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Abstract

The field of autoimmune epilepsy has evolved substantially in the last few decades with discovery of several neural autoanti-
bodies and improved mechanistic understanding of these immune-mediated syndromes. A considerable proportion of patients
with epilepsy of unknown etiology have been demonstrated to have an autoimmune cause. The majority of the patients with
autoimmune epilepsy usually present with new-onset refractory seizures along with subacute progressive cognitive decline and
behavioral or psychiatric dysfunction. Neural specific antibodies commonly associated with autoimmune epilepsy include
leucine-rich glioma-inactivated protein 1 (LGI1), N-methyl-D-aspartate receptor (NMDA-R), and glutamic acid decarboxylase
65 (GADO65) IgG. Diagnosis of these cases depends on the identification of the clinical syndrome and ancillary studies including
autoantibody evaluation. Predictive models (Antibody Prevalence in Epilepsy and Encephalopathy [APE2] and Response to
Immunotherapy in Epilepsy and Encephalopathy [RITE2] scores) based on clinical features and initial neurological assessment
may be utilized for selection of cases for autoimmune epilepsy evaluation and management. In this article, we will review the
recent advances in autoimmune epilepsy and provide diagnostic and therapeutic algorithms for epilepsies with suspected

autoimmune etiology.
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Introduction

Epilepsy affects approximately 0.5% to 1.0% of the
world’s population [1]. The etiology of a significant pro-
portion of cases remains unknown [2]. Lately, the role
of autoimmunity in epilepsy has been highlighted by
multiple studies [3, 4]. In the latest 2017 epilepsy clas-
sification, the International League Against Epilepsy
(ILAE) has recognized autoimmune epilepsy as a dis-
tinct entity [5].

The link between epilepsy and neuroinflammation for
syndromes such as Rasmussen’s encephalitis [6] has been
speculated for decades. Furthermore, in the 1960s, initial
cases of paraneoplastic limbic encephalitis associated
with epilepsy were described [7]. Over the last few de-
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cades, multiple neural autoantibodies targeting cell sur-
face or intracellular antigens associated with epilepsy
and/or encephalopathy have been discovered (Fig. 1)
[8]. Many more biomarkers with specific clinical and/or
oncological associations are likely to be discovered over
the coming years [9, 10]. These biomarker discoveries
are likely to be accelerated with optimization of phage
immunoprecipitation sequencing (PhIP-Seq), immunopre-
cipitation mass spectrometry, and protein microarray
techniques [10-12].

Identification of immune-mediated epilepsy is critical as
early initiation of immunotherapy has been associated with
favorable clinical outcome [13]. Diagnosis of autoimmune
epilepsy, in majority of the cases, is based on their clinical
characteristics, magnetic resonance imaging (MRI) results,
and cerebrospinal fluid (CSF) analysis. At times, immunother-
apy trial is utilized for dual purpose of diagnosis and manage-
ment, especially, in seronegative cases.

In this review article, we provide an overview of autoim-
mune epilepsy with emphasis on the recent advances regard-
ing pathophysiology, imaging studies, and therapeutic inter-
ventions. We provide a diagnostic and therapeutic algorithm
for epilepsies with suspected autoimmune etiology.
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Fig. 1 Timeline of neural specific antibody discovery

Epidemiology

The true incidence of autoimmune epilepsy remains un-
known. There are no population-based studies providing
age- and sex-adjusted incidence and prevalence of autoim-
mune epilepsy.

A recent population-based study from Olmsted county,
MN, estimated the incidence and prevalence of autoim-
mune encephalitis to be 0.8/100,000 person-years and
13.7/100,000 people, respectively [14]. Interestingly, there
was a significant increase in the incidence of autoimmune
encephalitis in the last decade, with increased recognition
of neural specific antibodies contributing to the diagnosis
of definite autoimmune encephalitis [15]. However, only a
subset of cases in this study had epilepsy as a part of their
autoimmune syndrome. Additionally, case selection was
based on proposed autoimmune encephalitis diagnostic
criteria [16], and patients with epilepsy cases without cog-
nitive impairment were excluded.

A hospital-based prospective study reported that 20% of
adult patients with epilepsy of unknown etiology were sero-
positive for neural specific antibodies associated with autoim-
mune epilepsy or encephalopathy [4, 17]. However, there was
clear difference in specificities of neural specific antibodies
detected in patients with new-onset and chronic epilepsy.
Leucine-rich glioma-inactivated protein 1 (LGI1) and N-meth-
yl-D-aspartate receptor (NMDA-R) immunoglobulin G (IgG)
were detected in new-onset epilepsies, whereas chronic epilep-
sies had a higher proportion of glutamic acid decarboxylase 65
(GADG65) IgG. Another UK-based retrospective study also es-
timated frequency of neural specific antibodies to be 15%
among patients without a genetic, structural, or metabolic eti-
ology for epilepsy [18]. Epilepsies of unknown etiology are
estimated to constitute one-third of all epilepsies among adults
[19]. Therefore, the rate of autoimmune epilepsies based on
these studies can be inferred to be around 5 to 7% of all epi-
lepsies, at least in adults. The frequency of autoantibodies in
pediatric epilepsy is more unclear. Studies from Europe and
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Australia have reported the presence of autoantibodies in about
10% of pediatric patients with new-onset epilepsy [20, 21].

Pathophysiology

Discovery of neural specific antibodies has played a signifi-
cant role in understanding the etiopathogenesis of autoim-
mune epilepsy. In some instances, the immunological trigger
is an underlying occult tumor [22]. Tumor cells express
onconeural antigen which then leads to a misdirected immune
response contributing to neuronal dysfunction. Some of these
antibody responses are tumor specific, e.g., antineuronal nu-
clear antibody type 1 (ANNA-1) IgG and small cell lung car-
cinoma, Ma-2 IgG, and testicular germ cell cancer (Table 1).

Infection is another potential trigger for autoimmune neu-
rological syndrome [23]. Different mechanisms including mo-
lecular mimicry, epitope spreading, and bystander activation
have been postulated. Structural and/or amino acid sequence
similarity between pathogen and self-antigen leading to a
cross-reactive immune response is the basis for molecular
mimicry. Secondly, cellular damage by an infection may lead
to release of putative autoantigen, triggering an autoimmune
response. Thirdly, the infection may lead to activation of
autoreactive lymphocytes and antigen-presenting cells leading
to an immune response against self-antigens. An example of
infectious trigger leading to autoimmunity is the association of
herpes simplex virus encephalitis and NMDA-R encephalitis
[24].

Autoantigen can be divided based on their cellular locali-
zation into cell surface or intracellular epitopes. Some cell
surface antibodies have a direct pathogenic role. Both LGI1
and NMDA-R antibodies are two such examples which target
extracellular epitopes. LGI1 IgG has been postulated to cause
pathogenic effect by ion channel deficiency. LGI1 IgG leads
to disruption of LGI1-ADAM?22 interaction which reduces
synaptic o-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptor function, subsequently disrupting
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calcium influx [25, 26]. On the other hand, NMDA-R IgG
binds to a region of the GluN1 subunit of NMDA-R. This
disrupts the interaction between NMDAR and ephrin type
B2 receptor, and initiates internalization of NMDA-R contrib-
uting to neuronal dysfunction [27]. The process of internali-
zation is reversible, and good recovery has been demonstrated
with removal of NMDA-R IgG [28].

Antibodies against intracellular autoantigens such as anti-
Hu or anti-Yo are surrogate biomarkers; neuronal injury is
attributed to CD8+ cytotoxic T-cell response. These antibodies
and neurotoxic T cells may share the same autoantigen spec-
ificity, e.g., Ant-Yo (CDR2) paraneoplastic syndrome [29].

Clinical Presentation

Patients with autoimmune epilepsy usually present with new
onset of refractory seizures with one or more coexisting fea-
tures of autoimmune encephalitis including subacute progres-
sive cognitive decline, psychiatric symptoms, viral prodrome,
autonomic dysfunction, inflammatory CSF, oncological asso-
ciation, or brain MRI changes consistent with autoimmune
encephalitis [11]. The optimal selection of patients based on
their clinical characteristics for neural specific antibody eval-
uation is critical.

Prediction of neural autoantibody specificities based on
clinical characteristics can be difficult due to overlapping fea-
tures, one of the exceptions being a faciobrachial dystonic
seizure which is pathognomic for LGI1 IgG. Therefore, both
serum and CSF should be tested to avoid false negative and
false positive test results. Specifically, NMDA-R IgG and glial
fibrillary acidic protein IgG testing is more sensitive and spe-
cific in the CSF [28, 30]. Furthermore, detection of GAD65
IgG in the CSF (even in low titers) is supportive of neurolog-
ical autoimmunity but low serum GADG65 IgG titers can be
nonspecific [31, 32]. Whereas, CSF is less sensitive than se-
rum in detection of LGI1 or contactin-associated protein-like
2 (CASPR-2) IgG.

In this regard, a predicative model (Antibody Prevalence in
Epilepsy and Encephalopathy [APE2] score) based on clinical
features and initial neurological assessment can be utilized
(Table 2) [3, 4, 17, 33]. Furthermore, a scoring system to
predict favorable response to initial immunotherapy
(Response to Immunotherapy in Epilepsy and
Encephalopathy [RITE2] score) may also be used for manage-
ment of these patients. (Table 2) [17]. For prediction of neural
specific antibody seropositivity, an APE2 score >4 in patients
with epilepsy of unknown etiology was demonstrated to have
a sensitivity and specificity of 98% and 85% respectively. An
APE2 score >7 had specificity of 100% for an autoimmune
etiology of epilepsy. For patient receiving first-line immuno-
therapy, RITE2 score >7 has a sensitivity and specificity of
88% and 84% respectively [3].

Using APE2 score, neural specific antibody serum sta-
tus, and trial of immunotherapy, a diagnostic criterion for
autoimmune epilepsy has been proposed [3]. Patients have
been classified into either “definite autoimmune epilepsy,”
“probable autoimmune epilepsy,” or “possible autoim-
mune epilepsy” (Fig. 2). All patients with epilepsy of un-
known etiology and APE2 score >4 should undergo auto-
antibody evaluation. If the neural specific antibodies clin-
ically validated to be associated with autoimmune epilepsy
are positive, these cases meet the criteria for “definite au-
toimmune epilepsy.” For patients with epilepsy of un-
known etiology despite thorough workup and negative au-
toantibody evaluation who have an APE2 score >4, a di-
agnostic trial of immunotherapy (as described later) should
be considered. A favorable response to immunotherapy
trial (defined as > 50% reduction in seizure frequency after
immunotherapy) or an APE2 score > 7 irrespective of im-
munotherapy trial outcome (due to higher specificity for
autoimmune etiology) supports the diagnosis of “probable
autoimmune epilepsy.”

Cell Surface Epitopes
N-Methyl-p-Aspartate Receptor IgG

N-methyl-D-aspartate receptor (NMDA-R) encephalitis
typically affects young women with a reported median
age of 22 years (range, 2 months—85 years) [34]. Clinical
presentation usually begins with a prodrome of a headache
or fever, followed by psychiatric manifestations including
delusions, hallucinations, mania-like episodes, alternating
episodes of extreme agitation, and catatonia. Patients then
progress to develop seizures, encephalopathy, oral dyski-
nesia, choreoathetosis, and autonomic dysfunction [35].
Seizures in NMDA-R encephalitis are usually focal
nonmotor seizures that might progress to refractory status
epilepticus [36]. If untreated, patients will progress to a
comatose state [35].

In about half of the patients, a trigger can be identified. The
two main triggers are the presence of ovarian teratoma [37]
and a history of herpes simplex virus (HSV) encephalitis [24].
Approximately two-thirds of adult women between ages 18
and 45 years with NMDA-R encephalitis have been reported
to have ovarian teratoma [35]. However, presence of this tu-
mor is extremely rare in children younger than 12 years or
older adults (> 45 years) [8, 35, 38]. Furthermore, prospective
evaluation of HSV encephalitis patients showed that 17% of
these cases developed NMDA-R encephalitis during follow-
up. Three additional patients in this cohort were positive for
NMDA-R IgG without any clinical features of autoimmune
encephalitis on follow-up evaluation [24].
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Epilepsy of unknown etiology

Exclusion of alternative etiology?

v

APE2 score (based on clinical features,
MRI, CSF)

APE2 score <4b

Autoimmune epilepsy
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v

APE2 score 24

Neural specific antibody evaluation not

Neural specific antibody

available evaluation
I
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Neural specific antibody negative® Deual spec.lfjc acn‘nbody
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Immunotherapy triald Definite autoimmune epilepsy
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Lack of favorable outcome® Favorable outcome®
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APE2 score 4 to 6 APE2 score 27

v b

Possible autoimmune epilepsy

Probable autoimmune epilepsy

Fig. 2 Proposed autoimmune epilepsy diagnostic criteria stratifying
patients based on APE2 score and immunotherapy trial into “definite,”
“possible,” or “probable” autoimmune epilepsy. APE2 = Antibody
Prevalence in Epilepsy and Encephalopathy; CSF = cerebrospinal fluid;
MRI = magnetic resonance imaging. Superscript letter “a” indicates
reasonable exclusion of alternative etiology (genetic, infectious
encephalitis, neoplasm, neurodegenerative process, metabolic or toxic
encephalopathy). Superscript letter “b” indicates rare patients with
leucine-rich glioma-inactivated protein 1 antibody and mild presentation
was found to have APE2 score < 4. Superscript letter “c” indicates neural
specific antibodies clinically validated to have an association with auto-
immune epilepsy (AMPA-R = amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor, amphiphysin; AK5 = adenylate kinase
5; ANNA-1 = antineuronal nuclear antibody 1; ANNA-2 = antineuronal
nuclear antibody 2; ANNA-3 = antineuronal nuclear antibody 3; DPPX =
dipeptidyl-peptidase-like protein 6; CASPR-2 = contactin-associated pro-
tein 2; CRMP-5 = collapsin response mediator protein-5; GAD65 =
glutamic acid decarboxylase 65 (serum >20 nmol/L or CSF detected);

Recent human leukocyte antigen (HLA) studies in
NMDA-R encephalitis demonstrated a weak association
of patients with adult-onset patients with major histocom-
patibility complex (MHC) I allele B*07:02 [39].

Leucine-Rich Glioma-Inactivated Protein 1 IgG

LGII IgG is typically associated with seizures and mem-
ory deficits usually among older patients (>40 years).
However, a few pediatric cases have also been described
[40]. One characteristic phenotype described among the

GABABR = y-aminobutyric acid B receptor; GABAAR = y-
aminobutyric acid A receptor; GFAPx = glial fibrillary acidic protein
(CSF detected), IgLONS; LGI1 = leucine-rich glioma-inactivated protein
1, Ma-1/Ma-2; MOG = myelin oligodendrocyte glycoprotein; mGluRS =
metabotropic glutamate receptor 5, Neurexin-3o; NMDA-R = N-methyl-
D-aspartate receptor (preferably CSF detected), PCA2 = Purkinje cell
antibody type 2, PCA Tr) evaluated and confirmed by latest and validated
techniques. Superscript letter “d” indicates standardized immunotherapy
trials should be considered. 12-week IVMP trial: 1 g, intravenously once
per day for 3 consecutive days, then once weekly for 5 weeks, followed
by once every 2 weeks for 6 weeks, for total 12 weeks’ therapy; 6-week
IVMP trial: 1 g, intravenously once per day for 3 consecutive days, then
once weekly for 5 weeks; 12-week IVIG trial: 0.4 g/kg daily for 3 days
followed by 0.4 g/kg every week for 6 weeks and then every 2 weeks for
6 weeks; 6-week IVIG trial: 0.4 g/kg daily for 3 days followed by 0.4 g/kg
every week for 6 weeks. Superscript letter “d” indicates > 50% reduction
in seizure frequency

adult patients is faciobrachial dystonic seizures (FBDS).
These are brief focal dystonic motor seizures occuring
multiple times a day. They have a characteristic stereotyp-
ic contraction of the face, arm, and leg [41]. Another,
characteristic seizure semiology is unilateral piloerection
episodes. More recently, paroxysmal dizzy spells have al-
so described in a subset of patients [42]. These “dizzy
spells” or “out of body experiences” may precede enceph-
alopathy by 2 to 12 months.

HLA analysis of LGI1 encephalitis has shown strong asso-
ciation with a 27 single-nucleotide polymorphisms (SNPs) in
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the HLA-II region and MHC class II haplotypes
DRB1#07:01, DQA1*02:01, and DQB1*02:02 [39].

A minority (~2%) of patients with voltage-gated potassium
channel-complex (VGKCc) antibodies have coexisting
CASPR-2 IgG. Peripheral nervous system involvement is
more common (neuromyotonia, myokymia, or dysautonomia)
among these patients. However, a considerable proportion of
patients, especially older patients, may have coexisting epilep-
sy or encephalitis. VGKCc IgG in the absence of LGI1 and/or
CASPR-2 IgG seropositivity may not be a specific biomarker
of autoimmunity [43, 44].

a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic
Acid IgG

AMPA receptor antibodies are directed against GluR1 and
GluR2 subunits causing downregulation of the receptor and
decrease its synaptic clustering. The median age of onset is
around 60 years [35]. AMPA receptor encephalitis typically
presents with classic limbic encephalitis symptoms (antero-
grade memory deficits, retrograde amnesia, mood changes,
and temporal lobe seizures). Recent studies have supported
direct antibody-mediated pathogenicity [45, 46]. Two-thirds
of the patients have underlying malignancy, mainly small cell
lung cancer and thymoma [47]. Few patients can have a re-
fractory course despite aggressive immunotherapy and go on
to develop diffuse cortical atrophy [45, 46, 48].

y-Aminobutyric Acid Type B IgG

y-Aminobutyric acid type B (GABA-B) receptors are linked
to G protein—gated potassium channels. GABA-B receptor
encephalitis usually presents as refractory nonconvulsive sta-
tus epilepticus [35]. The majority of patients are older adult
males (median age, 61 years) [8]. In 50 to 60% of cases, an
underlying malignancy is detected, most commonly small cell
lung carcinoma.

GABA-A Receptor 1gG

Fulminant encephalitis and refractory seizures or status epi-
lepticus have been associated with GABA-A receptor enceph-
alitis. These patients have characteristic multifocal asynchro-
nous cortical and subcortical T2/fluid-attenuated inversion re-
covery (FLAIR) hyperintensities [36]. The age of symptom
onset tends to be younger (median age, 40 years) than that of
cases with GABA-B encephalitis [8].

Dipeptidyl-Peptidase-Like Protein 6 IgG
Dipeptidyl-peptidase-like protein 6 (DPPX) is a cell sur-

face auxiliary subunit of the Kv4.2 potassium channel fam-
ily. Patients with DPPX antibody—associated encephalitis
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can also have seizures as part of the syndrome. The char-
acteristic clinical manifestations include gastrointestinal
dysmotility, weight loss, cognitive dysfunction, delirium,
hyperekplexia, myoclonus, parasomnias, and occasionally
progressive encephalomyelitis with rigidity and myoclonus
(PERM) [35, 49].

Metabotropic Glutamate Receptor 5 IgG

In 1982, Ian Carr described a neuropsychiatric syndrome
of bizarre behavior, depression, memory loss, and halluci-
nations in his 15.5-year-old daughter. She was diagnosed
with Hodgkin’s lymphoma and underwent treatment, lead-
ing to significant neurological recovery. He named it
“Ophelia syndrome” after a character from Shakespeare’s
play “Hamlet” [50]. Dr. Carr speculated a humorally me-
diated paraneoplastic mechanism “perhaps a circulating
neurotransmitter-like molecule secreted by the tumor.” In
2011, metabotropic glutamate receptor 5 (mGlurS) IgGs
were found in two patients with clinical manifestations
consistent with Ophelia syndrome (subacute onset of en-
cephalopathy, mood changes, seizures, and Hodgkin’s
lymphoma) [51]. In a recent series of 11 mGlur5 IgG-
seropositive patients, 5 were found to have Hodgkin’s lym-
phoma and 1 small cell lung cancer [52]. Neuropsychiatric
dysfunction, movement disorder, sleep disorder, and sei-
zures were the common clinical manifestations. Five of
the 11 cases had limbic system involvement on brain
MRI, and 4 had changes in the extralimbic region. In 2
patients, status epilepticus was reported as the presenting
clinical feature.

Intracellular Epitopes
Glutamic Acid Decarboxylase (65 kd) IgG

GADG65 antibodies (serum titers >20 nmol/L or detection in
CSF) are associated with various autoimmune neurological
diseases including autoimmune epilepsy, stiff person syn-
drome, cerebellar ataxia, limbic encephalitis, and PERM [53,
54]. Women are more frequently affected than men, and the
median age of symptom onset is 30 years (range, 580 years)
[36]. In a study of 112 patients with unexplained adult-onset
focal epilepsy, 5.4% were found to have high titers of GAD65
antibodies (> 1000 U/mL) [55]. Usually, patients with GAD65
antibodies (serum titers > 20 nmol/L or detection in CSF) are
associated with a treatment—refractory course [54, 55]. The
refractory nature of the disease is postulated to be secondary
to cell-mediated cytotoxicity rather than a direct antibody-
mediated pathogenesis.
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Antineuronal Nuclear Antibody Type 1 (a.k.a. anti-Hu)
IgG

Patients with ANNA-1 IgG antibodies present with various
central and peripheral nervous system manifestations.
ANNA-1 IgG seropositivity has a strong association with
small cell cancer (81%). HuD-specific T cells are postulat-
ed to play a major role in pathogenicity of the
paraneoplastic syndrome [56]. Sensory neuronopathy and
autonomic dysfunction, especially gastroparesis, are hall-
marks of ANNA-1 autoimmunity [15]. However, a few
patients (10-17%) also present with limbic encephalitis
and/or refractory seizures. Seizures can be temporal or
extratemporal in onset [57].

ANNA-2 (a.k.a. anti-Ri) IgG

Seizures and limbic encephalitis have been reported among
patients with ANNA-2 IgG (a.k.a. anti-Ri). However, a typical
clinical manifestation is brainstem or cerebellar syndrome in-
cluding ataxia, nystagmus, opsoclonus—myoclonus, jaw-
opening dystonia, and laryngospasms [58].

Ma-2 or PNMA Family Member 2 IgG

Ma-2 IgG patients usually have a limbic encephalitis or
brainstem encephalitis phenotype. A retrospective study
of Ma-2 IgG-seropositive patients reported bilateral
tonic—clonic or focal unaware seizures in 12 out of 27
(44%) patients [59]. Majority of Ma-2 IgG patients have
either testicular germ cell tumor (especially young men)
or small cell lung cancer (older patients with coexisting
Ma-1 IgG) [60]. Favorable clinical outcomes have been
associated with the absence of coexisting Ma-1 anti-
body, male gender, younger age (<45 years), and pres-
ence of testicular tumor with complete response to
treatment.

Collapsin Response Mediator Protein-5 IgG

Collapsin response mediator protein-5 (CRMP-5) IgG is a
paraneoplastic biomarker of small cell lung cancer or
thymoma [61]. Patients with CRMP-5 IgG usually manifest
with various neurologic signs including limbic encephalitis,
chorea, cranial neuropathy, cerebellar ataxia, myelopathy, and
polyradiculoneuropathy [36, 62, 63]. Focal aware and un-
aware seizures have also been reported among CRMP-5-
seropositive patients. Management of underlying malignancy
and early initiation of immunotherapy is critical for better
clinical outcome [64].

Other Presumed Immune-Mediated Epilepsies
Rasmussen’s Encephalitis

Rasmussen’s encephalitis is a rare chronic neurological disor-
der suspected to have an immune-mediated pathogenesis. It is
characterized by drug-resistant focal motor epilepsy (epilepsia
partialis continua), cognitive decline, hemiplegia, and unilat-
eral hemispheric brain atrophy [7]. The majority of the cases
have onset during childhood. Three different disease stages
have been described. The first phase is the “prodromal stage”
characterized by relatively low seizure frequency and usually
no hemiparesis. The second phase is the “acute stage” which
is characterized by frequent intractable seizures and progres-
sive neurological deterioration (hemiparesis, hemianopia,
cognitive deterioration, and aphasia if dominant hemisphere)
and radiological evidence of brain atrophy. The third phase is
the “residual stage” during which seizure frequency decreases,
and the patient develops permanent and stable neurological
deficits [65].

CSF analysis among these patients may be normal or may
demonstrate lymphocytic pleocytosis and elevated CSF pro-
tein. Electroencephalogram (EEG) findings are usually char-
acterized by emerging persistent delta activity over the affect-
ed hemisphere with contralateral normal background rhythm
[66]. With disease progression, the contralateral side also de-
velops inter-ictal epileptiform discharges. Focal ictal thythmic
discharges migrating from the affected cortical hemisphere
with clinical events have been described. However, no
disease-specific electrographic signature has been associated
with syndrome. Brain MRI demonstrates unilateral cortical
and/or subcortical regions T2/FLAIR hyperintensity and atro-
phy. The MRI changes are most prominent in the perisylvian
area. Fluorodeoxyglucose positron emission tomography
(FDG-PET) scan usually demonstrates hypermetabolism on
the affected hemisphere [7, 65]. Variable responses to immu-
notherapy have been reported in several case reports. A ran-
domized trial of tacrolimus or intravenous immune globulin
(IVIG) showed slowing down of tissue and function loss with
either therapies, and prevented development of intractable ep-
ilepsy [67]. At present, hemispherectomy continues to be the
preferred approach in severely disabled immunotherapy re-
fractory patients for seizure control and arresting the neuro-
logical decline [68].

New-Onset Refractory Status Epilepticus

Diagnosis of new-onset refractory status epilepticus (NORSE)
should be considered, when a previously healthy individual
develops refractory de novo seizures and status epilepticus
with no readily identifiable etiology. NORSE can affect pa-
tients of all ages. A retrospective study exploring NORSE in
the adult population has shown a significant percentage of
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these patients to have immune-mediated etiologies, primarily
antibody-mediated encephalitis [69]. Various treatments have
been tried, including antiseizure medications, achieving burst
suppression with anesthetics, and dietary therapy with modest
and variable effects [70]. Immunotherapy has been associated
with favorable outcomes (5-33%) in a few cases [70].

Ancillary Studies in Autoimmune Epilepsy
Electroencephalogram

EEG plays a vital role in diagnosis and management of auto-
immune epilepsy and encephalitis. Long-term monitoring is
utilized among patients with subclinical or clinical status ep-
ilepticus [71]. Additionally, EEG can also be utilized to eval-
uate response to immunotherapy and anti-epileptic drugs in
some instances.

EEG findings in autoimmune encephalitis are variable and
may be nonspecific. Extreme delta brush (EDB) has been
described as characteristic finding in NMDA encephalitis pa-
tients [72]. This EEG pattern consists of rthythmic delta activ-
ity at 1 to 3 Hz with superimposed burst of rthythmic beta
activity at 20 to 30 Hz riding on each delta wave. EDB has
been reported in approximately 30% of NMDA encephalitis
patients (Fig. 3). Although, recent studies have described the
presence of EDB with other metabolic and structural causes of
encephalopathy as well [73].

In a small series of LGI1 encephalitis patients, multiple
frequent seizure semiologies or subclinical seizures associated
with temporal and frontal discharges were reported [74].
Multifocal inter-ictal epileptiform discharges and inter-ictal

11c3p3
12/ P301
13 Fo2-F4
14/ Faca
15/ C4-P4
16 P4.02
17 FzCz
18/CzPz =

19 ovxr

slow-wave activity were observed in 25% and 69% patients,
respectively. Ictal EEG during FBDS is usually obscured by
prominent muscle artifact [74]. However, rhythmic delta ac-
tivity over the contralateral frontotemporal region followed by
diffuse EEG attenuation can occasionally be seen [74].

Imaging

Brain MRI is usually included as part of the initial diagnostic
workup for new-onset epilepsy or encephalitis. Radiological
features which can be suggestive of autoimmune encephalitis
include T2/FLAIR hyperintensity restricted to one or both
medial temporal lobes (Fig. 4A-D), or multifocal T2/FLAIR
hyperintensities in the gray matter, white matter, or both com-
patible with demyelination or inflammation (Fig. 4E, F) [75].
However, MRI may be normal especially early in the course
of the disease [76, 77]. Brain MRI also provides valuable
information regarding differential diagnosis of new-onset ep-
ilepsy like brain tumors, brain abscess, neurosarcoidosis, and
other inflammatory and infectious etiologies. Volumetric MRI
analysis has demonstrated dynamic amygdala enlargement
may be an early radiological biomarker of autoimmune epi-
lepsy in the subset of patients [78].

Beside brain MRI, abnormalities in functional MRI [79],
diffusion tensor imaging (DTI) [79], FDG-PET/CT [80, 81],
and single-photon emission computed tomography (SPECT)
[82] have been described in patients with autoimmune epilep-
sy and can provide valuable diagnostic and, at times, prognos-
tic values. Several studies have reported a higher sensitivity of
FDG-PET compared with MRI, especially early in the disease
course [83].

N L N

Fig. 3 Extreme delta brush in a patient with NMDA-R encephalitis. Anterior—posterior bipolar montage. Sensitivity, 5 1V; high pass filter, 35 Hz
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Fig.4 (A-E) Patient 1 with LGI1
IgG limbic encephalitis. Brain
MRI (FLAIR sequence)
demonstrating bilateral medial
temporal hyperintensities on axial
(A) and sagittal (B) sections.
Patient 2 with ANNA-1 IgG lim-
bic encephalitis. Brain MRI
(FLAIR sequence) demonstrating
bilateral medial temporal
hyperintensities on axial (C) and
sagittal (D) sections. Patient 3
with Ma-2 IgG limbic encephali-
tis. Brain MRI (FLAIR sequence)
demonstrating bilateral medial
temporal (right greater than left)
hyperintensities on axial (E) and
sagittal (F) sections. ANNA-1 =
antineuronal nuclear antibody-1;
FLAIR = fluid-attenuated inver-
sion recovery; LGI1 = leucine-
rich glioma-inactivated protein 1

Early in the disease course of NMDA-R encephalitis, the
brain MRI may be normal or have nonspecific changes [34,
84]. However, resting-state functional MRI shows disrupted
hippocampal functional connectivity. Moreover, DTI has
demonstrated widespread white matter damage that correlated
with disease severity [79]. FDG-PET/CT shows decreased
occipital lobe metabolism, which is a unique finding in some
of these patients [81]. Resolution of lateral and medial occip-
ital hypometabolism may correlate with clinical improvement.

In LGI1 encephalitis, brain MRI findings vary depending
on the stage of the disease and the progression [85]. In the
early phase of the disease, brain MRI is typically normal al-
though basal ganglia abnormalities including increased
FLAIR signal, restricted diffusion, and contrast enhancement
have been reported [85]. Patients with FBDS may develop T1
hyperintensity in the region of the basal ganglia [86]. As the
disease progress, unilateral or bilateral T2/FLAIR
hyperintensities of the medial temporal lobes and basal gan-
glia are observed. Long-term follow-up MRI may demon-
strate hippocampal atrophy, at times consistent with mesial
temporal sclerosis [84]. Basal ganglia hypermetabolism on
FDG-PET/CT is another early and specific imaging finding
which may aid in the diagnosis of LGI1 encephalitis [87].

Majority of the patients with autoimmune epilepsy associ-
ated with GADG65 antibody have disproportionate parenchy-
mal (cerebral and cerebellar) atrophy for age and abnormal
cortical/subcortical T2 hyperintensities on brain MRI. A mi-
nority of patients (26%) have hippocampal abnormalities

(including T2 hyperintensities and enlargement of amygdala/
hippocampus) [88].

Patients with GABA-A receptor encephalitis have a unique
pattern of multifocal cortical and subcortical FLAIR
hyperintensity [89]. Most of these cortical and subcortical
abnormalities are not associated with gadolinium
enhancement.

Medial temporal lobe involvement has been reported in
multiple antibody specificities including LGI1 IgG,
AMPA-R [90], GABA-B receptor IgG [91], ANNA-1
IgG [57], Ma-2 IgG [59], mGIuRS5 [52], and adenylate
kinase 5 [92]. Majority of these cases do not have associ-
ated gadolinium enhancement except for Ma-2 1gG—
associated limbic encephalitis [59].

Cancer Screening

CT of the chest, abdomen, and pelvis with contrast is
recommended as the initial evaluation for cancer associ-
ation. Scrotal ultrasounds should be performed in all
males, when an autoimmune or paraneoplastic etiology
is suspected. In women, mammograms are the gold stan-
dard for evaluation of breast cancer. Transvaginal sonog-
raphy and pelvic MRI are recommended for ovarian ter-
atoma or adenocarcinoma screening. If initial radiological
evaluations did not reveal any malignancies and clinical
suspicion for paraneoplastic neurological syndrome is
high or the patient has neural specific antibody with
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strong oncological association (Table 1), PET-CT should
be pursued [16, 93]. If the patient’s evaluation reveals a
neoplasm other than the one predicted by the onconeural
antibody present, further cancer evaluation should be
performed as more than 1 cancer can coexist [93].

Treatment

Treatment of patients with autoimmune epilepsy is comprised
of immunotherapy, removal of an immunologic trigger such
as a tumor (when applicable), and symptomatic therapy in-
cluding antiseizure medications. Multiple studies have dem-
onstrated favorable effects of early initiation of immunother-
apy on seizure frequency and cognition [13, 17, 94, 95].
However, randomized control trials evaluating efficacy immu-
notherapy in autoimmune epilepsy are lacking. Current immu-
notherapy recommendations are based on case series and clin-
ical experience [34, 96].

Immunotherapeutic agents are classically divided into
first-line (acute phase) and second-line therapies (main-
tenance phase) (Table 3). First-line therapies include
high-dose intravenous methylprednisolone (IVMP), intra-
venous immune globulin (IVIG), or plasma exchange
(PLEX). Second-line agents such as rituximab, cyclo-
phosphamide, mycophenolate, azathioprine, bortezomib,
or tocilizumab are used in refractory cases or as a main-
tenance therapy to prevent relapses.

Treatment of autoimmune epilepsy should be based on
the severity of the clinical course (Fig. 5). In patients with
rapid progression and refractory course, more aggressive
immunotherapy is needed including a combination of both
first- and second-line therapies. Conversely, some patients
with autoimmune epilepsy have a more benign course and
their epilepsy can be controlled with antiepileptic drugs
and short course of immunotherapy. In all cases, cancer
surveillance as discussed above should be pursued.
Treatment of the underlying cancer is pivotal for the suc-
cessful treatment of autoimmune epilepsy.

Acute Phase Treatment

Preferred first-line treatments for autoimmune epilepsy in-
clude high-dose intravenous corticosteroid therapy, PLEX,
and IVIG. In some scenarios, such as refractory
nonconvulsive status epilepticus, an initial course of IVMP
at 1 g per day for 5 days combined with or followed by
PLEX (5-7 cycles; 1 exchange every other day spread over
1014 days) or IVIG (0.4 g/kg per day for 5 consecutive days)
may also be utilized. In cases in which both PLEX and IVIG
are utilized, PLEX should precede IVIG therapy, to avoid
removal of the immune globulins from the circulation.

@ Springer

In outpatient settings, we utilize 6- to 12-week immuno-
therapy trials. The IVMP trial includes 1 g per day for 3 days
followed by once weekly for 5 weeks (6-week [VMP trial),
followed by once every 2 weeks for 6 weeks (12-week IVMP
trial). If the patient has contraindications for IVMP or cannot
tolerate high-dose corticosteroids due to side effects, a 6- to
12-week course of IVIG may be considered. This includes
0.4 g/kg IVIG daily for 3 days followed by 0.4 g/kg every
week for 6 weeks (6-week IVIG trial), then every 2 weeks for
6 weeks (12-week IVIG trial).

A treatment response can be ascertained using a sei-
zure diary to assess seizure frequency and/or change in
semiology and neurological examination including
screening mental status examination after completion
of immunotherapy trial. The quality of life in epilepsy
(QOLIE-31) can be utilized as well. EEG, brain MRI
with gadolinium, brain PET, and formal cognitive tests
are additional parameters that can be monitored.
Seizures in autoimmune epilepsy may show early im-
provement within 4 to 6 weeks of initiating immuno-
therapy. Conversely, cognitive impairment and amnesia,
if present, recover more slowly.

Maintenance Phase

The main goals of the maintenance phase treatment are
to prevent disease progression and relapses, while
avoiding medication adverse effects. In most instances,
chronic immunotherapy decisions are based on response
to the acute immunotherapy regimen and the specific
autoantibodies identified. In cases which continue to
have a refractory course despite aggressive initial immu-
notherapy and optimal anti-epileptic regimen, second-
line immunosuppressive agents are initiated early in
the disease course. Rituximab, cyclophosphamide, my-
cophenolate, and azathioprine are commonly utilized
agents. In some instances, chronic IVIG or plasmaphe-
resis, once every 2 to 3 weeks, is also utilized as a
maintenance therapy. If mycophenolate or azathioprine
is initiated, an overlapping 2- to 3-month course of cor-
ticosteroids should be considered, due to their delayed
therapeutic effect.

Understanding the potential immune mechanism of
the disease can also help in deciding second-line immu-
notherapeutic strategy. In general, classic paraneoplastic
antibodies with intracellular antigens, such as anti-Hu
IgG, are primarily considered to have T-cell-mediated
syndromes leading to preference of broad-spectrum im-
munosuppressive agents such as cyclophosphamide and
mycophenolate. However, some of the antibodies against
neural cell surface antigens are directly pathogenic, such
as NMDA-R IgG; therefore, B-cell-targeted therapies
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Monitoring and prophylaxis

Mechanism of action Adverse effects

Dosing/regimen

administration

Immunomodulatory Route of

Table 3 (continued)

agent

@ Springer

CBC should be checked once per

hair loss, cytopenia, hepatotoxicity,

into DNA inducing lymphocyte

apoptosis

5-point MCV increase from

baseline)

week for 1 month, then once
every 2 weeks for 2 months,

lymphoma, and infections

then once every 1-3 months
for the duration of therapy

Bone marrow suppression, Gl side effects, CBC, liver function and electrolytes.

Proteasome inhibitor, decreasing

1-6 cycles, each cycle consists

SC

Bortezomib

peripheral neuropathy, opportunistic

infections.
Bone marrow suppression, serious

levels of plasma cells.

of 4 injections (1.3 mg/m?)

CBC, liver function test and

IL-6 receptor monoclonal antibody

4-8 mg/kg per dose, weekly

v

Tocilizumab

electrolytes, lipid panel,
quanteferon gold

infections including pneumonia

and sepsis

for 2 weeks. Monthly
8 mg/kg if needed

partial thromboplastin time; CBC =

International Normalized Ratio; PTT

trimethoprim; SMX = sulfamethoxazole; PPI = proton pump inhibitor; ppx

prothrombin time; INR

intravenous immunoglobulin; PT

plasmapheresis; IVIG =

intravenous; PO = per oral; PLEX =
complete blood count; TPMT = thiopurine S-methyltransferase; TMP

V=

prophylaxis

reducing antibody production are preferred. Careful
evaluation of adverse effects of these agents, with fre-
quent labs (specific to immunotherapy agent utilized), is
extremely important.

Bortezomib and tocilizumab have emerged as novel
second-line immunotherapeutics for management of re-
fractory cases of autoimmune epilepsy and encephalitis.
Bortezomib is a proteasome inhibitor used in the treat-
ment of multiple myeloma and off-label use in SLE.
Bortezomib decreases both the short-lived and long-
lived plasma cells which ultimately leads to decreased
production of circulating antibodies [97]. Bortezomib
has been utilized for management of severe refractory
NMDA-R encephalitis with limited success [97].
Tocilizumab is a humanized anti-interleukin (IL)-6 re-
ceptor monoclonal antibody, which blocks IL-6-
mediated signal transduction [98]. Tocilizumab has been
used in several autoimmune conditions including SLE,
rheumatoid arthritis, and giant cell arteritis [98, 99]. A
recent retrospective observational study reported favor-
able outcome with the administration of tocilizumab in
7 adult patients with NORSE who remained refractory
to first-line immunotherapy and/or rituximab [100]. In
another study of 20 patients without autoimmune en-
cephalitis, use of tocilizumab was associated with favor-
able clinical response at the last follow-up [101].

Studies assessing duration of maintenance immunotherapy
are limited. Although, a trial of immunotherapy withdrawal
may be considered after 2 years of treatment if patient has not
had any relapses.

Antiepileptic Drugs

Even though seizures in autoimmune epilepsy are char-
acteristically resistant to antiepileptic drugs (AEDs)
alone, they continue to play an important role in symp-
tomatic management. In all autoimmune epilepsy pa-
tients, AEDs should be used along with immunotherapy
treatment. There are no randomized clinical trial data to
support one AED over another. Levetiracetam is com-
monly employed for management of seizures given the
favorable side effect profile and minimal drug to drug
interaction. However psychiatric dysfunction due to ad-
verse effects of levetiracetam may be difficult to differ-
entiate from syndromic manifestation of limbic enceph-
alitis [102].

A recent retrospective study evaluating AEDs in au-
toimmune epilepsy demonstrated seizure freedom rates
were considerably higher with use of sodium channel—
blocking AEDs (carbamazepine, phenytoin,
oxcarbazepine, and lacosamide) compared with leveti-
racetam [103]. The reason for better efficacy of sodium
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New onset epilepsy or subacute cognitive

decline with epilepsy

v

Brain imaging

* EEG
Lumbar puncture
HIV testing

CSF culture and gram stain, other viral or fungal infectious work up
Genetic evaluation as per the clinical and electrographic syndrome

If work up negative
Epilepsy of unknown etiology

score <4

Low clinical suspicion for I

autoimmune etiology and/or APE2

High clinical suspicion for
autoimmune etiology and/or

antibodies negative

Neural specific

APE2 score 24
Autoantibody testing

More comprehensive
evaluation of an alternative
etiology

status epilepticus, coma +
syndromic presentation

1
| Neural specific Ab positive

v

Consider expanding workup

Immunotherapy trial
IVvmMP
1000 mg daily for 3 days, then weekly for 5 weeks (may
extend bi-weekly for another 6 weeks)
or
ig

- - 0.4 mg/kg daily for 3 days, the weekly for 6 weeks

(may extend bi-weekly for another 6 weeks)

infectious/genetic or other
non-autoimmune etiologies
If additional work up is
negative and clinical
suspicion for autoimmune
epilepsy is high consider
immunotherapy trial

h—l

and/or Abs strongly
associated with AE

Consider Rituximab or
Cyclophosphamide early
(days to weeks) after

(contraindication or incomplete response to

or
PLEX

steroids/IVIg; critically ill patient)

immunotherapy trial

[\

failure or incomplete
response

él Look for underlying tumor based on antibody profile and treat if found I

v

Continue IVMP/IVIg once weekly or PO prednisone daily and taper

over 4-6 months

Fig. 5 Management algorithm for autoimmune epilepsy. Ab = antibody; APE2 = Antibody Prevalence in Epilepsy and Encephalopathy; CSF =
cerebrospinal fluid; IVIG = intravenous immunoglobulin; [VMP = intravenous methy! prednisolone; PLEX = plasmapheresis

channel-blocking AEDs remains unclear. Interestingly,
both carbamazepine and oxcarbazepine have been
shown to reduce levels of IL-1 and IL-2 in healthy
subjects [104]. Medications such as carbamazepine and
phenytoin have enzyme induction properties which can
alter the pharmacokinetics of immunosuppressive thera-
pies. Therefore, newer sodium channel-blocking AEDs
with more favorable pharmacokinetic profiles (such as
oxcarbazepine and lacosamide) could be preferred in
management of autoimmune epilepsy.

Epilepsy Surgery

Epilepsy surgery has been tried in select cases of auto-
immune epilepsy [105, 106]. However, among these pa-
tients, outcomes seem to be worse when compared with
other etiologies of drug-resistant epilepsy.

Outcome and Prognosis

Most patients with autoimmune epilepsy and encephalitis are
responsive to either first- or second-line therapies. However, a
subset of patients remains refractory to multiple immunother-
apies. Certain laboratory and imaging features can predict a
more severe course. In patients with LGI1 encephalitis, higher
CSF LGII IgG4 subclass—specific titer and index correlated
with worse outcome [107]. In NMDA-R encephalitis, the
presence of extreme delta brush was associated with a
prolonged course [72].

Among NMDA-R encephalitis patients, a 5-point grading
system, antiNMDA-R Encephalitis One-Year Functional Status
(NEOS) score, predicts neurologic function at 1 year. The factors
included in the NEOS score were intensive care unit admission,
treatment delay more than 4 weeks, lack of clinical improvement
within 4 weeks, abnormal MRI and CSF white blood cell count
more than 20 cells/mcL. A high NEOS score was associated
with probability of poor functional status at 1 year [108].
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