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Antibody-mediated autoimmune
encephalitis: A practical approach

ABSTRACT

HE SPECTRUM AND UNDERSTANDING OF

Antibody-mediated autoimmune encephalitis (AE) is a
heterogeneous group of inflammatory central nervous
system disorders. Symptoms typically include subacute,
progressive neuropsychiatric symptoms with associ-
ated cognitive dysfunction, movement disorders, and
autoimmune seizures. The diagnosis should be based on
objective neurologic dysfunction in combination with
autoantibody testing. Treatment with immunothera-

pies requires both short-term and long-term strategies
depending on the specific syndrome and potential for
relapse. In this paper, we review key features of AE, focus-
ing on syndromes involving cell surface and synaptic
proteins, and share a practical approach to the diagnosis
and management, including common pitfalls associated
with nonspecific antibody findings.

KEY POINTS

AE is an umbrella term for a group of inflammatory cen-
tral nervous system disorders associated with neuronal
autoantibodies or other biomarkers of central nervous
system autoimmunity.

Common clinical presentations include progressive neuro-
cognitive symptoms with concomitant movement disor-
ders, seizures, and autonomic dysfunction that worsens
over weeks to months.

Objective clinical findings are needed to make the diagnosis
of AE, including changes on magnetic resonance imaging,
electroencephalography, and cerebrospinal fluid analysis.
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antibody-mediated autoimmune enceph-
alitis (AE)—an umbrella term for a group of
noninfectious, inflammatory central nervous
system diseases—have expanded dramati-
cally over the past few years. Familiarity with
AE syndromes ensures prompt diagnosis and
treatment. Practitioners need to stay abreast
of developments in this field as the breadth
of immune-mediated disorders of the nervous
system continues to evolve.

In this paper, we will focus on the clini-
cal features of common central nervous system
cell surface and synaptic antibody syndromes in
adults and on the emerging evidence in this area
that has led to rapid changes in management
and treatment over the past decade. We will also
briefly comment on antibody-negative AE.

Antibody-related syndromes such as in-
tracellular neuronal antibody-associated en-
cephalitis and encephalitis occurring with
demyelinating disorders are less commonly en-
countered in clinical practice and are beyond
the scope of this article.

M GENERAL FEATURES
OF AUTOIMMUNE ENCEPHALITIS

Potential associations of AE encompass para-
neoplastic, parainfectious triggers along with
adverse events related to various immunother-
apies.'”?

Onset of AE is usually subacute over weeks
to months, with progressive neurocognitive
symptoms including encephalopathy, cogni-
tive dysfunction, neuropsychiatric symptoms,
and seizures. Other features may include brain-
stem syndromes, dysautonomia, and move-
ment disorders.
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A 2018 study
found the
prevalence of
autoimmune
encephalitis
was similar to
that of infec-
tious encepha-
litis

460 CLEVELAND CLINIC JOURNAL OF MEDICINE

AUTOIMMUNE ENCEPHALITIS

The prevalence and incidence are increas-
ing as testing becomes more widely available. A
recent study in Olmsted County, MN, showed
a prevalence of AE of 13.7 per 100,000, similar

to that of infectious encephalitis.*

I HOW IS AUTOIMMUNE ENCEPHALITIS
CLASSIFIED?

Over the past few decades, there has been rap-
id growth in the discovery of antibody-associ-
ated neurologic diseases. Autoantibodies that
target neuronal antigens can cause a diverse
set of neurologic disorders. This has signifi-
cantly raised awareness of the wide spectrum
of disease presentations that may have an un-
derlying autoimmune component.

Antibodies associated with AE are com-
monly divided into 2 groups depending on the
location of the antigen. The traditional “well-
defined” syndromes (eg, anti-Hu or ANNA-
1, anti-Ri or ANNA-2) target intracellular
neuronal antigens.” And more recently, a new
group of neuronal cell surface/synaptic pro-
teins has been described in association with
AE. This distinction is important for diag-
nosis and prognosis. Intracellular antibody-
mediated syndromes appear to be driven pri-
marily by a CD8+ T-cell cytotoxic response
and usually have a poorer prognosis, with a
limited response to immunotherapy (Table
1). In contrast, cell surface/synaptic antibod-
ies appear to be directly pathogenic and are
more responsive to multimodal immunothera-
pies (Table 2).'® Detailed discussions of the
pathophysiology of AE have been published
by Bradshaw and Linnoila® and by McKeon.”

Though the terms paraneoplastic syndrome
and AE are sometimes used interchangeably,
not all AE syndromes are paraneoplastic.
Paraneoplastic syndromes are defined as neu-
rologic syndromes occurring in the setting of
cancer, sometimes preceding the diagnosis of
neoplasm by months or years.! Paraneoplas-
tic disorders are usually related to intracellu-
lar neuronal antibodies. Cell surface/synaptic
antibody-mediated syndromes, however, may
also be associated with cancer, though they are
usually classified as phenotypes of low to mod-
erate risk, as these disorders can occur with or
without cancer. The strength of association
with an underlying neoplasm varies depend-
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ing on the specific antibody or antibodies.’

I WHEN SHOULD | CONSIDER
THE DIAGNOSIS?

AE may be considered in patients presenting

with subacute onset (over 1 to 3 months) of

cognitive or memory deficits, alterations in

consciousness, seizures, movement disorders,

or other neuropsychiatric symptoms.® Accom-

panying neurologic or systemic symptoms sug-

gestive of a specific antibody-mediated syn-

drome can increase clinical suspicion for AE.

Examples include the following:

¢ Dystonia-chorea for anti-N-methyl-p-as-
partate (anti-NMDA) receptor encepha-
litis

e Hyperekplexia (exaggerated startle reflex)
for anti-glycine receptor (Gly-R) antibody
syndrome

e Faciobrachial dystonic seizure (focal or
lateralized coordinated contractions of an
arm and the face) for anti-leucine-rich
glioma-inactivated protein 1 (LGI1) en-
cephalitis

e Peripheral nerve hyperexcitability (dif-
fuse involuntary motor-unit activity due
to hyperexcitability of the motor nerve or
its terminal)’ for anti-contactin-associated
protein-like 2 (Caspr2) syndrome

e Weight loss accompanying gastrointestinal
symptoms for anti-dipeptidyl-peptidase-
like protein 6 (DPPX) encephalitis.>'®

While certain autoantibody disorders have
a specific phenotype, a number of patients
with AE do not present with classic “limbic
encephalitis” and can present with a range of
central nervous system and peripheral nervous
system involvement.!! Table 3 provides a list
of potential clinical and radiographic findings
suggestive of AE.

It is also important to recognize that AE
can be antibody-negative. Antibody-negative
AE may occur due to limitations of currently
available testing, especially as novel autoanti-
bodies are being discovered. However, objec-
tive clinical and radiologic criteria exist to aid
diagnosis.’

Despite the challenges, the diagnosis of
AE should be driven by the patient’s clinical
presentation and diagnostic evaluation. This
approach includes a detailed clinical history
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TABLE 1

Autoantibody biomarkers of autoimmune encephalitis:

Intracellular autoantibodies

PERIPHERAL
ANTIBODY CENTRAL NERVOUS NERVOUS SYSTEM ASSOCIATED
TARGET SYSTEM FEATURES FEATURES OTHER MALIGNANCY
High-risk paraneoplastic autoantibodies
ANNA-1 (Hu)  Limbic encephalitis Sensory neuropathy  Gastrointestinal SCLC
Encephalomyelitis dysmotility Rare: neuroblastoma
Cerebellar ataxia
ANNA-2 (Ri) Encephalomyelitis Jaw dystonia SCLC
Cerebellar ataxia Laryngospasm  Breast carcinoma
Rhombencephalitis
ANNA-3 Limbic encephalitis Sensory and sensori- SCLC
Encephalomyelitis motor neuropathies
Cerebellar degeneration
Amphiphysin  Stiff-person spectrum SCLC
disorder Breast or ovarian
carcinoma
CRMP-5 Limbic encephalitis Polyradiculo- SCLC
Cerebellar ataxia neuropathy Thymoma carcinoma
Chorea
Myelopathy
Cranial neuropathies
(optic neuritis) .
P Negative
GADG5 Stiff-person spectrum Rare .
disorder antibody
Cerebellar ataxia :
GFAP Meningoencephalitis Ovarian teratoma not I'.ll e out
Myelitis Adenocarcinomas autoimmune
Optic neuritis of various sites Py
P . _ encephalitis
PCA-1 (Yo) Cerebellar ataxia Breast or ovarian
carcinoma
PCA-2 Limbic encephalitis Polyneuropathy SCLC
Cerebellar ataxia
PCA-Tr (DNER)  Limbic encephalitis Hodgkin lymphoma
Cerebellar ataxia
Ma 1 and Diencephalitis Ma1: Common, diverse
Ma 2 (Ta) Limbic encephalitis Mag2: Testicular semi-
Brain stem encephalitis noma
Cerebellar degeneration
ANNA = antineuronal nuclear antibody; CRMP-5 = collapsin response mediator protein 5; DNER = delta/notch-like epidermal growth
factor-related receptor; GAD = glutamic acid decarboxylase; GFAP = glial fibrillary acidic protein; PCA = Purkinje cell cytoplasmic
antibody; SCLC = small-cell lung cancer
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Ruling out an
infectious
process is
important,
given that im-
munotherapies
can worsen
infection
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TABLE 2

Autoantibody biomarkers of autoimmune encephalitis:

Cell-surface and synaptic antibodies

PERIPHERAL
CENTRAL NERVOUS NERVOUS SYSTEM OTHER ASSOCIATED
ANTIBODY SYSTEM FEATURES FEATURES FEATURES MALIGNANCY
AMPAR Limbic encephalitis SCLC
Breast carcinoma
Thymoma
Caspr2 Limbic encephalitis Peripheral nerve Rare, but thymoma
hyperexcitability carcinoma reported
DPPX Encephalopathy Gl dysmotility Rare, but lymphoma
Myelopathy Sleep disorder reported
D2R Parkinsonism
Encephalitis
GABA A receptor  Encephalitis Thymoma
Status epilepticus
GABA B receptor  Limbic encephalitis SCLC
Status epilepticus
Opsoclonus myoclonus
GQ1b Bickerstaff brain stem  Guillain-Barré-like
encephalitis illness
IgLON5 Sleep disorder Dysphagia Rare
Dementia Respiratory
failure
LGI1 Limbic encephalitis Thymoma
Faciobrachial dystonic
seizures
NMDA-R Limbic encephalitis Ovarian teratoma
Status epilepticus
Movement disorders
Psychosis
Catatonia
mGIuR1 Cerebellar ataxia Dysgeusia Hodgkin lymphoma
mGIuR5 Limbic encephalitis Hodgkin lymphoma

Glycine receptor  Stiff-person spectrum

disorder

Rare

AMPAR = 2-amino-3-(5-methyl-3-oxo-1,2-oxazol-4-yl) propanoic acid receptor; Caspr2 = contactin-associated protein-like 2; D2R =
dopamine 2 receptor; DPPX = dipeptidyl-peptidase-like protein 6; GABA = gamma-aminobutyric acid; Gl = gastrointestinal; LGI1 =
leucine-rich glioma-inactivated 1; mGIuR = metabotropic glutamate receptor; NMDA-R = anti-N-methyl-D-aspartate receptor; SCLC =

small cell lung cancer

including a personal or family history of au-
toimmunity, identifying infectious risk factors
(ie, exposure and travel history) while exclud-
ing other conditions in the differential diag-
nosis.® It should also be noted that a patient
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with AE may not exhibit all the disease char-
acteristics discussed below. For example, nor-
mal findings on magnetic resonance imaging

(MRI) and electroencephalography (EEG) are

not uncommon in anti-LGI1 encephalitis.'

AUGUST 2021

Downloaded from www.ccjm.org on August 18, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

ABBATEMARCO

TABLE 3

Clinical, diagnostic, and radiographic clues to autoimmune encephalitis

FINDINGS

Subacute clinical course
Viral-like prodrome
Neurocognitive deficits

Neurologic examination abnormalities
New-onset focal seizure disorder or status epilepticus
New focal electroencephalogram abnormalities

Subacute movement disorder
Subacute sleep disturbance

Subacute autonomic dysfunction
Brain MRI abnormalities

Inflammatory cerebrospinal fluid

Previous or current oncologic disorder or risk factors
for malignancy such as smoking

COMMENTS
1-3 months of symptoms
Fever, malaise, headache, gastrointestinal symptoms, etc

Agitation, apathy, catatonia, delusions, irritability, mania, psychosis,
and paranoia

Ataxia, brain stem abnormalities, myoclonus, tremor, or myelopathy
Often not responsive to antiepileptic medications

Focal epileptic or slow-wave activity particularly arising from the
temporal lobes

Dyskinesias, dystonia, or choreoathetosis

Central sleep apnea, central neurogenic hypoventilation, or narco-
lepsy

Hyperhidrosis, tachyarrhythmias, labile blood pressure, central
hypoventilation, gastrointestinal dysmotility, urinary dysfunction

Bilateral T2-weighted FLAIR hyperintensities in the medial aspect of
the temporal lobes, although multifocal changes involving the gray
and white matter are also possible

Mild to moderate pleocytosis (white blood cell count 5-100/L)
Increased risk of a paraneoplastic disorder

FLAIR = fluid-attenuated inversion recovery; MRI = magnetic resonance imaging

I WHAT ARE THE COMMON CELL-SURFACE/
SYNAPTIC ANTIBODY SYNDROMES
IN AUTOIMMUNE ENCEPHALITIS?

Anti-NMDA receptor encephalitis
Anti-NMDA receptor encephalitis was ini-
tially characterized in 12 women showing a
characteristic progression of psychiatric symp-
toms ranging from subtle behavioral changes,
such as irritability, to frank psychosis. These
symptoms were followed by movement dis-
orders, autonomic dysfunction, hypoventila-
tion, seizures, and coma.” Anti-NMDA is
one of the most frequently identified neuronal
autoantibodies in AE.! Anti-NMDA receptor
encephalitis frequently affects young adults,
with a strong female predominance (4:1),
though it has been described in all ages in-
cluding children and the elderly, with variable
phenotypes.'* The median age is 20.
Viral-like prodrome. Some patients ex-
perience a viral-like prodrome that includes
headache or fever during the initial 1 to 2

weeks of the illness (Figure 1). Soon after,
subacute psychiatric symptoms develop in-
cluding anxiety, personality changes, halluci-
nations, paranoid ideas, and frank psychosis.
[t is not unusual for patients to alternate be-
tween hyperactive and catatonic states. Con-
comitant movement disorders such as dyski-
nesia (typically orofacial or limb), dystonia,
and choreoathetosis are common. From 60%
to 75% of adult patients have been reported
to experience behavioral problems or move-
ment disorders during the first month of the
disorder.”

Autonomic dysfunction. As the disease

progresses, autonomic dysfunction becomes
more prominent and commonly necessitates
monitoring in an intensive care unit.

Potential complications include tachy-

arrthythmias, hypotension, and central hypo-
ventilation requiring mechanical ventilation.
Approximately 80% of patients require ICU
admission.

15

Seizures can occur at any time and are
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NMDA receptor encephalitis: Typical clinical course

Typical clinical and laboratory findings

1. MRI: 30% mesial hippocampal
FLAIR/T2 hyperintensities

2. CSF: NMDA receptor antibodies
with lymphocytic pleocytosis

Tier 2 treatments:

IV rituximab: 1,000 mg on days 1
and 15 or 4 weekly treatments
of 375 mg/m?

Tier 1 treatments:

IVMP: 1,000 mg x 5 days,

IVIg: 0.4 g/kg/day x 5 days

Plasmapheresis: 5 sessions
over 7-10 days

3. EEG: partial/generalized epilepsy
+/- extreme delta brush (30%)

4. Cancer screening: 50% of fe-

male patients will have ovarian
teratoma

IV cyclophosphamide: 3-6
monthly cycles of 750 mg/m?

Baseline

Worsening
clinical
severity

Disease course

\J

\

e Viral prodrome

* Psychiatric manifestations: anxiety,
paranoia, or social withdrawal

e Severe cognitive dysfunction

¢ Movement disorders:
nesia, dystonia, or chor

¢ Epilepsy

Weeks

Figure 1. Typical clinical course associated with anti-NMDA receptor encephalitis.

CSF = cerebrospinal fluid; EEG = electroencephalography; FLAIR = fluid-attenuated inversion recovery; IV = intravenous; IVlg = intravenous immunoglobulin;
IVMP = intravenous methylprednisolone; MRI = magnetic resonance imaging; NMDA = anti-N-methyl-D-aspartate receptor
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often not responsive to antiepileptic medica-
tions alone. In a case series of 75 patients with
anti-NMDA receptor encephalitis, almost
80% suffered from generalized tonic-clonic
seizures, and 74% had focal seizures without
impaired awareness.!® There has been some
evidence to suggest antiepileptic drugs with
sodium channel-blocking properties (eg, car-
bamazepine, oxcarbazepine, lacosamide, phe-
nytoin) may be more effective, though seizure
freedom is usually achieved only when paired
with immunotherapies.'®!

NMDA receptor immunoglobulin G
(IgG) testing should always be done with ce-
rebrospinal fluid (CSF), as serum testing is less
reliable (100% sensitivity for CSF vs 85% for
serum).”” CSF analysis usually reveals a mod-
erate lymphocytic pleocytosis, elevated pro-

VOLUME 88 ¢ NUMBER 8

Based on information in reference 15.

tein, and intrathecal antibody production.

Patterns on EEG can vary and often sim-
ply demonstrate slowing.!! Approximately
one-third of patients develop extreme delta
brush; this is described as slowing with delta
activity 1-3 Hz and superimposed bursts of
rhythmic activity (beta activity 20-30 Hz) on
these slow waves and may be a poor prognostic
sign.'®

MRI findings. MRI is usually normal but
may show subtle mesial hippocampal fluid-at-
tenuated inversion recovery (FLAIR) hyper-
intensities. Titulaer et al reported that 76% of
patients had a CSF pleocytosis, one-third of
the cohort had an abnormal brain MRI, and
90% had changes on EEG including slowing.!®

Teratomas. Anti-NMDA receptor en-
cephalitis may be associated with ovarian

AUGUST 2021

Downloaded from www.ccjm.org on August 18, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

ABBATEMARCO

LGI1 encephalitis: Typical clinical course

Typical clinical and laboratory findings
1. Serum: LGI1 autoantibodies along with hyponatremia
2. MRI: 30%-40% mesial temporal FLAIR/T2 hyper-

intensities; later in the disease course, patients can
have mesial temporal sclerosis

3. CSF: usually normal without evidence of intra-
thecal antibody production

4. EEG: epileptic discharges and focal slowing;
usually, FBDS does not have EEG correlation

Tier 1 treatments:

IVMP: 1,000 mg x 5 days,

IVIg: 0.4 g/kg/day x 5 days

Plasmapheresis: 5 sessions
over 7-10 days

Baseline [T ==
* Paroxysmal dizzy spells
* FBDS N
N\
* New-onset epilepsy: autonomic,
motor or gelastic seizures
1]
2
3 g -
S ¢ Cognitive dysfuncti
P amnesia or visual-spa
@
1]
=]
[a]
A J
Worsening
clinical
severity

Weeks

Figure 2. Typical clinical course associated with anti-LGI1 encephalitis.

CSF = cerebrospinal fluid; EEG = electroencephalography; FBDS = faciobrachial dystonic seizures; FLAIR = fluid-attenuated inversion recovery; IVlg = intravenous
immunoglobulin; IVMP = intravenous methylprednisolone; LGI1 = leucine-rich glioma-inactivated 1; MRl = magnetic resonance imaging

or extraovarian teratomas in 30% to 40% of
patients, particularly in young women. It re-
quires prompt surgical treatment."

Infection. Herpes simplex virus infection
of the central nervous system can also trigger
the production of NMDA receptor [gG."” In a
large prospective study, 27% of patients with
herpes simplex encephalitis developed anti-
NMDA receptor antibodies within 16 weeks of
completing their acyclovir treatment.!” None
of the patients had NMDA receptor IgG at the
index admission. Interestingly, 3 patients (6%)
developed CSF NMDA receptor IgG without
clinical correlation, but the antibody produc-
tion was not detectable at 1-year follow-up."
There have been reports of pediatric anti-
NMDA receptor encephalitis developing after
Japanese encephalitis infection, but no other
clear postinfectious or vaccination pattern has

CLEVELAND CLINIC JOURNAL OF MEDICINE

emerged in the literature.?*?!

Immunotherapy. Anti-NMDA receptor
encephalitis responds to immunotherapy, but
the response can be slow. In the largest study
to date of patients with anti-NMDA recep-
tor encephalitis, 81% had significant recovery
at 24 months, but only 53% had clinical im-
provement within 4 weeks of diagnosis."

From 10% to 25% of patients have a clini-
cal relapse, though symptoms are less severe
than in the initial presentation."?

Maintenance immunotherapy can be used
to optimize acute treatment response while
preventing relapses.”” Commonly used agents
include oral corticosteroids, intravenous im-
munoglobulin  (IVIg), and steroid-sparing
agents such as mycophenolate mofetil, azathi-
oprine, rituximab, and cyclophosphamide.?

VOLUME 88 ¢ NUMBER 8

AUGUST 2021

Downloaded from www.ccjm.org on August 18, 2025. For personal use only. All other uses require permission.

465


http://www.ccjm.org/

Viral infections
usually cause a
more profound
CSF pleocytosis
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Anti-LGI1 encephalitis

Anti-LGI1 encephalitis was first characterized
in 2010.%* In contrast to anti-NMDA receptor
encephalitis, it typically occurs in men over
age 60, presenting with subacute cognitive
dysfunction and behavioral changes.

About 50% of patients also develop facio-
brachial dystonic seizures characterized by fo-
cal or lateralized rapid coordinated movements
of an arm or the face that may occur hundreds
of times a day. These dystonic seizures are very
specific for anti-LGI1 encephalitis but are not
universally present. Most patients will have
normal surface activity on EEG even if the
faciobrachial seizure events are captured dur-
ing the recording. The exact reason for this is
unclear, but it may reflect subcortical seizure
origin, as some of these patients have contra-
lateral basal ganglia lesions on MRI.%

Other associated seizure subtypes include
subtle autonomic focal seizures and generalized
tonic-clonic seizures (Figure 2)."> Autonomic
hyperactivity has also been reported. This in-
cludes hyperhidrosis, tachycardia, blood pres-
sure lability, and urinary dysfunction.?

The initial workup for anti-LGI1 enceph-
alitis includes MRI, EEG, and CSF analysis
but is usually unrevealing aside from a mild
hyponatremia on basic metabolic testing.
CSF-specific oligoclonal bands may be seen,
but CSF can also be non-inflammatory. Initial
brain MRI can occasionally demonstrate T2-
FLAIR hyperintensity of the hippocampus.?’
Unlike in anti-NMDA receptor encephalitis,
CSF is less sensitive than serum for the detec-
tion of LGI1 antibodies (serum 100% vs CSF
about 88%).27%8

Treatment response. This syndrome char-
acteristically responds briskly to tier 1 treat-
ments (corticosteroids, intravenous immuno-
globulin, plasmapheresis), but 20% to 30% of
patients may experience a relapse necessitat-
ing long-term immunosuppression.”? In one
small randomized control trial, IVIg treat-
ment was associated with a significant reduc-
tion in seizure burden and can be considered a
steroid-sparing agent.”

Malignancy. From 5% to 15% of patients
have an underlying malignancy, most com-
monly thymoma.*® Patients may have residual
cognitive deficits despite initial recovery.

VOLUME 88 ¢ NUMBER 8

I WHAT TESTING SHOULD | CONSIDER
FOR AE DIAGNOSIS?

When AE is highly suspected (Table 3), ini-
tial testing should include an antibody panel.
Both serum and CSF should be tested for anti-
bodies since CSF is more sensitive and specific
for certain antibodies such as NMDA receptor

IgG, GADG65 IgG, and GFAP IgG, whereas

serum is more sensitive for other antibodies

such as LGI1 IgG and Caspr2 IgG.

Antibody panels are preferred over specific
antibody tests, given the often overlapping
clinical syndromes and the possibility of mul-
tiple positive antibodies.

Common testing sites include Mayo Clinic
or Associated Regional and University Pa-
thologists (ARUP) laboratory. Antibody pan-
els include:

e Mayo ENS-2 panel in serum (www.
mayocliniclabs.com/test-catalog/Over-
view/92116)

e Mayo ENC-2 panel in CSF (www.
mayocliniclabs.com/test-catalog/Over-
view/92117)

e  ARUP Autoimmune Encephalitis Extend-
ed Panel in serum (https://ltd.aruplab.com/
Tests/Pub/3001431).

Encephalitis has a broad differential
diagnosis

The differential diagnosis for encephalitis
is very broad and includes infections, toxic-
metabolic encephalopathy, mitochondrial
disorders, nutritional deficiencies, vascular
disorders, malignancy, and demyelinating dis-
orders. Clinicians should be particularly con-
cerned about ruling out an infectious process
given the immunotherapies utilized to treat
AE. Infections to consider include herpes sim-
plex virus encephalitis, human herpesvirus 6,
human immunodeficiency virus, fungal infec-
tion (eg, cryptococcal), mycobacterial infec-
tion, Whipple disease, and neurosyphilis.

In general, viral infections usually cause a
more profound CSF pleocytosis (a white blood
cell count of 50-100/uL). Bacterial or myco-
bacterial infections can have a lower of CSF
glucose concentration, whereas AE usually
has normal glucose levels.’!

Opverall, careful examination usually re-
veals subtle neurologic deficits that should
prompt further evaluation for AE. Diagnos-
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tic red flags include newly occurring epileptic
seizures, movement disorders, and neurocog-
nitive symptoms, especially in the setting of
MRI or CSF abnormalities.

It should be mentioned that the prevalence
of primary psychiatric disorders is much higher
than the prevalence of AE. For example, the
overall prevalence of schizophrenia, with inci-
dence peaking in young adults, is estimated to
be 2.7 to 8.3 per 1,000,’? whereas the overall
prevalence of AE is 13.7 per 100,000.* Thus,
in a young patient with new mood disorder,
a primary psychiatric diagnosis remains more
likely than AE.

While patients with a preexisting psychi-
atric disorder can develop a concomitant au-
toimmune condition, it should also be men-
tioned that a specific isolated psychiatric AE
phenotype has not emerged in the literature
despite extensive investigations.’!

Il A COMPREHENSIVE EVALUATION
FOR AUTOIMMUNE ENCEPHALITIS

A comprehensive evaluation for suspected
AE includes a range of laboratory studies and
imaging.

Serum testing

Serum testing with an AE antibody panel to
human immunodeficiency virus, thyroid-stim-
ulating hormone, vitamin deficiency (B, B,,,

E, folic acid).

Evaluation for other disease markers
Patients with autoimmune encephalitis are at
increased risk of having a second autoimmune
disorder. Choice of any specific testing should
be based on clinical suspicion.””

Cerebrospinal fluid testing

CSF studies include an AE antibody panel,
routine studies, CSF IgG index, CSF-specific
oligoclonal bands, and comprehensive infec-
tious evaluations with specific attention to
viral agents (ie, herpes simplex virus type 1,
varicella-zoster virus, West Nile virus, John
Cunningham virus, and human herpesvirus

6).

Urine toxicology screen
A urine toxicology test should include screen-
ing for marijuana and cocaine.

CLEVELAND CLINIC JOURNAL OF MEDICINE

Magnetic resonance imaging

MRI of the brain with and without gado-
linium contrast is appropriate. Consider
completing an epilepsy protocol, which may
vary between institutions but usually consists
of standard T1- and T2-weighted images,
FLAIR, gradient-echo (T2) sequences, and
diffusion-weighted sequences. Imaging se-
quences should also include contiguous, thin
slices to ensure that hippocampal and tempo-
ral lobe lesions can be identified.*

Consider spinal cord MRI if neurologic
abnormalities suggest concomitant myelitis.
Symptoms could encompass motor, sensory,
and autonomic (bladder, bowel, sexual) dys-
function that localizes to the spinal cord.
An example could be a well-defined truncal
sensory level below which the sensation is al-
tered.”

Electroencephalographic monitoring
Continuous monitoring with EEG can clarify
the cause of motor symptoms, identify sugges-
tive patterns such as extreme delta brush, and
characterize seizure burden.

Positron emission tomography
Brain fluorodeoxyglucose-positron emission
tomography with computed tomography
(FDG-PET/CT) may illustrate either hypo-
metabolism that may correlate with impair-
ment of neuronal activity even in the absence
of structural disturbance’®® or hypermetabolism
that could correlate with increased glucose
metabolism caused by synaptic dysfunction or
ongoing seizure activity.’” Overall, PET may
be a sensitive marker for AE but is limited by
its higher cost, lack of diagnostic specificity
and clinical availability.’

Body FDG-PET/CT can be done to screen

for malignancy.”®

I WHICH AUTOANTIBODY FINDINGS
SHOULD BE INTERPRETED CAUTIOUSLY?

The development of broad antibody panels
has led to some unintended consequences,
particularly as these panels may include dis-
orders of the central nervous system and the
peripheral nervous system.” In addition, the
specificity and sensitivity can vary for the dif-
ferent autoantibodies and the association with
AE. Therefore, interpretation of autoantibody
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testing should be combined with a compre-
hensive clinical evaluation as outlined above
in the section “A comprehensive evaluation
for autoimmune encephalitis.”®

Caution is particularly needed when in-
terpreting tests for autoantibodies that have
low specificity for AE. For example, anti-
voltage-gated potassium channel (VGKC)
antibodies were initially detected in periph-
eral nerve hyperexcitability disorders such
as neuromyotonia and Morvan syndrome.
Further laboratory evaluation has elucidated
that LGI1 and Caspr2 are the usual targets of
these complex antibodies and not the VGKC
itself. VGKC antibodies alone are not specif-
ic for AE and can be seen in 5% of healthy
controls.® In VGKC-positive patients with-
out LGI1 and Caspr2 antibodies, additional
testing is not usually warranted, as there is no
clear evidence that VGKC titers are indica-
tive of an autoimmune disorder.”®

Hashimoto encephalopathy, also known
as steroid-responsive encephalopathy associ-
ated with autoimmune thyroiditis, has been
historically linked to elevated serum levels
of thyroid peroxidase antibodies.' In the era
of more neuronal-specific antibodies, thyroid
peroxidase antibodies have been found to have
limited diagnostic value. An extensive evalu-
ation to exclude other causes of AE should be
pursued in cases with elevated thyroid peroxi-
dase antibody titers, given the unclear clinical
significance of these antibodies in neurologic
disorders.***

I WHAT IS THE INITIAL TREATMENT
FOR AUTOIMMUNE ENCEPHALITIS?

Current treatment guidelines for AE are based
on a combination of expert opinion, case se-
ries, and case reports, and evidence from high-
quality multicenter randomized trials is lack-
ing.” But existing evidence suggests that early
initiation of therapy and prompt escalation to
second-line immunotherapy may lead to im-
proved clinical outcomes.!>??

Still, unanswered questions include the
time frame associated with a response to the
first-line immunotherapy and the optimal du-
ration of sustained immunotherapy. A com-
prehensive evaluation for malignancy is also
vital as early detection and treatment are im-
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portant for improved patient outcomes.

An important caveat for all clinicians
is that although response to corticosteroid
therapy is a typical feature of AE, it does not
confirm the diagnosis of AE. Disorders such
as lymphoma and vasogenic edema associated
with a brain tumor can also respond dramati-
cally to steroids. Additionally, some AE pa-
tients do not respond to corticosteroids but
require prolonged treatment with other im-
munotherapies.®

[nitiation and escalation of treatment de-
pend on the pretest probability of AE along
with the clinical severity. If there is a high pre-
test probability of a known syndrome, waiting
for the results of antibody testing should not
delay treatment. For example, a case of refrac-
tory autoimmune-mediated status epilepticus
in the intensive care unit requires prompt and
aggressive treatment. Caution should be used
when the diagnosis is less certain.®

First-line treatments

First-line treatment for AE involves cortico-

steroids combined with either IVIg or plasma-

pheresis?®*:

e Methylprednisolone 1 g daily for 5 days,
followed by oral prednisone 1 mg/kg (max-
imum dose 60-80 mg daily, with a pro-
longed taper over 3—6 months)

[VIg 400 mg/kg/day for 5 days
Plasmapheresis, with 5 exchanges over 7 to

8 days.

Second-line treatments

Second-line treatments can be given as mono-

therapy or in combination for refractory dis-

ease activity 1 to 2 weeks from completion of
first-line treatment’*:

e Rituximab 1,000 mg IV, with a repeat dose
in 2 weeks, or 375 mg/m? weekly IV infu-
sion for 4 weeks

e Cyclophosphamide 750 mg/m? IV month-
ly for 3 to 6 months.

Maintenance treatments*

e Rituximab, repeat every 6 months, same
dosing schedule as second-line therapy
IVIg 0.4 g/kg every 2 to 4 weeks
Mycophenolate mofetil 500 to 3,000 mg/
day
Azathioprine 1 to 3 mg/kg/day
Cyclophosphamide 1 to 2 mg/kg/day orally.
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Il HOW DO | MONITOR RESPONSE
TO TREATMENT IN AE?

There are no validated biological markers to
assess treatment response in AE. Although
some studies have suggested that early reduc-
tion in titers can correlate with better clini-
cal outcomes, antibodies can remain positive
even in patients with good outcomes.* Fur-
ther, the change in antibody titers does not
consistently correlate with risk of relapse.¥
Therefore, serum or CSF antibody titers in
isolation are not reliable for monitoring treat-
ment response in AE.

Imaging, when abnormal, can be repeated
to look for improvements over time. Unfor-
tunately, even after appropriate treatment is
initiated for AE, brain MRI may show irre-
versible changes such as generalized or focal
atrophy on follow-up.

Monitoring of the treatment response is
therefore primarily based on the clinical ex-
amination. We urge clinicians to use objective
measures to determine the true efficacy of a
given treatment. For example, clinicians can
use the Scale for the Assessment and Rating
of Ataxia (SARA),* Symbol Digit Modalities
Test, or the Montreal Cognitive Assessment
(MoCA)* for reliable scores to measure the
success of a trial and the utility of long-term
treatments. Formal neuropsychological test-
ing is also a valuable tool to document the
extent of cognitive damage and to evaluate
immunotherapy response.

M WHAT ONCOLOGIC EVALUATION
IS APPROPRIATE FOR PATIENTS WITH AE?

Paraneoplastic AE can occur in association
with an underlying malignancy. In particular,
small-cell lung cancer, non-small-cell lung
cancer, and neuroblastoma trigger the produc-
tion of paraneoplastic autoantibodies.*® The
neurologic sequelae can occur prior to detec-
tion of the cancer allowing for early discovery
and oncologic treatment.

Though treating the cancer is the main
goal in these patients, they may still require
short-term or long-term immunotherapy for
the paraneoplastic disorder. Immunotherapies
that may have dual benefit to treat the cancer
and autoimmune disorder, such as cyclophos-
phamide, can be considered.

CLEVELAND CLINIC JOURNAL OF MEDICINE

All treatment decisions must be made in
coordination with the treating oncologist.®
Additionally, patients may have permanent
neurologic deficits with relatively little hope
for recovery.

The type and frequency of screening for
malignancy depends on the specific antibody
syndrome.” If a patient is diagnosed with an
autoantibody commonly associated with para-
neoplastic syndromes, frequent monitoring is
recommended. In those cases, we typically or-
der surveillance testing every 6 to 12 months
for at least 3 to 5 years. If the patient has an
antibody with a low likelihood of an underly-
ing neoplasm, we consider reevaluating once a
year for 3 years after the index diagnosis.”

Based on the 2011 European Federation of
the Neurological Societies guidelines, we will
utilize either whole-body FDG-PET or CT of
the chest, abdomen, and pelvis as a screening
measure for certain AE patients, with clinical
consideration of the known cancer associa-
tions, cancer risk factors, or family history of
cancer.”

In particular, the nature of the antibody
determines the risk and type of an underly-
ing malignancy and therefore the investiga-
tion. For example, anti-Yo autoantibody has
a greater than 90% association with breast or
ovarian malignancy, so an extensive evalua-
tion should be pursued to identify the underly-
ing neoplasm.*

In addition, sex-specific tests such as pelvic
ultrasonography, mammography, and testicu-
lar ultrasonography should be considered if
the initial evaluation is unrevealing. Further,
all patients should complete routine age- and
sex-appropriate screening measures including
screening for breast, colorectal, cervical, and
prostate cancer, along with lung cancer when
applicable, based on US Preventive Services
Task Force recommendations.

Il TAKE-HOME MESSAGE

Our understanding of AE has expanded dra-
matically over the past few years. Familiarity
with different AE syndromes will ensure prompt
diagnosis and treatment. In cases that are less
clear, a sound diagnostic approach anchored
on objective clinical or radiographic findings is
important for optimizing outcomes. Clinicians
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need to stay abreast of developments in this field
as the breadth of immune-mediated disorders of
the nervous system continues to evolve.
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