilepticus with unclear etiology. The identification of relevant early biomarkers in cNORSE is important to
elucidate pathophysiology, aid clinical decision-making, and prognosticate outcomes in cNORSE.

Methods: CSF samples were obtained within 7days of NORSE onset from an adult cNORSE cohort in a national referral center
in South Korea. Nineteen patients with cNORSE were studied: 9 were male (47.4%) and the median age was 35.0 [IQR: 27.0-54.3]
years. CSF from 21 patients with other neurological diseases (atypical parkinsonism, postural orthostatic hypotension syndrome,
epilepsy, and cerebellar ataxia) was used as controls. Proteomic analysis was conducted using the Olink platform, and potential
biomarker candidates were correlated with clinical data and MRI findings.

Results: Based on correlation analyses between proteomic data and clinical outcomes, total tau (t-tau) was selected as a poten-
tial biomarker. Patients with cNORSE had higher CSF t-tau levels than controls (p <0.001). Early detection of high CSF t-tau
was associated with the presence of hippocampal atrophy in the postacute phase of cNORSE (p =0.044). The initial elevation of
t-tau levels also correlated with a higher number of anti-seizure medications used (p=0.031) and less improvement in Clinical
Assessment Scale in Autoimmune Encephalitis (CASE) scores 1 month after NORSE onset (p=0.066). T-tau levels were corre-
lated with CSF pro-inflammatory cytokines/chemokines and mediators of neuronal damage.

Interpretation: Elevated CSF t-tau levels detected early after cNORSE onset may be a useful marker of initial brain injury and
predict subsequent hippocampal atrophy.
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1 | Introduction

New-onset refractory status epilepticus (NORSE) is character-
ized by the onset of status epilepticus in patients without prior
history of seizures, frequently associated with significant mor-
bidity and mortality [1]. It is often cryptogenic, with no cause
found in up to half of cases despite extensive evaluation, includ-
ing that of underlying neural autoantibodies and malignancy
[2]. Cryptogenic NORSE (cNORSE) is currently defined by its
clinical presentation, rather than being a specific diagnosis with
clear underlying pathophysiology.

There is an emerging need to identify relevant biomarkers in
cNORSE to elucidate its pathophysiology and prognosticate out-
comes [3]. Recent studies have increasingly implicated cytokine
dysregulation as a key factor in the pathophysiology of cNORSE,
reflecting central nervous system (CNS) inflammatory activation
[4, 5]. Proinflammatory cytokines have shown potential as both a
prognostic and predictive marker in cNORSE [4, 5]. The degree of
innate cytokine activation also appears to correlate with the ex-
tent of MRI lesions in cNORSE [6]. Furthermore, genetic studies
indicate that autoinflammatory mechanisms may play a role in
cNORSE [7]. These findings emphasize the critical role of inflam-
mation in cNORSE and suggest that biomarkers associated with
inflammatory cascades may hold valuable clinical implications.
While inflammation is a crucial initial factor, it represents only
one aspect of cNORSE pathophysiology. The downstream effects
of inflammation, particularly neuronal damage, could also be an
important determinant of long-term outcomes [8]. Neuronal loss
is a common pathological finding in NORSE patients [9]. Earlier
studies have evaluated biomarkers of neuronal damage, such as
serum neuron-specific enolase (NSE) and serum neurofilament
light chain (sSNFL) in patients with status epilepticus [3, 10]. NSE
is commonly used to prognosticate hypoxic ischemic enceph-
alopathy [11]. However, its utility in status epilepticus appears
to be limited to the diagnosis of status epilepticus [12], as it has
not been shown to correlate with SE semiology or duration [13].
sNFL appears to correlate with seizure duration and short-term
functional outcomes in patients with status epilepticus [10, 14].
However, these studies have been performed in heterogeneous
status epilepticus cohorts of varying etiologies, and not specifi-
cally in patients with cNORSE, who may have different underly-
ing patho-mechanisms.

The identification of acute phase biomarkers that reflect neu-
ronal damage, and possibly, prognosticate functional outcomes,
represents a gap in the understanding of cNORSE. This study
seeks to address this gap by using CSF proteomic analysis of pa-
tients with cNORSE. We aim to identify a novel biomarker that
not only enhances our understanding of cNORSE pathophysiol-
ogy, but also offers insights into the early detection of neuronal
damage and its relation to patient outcomes.

2 | Materials and Methods
2.1 | Design, Setting, and Participants
This study was approved by the Seoul National University

Hospital Institutional Review Board (IRB no. 1402-047-555, 1705-
130-856, and 2308-152-1459) and written informed consent was

obtained from all patients and/or legal guardians. Seoul National
University Hospital (SNUH) enrolls patients who present with
possible autoimmune encephalitis into an observational cohort,
where neuronal autoantibody testing is performed for all indi-
viduals. A retrospective review of consecutive adult (age 18years
and older) NORSE patients enrolled into this cohort between 1
March 2014 and 31 March 2023 was performed. NORSE patients
were identified according to consensus definitions, and crypto-
genic NORSE was defined as the de novo onset of status epilepti-
cus (SE) refractory to at least 2 appropriately selected and dosed
parenteral anti-seizure medications (ASM) including benzodi-
azepines, without an identifiable structural, toxic or metabolic
cause [15]. Thorough evaluation of neuronal autoantibodies, un-
derlying malignancy, genetic causes, and infective etiologies in-
cluding bacteria, virus, fungal infections, and prion disease was
performed in this cohort. The diagnostic evaluations performed
in this cohort have been previously described in detail in earlier
publications [6, 16].

Control patients were aged 18 years and above, with CSF testing
performed for the evaluation of other neurological conditions.
The diagnoses in the control group included epilepsy, atypical
parkinsonism, cerebellar ataxia, and postural orthostatic hypo-
tension syndrome.

2.2 | Patient Profiles, Paraclinical Findings,
and Outcome Measures

Demographic data, including age, gender, and diagnosis of pre-
morbid neurodegenerative disease, were noted. Clinical infor-
mation, such as seizure type, duration of intensive care unit
(ICU) stay, CSF findings, anti-seizure medication (ASM), and
anesthetic infusion use, was included. Brain magnetic reso-
nance imaging (MRI) obtained at the initial phase of NORSE
and at 2months from NORSE onset (or next available interval
scan after 2months) was reviewed by two neurologists (Y.J. and
S.H.A.) and evaluated for hippocampal atrophy with Scheltens'
scale [17]. Outcomes were measured longitudinally with the
Clinical Assessment Scale in Autoimmune Encephalitis (CASE)
score [18] and modified Rankin Scale (mRS).

2.3 | Proteomic Analysis

CSF proteomic analysis, which included t-tau, was performed with
the Olink Target 96 Neurology and Target 96 Neuro Exploratory
panels (Olink Proteomics, Uppsala, Sweden) on CSF samples ob-
tained within 7days of NORSE onset. 1uL of each patient's CSF
was used per panel. Serum and CSF cytokines/chemokines were
also analyzed with the Olink Target 48 Cytokine panels, in 14/19
(73.7%) and 19/19 (100%) of cNORSE patients, respectively. The
qPCR readout was processed with Olink NPX Signature (Olink
Proteomics, Uppsala, Sweden). Protein concentrations were ex-
pressed as Normalized Protein Expression (NPX), Olink's relative
protein quantification unit. The limit of detection (LOD) was de-
termined by using negative control samples. Quality control mea-
sures were carried out according to Olink’s standard protocol.

P-tau 181 was analyzed with the Invitrogen KHO0631
enzyme-linked immunosorbent assay (ELISA) Kit (Invitrogen,
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Massachusetts, United States) in all patients with cNORSE and
controls, aside from one cNORSE patient with insufficient CSF
samples. Sample dilution was not performed.

2.4 | Statistical Analysis

Statistical analysis was performed with R software v4.4.1 (2024;
R Team, Vienna, Austria). Categorical variables were analyzed
with Fisher's exact test and continuous variables with Mann-
Whitney U and t-tests as appropriate. A p-value of <0.05 was
considered significant.

Inevaluating the relationship of proteomic markers to cytokines/
chemokines and development of interval hippocampal atrophy,
Spearman’s rank correlation and Mann-Whitney U tests were
used for continuous and categorical outcomes, respectively. To
control for multiple comparisons, the Benjamini-Hochberg cor-
rection was applied to adjust the p-values for false discovery rate
control. A secondary analysis without correction was performed

NORSE patients admitted to Seoul
National University Hospital (SNUH)
(n=135)

to further explore correlations between proteomic markers and
early clinical outcomes.

To evaluate the association between CSF t-tau level and out-
comes, the cNORSE study population was divided into two
groups based on the median value of t-tau. This was to ensure
an equal proportion of patients between groups while avoiding
assumptions about the underlying distribution of t-tau levels.
Univariate linear and logistic regression analyses were subse-
quently performed with t-tau groups, as well as other clinical
and paraclinical variables, to identify factors associated with
cNORSE severity and outcomes. Factors with p-values <0.1 in
univariate regression were included in multivariate analysis.

3 | Results
We enrolled a total of 19 patients with cNORSE who had CSF

collected within 7 days of cNORSE onset (Figure 1), and 21 con-
trol patients with other neurological diseases.

Antibody positive

A 4

(n=41)

Other etiologies: CNS infections, toxic,
> metabolic or genetic causes

(n=11)

Insufficient data

A 4

(n=9)

No proteomic analysis performed

A 4

(n=53)

Proteomic analysis performed on CSF
> samples obtained > 7 days of NORSE

A

Proteomic analysis performed on
cNORSE CSF samples obtained within

onset
(n=2)

7 days of NORSE onset
(n=19)
FIGURE1 | Flowchart illustrating the process of selecting the cNORSE patients in the study cohort.
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TABLE1 | Clinical characteristics of cryptogenic NORSE patients.

Overall High Tau group? Low Tau group
Characteristics (n=19) (n=9) (n=10) D
Age at onset, years [IQR] 35.0 [27.0-54.3] 33.0 [27.7-51.9] 38.1[27.7-53.9] 0.780
Male gender, n (%) 9 (47.4) 5(55.6) 4 (40.0) 0.656
Premorbid mRS [IQR] 0[0-0] 0[0-0] 0[0-0] 0.192
Premorbid neurodegenerative disease, n (%) 1(5.3) 0(0.0) 1(10.0) 1.000
mRS at NORSE onset [IQR] 5.0 [5.0-5.0] 5.0 [5.0-5.0] 5.0 [5.0-5.0] 0.399
CASE score at NORSE onset [IQR] 23.0 [21.0-24.0] 23.5[21.8-24.0] 22.0 [20.0-24.0] 0.472
NORSE type, NCSE, 1 (%) 5(26.3) 2(22.2) 3(30.0) 1.000
CSF
Days from first seizure to CSF collection [IQR] 2.0[0.5-4.0] 2.0 [1.0-4.0] 2.0[0.3-2.8] 0.403
CSF WBC count/uL [IQR] 8.0 [2.3-20.0] 20.0 [11.8-65.8] 2.5[2.0-3.8] 0.005*
CSF protein, mg/dL [IQR] 49 [33.3-78.7] 68 [30.8-91.8] 41 [37.8-61.9] 0.423
MRI
Hippocampal atrophy on initial MRI, n (%) 4(21.1) 2(22.2) 2(20.0) 1.000
Hippocampal atrophy on postacute phase MRI, n 11 (64.7) 8(88.9) 3(37.5) 0.049*
(%)
Treatment
Number of anesthetic infusions used during 2.0 [1.0-3.0] 2.0 [1.8-3.0] 1.0 [1.0-3.0] 0.583
inpatient stay [IQR]
Duration of anesthetic infusion use [IQR] 23[6.0-39.0] 37.0 [10.8-48.5] 21.0 [5.0-26.0] 0.136
Number of anti-seizure medications used within 5.0 [4.0-6.0] 6.0 [5.0-7.0] 4.0 [3.0-5.0] 0.017*
first month of NORSE onset, [IQR]
Number of anti-seizure medications used during 6.0 [5.0-7.0] 7.0 [6.0-8.0] 5.0 [4.3-6.0] 0.013*
clinical course, [IQR]
First-line immunotherapy
Use of any first line immunotherapy 19 (100.0) 10 (100.0) 10 (100.0)
Onset to first line immunotherapy, days [IQR] 1.0 [0.5-2.0] 2.0 [1.0-6.0] 1.0[0.3-1.8] 0.133
Second-line immunotherapy
Use of any second line immunotherapy, n (%) 18 (94.7) 9 (100.0) 9(90.0) 1.00
Onset to second line immunotherapy, days [IQR] 13.5[8.0-21.5] 13.0 [11.0-18.0] 16.0 [7.0-22.0] 0.757
Outcomes
Duration of ICU stay, days [IQR] 28.0 [16.8-45.5] 43.0[25.0-46.0] 25.0 [15.0-42.0] 0.185
1-month mRS [IQR] 5.0 [5.0-5.0] 5.0 [5.0-5.0] 5.0 [4.3-5.0] 0.095
1-month CASE score [IQR] 21.0 [16.0-24.0] 24.0 [21.0-24.0] 14.0 [9.3-21.3] 0.030*
3-month mRS [IQR] 4.0 [3.0-5.0] 4.0 [4.0-5.0] 4.0 [3.0-5.0] 0.699
3-month CASE score [IQR] 11.0 [5.0-17.0] 11.0 [6.0-15.0] 8.5[4.5-17.5] 0.642
1-year mRS [IQR] 3.0 [3.0-4.0] 3.0 [3.0-4.0] 3.0 [2.0-4.0] 0.521
1-year CASE score [IQR] 5.5[3.3-8.0] 6.5[3.8-7.8] 4.5[3.3-9.5] 0.796

Abbreviations: CASE, clinical assessment scale for autoimmune encephalitis; mRS, modified Rankin Scale; NCSE, non-convulsive status epilepticus.
2High Tau group defined by Tau value >2.2 NPX.
*p<0.05.
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3.1 | Characteristics of the cNORSE Cohort

In cNORSE, the median age of onset was 35.0 [IQR: 27.0-54.3]
years, and 9 (47.4%) were male. The median premorbid mRS was
0 [0-0]. Only one patient had a premorbid diagnosis of neurode-
generative disease (Parkinson's disease) prior to cNORSE onset.
Five (26.3%) presented with non-convulsive status epilepticus. The
median mRS and CASE scores at NORSE onset were [5-5] and 23
[21-24], respectively. The median number of days from the first
seizure to CSF collection was 2.0 [0.5-4.0]. Six out of 19 patients
(31.6%) received immunotherapy prior to CSF proteomic analysis
(three patients received steroids prior, two patients received intra-
venous immunoglobulin (IVIG) prior and one patient received
both steroids and IVIG prior to analysis). On follow-up, all patients
received first-line immunotherapy and all but one patient received
second-line immunotherapy, such as rituximab (17/19, 89.5%) or
tocilizumab (12/19, 63.2%). The median duration of ICU stay was
28.0 [16.8-45.5] days. Patients were followed up for a median of
682 [254-1182] days. One-month mRS and CASE scores were 5 [5]
and 21 [16-24], respectively. At 3months, mRS and CASE scores
were 4 [3-5] and 11 [5-17], and at 1year, mRS and CASE scores
were 3 [3, 4] and 5.5 [3.3-8.0] (Table 1).

3.2 | Characteristics of the Control Cohort

Controls consisted of patients with other neurological diseases:
atypical parkinsonism (n=>5), postural orthostatic hypotension
syndrome (n=6), epilepsy (n=7), and cerebellar ataxia (n=3).
The median age of these controls was 40.7 [30.3-52.0] years,
and the median disease duration prior to CSF sampling was 1.0
[0.3-1.6] years.

3.3 | Selection of t-Tau as Target Protein

CSF proteins in the Olink panel readouts were evaluated for
statistically significant differences (fold change >2, p<0.05) in
NPX values between patients with cNORSE and controls (See
Table S1 for statistically significant readouts). Subsequently, cor-
relation analyses with clinical outcomes performed with mul-
tiple comparison correction showed a statistically significant
relationship only between MRS at 4weeks and two proteins,
t-tau (MAPT) and nicotinamide/nicotinic acid mononucleotide
adenylyltransferase (NMNATI) (rho=0.583, p=0.035 and
rho=0.635, p=0.014, respectively). To explore further proteomic
associations with hippocampal atrophy, further analysis was
performed. An adjusted analysis did not reveal any significant
results, but an unadjusted analysis showed that only t-tau had
a significant correlation with hippocampal atrophy (U=12,
p=0.039, r=0.500). (Figure 2).

Hence, further analysis was done for t-tau in patients with cNORSE
and controls. Patients with cNORSE had a much higher median
t-tau level (2.134 [1.865-4.857]) compared to control patients
(0.552 [0.004-1.277], p<0.001). (Figure 2, Table S2). To further
evaluate CSF tau phosphorylation in cNORSE, analysis of phos-
phorylated tau 181 (p-tau 181) was performed. P-tau 181 is a well-
known biomarker for various neurodegenerative diseases, such as
Alzheimer's disease (AD), and is associated with the progression of
pathological changes in AD [19]. However, ELISA testing of p-tau

181 revealed that its level was undetectable in both patients with
cNORSE and control samples within our cohort. Thus, t-tau was
selected as the target biomarker for further correlation analysis.

3.4 | Radiological Differences Between High
and Low Tau Groups

We analyzed the differences between high tau (t-tau value
greater or equal to 2.2 NPX, n=9) and low tau (n=10) groups.
MRI done at 2months from cNORSE onset (or next available
interval scan after 2 months) was reviewed to assess for hippo-
campal atrophy in the postacute phase of cNORSE. Seventeen
out of the 19 patients with cNORSE (89.5%) had appropriate
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FIGURE2 | Selection of MAPT (t-tau) as a biomarker. Heatmap rep-
resenting adjusted correlation analysis between CSF candidate protein
levels and clinical outcomes indicated that MAPT (t-tau) and NMNAT1
were potential biomarkers (A). Violin plot of CSF t-tau levels in patients
with cNORSE and controls shows the significant elevation of early CSF
t-tau in cNORSE compared to controls (B). The dashed lines and dotted
lines on the violin plot represent median values and interquartile rang-
es, respectively. Violin plot of CSF t-tau levels showed a significant dif-
ference in patients with hippocampal atrophy compared those without.
This did not hold true for NMNAT1 and hence MAPT was chosen as a
biomarker for further analyses (C).
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available MRI imaging for analysis. A higher proportion of pa-
tients with high t-tau had hippocampal atrophy in the postacute
phase (88.9%), compared to patients in the low tau group (37.5%).
(Table 1, Figure 3).

Univariate regression analysis showed that high CSF t-tau
was associated with hippocampal atrophy in the postacute
phase (OR=13.333, 95% CI: 1.405-321.63, p=0.044). (Table 2)
Multivariate analysis was not performed as no other factor ap-
peared statistically significant in univariate analysis.

3.5 | Clinical Differences Between High and Low
Tau Groups

In the high tau group, there was a higher CSF white blood cell
(WBC) count (median 20.0 [11.8-65.8] vs. 2.5 [2.0-3.8] in the low
tau group, p=0.005), more anti-seizure medications (ASM) used
within the first month of seizure onset (6.0 [5.0-7.0] vs. 4.0 [3.0-5.0],
p=0.017) as well as during the entire clinical course (7.0 [6.0-8.0]
vs. 5.0 [4.3-6.0], p=0.013) (Table 1, Figure 3). Some patients in the
high tau group appeared to have a more refractory clinical course
compared to the low tau group, requiring a longer duration to at-
tain seizure freedom over 1year (Figure 3) Additionally, 1 month
CASE scores were higher in the high tau group (24.0 [21.0-24.0]
vs. 14.0 [9.3-21.3], p=0.030). However, MRS at 1month did not

High Tau

reach statistical significance (5.0 [5.0-5.0] in the high tau group vs.
5.0 [3.4-5.0], p=0.095) in this comparison (Table 1).

Subsequently, regression analysis was carried out to examine the
factors affecting ASM requirement and changes in CASE score
1month after NORSE onset (Table 2). Changes in CASE score
were calculated by subtracting the CASE score at 1 month from the
CASE score at initial presentation, where a negative value denotes
an improvement in CASE score. Univariate analysis showed high
CSF t-tau was associated with less improvement in CASE score
1month after onset (3: 5.982, 95% CI: —0.446—12.411, p=0.066).
Further multivariate analysis was not performed as there was no
other statistically significant variable. CSF WBC count (83: 0.013,
95% CI: —0.001-0.026, p=0.059) and high CSF t-tau (f: 2.333,95%
CI: 0.668-3.999, p=0.009) were associated with the ASM require-
ment within the first month of NORSE (Table 2). Subsequent
multiple linear regression analysis showed that high CSF Tau
remained significantly correlated with ASM requirement in the
first month (f3: 2.206, 95% CI: 0.225-4.187, p=0.031). (Table 3).

3.6 | Associations Between Cytokine/Chemokine
Levels and CSF t-Tau

There were no significant associations between serum cyto-
kines/chemokines and CSF t-tau levels in cNORSE patients.

717 6/6 9/9 717 417 5/8 4/6 8/8
BN BN PN BN BN BN B s |

Low Tau

5/5

Seizure frequency/ month
Persistent status epilepticus
30

20

10

0

FIGURE 3 | Clinical and radiological differences between patients with high and low t-tau. Coronal images of patients with available interval
MRIs at 2months from NORSE onset (or next available interval scan after 2 months) (n =17) are depicted, with yellow arrows showing the presence of
hippocampal atrophy. cNORSE patients with high t-tau had more frequent hippocampal atrophy on interval MRI. The numbers in blue represent the

number of anti-seizure medications (ASMs) used within the first month of NORSE onset, followed by the total number of ASMs used during clinical

course. Heatmaps show each patient's seizure frequency at 4 weekly intervals for the first year, and missing seizure frequency data are represented

in gray. cNORSE patients with high t-tau had more frequent seizures.
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However, CSF C-C motif chemokine (CCL)7, CCL13, C-X-C
motif chemokine (CXCL) 9, CXCL10, CXCL 11, tumor ne-
crosis factor ligand superfamily member 12 (TNFSF12),
lymphotoxin-alpha (LTA), oxidized low-density lipopro-
tein receptor 1 (OLR1) and hepatocyte growth factor (HGF)
were significantly associated with CSF t-tau levels (tho > 0.5,
p<0.05) (Figure 4).

4 | Discussion

In our study, CSF t-tau levels were significantly elevated in pa-
tients with cNORSE compared to controls, which included pa-
tients with atypical parkinsonism and epilepsy. High CSF t-tau
also appeared to correlate with initial cNORSE severity, mea-
sured by ASM requirement in the first month and change in
CASE score 1 month after onset. Furthermore, the high tau group
had a longer duration of anesthetic infusion use, potentially re-
flecting greater clinical severity, though this difference did not
reach statistical significance. Since CSF t-tau levels are a known
biomarker of neuronal damage [20, 21], the extent of neuronal
damage may be reflected indirectly in these clinical measures.
A previous case series has also proposed that CSF t-tau level may
be a marker of SE severity, with higher CSF t-tau in refractory
SE than in seizures controlled by ASM [22]. However, as this is
an uncontrolled study with no defined treatment protocols, ASM
usage in this cohort could be affected by physician preference.

T-tau has been used as a biomarker of brain injury in neurode-
generative diseases, such as Alzheimer's disease [23, 24]. It has
also been studied as a marker of neuronal damage in traumatic
brain injury [25, 26] and ischemic stroke [27], where t-tau levels

have been found to correlate with infarct size [28]. The marked
increase in CSF t-tau levels in the cNORSE cohort could re-
flect significant axonal injury that occurs in the acute phase
of cNORSE [20], to a much greater extent than that in chronic
stable neurological conditions, such as epilepsy or atypical par-
kinsonism. Higher levels of t-tau in patients with SE compared
to patients with epilepsy have also been described in earlier
studies, and t-tau levels have been noted to correlate with
the duration of seizure [22, 29]. Furthermore, animal models
have shown that tau plays an important role in epileptogenesis
[30, 31]. In mouse models, tau reduction decreased seizure se-
verity and delayed seizure onset, suggesting that tau reduction
could mitigate neuronal overexcitation [32, 33].

However, p-tau 181 levels were undetectable in both cNORSE
patients and controls in our cohort. Although seizures have
been demonstrated to be associated with tau hyperphosphory-
lation in animal models [21, 34], and postulated to be linked to
neuronal injury causing tau signaling cascade activation [35],
p-tau 181 may be specific to neurofibrillary tangle pathology in
Alzheimer's dementia [36]. A previous study performed in pa-
tients with acute ischemic stroke had similarly shown CSF t-tau
elevation, but no change in CSF p-tau 181 [28]. Although tau
hyperphosphorylation occurs in seizures and epilepsy, p-tau 181
may be a less significant biomarker in cNORSE.

Aside from t-tau, other potential proteomic biomarkers in our pre-
liminaryanalysisincludled NMNAT1.NMNAT1levelswerehigher
in ctNORSE patients compared to controls and were associated
with higher 4-week MRS. NMNATT1 is a key enzyme in nicotin-
amide adenine dinucleotide (NAD™) biosynthesis and is diffusely
expressed in the brain [37, 38]. Earlier studies have shown that

TABLE 2 | Univariate analysis of factors affecting the presence of hippocampal atrophy on postacute phase MRI, change in CASE score 1 month
after NORSE onset, and ASM requirement within the first month of NORSE onset. Change in CASE score was calculated by subtracting the CASE
score at 1 month from the CASE score at initial presentation, where a negative value denotes an improvement in the CASE score.

Maximum number of ASM

Hippocampal atrophy Change in CASE score required within the first
on interval MRI 1month after NORSE onset month of NORSE onset

Factors OR (95% CI) 4 B (95% CI) P B (95% CI) D
Age at onset 1.022(0.971, 1.092) 0.438 —0.045(-0.217,0.126) 0.578 —0.014 (-=0.066, 0.038) 0.582
Male gender 1.667(0.218,15.978)  0.629  1.518 (-5.786,8.822)  0.661  0.111(-1.962,2.185)  0.911
Premorbid MRS 0.613 (0.056, 6.609) 0.648 —0.962 (—3.600, 1.677) 0.445 —0.547 (-1.319, 0.226) 0.153
CASE score at NORSE onset  1.329 (0.968, 2.442) 0.203 0.001 (—0.891, 0.894) 0.998 0.171 (-0.108, 0.450) 0.208
NORSE type 0.750 (0.085, 7.503) 0.794 —2.300(-9.966, 5.366) 0.528  —0.200(-2.513, 2.113) 0.857
CSF WBC count 1.106 (0.954,1.283)  0.180  0.027(=0.019,0.073)  0.229  0.013 (—=0.001, 0.026)  0.059*
Hippocampal atrophy on 1.875(0.177,43.977) 0.625 —2.500(-10.667, 5.667) 0.520 —0.571 (-3.048, 1.905) 0.631
initial MRI
Onset to first line 1.288 (0.938, 2.139) 0.184 0.682 (—0.487, 1.850) 0.230 0.250 (—0.104, 0.603) 0.154
immunotherapy
Onset to second line 1.014 (0.969, 1.114) 0.639 —0.022(-0.169,0.124) 0.746 0.015 (—0.025, 0.056) 0.432
immunotherapy
High CSF Tau 13.333 (1.405, 321.63) 0.044** 5982 (—0.446,12.411) 0.066* 2.333(0.668, 3.999) 0.009**
*p<0.1.
**p <0.05.
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NMNAT1 inhibits neuronal degeneration and modulates oxida-
tive stress [39, 40]. Its potential neuroprotective effects via various
signaling pathways have led to its investigation as a therapeutic
target in ischemic stroke, hypoxic ischemic injury, and tauopa-
thies [40-44]. NMNAT1 may be released in response to neuronal
injury, as suggested by ischemia-induced increases observed in
a mouse model of ischemic stroke [44]. However, its function in
cNORSE is unclear; in our study, patients with higher NMNAT1
levels had worse 4-week MRS outcomes, which might indicate
a compensatory but inadequate response to neuronal injury.

TABLE 3 | Multiple linear regression for factors affecting the
maximum number of ASM required within the first month of NORSE

Although our data did not demonstrate an association of
NMNAT1 with hippocampal atrophy, it represents a potential
biomarker and therapeutic target that can be further investigated
in cNORSE.

We also explored the associations between t-tau and cytokine/
chemokines in this study. Previous studies have examined po-
tential associations in other neurological conditions, such as
Alzheimer's disease [45], and multiple sclerosis, where comple-
ment activation and CXCL9 have been implicated in neurode-
generation [46]. In NORSE, elevations in certain cytokines have
been shown to correlate with worse clinical outcomes and cere-
bral volume loss, though the mechanism is unclear [4, 6]. Our
previous study in cNORSE patients showed that a greater extent

onset. of cerebral atrophy on MRI was correlated with increased CSF
Maximum number of cytokines (e.g., IL-6, MIP-1a, IL-13, TNF-a, and CXCL9) [6]. In
ASM required within first this cohort, both CSF Thl (CXCL9, CXCL10, CXCL11) and Th2
month of NORSE onset chemokines (CCL7, CCL13) appear to be associated with high
t-tau levels, which suggests that neuronal damage in cNORSE
Factors B (95% CI) p is not limited to a single inflammatory pathway. However,
CSE WBC count 0.002 (=0.012, 0.016) 0.778 these associations do not establish causation; elevated cytokine/
' chemokines may instead reflect a secondary response to neuro-
High CSF Tau 2.206 (0.225,4.187) 0.031** nal damage, as seen in animal models of brain and spinal cord
45 <0.05. injury [47, 48] Other inflammatory mediators (LTA, TNFSF12,
1.00 *ccis
® IL17C
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FIGURE 4 | Correlation analysis between CSF cytokines/chemokines and CSF t-tau in cNORSE patients. Scatter plot depicting Spearman'’s rho

on the x-axis and corresponding p-value on the y-axis for each CSF cytokine/chemokine. The red dotted box contains cytokines/chemokines with

p<0.05 and rho > 0.5, which are enlarged on the top right panel for greater clarity.
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OLR1 and HGF) associated with t-tau in our study have been
previously implicated in neurodegeneration and responses to
neuronal damage [49-52].

Previous studies evaluating markers of neuronal injury were
conducted in SE patients of varying etiologies, and some of
these markers appeared to be more useful in the diagnosis of
SE, rather than the prognostication of SE outcomes [12, 13].
Our study utilized proteomic analysis to identify a potential
biomarker related to early neuronal damage, CSF t-tau, and
subsequently examined the utility of CSF t-tau levels with rela-
tion to clinical and radiological outcomes in cNORSE patients.
The strengths of our study include the selection of a patient co-
hort limited to cNORSE patients, all of whom underwent com-
prehensive etiological evaluations. Additionally, the timeframe
for CSF proteomic analysis was standardized, as the patho-
physiology of different phases of cNORSE may be distinct.

There is a critical need to identify and evaluate biomarkers in
cNORSE, which can provide important prognostic information
and help identify patients who may benefit from more aggres-
sive interventions [53]. Early detection of elevated t-tau in pa-
tients with cNORSE can help identify patients at higher risk of
greater clinical severity and subsequent hippocampal atrophy.
This may facilitate family discussions to prepare for adverse
outcomes and inform therapeutic decisions. Earlier or more
intensive immunotherapy regimes could potentially mitigate
risks of immune-mediated neuronal damage and improve out-
comes in these patients [6]. This is analogous to the emerging
use of SNFL in multiple sclerosis, where it assists in identifying
patients at high risk of disability worsening for treatment with
high-efficacy disease modifying treatment [54, 55].

However, our study has several limitations. There is a relatively
small number of patients in this study, and hence it may be under-
powered to detect the association between CSF tau and long-term
outcomes (mRS and CASE scores). Further studies with repeated
longitudinal testing of potential CSF biomarkers in cNORSE
could provide more insights into prognostication. Additionally,
only cNORSE patients and control patients without neuro-
inflammatory disorders were compared in this study. Potentially,
comparisons with seropositive autoimmune encephalitis patients
presenting with status epilepticus and patients with other neuro-
inflammatory disorders can further elucidate differences in im-
munological mechanisms driving hippocampal atrophy.

5 | Conclusion

CSF t-tau levels performed early after cNORSE onset may be a
useful marker of initial disease severity and predict subsequent
hippocampal atrophy. Further studies are required to determine
if earlier and more aggressive immunotherapy in cNORSE pa-
tients with high CSF t-tau can improve long-term clinical and
cognitive outcomes.

Author Contributions

Y.G., Y.J. and S.J.S. analyzed the data, wrote the initial draft of the
manuscript, and revised the manuscript. Y.J. and S.H.A. acquired

and interpreted clinical data. S.J.S. performed the proteomic analysis.
S.Y.M. contributed to sample preparation. S.-T.L. conceptualized the
study, interpreted, and analyzed the clinical data, revised the manu-
script, and supervised the study. S.-T.L., K.C. and S.K.L. collected clini-
cal data. K.C. and S.K.L. supervised the study.

Acknowledgements

This research was supported by the Korea Health Technology R&D
Project through the Korea Health Industry Development Institute
(KHIDI) funded by the Ministry of Health & Welfare (grant number: RS-
2023-00266044), and the National Research Foundation of Korea (NRF)
grant funded by the Ministry of Science and ICT, Republic of Korea
(RS-2025-00519112).

Ethics Statement

We confirm that we have read the Journal's position on issues involved
in ethical publication and affirm that this report is consistent with those
guidelines.

Conflicts of Interest

Dr. S-T. Lee reports personal fees from Roche/Genentech (steering
committee) and Advanced Neural Technologies (advisory board), and
grants from GC Pharma and Celltrion, outside the submitted work. The
remaining authors have no conflicts of interest.

Data Availability Statement

Anonymized data that support the findings of this study are available
from the corresponding author upon reasonable request of any qualified
investigator for purposes of replicating procedures and results. If such
data are used for publication, its methods should be communicated, and
internationally recognized authorship rules must be applied.

References

1. R. Wickstrom, O. Taraschenko, R. Dilena, et al., “International Con-
sensus Recommendations for Management of New Onset Refractory
Status Epilepticus (NORSE) Incl. Febrile Infection-Related Epilepsy
Syndrome (FIRES): Statements and Supporting Evidence,” Epilepsia
63, no. 11 (2022): 2840-2864.

2. N. Gaspard, B. P. Foreman, V. Alvarez, et al., “New-Onset Refractory
Status Epilepticus: Etiology, Clinical Features, and Outcome,” Neurol-
ogy 85, no. 18 (2015): 1604-1613.

3. A. Hanin, V. Lambrecq, J. A. Denis, et al., “Cerebrospinal Fluid and
Blood Biomarkers of Status Epilepticus,” Epilepsia 61, no. 1 (2020): 6-18.

4. A. Hanin, J. Cespedes, K. Dorgham, et al., “Cytokines in New-Onset
Refractory Status Epilepticus Predict Outcomes,” Annals of Neurology
94, no. 1 (2023): 75-90.

5.D. Wang, Y. Wu, Y. Pan, et al., “Multi-Proteomic Analysis Revealed
Distinct Protein Profiles in Cerebrospinal Fluid of Patients Between
Anti-NMDAR Encephalitis NORSE and Cryptogenic NORSE,” Molec-
ular Neurobiology 60, no. 1 (2023): 98-115.

6.Y.Jang, S. H. Ahn, K. I. Park, et al., “Prognosis Prediction and Immu-
notherapy Optimisation for Cryptogenic New-Onset Refractory Status
Epilepticus,” Journal of Neurology, Neurosurgery, and Psychiatry 96, no.
1 (2024): 26-37.

7.Y.Jang, S. E. Hong, S. H. Ahn, et al., “Polygenic Landscape of Cryp-
togenic New-Onset Refractory Status Epilepticus: A Comprehensive
Whole-Genome Sequencing Study,” Annals of Neurology 96, no. 6
(2024): 1201-1208.

8. D. Champsas, X. Zhang, R. Rosch, et al., “NORSE/FIRES: How Can
‘We Advance Our Understanding of This Devastating Condition?,” Fron-
tiers in Neurology 15 (2024): 1426051.

1062

Annals of Clinical and Translational Neurology, 2025



9. A. Hanin, J. Cespedes, A. Huttner, et al., “Neuropathology of New-
Onset Refractory Status Epilepticus (NORSE),” Journal of Neurology
270, no. 8 (2023): 3688-3702.

10. N. G. Margraf, J. Dargvainiene, E. Theel, et al., “Neurofilament
Light (NfL) as Biomarker in Serum and CSF in Status Epilepticus,” Jour-
nal of Neurology 270, no. 4 (2023): 2128-2138.

11.I. A. Meynaar, H. M. van der Oudemans-Straaten, J. Wetering, et al.,
“Serum Neuron-Specific Enolase Predicts Outcome in Post-Anoxic
Coma: A Prospective Cohort Study,” Intensive Care Medicine 29, no. 2
(2003): 189-195, https://doi.org/10.1007/s00134-002-1573-2.

12. M. Wang, J. Yu, X. Xiao, B. Zhang, and J. Tang, “Changes of Bio-
chemical Biomarkers in the Serum of Children With Convulsion Status
Epilepticus: A Prospective Study,” BMC Neurology 22, no. 1 (2022): 196.

13. A. Hanin, J. A. Denis, V. Frazzini, et al., “Neuron Specific Enolase,
S100-Beta Protein and Progranulin as Diagnostic Biomarkers of Status
Epilepticus,” Journal of Neurology 269, no. 7 (2022): 3752-3760.

14. G. Giovannini, R. Bedin, N. Orlandji, et al., “Neuro-Glial Degeneration
in Status Epilepticus: Exploring the Role of Serum Levels of Neurofila-
ment Light Chains and S100B as Prognostic Biomarkers for Short-Term
Functional Outcome,” Epilepsy & Behavior 140 (2023): 109131.

15. L. J. Hirsch, N. Gaspard, A. van Baalen, et al., “Proposed Consensus
Definitions for New-Onset Refractory Status Epilepticus (NORSE), Fe-
brile Infection-Related Epilepsy Syndrome (FIRES), and Related Con-
ditions,” Epilepsia 59, no. 4 (2018): 739-744.

16. W. J. Lee, H. S. Lee, D. Y. Kim, et al., “Seronegative Autoimmune
Encephalitis: Clinical Characteristics and Factors Associated With Out-
comes,” Brain 145, no. 10 (2022): 3509-3521.

17. P. Scheltens, D. Leys, F. Barkhof, et al., “Atrophy of Medial Temporal
Lobes on MRI in “Probable” Alzheimer's Disease and Normal Ageing:
Diagnostic Value and Neuropsychological Correlates,” Journal of Neu-
rology, Neurosurgery, and Psychiatry 55, no. 10 (1992): 967-972.

18.J. A. Lim, S. T. Lee, J. Moon, et al., “Development of the Clinical
Assessment Scale in Autoimmune Encephalitis,” Annals of Neurology
85, no. 3 (2019): 352-358.

19. S. Janelidze, N. Mattsson, S. Palmqvist, et al., “Plasma P-taul81 in
Alzheimer's Disease: Relationship to Other Biomarkers, Differential Di-
agnosis, Neuropathology and Longitudinal Progression to Alzheimer's
Dementia,” Nature Medicine 26, no. 3 (2020): 379-386.

20. G. Giovannini and S. Meletti, “Fluid Biomarkers of Neuro-Glial In-
jury in Human Status Epilepticus: A Systematic Review,” International
Journal of Molecular Sciences 24, no. 15 (2023): 12519.

21. M. Alves, A. Kenny, G. de Leo, E. H. Beamer, and T. Engel, “Tau
Phosphorylation in a Mouse Model of Temporal Lobe Epilepsy,” Fron-
tiers in Aging Neuroscience 11 (2019): 308.

22. G. Monti, M. Tondelli, G. Giovannini, et al., “Cerebrospinal Fluid
Tau Proteins in Status Epilepticus,” Epilepsy & Behavior 49 (2015):
150-154.

23.F. P. Chong, K. Y. Ng, R. Y. Koh, and S. M. Chye, “Tau Proteins and
Tauopathies in Alzheimer's Disease,” Cellular and Molecular Neurobiol-
ogy 38, no. 5(2018): 965-980.

24.J. A. Pillai, A. Bonner-Jackson, L. M. Bekris, J. Safar, J. Bena,
and J. B. Leverenz, “Highly Elevated Cerebrospinal Fluid Total Tau
Level Reflects Higher Likelihood of Non-Amnestic Subtype of Alz-
heimer's Disease,” Journal of Alzheimer's Disease 70, no. 4 (2019):
1051-1058.

25. R. Rubenstein, B. Chang, J. K. Yue, et al., “Comparing Plasma Phos-
pho Tau, Total Tau, and Phospho Tau-Total Tau Ratio as Acute and
Chronic Traumatic Brain Injury Biomarkers,” JAMA Neurology 74, no.
9(2017): 1063-1072.

26. W. P. Flavin, H. Hosseini, J. W. Ruberti, H. P. Kavehpour, C. C. Giza,
and M. L. Prins, “Traumatic Brain Injury and the Pathways to Cerebral

Tau Accumulation,” Frontiers in Neurology 14 (2023): 1239653, https://
doi.org/10.3389/fneur.2023.1239653.

27.X. Chen and H. Jiang, “Tau as a Potential Therapeutic Target for
Ischemic Stroke,” Aging (Albany NY) 11, no. 24 (2019): 12827-12843.

28. C. Hesse, L. Rosengren, N. Andreasen, et al., “Transient Increase
in Total Tau but Not Phospho-Tau in Human Cerebrospinal Fluid After
Acute Stroke,” Neuroscience Letters 297, no. 3 (2001): 187-190.

29. H. Tumani, C. Jobs, J. Brettschneider, A. C. Hoppner, F. Kerling, and
S. Fauser, “Effect of Epileptic Seizures on the Cerebrospinal Fluid—A
Systematic Retrospective Analysis,” Epilepsy Research 114 (2015): 23—
31, https://doi.org/10.1016/j.eplepsyres.2015.04.004.

30. K. Hwang, R. N. Vaknalli, K. Addo-Osafo, M. Vicente, and K. Vossel,
“Tauopathy and Epilepsy Comorbidities and Underlying Mechanisms,”
Frontiers in Aging Neuroscience 14 (2022): 903973.

31. V. Gomez-Murcia, U. Sandau, B. Ferry, et al., “Hyperexcitability and
Seizures in the THY-Tau22 Mouse Model of Tauopathy,” Neurobiology
of Aging 94 (2020): 265-270.

32.E. D. Roberson, K. Scearce-Levie, J. J. Palop, et al., “Reducing
Endogenous Tau Ameliorates Amyloid Beta-Induced Deficits in an
Alzheimer's Disease Mouse Model,” Science 316, no. 5825 (2007):
750-754.

33. E. Shao, C. W. Chang, Z. Lj, et al., “TAU Ablation in Excitatory
Neurons and Postnatal TAU Knockdown Reduce Epilepsy, SUDEP, and
Autism Behaviors in a Dravet Syndrome Model,” Science Translational
Medicine 14, no. 642 (2022): eabm5527.

34. G. Canet, E. Zub, C. Zussy, et al., “Seizure Activity Triggers Tau Hy-
perphosphorylation and Amyloidogenic Pathways,” Epilepsia 63, no. 4
(2022): 919-935.

35.S. P. Martin and B. A. Leeman-Markowski, “Proposed Mechanisms
of Tau: Relationships to Traumatic Brain Injury, Alzheimer's Disease,
and Epilepsy,” Frontiers in Neurology 14 (2023): 1287545.

36. T. K. Karikari, T. A. Pascoal, N. J. Ashton, et al., “Blood Phos-
phorylated Tau 181 as a Biomarker for Alzheimer's Disease: A Di-
agnostic Performance and Prediction Modelling Study Using Data
From Four Prospective Cohorts,” Lancet Neurology 19, no. 5 (2020):
422-433.

37.B. L. Tang, “Why Is NMNAT Protective Against Neuronal Cell
Death and Axon Degeneration, but Inhibitory of Axon Regeneration?,”
Cells 8, no. 3 (2019): 267.

38. E. Sjostedt, W. Zhong, L. Fagerberg, et al., “An Atlas of the Protein-
Coding Genes in the Human, Pig, and Mouse Brain,” Science 367, no.
6482 (2020): eaay5947.

39.Y. Sasaki, T. Nakagawa, X. Mao, A. DiAntonio, and J. Milbrandt,
“NMNAT1 Inhibits Axon Degeneration via Blockade of SARMI-
Mediated NAD,” eLife (2016) Oct 13;5: €19749.

40. H. Jiang, Z. Wan, Y. Ding, and Z. Yao, “Nmnatl Modulates Mito-
chondrial Oxidative Stress by Inhibiting Caspase-3 Signaling in Alz-
heimer's Disease,” Journal of Molecular Neuroscience 71, no. 7 (2021):
1467-1472.

41.J. Liang, P. Wang, J. Wei, C. Bao, and D. Han, “Nicotinamide Mono-
nucleotide Adenylyltransferase 1 Protects Neural Cells Against Isch-
emic Injury in Primary Cultured Neuronal Cells and Mouse Brain With
Ischemic Stroke Through AMP-Activated Protein Kinase Activation,”
Neurochemical Research 40, no. 6 (2015): 1102-1110.

42. E.S. Musiek, D. D. Xiong, T. Patel, et al., “Nmnat1 Protects Neuronal
Function Without Altering Phospho-Tau Pathology in a Mouse Model of
Tauopathy,” Annals of Clinical Translational Neurology 3, no. 6 (2016):
434-442.

43. P. B. Verghese, Y. Sasaki, D. Yang, et al., “Nicotinamide Mono-
nucleotide Adenylyl Transferase 1 Protects Against Acute Neurode-
generation in Developing CNS by Inhibiting Excitotoxic-Necrotic Cell

1063


https://doi.org/10.1007/s00134-002-1573-2
https://doi.org/10.3389/fneur.2023.1239653
https://doi.org/10.3389/fneur.2023.1239653
https://doi.org/10.1016/j.eplepsyres.2015.04.004

Death,” Proceedings of the National Academy of Sciences of the United
States of America 108, no. 47 (2011): 19054-19059.

44.Y.Zhang, X. Guo, Z. Peng, et al., “Nicotinamide Mononucleotide Ad-
enylyltransferase 1 Regulates Cerebral Ischemia-Induced Blood-Brain
Barrier Disruption Through NAD,” Molecular Neurobiology 59, no. 8
(2022): 4879-4891.

45.Y. Chen and Y. Yu, “Tau and Neuroinflammation in Alzheimer's
Disease: Interplay Mechanisms and Clinical Translation,” Journal of
Neuroinflammation 20, no. 1 (2023): 165.

46.]. Oechtering, S. A. Schaedelin, K. Stein, et al., “Aberrant Comple-
ment Activation Is Associated With Structural Brain Damage in Multi-
ple Sclerosis,” Neurology Neuroimmunology & Neuroinflammation 12,
no. 2 (2025): €200361.

47.X. Y. Qiao, Y. Wang, W. Zhang, et al., “Involvement of CXCL10 in
Neuronal Damage Under the Condition of Spinal Cord Injury and the
Potential Therapeutic Effect of Nrgl,” Journal of Integrative Neurosci-
ence 22, no. 4 (2023): 96.

48.J. Xue, Y. Zhang, J. Zhang, Z. Zhu, Q. Lv, and J. Su, “Astrocyte-
Derived CCL7 Promotes Microglia-Mediated Inflammation Follow-
ing Traumatic Brain Injury,” International Immunopharmacology 99
(2021): 107975.

49.R. E. James Bates, E. Browne, R. Schalks, et al., “Lymphotoxin-
Alpha Expression in the Meninges Causes Lymphoid Tissue Formation
and Neurodegeneration,” Brain 145, no. 12 (2022): 4287-4307.

50. S. Mustafa, H. L. Martin, L. Burkly, et al., “The Role of TWEAK/
Fn14 Signaling in the MPTP-Model of Parkinson's Disease,” Neurosci-
ence 319 (2016): 116-122.

51.Y. Aoki, H. Dai, F. Furuta, et al., “LOX-1 Mediates Inflammatory Ac-
tivation of Microglial Cells Through the p38-MAPK/NF-xB Pathways
Under Hypoxic-Ischemic Conditions,” Cell Communication and Signal-
ing: CCS 21, no. 1 (2023): 126.

52.C. Desole, S. Gallo, A. Vitacolonna, et al., “HGF and MET: From
Brain Development to Neurological Disorders,” Frontiers in Cell and De-
velopment Biology 9 (2021): 683609.

53. A. Hanin, J. Cespedes, Y. Pulluru, et al., “Review and Standard Op-
erating Procedures for Collection of Biospecimens and Analysis of Bio-
markers in New Onset Refractory Status Epilepticus,” Epilepsia 64, no.
6 (2023): 1444-1457.

54.]. Kuhle, H. Kropshofer, D. A. Haering, et al., “Blood Neurofilament
Light Chain as a Biomarker of MS Disease Activity and Treatment Re-
sponse,” Neurology 92, no. 10 (2019): e1007-e1015.

55. E. Monreal, J. I. Fernandez-Velasco, R. Alvarez-Lafuente, et al.,
“Serum Biomarkers at Disease Onset for Personalized Therapy in Mul-
tiple Sclerosis,” Brain 147, no. 12 (2024): 4084-4093.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

1064

Annals of Clinical and Translational Neurology, 2025



	CSF Tau Is a Biomarker of Hippocampal Injury in Cryptogenic New-Onset Refractory Status Epilepticus
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Design, Setting, and Participants
	2.2   |   Patient Profiles, Paraclinical Findings, and Outcome Measures
	2.3   |   Proteomic Analysis
	2.4   |   Statistical Analysis

	3   |   Results
	3.1   |   Characteristics of the cNORSE Cohort
	3.2   |   Characteristics of the Control Cohort
	3.3   |   Selection of t-Tau as Target Protein
	3.4   |   Radiological Differences Between High and Low Tau Groups
	3.5   |   Clinical Differences Between High and Low Tau Groups
	3.6   |   Associations Between Cytokine/Chemokine Levels and CSF t-Tau

	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgements
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


