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The  beginning  of  the  story

• The discovery of IgG Ab against proteins on 
nerve cell surfaces has been perceived as a major 
advance and even a breakthrough in neurology 

• The first specific antibodies that have relevance 
and validity until to date are those against the 
NMDA receptor

• These were followed by those against LGI1, 
CASPR2 and others 
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• The list of potentially relevant antibodies that 
is known today may not yet be complete, as 
the field is still young and there are still 
reports of new associations from the neuro-
pediatric age range 
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TWELVE TYPES OF AUTOIMMUNE ABs IN THE SERUM AND/OR CSF OF PWE, 
AND OF OTHER PATIENTS WITH SEIZURES AND ENCEPAHLITIS

• Type 1: Autoimmune ABs to Glutamate 
receptor AMPA type, subunit GluR3, peptide 
B, called GluR3B peptide ABs, or GluR3B ABs

• Type 2: Autoimmune ABs to Glutamate 
receptor NMDA type, NR1 subunit, called 
NMDA-NR1 antibodies
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Continued…

• Type 3: Glutamate receptor NMDA type, 
subunit NR2, called NMDA-NR2 ABs

• Type 4: GABA-R antibodies 

• Type 5: Called GAD-65 antibodies 

• Type 6: Called VGKC antibodies 

• Type 7: Called LGI1 antibodies
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• Type 8: Autoimmune ABs to Contactin-
associated protein-like 2, called CASPR2
antibodies 

• Type 9: Autoimmune ABs to Glycine receptor 

• Type 10: Cardiolipin ABs 

• Type 11: Beta2-glycoprotein-I antibodies 

• Type 12: dsDNA antibodies, and to other 
nuclear proteins

Hamid Nemati, MD/MPH, Pediatric 
Neuroepileptologist

8



GRAUS CRITERIA
Existing diagnostic criteria for autoimmune encephalitis were 
too reliant on antibody testing and response to 
immunotherapy:  
- Antibody testing is not readily accessible in many 
institutions 
- The absence of autoantibodies does not exclude and a 
positive test does not always imply an accurate diagnosis
- Use of the response to immunotherapy is also not practical 
because this information is not available at the time of 
symptom onset or early clinical evaluation 
- Some patients with autoimmune encephalitis might not 
respond to immunotherapy 
- Conversely, patients with other disorders might respond to 
immunotherapy (eg, primary CNS lymphoma)
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• Because children do not develop many of the 
autoimmune encephalitis disorders that 
affect adults, and the syndrome presentation 
might be different or less clinically 
recognizable, the Graus criteria should be 
applied with caution in children, particularly 
in children younger than 5 years
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Initial clinical assessment: Patients suspicious for autoimmune encephalitis
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• These criteria differ from those previously 
proposed for encephalitis in which changes in 
the level of consciousness, fever, CSF 
pleocytosis, and EEG alterations are more 
often needed

• So, AE could present with memory or 
behavioral deficits, without fever or
alteration in the LOC, or with normal brain 
MRI or CSF results
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• Consider other diseases that can mimic AE  

• These diseases should be excluded before 
treatment (detailed history, complete general 
and N/E, routine blood and CSF analysis, and 
MRI will suffice) to accomplish this goal

• The most frequent DDX are HSV encephalitis and 
other CNS infections. Importantly, CSF-HSV PCR 
can be negative if done too early (eg, within 24 
h), and this test should be repeated if the clinical 
suspicion remains high
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patients with clinically recognizable syndromes

• Autoimmune limbic encephalitis

• ADEM and other syndromes with MRI 
features of demyelination

• Anti-NMDA receptor encephalitis

• Bickerstaff’s brainstem encephalitis

Hamid Nemati, MD/MPH, Pediatric 
Neuroepileptologist

15



Hamid Nemati, MD/MPH, Pediatric 
Neuroepileptologist

16



• The onco-neuronal ABs that more frequently occur 
with LE and underlying cancer are Hu and Ma2

• By contrast, the neuronal cell-surface ABs that are 
associated with LE are LGI1, GABAB and AMPA 
receptor 

• ABs against the intracellular antigen GAD occur in a 
subgroup of patients mainly young women (median 
age 23 years) with predominant seizures and no 
evidence of cancer

• The risk of cancer, usually SCL carcinoma or thymoma, 
is higher with older than 50 years or have concomitant 
GABAB receptor AB
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• The inclusion of MOG antibodies in the 
diagnostic criteria for ADEM is not considered 
for two reasons: 1)the ABs can be present in 
demyelinating disorders without MRI features 
of ADEM, or in patients without 
encephalopathy; 2)antibody testing remains 
unavailable at many centers
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• Analysis of CSF for the presence of NMDA 
receptor ABs is mandatory in patients with 
relapsing symptoms after HSV encephalitis 
(20% of patients), and manifests with new-
onset choreoathetosis (predominantly in 
children) or psychiatric symptoms (mainly in 
adults and teenagers) a few weeks or, rarely, 
months after the viral infection
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• DDx of Bickerstaff’s brainstem encephalitis 
include Listeria rhombencephalitis, EV71 
encephalitis in children, paraneoplastic and 
postinfectious brainstem encephalitis, 
chronic lymphocytic inflammation with 
pontine perivascular enhancement responsive 
to steroids (CLIPPERS), neurosarcoidosis, and 
primary CNS lymphoma
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Approach to patients without recognizable 
syndromes or autoantibodies

• After excluding all well characterized 
syndromes of autoimmune encephalitis (with 
or without autoantibodies) and other 
syndromes accompanied by well defined auto-
antibodies, a group of patients who have 
possible autoimmune encephalitis will 
remain (panel 1) 
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• Patients in this group can be regarded as 
having probable autoimmune encephalitis if 
they satisfy criteria for Hashimoto’s 
encephalopathy or autoantibody-negative 
but probable autoimmune encephalitisthe
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Work-up of children and adolescents with suspected
autoimmune encephalitis 

• Brain MRI, CSF analysis and EEG

• Both Serum and CSF autoantibodies
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First and Second Line Treatment in Pediatric AE 
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AUTOIMMUNE EPILEPSY

• More than 50-70 million people worldwide 
have epilepsy, and approximately 30-40% of 
these patients continue to experience 
seizures despite management with ASMs

• The identification of neural ABs in patients 
with new-onset seizures of unknown etiology 
has led to the concept of Acute symptomatic 
seizure secondary to autoimmune 
encephalitis (ASSAE) and Autoimmune-
associated epilepsy (AAE) 
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• The risk of AAE is generally higher in patients 
with intracellular neuronal Abs (suspected to 
be a T cell-mediated process) than in those 
with cell surface antibodies (often directly
pathogenic)
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Clinical Presentation 

• AE related seizures present with acute or sub-
acute seizures, often frequent from the onset. 
A history of preceding viral prodrome is 
common

• Frequent seizures can be the first symptom 
that raises initial suspicion of ASSAE or AAE, 
especially in patients who do not have a 
history or risk factors. Seizures are often 
multifocal and refractory to ASMs
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• Patients may present with new-onset refractory 
status epilepticus (NORSE) or febrile infection-
related epilepsy syndrome (FIRES) 

• Autoimmune encephalitis is the most common 
cause of NORSE (37%)

• When the etiology remains unknown despite 
extensive work-up, it is labeled as cryptogenic 
(cNORSE), which makes up around half of all 
NORSE cases 
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EEG Findings in ASSAE & AAE

• variable findings, including normal, focal, or 
diffuse slowing; epileptiform discharges; or 
frank seizures. The scalp EEG may also be 
normal (including during faciobrachial
dystonic seizures) when the epileptic focus is 
deep or involves too small area
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Imaging

• Brain MRI can be normal (between 30% and 
50%), especially at the onset, but 
abnormalities, including bilateral and 
asymmetric mesial TL or limbic T2 hyper 
intensity, are commonly seen later
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Diagnostic Value of Structural and Functional 
Neuroimaging in Autoimmune Epilepsy

• According to previous content the current 
diagnosis of AE relies too much on antibody 
detection and immunotherapy response

• When the status of autoantibodies is not 
clear, clinical syndrome and imaging findings 
can determine the diagnosis of probable or 
definite AE
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Types and imaging characteristics of antibodies related to AE
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Screening 

• The modified Antibody Prevalence in Epilepsy 
and Encephalopathy (APE2) score, a 10-item, 
16-point index, primarily based on clinical 
evaluation has been developed to predict 
specific neuronal presence auto-Abs
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• APE2 score is useful to pick up ASSAE rather 
than AAE and may not be sensitive enough to 
diagnose patients with chronic epilepsy and 
underlying intracellular ABs such as GAD65 in 
which features of LE may be lacking
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• The Antibodies Causing Epilepsy Syndromes 
(ACES) score, a 6-item (cognitive symptoms, 
behavioral changes, autonomic symptoms, 
speech problems, autoimmune diseases, and 
temporal MRI hyper intensities) and a 6-point
index, recently, have created by de Bruijn et al 
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• Although the items for ACES and APE2 scores 
partially overlap, the ACES score is more 
sensitive for patients with focal epilepsy 
without overt encephalitis

• Also, it is much easier to score than APE2 (a 
value-weighted score), thus more likely to be 
used in clinical settings
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• In a broad spectrum, autoimmune epilepsy 
also includes FIRES, NORSE, cerebral auto-
inflammatory diseases, and epilepsy induced 
by systemic autoimmune disorders
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Autoimmune Encephalitis Associated Acute Symptomatic Seizures and Autoimmune-Associated Epilepsy
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previous table continued
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NORSE

• Can be the most-severe form of AE, and it is 
defined as a clinical presentation—not a 
specific diagnosis—in a patient with the new 
onset of RSE without a clear acute or active 
structural, toxic, or metabolic cause 
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• A multicenter study found the NORSE etiology 
in about half of the patients (47%), with 
autoimmune etiologies 37%, (comprising 19% 
non-paraneoplastic and 18% paraneoplastic) 
being more common than infection 8%. 

• These results indicate that an autoimmune 
pathogenesis is much more likely than a viral 
infection in NORSE 
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FIRES

• Is a catastrophic epileptic syndrome that strikes 
previously healthy children aged 3-15 years and 
has an unknown pathogenesis and few 
treatments 

• Unknown etiology, with a biphasic presentation, 
acute phase beginning as seizure activity lasting 
1-12 weeks, then chronic phase, with refractory 
seizures that cluster every 2-4 weeks (multifocal 
and independent)
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• Treatment of FIRES is difficult, unresponsive 
to Anti-Seizure Medications

• Resolve temporarily with drug-induced burst 
suppression comas.  kD have limited benefit 

• The outcome varies, usually poor, with up to 
30% of cases ending in death and 66-100% of 
survivors having intellectual disability
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Patho-mechanism of autoimmune epilepsy
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Immunotherapy options for autoimmune epilepsy
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Immunotherapy options for autoimmune epilepsy…cont..

Hamid Nemati, MD/MPH, Pediatric 
Neuroepileptologist

55



Comorbid symptoms of AE

• NMDAR encephalitis:  psychosis, dyskinesia, 
hypoventilation, and autonomic dysfunction

• LGI1-AB encephalitis: FBDS and 
hyponatremia

• GABA-A encephalitis: Refractory ES, EPC 

• GAD encephalitis: seizures and memory 
decline[LE], cerebellitis, stiff-person 
syndrome, type I DM
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Tumor in Autoimmune Epilepsy

• paraneoplastic syndromes are more common in 
Ovarian teratoma, thymoma, SCL cancer, and 
neuroendocrine tumors 

• NMDAR encephalitis: about 40% have ovarian 
teratoma

• CASPR2 antibodies is associated with thymoma (50%)

• GABA-B encephalitis is associated with SCLC (70%) 

• AMPA encephalitis: SCLC and thymoma (70%) 

• No tumor has been found to be associated with GAD 

Hamid Nemati, MD/MPH, Pediatric 
Neuroepileptologist

57



ASMs in autoimmune epilepsy

• Fewer side effects, no drug–drug interactions, 
and rapid loading of the drug 

• The candidate first-line treatments are next-
generation ASMs such as levetiracetam, 
lacosamide, carbamazepin, zonisamide, with 
levetiracetam being the most-used drug
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• In NMDAR encephalitis, NMDAR antagonists 
such as ketamine should be avoided

• The duration of ASM use also should be 
personalized in individual patients, and ASMs 
can be tapered off when the autoimmune 
encephalitis is in full remission
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Best practice recommendations summary 
for long-term management of AE

• 1. Onco-neuronal antigens [intracellular] and 
typical clinical picture: refer to oncology for 
treatment and surveillance of tumor if one 
was found. If no tumor was found, initiate 
semiannual to annual cancer screening for at 
least 4 years. 

• Treat neurological relapses but avoid long-
term immunosuppression
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• 2. Positive antibody against neuronal surface 
antigen with high clinical relevance: consider 
periodic tumor screening. Some with higher rates of 
screening as in GABABR-Ab and some with less 
frequent screening as in LGI-1 

• Consider initiating at least annual cancer screening 
for an average of 2–4 years based on antibody type. 
Consider long- term immunosuppression preferably 
with rituximab after a second attack or after the 
first attack in patients with severe initial 
presentation or risk factors for relapse (eg, 
persistently positive oligoclonal bands)
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• 3. Positive antibody against neuronal surface 
antigen with low clinical relevance: evaluate 
confidence in the clinical relevance of the 
positive antibody based on clinical and 
ancillary data. Evaluate for alternative 
etiologies. If the diagnosis of AE is felt to be 
probable and no other etiology found then 
follow recommendation 2
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• 4. Seronegative AE: confirm the diagnosis according 
to published criteria and exclude alternative causes

• Annual cancer screening for an average of 4 years 
for seronegative definite LE and may consider 2 
years for all other neuroanatomical variants. 

• Start long-term immunosuppression with rituximab, 
mycophenolate or azathioprine after a second attack

• The duration of long-term immunosuppression are 
particularly anecdotal and more research is needed 
for this subtype of AE
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• 5. For all AE subtypes: treat residual 
symptoms including seizures, movement 
disorders, psychiatric symptoms, spasticity, 
sleep dysfunction and dysautonomia. 

• Start physical, occupational and speech 
therapy depending on residual deficits
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Thank  you  for  your  attention
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