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Abstract – The purpose of this paper is to provide a comprehensive review of recent literature data for autoimmune 
encephalitis (AIE). AIE refers to inflammatory, non-infectious, immune-mediated encephalitis characterised by neuroin-
flammation, synthesis of neuronal autoantibodies (NAAs), directed against surface, synaptic and intracellular antigens, 
with subsequent neuronal dysfunction. It is characterised by heterogeneous anatomic-clinical syndromes and prominent 
neuropsychiatric symptoms. Due to overlapping of different clinical and diagnostic biomarkers, AIE is often considered 
diagnosis of exclusion and requires an extensive work-up. Systematic search of the term «autoimmune encephalitis» in 
the PubMed database was performed, with limitation set for systematic review in papers English, published from 2004-
2022. Further analysis was performed by the search of the author’s reference list and Autoimmune Encephalitis Alliance 
(AEA) website. The analysis was conducted according to PRISMA (The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines. Outcomes that were sought included: AIE classification and presentation; diagnostic pro-
cessing; treatment. Preset search of published systematic reviews in PubMed database, derived eighty six papers. Further 
screening of derived data, author’s reference list and AEA website was performed, according to previously defined out-
comes. Finally, sixteen papers were independently selected and thoroughly analysed, with relevant conclusions present-
ed in this paper. AIE is a severe inflammatory central nervous system (CNS) disorder with a complex differential diagnosis 
that often remains unrecognised. AIE research has established a wide range of new autoimmune antibodies syndromes, 
clinical and diagnostic biomarkers, which have improved diagnostic approach and treatment. Initial application of immu-
notherapy improves the outcome of disease.
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Introduction
Autoimmune encephalitis (AIE) is an in-

flammatory, immune-mediated, non-infectious 
encephalitis, with the prominent neuropsy-
chiatric syndromes and estimated annual inci-
dence of  10-13.7 / 100 000 [1,2,3]. It is charac-

terised by neuroinflammation and synthesis of  
neuronal autoantibodies (NAAs), which target 
neuronal surface, synaptic, and intracellular an-
tigens, with the consequent neuronal dysfunc-
tion. NAAs commonly impair synaptic trans-
mission and signalling through the mechanisms 
of  channel blockade, cross-linking and recep-
tor internalisation. AIE pathogenesis is consid-
ered to be initiated by an unknown trigger (e.g. 
virus, neoplasm) and it is associated with the 
peripheral activation of  T and B lymphocytes, 
which trans-pass the damaged blood-brain bar-



66

Archives of Psychiatry Research 2023;59:65-74 Lisak, Špiljak, Pašić

rier, causing an inflammatory response of  cen-
tral nervous system (CNS) and activation of  
the resident B - cells. 

AIE includes different inflammatory CNS 
syndromes comprising encephalitis (limbic 
encephalitis, LE), encephalomyelitis and me-
ningoencephalitis, subacute progressive en-
cephalopathy, with a prominent a change of  
mental status [1-4]. Due to heterogeneous 
clinical picture, diversity of  NAAs, variety of  
neuroimaging patterns and other diagnostic 
biomarkers, AIE is often consider an overlap-
ping syndrome [1-7]. In general, the course of  
AIE is typically subacute, evolving from a few 
days to several weeks.  Mono phasic course is 
commonly seen in idiopathic AIE; unlike the 
progressive course of  disease, that is distinc-
tive for paraneoplastic syndromes. Recurrent 
AIE course with relapses is rare, and might 
result from an inadequate treatment. Hyper 
acute manifestation is atypical, indicating vas-
cular aetiology. Chronic manifestation is rare, 
favouring the neurodegenerative or other eti-
ology [1-7].

AIE classification has been established in 
2016 (Graus criteria), according to clinical syn-
dromes, magnetic resonance imaging (MRI), 
cerebrospinal fluid (CSF) analysis, electroen-
cephalogram (EEG) finding, NAAs and pres-
ence of  neoplasm [1]. Following the 2016 AIE 
criteria, definite AIE diagnosis is set when 
all four following conditions are concluded: 
1. Subacute onset (progression less than 3 
months) of  short-term (working) memory 
deficit, with the presence of  convulsions or 
psychiatric symptoms (indicating limbic sys-
tem involvement); 2. Presence of  bilateral hy-
per intensive MRIT2-weighted-fluid-attenuat-
ed inversion recovery (T2/FLAIR) signals in 
medial temporal lobes (neuroimaging might 
be supplemented by the fluorodeoxyglucose 
positron emission tomography, FDG-PET); 3. 
At least 1 of  the following: CSF lymphocytic 
pleocytosis or EEG with focal or slowed activ-
ity detected in temporal lobes; 4. Exclusion of  
alternative aetiology. If  one of  the first three 
conditions is not met; definitive diagnosis can 
be concluded, only if  NAAs are present [1,2].

Diagnostic criteria for possible AIE consist 
of  the fulfilment of  all three following condi-
tions: 1. Subacute onset (progression less than 
3 months) of  short-term (working) memory 
deficit; change in mental status (qualitative 
or quantitative) or psychiatric symptoms; 2. 
At least 1 of  the following conditions is met: 
new focal CNS finding; new onset convul-
sions (without know history of  epilepsy); or 
CSF pleocytosis; 3. MRI T2/FLAIR hyper in-
tensive signal in one or both medial temporal 
lobes (suggestive for LE) or multifocal MRI 
lesions of  grey or white cerebral matter or 
both; compatible with neuroinflammation or 
demyelination [1,2].

The Autoimmune Encephalitis Alliance 
Clinicians Network (AEACN) has proposed 
a new AIE classification concept in 2021, ac-
cording to anatomical, serological and etio-
logical clusters [2]. AEACN 2021 anatomical 
classification comprises limbic, cortical/sub-
cortical, striatal, diencephalic, brainstem, cere-
bellar, encephalomyelitis, meningoencephalitis 
and combined encephalitis. Serological clas-
sification includes antibodies against: surface 
antigens or other antigens with high clinical 
relevance; antibodies to surface antigens with 
low clinical relevance, intracellular antigens; 
and seronegative AIE. Etiological classifica-
tion refers to idiopathic, paraneoplastic, post 
infectious, and iatrogenic AIE [2].

After excluding well characterised AIE syn-
dromes, inherited metabolic and mitochondri-
al diseases or other autoimmune syndromes, 
a group of  patients with probable AIE, but 
autoantibody-negative, will still remain un-
solved [1-4]. Therefore, diagnostic criteria for 
criteria for autoantibody - negative, but prob-
able AIE are set [1]. All four following condi-
tions must be settled: 1. Subacute progression 
(less than 3 months) of  short-term memory 
deficit; change in mental status or psychiatric 
symptoms; 2. Exclusion of  well-defined AIE 
syndromes (acute disseminated encephalomy-
elitis, ADEM or Bickerstaff ’s brainstem en-
cephalitis, BBE); 3. Absence of  NAAs in se-
rum and in CSF and the presence of  at least 
two following conditions: MRI suggestive of  
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AIE; CSF pleocytosis or specific oligoclonal 
bands (OCB) or elevated IgG index; brain bi-
opsy that shows inflammatory infiltrates and 
excludes the tumour or other aetiology; 4. Ex-
clusion of  other causes [1].

The severity of  AIE is clinically assessed 
by the Clinical Assessment Scale in Autoim-
mune Encephalitis (CASE) instrument, which 
includes evaluation of: seizures, memory dys-
function, psychiatric symptoms, conscious-
ness, language problems, dyskinesia/dystonia, 
gait instability and ataxia, brainstem dysfunc-
tion, and muscle weakness [6]. Progressive up-
grade scoring, indicates the worse outcome. 
The purpose of  this review is to provide a 
comprehensive summary of  available recent 
literature data for AIE classification, accord-
ing to anatomic-clinical syndromes and diag-
nostic algorithm, treatment options, outcomes 
of  AIE.

Subjects and Methods
Preset systematic search of  PubMed database for 

the term “autoimmune encephalitis”, with limitation 
for review papers published in English, from 2004-
2022, with adjacent analysis of  the author’s reference 
list and Autoimmune Encephalitis Alliance website, 
was performed. Outcomes that were sought included: 
AIE classification and presentation; diagnostic pro-
cessing and treatment.

Results
AIE classification according to antibodies, 

clinical and paraclinical presentation [1-4,7]. 
I.	 Antibodies against synaptic receptors
Anti-NMDAR (N-methyl D-aspartate recep-
tor), anti-AMPAR (alpha-amino-3-hydroxy-5- 
methyl-4-isoxazole-propionic acid receptor), an-
ti-GABAAR/GABABR (gamma-amino-butyric 
acid receptors type A and B), anti-mGluR1/
mGluR5 (metabotropic glutamate receptors).
II.  Antibodies against ion channels and oth-
er cell - surface proteins
Anti-LGI1 (leucine rich, glioma inactivated pro-
tein 1), anti-CASPR2 (contactin-associated pro-
tein-like 2), anti-AQP4 (anti-aquaporin-4), anti-
MOG (myelin oligodendrocyte glycoprotein).

III.  Antibodies to surface antigens and other 
antigens with high clinical relevance 
Anti-DPPX (dipeptidyl peptidase-like potassi-
um channel protein), anti-GlyR (glycine recep-
tor), anti-GFAP (glia-fibrillar acidic protein).
IV.  Antibodies to surface antigens with low 
clinical relevance 
Anti-VGKC (voltage-regulated potassium chan-
nels). 
V.  Antibodies against intracellular antigens 
(paraneoplastic antibodies)
Anti-GAD (glutamate decarboxylase), anti- Hu/
ANNA-1 (anti-neuronal nuclear antibodies type 
1, ANNA-1), anti-Ri/ANNA-2 (anti-neuronal 
nuclear antibodies type 2, ANNA-2), anti-Ma2, 
anti-Yo/PCA-1 (Purkinje cell cytoplasmic anti-
body type 1, PCA-1), anti-CV2/CRMP5 (col-
lapsing response mediator protein 5).

Antibodies against synaptic receptors

Anti - NMDAR encephalitis
Anti - NMDAR encephalitis is a severe 

autoimmune disorder that targets NMDARs, 
concentrated in the hippocampus and fron-
tal cortex, with antigenic region of  GluN1, 
responsible for immunoreactivity. Antibody-
mediated neuronal dysfunction is initially re-
versible, and might result in cognitive deficit 
of  episodic memory and executive dysfunc-
tion. However, due to prolonged inflamma-
tion and glutamate excitotoxicity, it might lead 
to permanent neuronal loss of  medial tempo-
ral lobes and hippocampal volume reduction. 
Anti - NMDAR encephalitis comprises diverse 
neuropsychiatric symptoms, including halluci-
nations, psychosis, seizures, and even possi-
ble lethal outcome, which might be triggered 
by the herpes simplex virus (HSV) infection. 
Commonly, young women are affected, often 
with the associated ovarian teratoma [1-4].

Classical course of  the disease covers sev-
eral stages. Initial prodromal symptoms, that 
occur within one or two weeks and might re-
semble to viral (fever, malaise, headache and 
anorexia), are accompanied by mental status 
changes and psychiatric symptoms (delusions, 
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hallucinations, mania, agitation, disorgan-
ised thinking, insomnia, psychosis (similar to 
schizophrenia); memory impairment, amnesia, 
seizures, dystonia, dyskinesia (orofacial, trunk 
or limb), catatonia; terminating with severe 
neurological deficit, including encephalopa-
thy, autonomic dysfunction, deterioration of  
consciousness, and coma. Permanent conse-
quences, lasting months and years, include ex-
ecutive dysfunction and sleep disorders [1,2,8].

The hallmark of  anti - NMDAR encepha-
litis is the presence of  the epileptic seizures 
(affecting approximately 70 % patients). EEG 
might show an extreme delta brush (EDB) 
in 30 % patients [1,3,8,9]. EDB consists of  a 
combination of  delta activity (1-3 Hz) and su-
perimposed fast delta activity (20 - 30 Hz), it 
is usually symmetrical and synchronised, with 
a predominant area in the frontal regions [8]. 
Ultimately, convulsions subside with regres-
sion of  encephalitis, thus the gradual remov-
al of  anti-epileptic therapy (AET) during the 
recovery process is suggested [8,9]. Another 
unique feature of  anti - NMDAR encephalitis 
is rather low possibility of  confirmatory MRI 
finding. Almost 66 % of  patients have normal 
MRI, and the remaining 44 % have mutable 
MRI T2/FLAIR lesion distribution and tran-
sient cortical and subcortical signal enhance-
ment or contrast imbibition [1-3,8]. CSF anal-
ysis shows lymphocytic pleocytosis, intrathecal 
antibody synthesis, and sometimes proteinor-
rhea. Given the possibility of  neoplasm, it is 
advisable to perform positron emission to-
mography or computed tomography (PET/
CT) of  the whole body. 

Diagnosis of  probable anti - NMDAR en-
cephalitis is set when all three following crite-
ria have been met: I. Rapid onset (less than 3 
months) of  at least four of  the six following 
major symptoms: 1. Abnormal (psychiatric) 
behaviour or cognitive dysfunction; 2. Speech 
dysfunction (pressured speech, verbal reduc-
tion, mutism); 3. Seizures; 4. Movement dis-
order, dyskinesia, or rigidity/abnormal pos-
tures; 5. Decreased level of  consciousness; 6. 
Autonomic dysfunction or central hypoven-
tilation [1]. II. At least one of  the following 
laboratory study results: 1. Abnormal EEG 

(focal or diffuse slow or disorganised activity, 
epileptic activity, or EDB); 2. CSF with pleo-
cytosis or OCB; III. Reasonable exclusion of  
other disorders. Diagnosis can also be made 
in the presence of  three of  the above groups 
of  symptoms, accompanied by teratoma [1-8].

Diagnosis of  definite anti - NMDR enceph-
alitis might be set in the presence of  one or 
more of  six major symptoms and positive find-
ing of  anti - GluN1 IgG (CSF/serum) and con-
firmatory tests (tissue immunohistochemistry); 
after reasonable exclusion of  other syndromes 
(e.g. patients with a history of  HSV encephalitis 
might have relapsing neurological symptoms). 
The outcome is favourable with prompt inter-
vention, thus 80 % patients recover after immu-
notherapy or elimination of  tumour [8].

Anti - AMPAR encephalitis
Anti - AMPAR encephalitis affects mostly 

middle-aged women. In more than 60 % cas-
es, paraneoplastic aetiology associated with 
thymoma, lung cancer, breast cancer and ovar-
ian teratoma is present. AMPAR, a subtype of  
glutamate receptor, underlies the mechanisms 
of  memory, learning, and seizures, thus char-
acteristic symptoms include LE with promi-
nent psychiatric disorders (psychosis); epilep-
tic seizures, memory loss and sleep disorders 
[4,7,9]. Brain MRI T2/FLAIR shows hyper-
intensive lesions in medial temporal lobes, and 
sometimes demyelinating lesions. Pleocytosis 
and OCB might be detected in CSF. Anti - 
AMPAR encephalitis is responsive to immu-
notherapy, but relapses occur in 60 % cases, 
with the permanent cognitive deficit.

Anti - GABABR/GABAAR encephalitis
Anti-GABABR encephalitis is characterised 

by the LE, severe epileptic seizures and status 
epilepticus (SE), and other uncommon clinical 
syndromes (cerebellar ataxia and opsoclonus-
myoclonus syndrome, OMS). In almost the 
half  of  cases, small cell lung carcinoma (SCLC) 
is present. Patients with anti - GABABR en-
cephalitis have a high mortality rate within 5 
years. Older age at onset, presence a tumour, 
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the number of  complications, and deep venous 
thrombosis are associated with death [10]. The 
recovery prognosis is closely related to the treat-
ment of  the neoplasm [4,9,10]. Anti - GABAAR 
encephalitis is characterised by the progressive 
encephalopathy, cognitive impairment, behav-
ioural changes and refractory epileptic seizures. 
In more than 25 % of  patients, tumour (usually 
thymoma) or associated autoimmune disorders 
(thyroiditis and myasthenia gravis) are pres-
ent. Brain MRI T2/FLAIR, shows multifocal 
hyper-intensive lesions, and CSF lymphocytic 
pleocytosis and OCBs [11].

Antibodies - mGluR1/mGluR5 encephalitis 
It has been established that mGluR5, ex-

pressed primarily in the hippocampus and 
amygdala, participates in behavioural learn-
ing and memory. Clinical picture of  patients 
with anti-mGluR5 (hippocampus) encephali-
tis (known as Ophelia syndrome) comprises: 
the presence of  Hodgkin’s lymphoma, LE, 
amnesia, psychosis, confusion, and disorien-
tation. Anti - mGluR1 encephalitis manifests 
as a severe cerebellar syndrome, often result-
ing in long-term disability and cerebellar atro-
phy [2,5,7]. The antibodies are pathogenic and 
might cause significant decrease of  mGluR1 
clusters in cerebellar neurones (Purkinje cells). 
Cerebellar degeneration, may be accompanied 
by diplopia, cognitive deficits and paranoia. 
Associated neoplasms are commonly haema-
tological tumours (Hodgkin’s lymphoma) and 
prostate adenocarcinoma. The response to 
immunotherapy is variable. After lymphoma 
treatment and immunotherapy, a large number 
of  patients recover relatively well [4].

Antibodies against ion channels and other 
cell-surface proteins

Anti - LGI1 encephalitis
Anti - LGI1 are directed against an extra-

cellular domain of  LGI1 (epitempin) antigen, 
which is the part of  the complex potassium 
voltage channel, causing receptor internalisa-
tion and neuronal dysfunction. Clinical picture 

is heterogeneous and comprises memory and 
verbal deficits, confusion, attention deficit and 
executive dysfunction, LE; myoclonus (ap-
proximate to 40 %); autonomic dysfunction 
(10 %); and focal or generalised seizures [4,7]. 
Facie – brachial - dystonic convulsions (FBDS) 
often precede, and less frequently patients 
present with the Morvan’s syndrome (MoS): 
neuromyotonia (NMT), pain, hyperhidrosis, 
and loss of  weight, insomnia and hallucina-
tions. Anti - LGI1 encephalitis affects equally 
both sexes, with the characteristic feature of  
low sodium levels (30 - 60 % cases), possibly 
related to inappropriate antidiuretic hormone 
(SIADH) syndrome [4,7,10]. Tumour associa-
tion is weak (less than 10 %), mostly associ-
ated with thymoma, or SCLC. In a majority of  
cases (80 %) EEG shows epileptic-form foci 
or focal or diffuse slow cerebral activity. Brain 
MRI T2/FLAIR usually shows bilateral hip-
pocampal hyper-intensive signals, indicating 
LE. Patients with the anti - LGI1 encephalitis 
response well to immunotherapy [10].

Anti - CASPR2 encephalitis
Anti - CASPR2 encephalitis is related to 

autoantibodies that bind to the extracellular 
portion of  the CASPR2 - contactin - associ-
ated protein 2 to the TAG - 1 protein, which 
forms a complex structure of  KV1 potassium 
channels, and inhibit the Caspr2 - contactin2 
interaction. In general, anti - CASPR2 enceph-
alitis covers variable clinical picture, according 
to the central or peripheral nervous system in-
volvement. Elderly men are the most affected, 
and around 1/3 of  cases is associated with the 
paraneoplastic aetiology, e.g. thymoma (ap-
proximately 60 %), or SCLC (around 17 %) 
[3,4,9]. CNS involvement commonly results 
in LE, memory impairment, epilepsy, frontal 
lobe syndrome. Mixed CNS and PNS involve-
ment results in MoS syndrome with the posi-
tive anti -CASPR2, both, in serum and CSF. If  
only PNS is involved, common clinical presen-
tation is NMT, with increased peripheral ex-
citability, myokimia, fasciculation, spasms and 
adjacent positive serum anti - CASPR2 [3,4,9].
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Anti - AQP4 diencephalon encephalitis; 
anti - MOG encephalitis; anti - GFAP 
meningoencephalitis/astrocytopathy
Recently, specific types of  encephalitis have 

been recognised in settings of  antibodies di-
rected against MOG (anti - MOG encephalitis), 
AQP4 (anti - AQP4 diencephalon encephalitis), 
and GFAP (anti - GFAP meningoencephalitis/
astrocytopathy) [2]. In practice, demyelinating 
disorder, may present as AIE, in approximately 
4 % of  patients, thus demyelinating disorders 
with atypical symptoms (e.g., dyskinesia or psy-
chiatric manifestations) or anti - NMDAR en-
cephalitis with atypical features, (e.g., optic neu-
ritis, ON) should not be classified exclusively 
in specific disease category, or viewed just as 
a spectrum extension, but should be qualified 
accordingly per antibodies, that might concur. 
Anti - MOG and anti-AQP4 encephalitis are 
verified by the confirmation of  anti - AQP4 
and anti - MOG in serum, mostly because the 
intrathecal synthesis is rare [3,4,12].

Antibodies to surface antigens and other 
antigens with high clinical relevance 

Anti - DPPX encephalitis 
Antibodies directed against DPPX protein, 

which is regulatory subunit of  the Kv4.2 po-
tassium channels, prevalent in hippocampus, 
cerebellum, striatum, and myenteric plexus, 
are associated with a protracted encephalitis, 
characterised by CNS hyper - excitability (agi-
tation, myoclonus, tremor, and seizures) and 
frequent diarrhoea at symptom onset [3,4,9]. 
A small proportion of  patients suffer from 
neoplasms, the most common of  which is 
lymphoma. CSF in most patients indicates in-
creased protein concentration and pleocytosis. 
The disorder is potentially treatable with im-
munotherapy [13].

Anti - GlyR encephalitis
Antibodies directed against alpha - 1 sub-

unit of  glycine receptors were first described 
in patients with progressive encephalomyeli-
tis with rigidity and myoclonus (PERM), and 

stiff  person syndrome (SPS). Symptoms are 
similar to those caused by strychnine poison-
ing, with increased muscle tone and spasms 
and hyperekplexia (HPX), which is described 
as an excessive reaction of  astonishment af-
ter a sudden stimulus and muscle stiffness. 
Anti - GlyR have been associated with cere-
bellar ataxia with anti - GAD antibodies, and 
different demyelinating processes, including 
ON and multiple sclerosis (MS). Neoplasms 
are not common, however, cases of  thymoma, 
SCLC, breast cancer, and chronic lymphocytic 
leukaemia have been reported [9,14].

Antibodies to surface antigens with low 
clinical relevance 

Anti - VGKC encephalitis 
There are two main antigens that make up the 

antibody complex to potassium voltage chan-
nels: LGI1 (epitempin), relevant in anti - LGI1 
encephalitis, and CASPR2-contactin-associated 
protein 2, related to anti - CASPR2 encephali-
tis. A small number of  patients might test posi-
tive for VKGC antibodies, but negative for anti 
- LGI1 and anti-CASPR2 after specific testing. 
The clinical picture is diverse, affecting the CNS 
and PNS, with symptoms of  LE, encephalopa-
thy, dysautonomy and insomnia, psychiatric 
symptoms, cognitive dysfunction, movement 
disorders, convulsions and pain [2,10,14].

Antibodies against intracellular antigens 
(paraneoplastic antibodies)

The original description of  AIE was based 
on paraneoplastic conditions (e.g., paraneoplas-
tic cerebellar degeneration, LE and OMS) re-
lated to antibodies against intracellular (nuclear 
and cytoplasmic) onconeuronal antigens, asso-
ciated with cellular immunity and cytotoxic T 
lymphocytes [2]. Adjacent to intracellular, anti-
bodies to surface antigens might also be present 
(anti - AMPAR, anti - GABABR, anti - VKGC, 
anti - LGI1, anti-GluR5) [4,5,14]. Paraneo-
plastic AIE and associated symptoms occur as 
the first manifestation of  malignant disease in 
about 60 % of  patients: SCLC (50 %), testicular 
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tumours (20 %), breast cancer (8 %), Hodgkin’s 
disease and teratoma (4 %), thymoma (2 %); 
preceding the median of  3.5 months before the 
oncological diagnosis establishment, therefore 
it is necessary to screen patients with paraneo-
plastic symptoms for neoplasms [4,5,14].

Anti - GAD encephalitis
The GAD65 antibody targets an intracellu-

lar antigen, glutamate decarboxylase that catal-
yses the conversion of  glutamic acid to GABA. 
In low concentration, antiGADs commonly oc-
cur in about 1 % of  the healthy population and 
in about 80 % of  diabetes mellitus (DM) type 
I patients. High anti-GAD concentration has 
been associated with a variety of  syndromes in-
cluding cerebellar ataxia, SPS, PERM, LE and 
epilepsy. Neurological symptoms occur when 
the anti - GAD concentration is 100 - 1000 
higher than the referent value. Clinical picture 
includes ataxia that develops over months or 
years.  Epileptogenic foci in temporal lobes are 
detected in about 7 % of  patients and some 5 
% develop LE [6,7,14].

Anti - Hu encephalitis (ANNA - 1) and anti-
Ri encephalitis (ANNA - 2)
Paraneoplastic encephalomyelitis with 

ANNA - 1 (alias anti - Hu) is the marker of  
SCLC (86 %) in adults, and of  neuroblasto-
ma in children. It presents as LE, brainstem 
syndrome or cerebellar syndrome with ataxia 
or OMS. The pathogenicity of  ANNA -1 is 
thought to be mediated by cytotoxic T lym-
phocytes. Despite neoplastic treatment and 
immunotherapy, treatment results are poor. 
Paraneoplastic anti-Ri encephalitis with 
ANNA - 2 antibodies is associated with SCLC 
or breast carcinoma. Typical clinical picture 
includes ataxia, OMS, brainstem encephalitis, 
progressive supra nuclear palsy (PSP). FDG - 
PET scan is warranted [6,7,14].

Anti - Yo (PCA -1) encephalitis and anti - 
CV2/CRMP5 encephalitis
Affected patients (90 %) with breast and 

ovarian cancer have positive anti - Yo (PCA-1) 

and present commonly with ataxia and other 
symptoms of  cerebellar degeneration. Para-
neoplastic neurological syndromes associated 
with anti - CV2/CRMP5 are rare and often 
precede the cancer itself. Patients present with 
atypical clinical manifestations and different 
neurological symptoms [6,7,14]. Anti - CV2 en-
cephalitis is relatively rare and associated most-
ly with SCLC and malignant thymoma. Brain 
MRI T2/FLAIR is atypical and shows hyper-
intensive lesions in striatum, while medio-tem-
poral lobes are less affected. Clinical presenta-
tion includes chorea like movement disorders. 
Differentiation is performed accordingly to 
prion Creutzfeldt - Jacob Disease (CJD).

Anti - Ma2 encephalitis
Anti-Ma2 antibody-induced encephalitis 

typically occurs in young men who have tes-
ticular cancer or in elderly patients with SCLC 
or breast carcinoma. In patients with testicu-
lar cancer better prognosis is expected, due 
to the possibility of  complete removal of  the 
neoplasm by orchiectomy. Accordingly, male 
patients presenting with paraneoplastic LE, 
should be screened for testicular neoplasm. 
The most common symptoms comprise limbic 
(26 %), diencephalic or brainstem dysfunction 
(ophthalmoplegia 92 %), rigidity, Parkinson-
ism, PSP, narcolepsy, cataplexy, hyperpha-
gia, hypokinesia, hypophony, hyperthermia, 
blepharospasm and trismus. Brain MRI shows 
T2/FLAIR lesions in basal ganglia, temporal 
lobes, brainstem and hippocampus [7,15].

Short diagnostic algorithm  
for AIE diagnosis

Evaluation of  AIE prospect is relative to pa-
tient’s clinical picture [2]. First step is to con-
firm focal or multifocal brain pathology sugges-
tive of  AIE, by performing brain MRI (with or 
without contrast) and/or EEG (if  MRI is nega-
tive, or if  encephalopathy is present, or if  pa-
tient is having frequent seizures). Brain FDG-
PET might be performed, if  MRI is negative 
and diagnosis remains uncertain after initial 
testing. Second step is to confirm inflamma-
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tory aetiology and to rule out competing pos-
sibilities. Therefore, lumbar puncture with CSF 
analysis for NAAs, OCB, IgG index/synthesis 
rate and cytology should be performed to sup-
port inflammatory aetiology and to rule out 
infective/neoplastic causes. Also, testing for 
NAAs in serum and blood tests are performed 
to rule out other potential causes, according to 
clinical and paraclinical data. Brain biopsy is 
recommended, if  diagnosis remains uncertain. 
The third, final step is to screen for associated 
neoplasm. In most cases, neoplasm screening 
starts with CT scan, afterwards other screening 
modalities are added, until a neoplasm is con-
firmed or ruled out. If  clinical picture is high-
ly suggestive of  specific neoplasm, a targeted 
screening approach should be implemented 
(e.g., pelvic ultrasound, if  clinical picture is sug-
gestive of  anti - NMDAR encephalitis). Whole 
body FDG - PET is suggested when there is 
a high clinical suspicion of  AIE and patient’s 
clinical presentation associated with the specific 
cancer risk factors [2].

AIE treatment
Initial immunotherapy is associated with 

the better outcome and is not be delayed, un-
til AIE is finally confirmed by positive NAAs 
[2,3,16]. In patients with high suspicion of  AIE, 
empirical intravenous (IV) antibiotic treatment 
and acyclovir therapy applies, until infectious 
aetiology is excluded. After exclusion of  infec-
tion, based on CSF results, sequential immu-
notherapy treatment, starting with high doses 
of  corticosteroids, is recommended. If  there 
is no clinical, neuroradiological or electrophysi-
ological improvement by the end of  the initial 
treatment cycle, or corticosteroids are contrain-
dicated, IV Immunoglobulins (IVIG) or plas-
mapheresis (PLEX) may be added. IVIG is pre-
ferred in anxious patients and in patients with 
thrombophilia, while PLEX is preferred in pa-
tients with severe hypernatremia, with high risk 
of  thromboembolism (or carcinoma). Combi-
nation therapy which includes corticosteroids 
plus IVIG or corticosteroids plus PLEX, from 
the disease onset, might be considered in pa-

tients with severe initial presentation (e.g., anti 
- NMDAR encephalitis, new refractory SE, and 
severe dysautonomy). If  there is no clinical or 
neuroradiological improvement, 2-4 weeks af-
ter the first line therapy, second-line therapy 
is started: rituximab 375 mg/m² for 24 hours, 
once a week, for 4 weeks (e.g., anti - NMDAR) 
or cyclophosphamide 600 - 1000 mg/m2 (e.g., 
classic paraneoplastic syndrome). If  there is no 
clear objective or subjective evidence of  im-
provement with conventional second-line ther-
apies, consider the use of  tocilizumab (plasma 
cell blocker) or bortezomib (interleukin (IL)-6 
a low dose IL - 2 inhibitor); although there is 
minimal evidence to support their use. In spite 
of  standard treatment, 70 % of  patients are 
hospitalised in the intensive care units for possi-
ble respiratory failure, refractory SE, dyskinesia, 
dysautonomia, arrhythmia and possible cardiac 
arrest correction of  hyponatremia, deteriora-
tion of  consciousness and for the need of  vital 
signs monitoring, measurement of  intracranial 
pressure or electro stimulation placement, EEG 
and serum drug concentrations (e.g. AET, seda-
tives) monitoring [2]. There is limited evidence 
for the effectiveness of  long-term maintenance 
therapy that includes prednisolone (1 - 2 mg/
kg/day for weeks or months; mycophenolate 
mofetil (MMF) 300 mg/m2/day; azathioprine 
(AZA) 1 - 2.5 mg kg/day; methotrexate (MTX) 
per os: 10 mg m2 per week, or intrathecal 10 
mg per week for 4 weeks [2,3,16]. Treatment of  
paraneoplastic LE is focused on the treatment 
of  malignant disease. In addition, it is equally 
important to treat the patient with immunosup-
pressive therapy (IV. methylprednisolone, fol-
lowed by short oral taper). If  no improvement, 
cyclophosphamide is indicated and further on, 
an experimental therapy with IL6 inhibitors or 
bortezomib is suggested. In patients with para-
neoplastic AIE and panel positive for antibod-
ies against surface antigens, with no improve-
ment after corticosteroid therapy, rituximab or 
cyclophosphamide might be considered. The 
combination achieves better results and reduces 
morbidity and mortality, although overall prog-
nosis of  paraneoplastic encephalitis is unfortu-
nate.
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Discussion
AIE is a severe inflammatory CNS disor-

der with a complex differential diagnosis that 
often remains unrecognized. Anatomical AIE 
subtypes have been often correlated with cor-
responding clinical syndromes and possible 
antibodies, additionally spreading differential 
diagnosis. As mentioned previously, Hashi-
moto’s encephalopathy, BBE or ADEM are 
often confused with AIE due to similar clini-
cal presentation or diagnostic biomarkers [1,2]. 
Hashimoto’s encephalitis refers to autoimmune 
thyroid diseases with encephalopathy, concomi-
tant convulsions, myoclonus, hallucinations 
and stroke-like episodes. Characteristic “migra-
tion” pattern is often seen in MRI T2/FLAIR 
sequences with subcortical, periventricular and 
white matter lesions, with positive serum anti-
thyroglobulin (antiTg) and anti-thyroid peroxi-
dase (antiTPO) and negative NAAs. BBE is a 
rare autoimmune disease that involves central 
and peripheral nervous system. It is considered 
a variant of  immune-mediated polyneuropathy 
(e.g., Guillain Barre Syndrome, or Miller Fisher 
syndrome). BBE includes a triad of  symptoms: 
ataxia, encephalopathy and ophthalmoplegia, 
with subacute onset, typically occurring after C. 
jejunal and H. influenzae infection. The major-
ity of  BBE patients has positive serum and CSF 
antiganglioside antibody (Gq1b), suggesting an-
tiGQ1b overlapping syndrome [1,2]. ADEM 
diagnosis is set upon the conclusion of  all 5 
following conditions: 1. First multifocal clinical 
event, presumed to be of  inflammatory demy-
elinating cause; 2. Encephalopathy; 3. MRI T2/
FLAIR multiple, large (> 2 cm) poorly-demar-
cated lesions in periventricular, juxtacortical, 
infratentorial, and spinal cord white matter; 4. 
No new disease activity (clinical or MRI) > 3 
months after onset; 5. Exclusion of  alternative 

causes [1,2]. Furthermore, other immune-me-
diated conditions (e.g., multiple sclerosis (MS), 
neuromyelitis optica disease (NMOD), progres-
sive multifocal leukoencephalopathy (PML), 
IgG4 - related disease) and possible infective 
causes (e.g. HSV, varicella-zoster virus (VZV), 
cytomegalovirus (CMV), Epstein Barr (EBV), 
human herpes virus (HHV6), West Nile virus 
(WNV), listeria rhombencephalitis, tuberculosis 
(TBC), Creutzfeldt-Jakob disease (CJD), neuro-
syphilis), lymphoma, paraneoplastic syndromes 
(e.g. neurosarcoidosis, leptomeningeal carcino-
matosis, spinocerebellar ataxia (SCA), cerebel-
lar multiple system atrophy (MSA-C), metabolic 
and toxic encephalopathy and vitamin E defi-
ciency, should be excluded. Patients with anti-
NMDAR encephalitis, may develop demyelin-
ation syndrome in NMOD spectrum, with the 
positive antiGLuN1, antiAQP4 and antiMOG, 
demonstrating overlapping syndrome [1,2]. 
Various clinical and paraclinical presentation of  
AIE, limit clinical trials for the quality manage-
ment [2,14,16]. Wide range of  clinical and diag-
nostic biomarkers, have improved AIE differ-
entiation and diagnostic approach, but clinical 
practice in acute and long-term management, 
has not advanced, concomitantly [2]. However, 
prompt initial immunotherapy has improved 
the outcome of  the disease.
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