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Ireland clinical syndrome. Despite rigorous evaluation, the underlying cause is unknown
Email: daniel.costello@hse.ie in 30%-50% of patients and treatment strategies are largely empirical. The aim

of this study was to describe clinical outcomes in a cohort of well-phenotyped,
thoroughly investigated patients who survived the initial phase of cryptogenic
NORSE managed in specialist centers.

Methods: Well-characterized cases of cryptogenic NORSE were identified
through the EPIGEN and Critical Care EEG Monitoring Research Consortia
(CCEMRC) during the period 2005-2019. Treating epileptologists reported on
post-NORSE survival rates and sequelae in patients after discharge from hospi-
tal. Among survivors >6 months post-discharge, we report the rates and severity
of active epilepsy, global disability, vocational, and global cognitive and mental
health outcomes. We attempt to identify determinants of outcome.

Results: Among 48 patients who survived the acute phase of NORSE to the point
of discharge from hospital, 9 had died at last follow-up, of whom 7 died within
6months of discharge from the tertiary care center. The remaining 39 patients

had high rates of active epilepsy as well as vocational, cognitive, and psychiatric

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Epilepsia published by Wiley Periodicals LLC on behalf of International League Against Epilepsy.

Epilepsia. 2024;65:1581-1588. wileyonlinelibrary.com/journal/epi 1581


www.wileyonlinelibrary.com/journal/epi
mailto:
https://orcid.org/0000-0001-6023-8246
https://orcid.org/0000-0001-6199-1870
https://orcid.org/0000-0002-0826-2350
https://orcid.org/0000-0003-0044-4632
https://orcid.org/0000-0001-7310-276X
https://orcid.org/0000-0001-6404-9768
https://orcid.org/0000-0002-8948-4763
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:daniel.costello@hse.ie
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fepi.17950&domain=pdf&date_stamp=2024-03-18

COSTELLO ET AL.

= | Epilepsia

KEYWORDS

1 | INTRODUCTION

New-onset refractory status epilepticus (NORSE) is de-
fined as the clinical presentation of new onset of refrac-
tory status epilepticus in a person without pre-existing
epilepsy or other neurologic disorder.! A cause is estab-
lished in 60%-70% of adult cases with the most common
recognized etiology being antibody-mediated encephali-
tis.”* Other causes include central nervous system (CNS)
infections, genetic disorders, metabolic derangements,
or toxins. Despite rigorous testing, the cause of or trigger
for NORSE is often not found; consequently a diagnosis
of “cryptogenic” NORSE'” is typically assigned. This rare
syndrome often results in devastating consequences. The
majority of published accounts focus on short outcomes
after NORSE.? Our study describes the natural history and
long-term clinical outcomes in a cohort of patients with
cryptogenic NORSE who were cared for in international
academic medical centers with epilepsy expertise.

2 | METHODS

2.1 | Patient cohort

We performed a retrospective cohort study of patients ad-
mitted under the care of epileptologists or neuro-intensive
care physicians across the EPIGEN and Critical Care EEG
Monitoring Research Consortia (CCEMRC). Only people
with follow-up for >6 months for survivors were included,
some of whom have been reported previously.? All indi-
viduals included met current NORSE diagnostic criteria®
and were managed in tertiary care neuroscience centers
with epilepsy expertise, neuro-intensive care expertise,
and acute electroencephalography (EEG) capability. The
study captured patients from 2005 to 2019. Before assigned
a diagnosis of cryptogenic NORSE, all patients underwent
extensive testing, focused particularly on exclusion of

comorbidities. The epilepsy was usually multifocal and typically drug resistant.
Only a minority of patients had a good functional outcome. Therapeutic interven-
tions were heterogenous during the acute phase of the illness. There was no clear
relationship between the nature of treatment and clinical outcomes.
Significance: Among survivors of cryptogenic NORSE, longer-term outcomes in
most patients were life altering and often catastrophic. Treatment remains em-
pirical and variable. There is a pressing need to understand the etiology of crypto-
genic NORSE and to develop tailored treatment strategies.

cryptogenic, new-onset refractory status epilepticus (NORSE), outcomes

Key points

« Cryptogenic new-onset refractory status epilep-
ticus (NORSE) is associated with severe endur-
ing clinical consequences among survivors.

« Nineteen percent of patients died after discharge
from hospital—usually within 6 months—and
only 4% of patients made a full neurological
recovery.

« No clear relationship between nature of treat-
ment and clinical outcomes was identified.

infectious, paraneoplastic, immune-mediated, and genetic
etiologies. Patients were excluded from the analysis if the
underlying cause was identified after the acute phase of
NORSE, particularly occult neoplasia.

2.2 | Data collection

The data collected from each contributing center were
de-identified. D.C. developed a detailed data collection
document in Excel format. Co-authors populated the doc-
ument with details from each patient in their center. The
data collected included demographics, internal medical
and neurological history, epilepsy risk factors, prodromal
symptoms, diagnostic test results including EEG and im-
aging findings, status epilepticus characteristics, intensive
care unit (ICU) length of stay admission and length of
hospital admission, duration and type of therapies antisei-
zure medications (ASMs), immunosuppressant therapies,
continuous intravenous anesthetic drugs (CIVADs), ke-
togenic diet, and other medications or therapeutic strat-
egies. Because the data were retrospective and collected
from medical charts, we focused on crude cognitive,
mental health, and vocational outcomes in order to get a
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general sense of the real-world impact among survivors of
the illness.

Functional outcomes were documented using the mod-
ified Rankin score (mRS) at least 6 months after discharge,
categorized as favorable (mRS 0-2; independent for all ac-
tivities of daily living), unfavorable (mRS 3-5; dependent
for some to all activities of daily living), and death (mRS
6). Vocational, cognitive, and mental health outcomes in-
cluding ability to return to school or work, persisting cog-
nitive impairment, and behavioral issues were recorded.

In addition, we collected information regarding the
presence and type of post-NORSE epilepsy including
seizure frequency (daily seizures, seizures occurring on
a weekly basis, seizures occurring on a monthly basis,
seizures occurring less often than monthly, seizure free-
dom), number of ASMs, and video-EEG findings, where
available.

2.3 | Statistical analysis

Data were reported as count (frequency) or median (in-
terquartile range [IQR]). Univariate analyses were per-
formed comparing the favorable vs the unfavorable and
deceased groups with the Mann-Whitney or Fisher exact
tests. Correlations between continuous variables were
performed with Spearman’s rho. A false discovery rate-
corrected two-tailed p-value <.05 was considered statisti-
cally significant. Because the number of patients in the
cohort is relatively small, multivariate analysis was not
conducted.

3 | RESULTS

Forty-eight patients were identified from 10 centers. The
centers were based in North America (New York City
n=11, New Haven n=6, Boston n=3, Alabama n=2),
Europe (Dublin n=5, Cork n=6, Oxford n=6, Brussels
n=4), and Australia (Melbourne n=>5). Of these, 21 cases
have been partially reported previously.” The patients
were predominantly female (28/48; Table 1). Median age
was 30 (24-54) years. Only five patients (10%) had a family
history of epilepsy or had a documented risk factor for epi-
lepsy. None of the patients had a major premorbid mental
illness or pre-existing cognitive impairment.

3.1 | Acute phase

Of the 48 patients, 38 (79%) had a documented prodromal
illness within 2weeks of the onset of seizures. In 24 (50%)
patients the prodrome consisted of a “flu-like” illness with

° L 1583
Epilepsia*
TABLE 1 Demographics, clinical course, and therapeutic
interventions during acute phase.

N =48 (% of total)

Female sex 28 (58)
Mean age (years) 30 (24-54)
Risk factors for epilepsy 5(10)
Family history of epilepsy 3(6)
Remote history of febrile seizures or 1(2)
active epilepsy
Other 1(2)
Prodromal symptoms (within 2 weeks of 38 (79)
NORSE onset)
Fever 24 (50)
Headache 12 (25)
Symptoms suggestive of respiratory 9(19)
tract infection
Symptoms suggestive of 13 (27)
gastrointestinal tract infection
Behavioral or cognitive change 8(17)
Duration of ICU stay, days (IQR) 28 (16-59)
Duration of hospital stay, days (IQR) 50 (27-73)
Super-refractory status epilepticus, no. 40 (83)
(%)
Number of CIVADs received, no. (range) 2(2-3)
Use of thiopental/pentobarbital, no. (%) 20 (42)
Use of ketamine, no. (%) 20 (42)
Immune therapies during the acute 38(79)
phase, no. (%)
Steroids 37(77)
IVIG 20 (42)
Plasma exchange 19 (40)
Rituximab 4(8)
Ketogenic diet 4(8)

Note: Data are presented as count with either frequency (%) or median
duration (IQR).

Abbreviations: CIVADs, continuous intravenous anesthetic drugs; ICU,
intensive care unit; IQR, interquartile range; IVIG, intravenous immune
globulins.

myalgias, fever, and fatigue. A small number of patients
had prominent respiratory, gastrointestinal symptoms, or
behavioral or cognitive changes before the onset of sei-
zures. After the onset of status epilepticus, patients had
protracted clinical courses with median lengths of stay
in ICU and in hospital of 28 (IQR 16-59) days and 50
(IQR 27-73) days, respectively. The status epilepticus was
super-refractory in 40 patients (83%) and required a me-
dian of 2 (2, 3) CIVADs, including ketamine in 20 (42%)
and thiopental/pentobarbital in 20 (42%). Five patients
were trialed on the ketogenic diet during the acute phase
of their illness.
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Thirty-eight patients (79%) were treated with at least
one immunosuppressant or immunomodulatory agent
during their clinical course, most often steroids. Details
are reported in Table 1. Overall, 12 patients (25%) re-
ceived steroids only and 25 (52%) received steroids and
at least one other immunomodulatory drug. None of the
patients were treated with neurostimulation, anakinra,
or tocilizumab. Patients with a longer stay in the ICU
received more CIVADs (Spearman's rho: .49; p=.005),
as well as more immune therapies (Spearman's rho: .61;
p=.01).

During the acute phase of the illness, all patients un-
derwent EEG monitoring and magnetic resonance im-
aging (MRI), as summarized in Table 2. All EEG studies
(100%) were markedly abnormal with frequent epilep-
tiform or periodic abnormalities. Discrete seizures or
continuous ictal activity was observed in individual EEG
recordings in 38 patients (79%). Repeated or continuous
EEG recordings revealed electrographic seizure activity in
all patients. Almost half (48%) of patients had abnormal

TABLE 2 Findings from diagnostic tests during the acute phase
of illness (N =48).

Diagnostic modality Number (%)
Abnormal brain MRI, no. (%) 22 (46)
FLAIR abnormalities 20 (42)
DWI abnormalities 15(31)
Bilateral abnormalities 12 (25)
Neocortical abnormalities 4(8)
Hippocampal abnormalities 14 (29)
Thalamic abnormalities 4(8)
Basal ganglia abnormalities 3(6)
Claustrum abnormalities 2(4)
Abnormal CSF, no. (%) 37 (77)
Cell count (cells/mm?) 7 (1-14)
Cell count>5/mm? 26 (54)
Cell count>50/mm? 4(8)
Abnormal 30 min EEG studies or continuous 48 (100)
EEG, no. (%)
Sporadic epileptiform discharges 13 (27)
LPDs or BIPDs 12 (25)
Discrete electrographic seizures 26 (54)
Electrographic SE 12 (25)
Bilateral/multifocal epileptiform 26 (54)

abnormalities

Note: Data are presented as count (frequency) and percentage of total.
Abbreviations: BIPDs, bilateral independent periodic discharges;

CSF, cerebrospinal fluid; DWI, diffusion-weighted imaging; EEG,
electroencephalography; FLAIR, fluid-attenuated inversion recovery; LPDs,
lateralized periodic discharges; MRI, magnetic resonance imaging; SE, status
epilepticus.

MRI findings in the acute phase, mostly involving the hip-
pocampus, often bilaterally. At least one lumbar puncture
was performed in each patient, with a pleocytosis (white
cell count >5/mm?) observed in 26 (54%).

3.2 | Long-term follow-up

From the cohort of 48 patients who survived the
acute phase and were discharged from hospital, 9
(19%) died after discharge (median time 4.5 months).
Of these, seven patients died within 6 months of dis-
charge. Long-term functional outcomes in survivors
were obtained at a median of 23 (IQR: 11-39; range:
6-101) months after discharge from hospital (Table 3).
Among patients who survived for 6months post

TABLE 3 Functional, cognitive, mental health and epilepsy
outcomes after acute phase of NORSE.

Number (%
or range)
Time to last follow-up assessment (months) 23(11-39)
Functional outcome (mRS)
Favorable (0-2) 18 (38)
Unfavorable (3-5) 21 (44)
Death (6) 9(19)
Enduring self-reported cognitive impairment 30 (77)
(N=39 survivors)
Enduring documented mental health 21 (554)
difficulties (N'=39 survivors)
Alive and able to return to education (of 7 5(71)

patients in school before illness)

Alive and able to return to work (of 30 patients 7(23)
in employment before illness)

Seizure burden at time of follow-up (among 39

survivors)
None 8(22)
<1 seizure per month 8(19)
>1 seizure per month but <1 seizure per 12 (32)
week
>1 seizure per week 11 (27)
Mean number of prescribed antiseizure 3(2-4)
medications at follow-up
EEG and video-EEG findings >6 months after
acute phase (of 35 patients recorded)
(uni) Focal epileptiform abnormalities 21 (68)
Bilateral/multifocal epileptiform 14 (45)

abnormalities

Note: Data are presented as count with frequency (%) or median
(interquartile range).
Abbreviations: EEG, electroencephalography; mRS, modified Rankin scale.
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discharge, only two patients (4%) recovered fully (mRS
0). Twenty-one patients (44%) had an unfavorable
outcome, whereas 18 patients (38%) had a favorable
outcome. Of the seven patients who were attending
school prior to NORSE, five resumed formal educa-
tion. Of the 30 patients who were professionally active
prior to NORSE, only seven resumed work within the
time of our data capture. The majority of survivors had
significant enduring cognitive (31/39; 79%) or psychi-
atric comorbidities, particularly anxiety or depressive
disorder (21/39; 54%).

None of the investigated variables were associated sig-
nificantly with functional outcome including older age at
presentation (Table 4). The duration of ICU stay did not
seem to predict clinical outcome, although the study was
underpowered to reliably prognosticate. The longest du-
ration of ICU stay that was associated with favorable out-
come (mRS 1 or 2) was 72days and the longest duration
of ICU stay associated with full recovery was 28 days.
All 39 survivors were prescribed ASMs at last follow-up,
with a median of 3 (range 2-4) ASMs. Only 8 (21%) of the
39 surviving patients were seizure-free for >12months
at last follow-up, with 10 (26%) having at least weekly
seizures. Of the eight patients who were seizure-free at
12months, they had been seizure-free at the point of
discharge from hospital. Two patients underwent vagus
nerve stimulator implantation. None of the survivors had
undergone resective epilepsy surgery. Thirty-one (79%)
of the 39 surviving patients underwent video-EEG mon-
itoring to assess their ongoing post-NORSE epilepsy. All
were abnormal, with epileptiform abnormalities found
in 21 (54%), which were bilateral independent or multi-
focal in 14 patients.

TABLE 4 Potential determinants of outcome.

Favorable outcome

(N=18)
Age 28 (22-38)
Prodromal symptoms 15 (83)
Prodromal fever 9 (50)
Duration of ICU stay 25 (20-40)
Super-refractory status epilepticus 14 (78)
Number of CIVADs used 2(2-3)
Number of immune therapies used per patient 4(1-5)
Use of ketogenic diet 2(11)
Bilateral MRI abnormalities 3(17)
CSF lymphocyte count (cells/mm?>) 7 (2-10)
Bilateral/multifocal acute EEG abnormalities 12 (67)

Epilepsia**
4 | DISCUSSION

We describe outcomes in a retrospective case series of a
comparatively large cohort of 48 patients with cryptogenic
NORSE from multiple international academic medical
centers. This study focused on “real life” longer outcomes
after discharge from hospital. The cohort's demograph-
ics, acute clinical presentation, and subsequent hospital
course are in keeping with prior reports where prolonged
ICU stays and super-refractory status epilepticus is the
norm.>®° Consistent with previous studies, this cohort
were typically young, neurologically healthy, and without
prior risk factors for development of epilepsy.

Previous studies have focused on in-hospital survival
rates and short-term functional and epilepsy outcomes,
with median duration <12months.>'>!! This study de-
scribes real-world outcomes after a median follow-up of
23months (range 6-101 months), thus providing a longer-
term view of what outcomes can be expected in patients
diagnosed with NORSE.

Previous studies have reported inpatient mortality
rates of 25%-50%, typically in the acute phase of the ill-
ness.>”'>!13 There have been reports of improvements in
disease status after discharge in this population.” In com-
parison, we found that up to 19% of patients died after dis-
charge from hospital, and the majority within 6 months of
discharge. Although only a small minority of patients in
our series recovered fully (4%, n=2), a third achieved fa-
vorable outcome with a return to education or work. A re-
cent case series of 26 adults reported that 6 patients (23%)
had good or fair outcome (mRS 0-3) at hospital discharge.
Of the patients with long-term follow-up data (median
9months, interquartile range 2-22months), 12 patients

Unfavorable outcome p-value
or death (N=30) (uncorrected)
38 (26-55) 07
23 (77) .58

15 (50) >.99
40 (16-73) 20
26 (87) 42
2(2-3) .54
3(1-5) 62
3(10) .90

9 (30) .37

6 (1-17) 75

14 (47) 11

Note: Data are presented as count (frequency) or median (interquartile range).

Abbreviations: CSF, cerebrospinal fluid; EEG, electroencephalography; ICU, intensive care unit; MRI, magnetic resonance imaging; SE, status epilepticus.
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(71%) had mRS 0-3'" Another case series with 11 patients
after a median follow-up of 11 months reported poor out-
comes (defined as mRS 4-6) in 8 patients (73%)."" In previ-
ous studies, clinical outcomes are poorer in patients with
cryptogenic NORSE when compared with NORSE with a
known etiology (usually immune-mediated). Overall, as
demonstrated here and previously, the chance of complete
recovery after NORSE is currently low.

None of the clinical variables was significantly asso-
ciated with outcome. Only older age approached signifi-
cance, which is not unexpected, as age is a determinant of
outcome in all causes of status epilepticus and critical ill-
ness. Patients with a longer ICU stay did not have a worse
outcome, although their stay was characterized by a more
severe course, as indirectly indicated by the need for more
CIVADs and the use of more immune therapies. With the
caveat that treatment strategies and timing were variable
across institutions, the outcomes from this cohort do not
provide compelling evidence that more aggressive “front-
loaded” interventions are more beneficial than a step-wise
(“escalating”) approach to management of cryptogenic
NORSE. Specifically, the number of CIVADs and number
of immune therapies used were not associated with more
favorable outcomes. This finding has been reported before
in smaller series.>'%"!

Given the uncertainty about the optimal management
of patients with NORSE,14 therapeutic decisions made
by treating physicians were highly variable. It is not pos-
sible to conclude from this retrospective observational
study whether intensive CIVADs and immune therapies
are futile in cryptogenic NORSE or if they help achieve
better outcomes in more severe cases in which they are
more often employed. Of note, none of the patients in the
cohort received anakinra or tocilizumab, which were first
reported to ameliorate the disease course after this co-
hort were treated. Markers of more extensive cerebral in-
volvement and inflammation, such as cerebrospinal fluid
(CSF) pleocytosis, bilateral/multifocal acute imaging, or
EEG epileptiform abnormalities were not associated with
worse outcomes, suggesting that they should not be used
for prognostic purposes. Recent efforts to develop a stan-
dardized approach to biospecimen collection and analysis
will help to clarify the potential for biomarkers to prog-
nosticate and possibly guide therapy in NORSE."

In this cohort, most survivors experience enduring
long-term complications arising from their illness. Drug-
resistant multifocal epilepsy requiring polytherapy ap-
pears to be a common outcome. The psychosocial impact
of NORSE was severe in the majority of patients. Only a
minority returned to normal employment or education.
Although detailed neuropsychometric assessments were
not undertaken in all survivors, cognitive difficulties were
reported in a majority of the patients. A large proportion

of patients (24 of 39) also reported ongoing, significant
psychopathological and psychiatric complications that
were not present prior to NORSE diagnosis. These find-
ings indicate that cryptogenic NORSE survivors should
receive not only epilepsy care but also comprehensive
neuropsychological and neuropsychiatric counseling and
social assistance.

Given the retrospective observational nature of this
study, there are many limitations. Patients were managed
in different centers using different treatment protocols
presumably based on clinical experience and empiri-
cal approaches to refractory status epilepticus. Because
cryptogenic NORSE is rare, the total number of patients
included in the study was small (n=48). Consequently,
the study was underpowered to identify patient-related,
illness-related, and treatment-related parameters that
may predict clinical outcomes. The study did not differ-
entiate between NORSE-related outcomes and iatrogenic
treatment-related outcomes. Nonetheless, this large case
series documents the real-world consequences of this se-
vere monophasic neurological illness that typically affects
healthy young adults. There is a pressing need for further
study into this rare, but usually devastating, clinical syn-
drome. Specifically, the impact of empirical immuno-
therapy needs to be clarified, particularly in light of new
insights into the role of cytokines in NORSE.'*'® Recent
efforts to consolidate expert opinion have led to consensus
recommendations for the management of NORSE'”'® and
further study to re-evaluate outcomes after implementa-
tion of these recommendations will be important.

5 | CONCLUSIONS

This comparatively large retrospective study documents
that approximately two thirds of patients who survive
the acute phase of cryptogenic NORSE to the point of dis-
charge from hospital will either die or have a poor clini-
cal outcome. We did not identify any patient-, illness-, or
treatment-related variable that predicted survival or clini-
cal outcome. The study highlights the need for multidisci-
plinary management of patients with NORSE both during
admission and subsequent to hospital discharge to man-
age both epilepsy and the ensuing cognitive and psychiat-
ric comorbidities.
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