
EDUCATIONAL OBJECTIVE: Readers will be aware of autoantibody-mediated encephalitis and keep 
that diagnosis in mind in cases of unexplained seizures or other brain symptoms

Autoantibody- mediated encephalitis: 
Not just paraneoplastic,  
not just limbic, and not untreatable
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A 79-year-old woman with a history of 
breast cancer in remission and hyperten-

sion presented to a local emergency depart-
ment because of subacute memory loss and 
compulsive shopping. Her serum sodium con-
centration was 127 mmol/L (reference range 
132–148). Computed tomography (CT) and 
magnetic resonance imaging (MRI) of the 
brain were normal, and she was sent home.
 Three days later, she experienced a general-
ized tonic-clonic seizure that evolved into sta-
tus epilepticus. She was intubated and admit-
ted to the intensive care unit. Cerebrospinal 
fluid analysis was normal, and infectious causes 
of encephalitis were ruled out. MRI showed 
increased signal in both hippocampi (Figure 
1). Her seizures were refractory to treatment, 
and she was given pentobarbital to induce a 
coma.
 Serum evaluation of neuronal antibodies 
revealed elevated titers of the voltage-gated 
potassium channel (VGKC) complex anti-
body, with subsequent subtyping confirming 
the leucine-rich glioma-inactivated protein 1 
(LGI1) protein as the antigenic target.
 She received a 5-day course of intravenous 
immunoglobulin and methylprednisolone, 
pentobarbital was withdrawn, and the seizures 
did not recur, but weeks later she remained co-
matose. Positron emission tomography (PET) 
of the brain revealed hypermetabolism in the 
medial and anterior aspects of both temporal 
lobes. She underwent five sessions of plasma 
exchange, after which she began to improve 
and follow commands. She was ultimately dis-
charged to an acute rehabilitation facility after 
a 4-week hospital stay. 
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ABSTRACT
Autoantibody-mediated encephalitis is a heterogeneous 
group of recently identified disorders, all caused by 
autoimmunity directed against components of the central 
nervous system. Despite severe and even prolonged neu-
rologic deficits, dramatic improvements may occur with 
aggressive treatment.

KEY POINTS
Autoantibody-mediated encephalitis accounts for a por-
tion of cases of unexplained status epilepticus, encephali-
tis, and acute-onset psychiatric symptoms.

Magnetic resonance imaging and cerebrospinal fluid 
analysis may be normal early in the disease course.

Patients can express more than one autoantibody and 
present with more than one neuronal syndrome.

Syndromes in which antibodies attack antigens on the 
surface of neurons are more likely to respond to immuno-
therapy than those involving intracellular antigens.

Anti-N-methyl-d-aspartate receptor encephalitis typically 
presents with psychosis, seizures, and movement disor-
ders in young women and is often associated with an 
ovarian teratoma.

Limbic encephalitis, mediated by antibody to the voltage- 
gated potassium channel complex, is typically nonneo-
plastic and responds well to immunotherapy.
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 She received infusions of intravenous im-
munoglobulin twice a month for 6 months.  
At her last follow-up visit, she was seizure-free 
and neurologically intact except for mild inat-
tention.

 ■ NEWLY RECOGNIZED DISEASES

Although autoantibody-mediated encepha-
litic syndromes were first described more 
than 50 years ago,1,2 their autoimmune ba-
sis was not recognized until the early 1980s.3 
In the past 10 years, a flood of novel clini-
cal syndromes associated with neuronal au-
toantibodies has been described that may be 
markedly improved or even completely re-
solved with immunotherapy. In cases of un-
explained seizure, encephalitis, or acute-on-
set psychiatric syndromes, suspecting these 
syndromes can lead to diagnosis, treatment, 
and a good outcome.
 This review describes the key clinical au-
toantibody-mediated encephalitic syndromes, 

explains the better-characterized antibody as-
sociations, and discusses their diagnosis and 
treatment.  

 ■ CLASSIFIED ANATOMICALLY, 
IMMUNOLOGICALLY, OR EPONYMOUSLY 

Autoantibody-mediated encephalitis is also 
known as autoimmune-mediated encephalitis, 
autoimmune-mediated limbic encephalitis, 
and autoimmune synaptic encephalitis.
 How to categorize these syndromes is still in 
flux: they can be listed by the area of the brain 
affected, the antibody involved, or the name 
of the discoverer (eg, Morvan syndrome).
 Autoantibodies identified in autoimmune 
encephalitis fall under two broad categories:
• Those targeting intracellular (intranuclear 

or intracytoplasmic) antigens; the syn-
dromes they cause are more likely to be 
paraneoplastic and less responsive to im-
munotherapy

• Those targeting antigens on the neuronal 
surface: the syndromes they cause are less 
likely to be paraneoplastic and are more 
responsive to immunotherapy.4

 ■ SYNDROMES DEFINED  
BY BRAIN AREA AFFECTED

Below, we provide examples of neurologic syn-
dromes of autoantibody-mediated encephali-
tis according to the region of the brain most 
affected, ie, the limbic system, the brainstem, 
or the cerebellum (Figure 2).

 ■ LIMBIC ENCEPHALITIS 

Memory loss, behavioral changes, seizures
Patients with limbic encephalitis (such as the 
patient described in the vignette above) pres-
ent with symptoms attributed to dysfunction 
of mesial temporal lobe structures, most no-
tably the hippocampus. Prominent symptoms 
include short-term memory loss, behavioral 
disturbances such as agitation and confusion, 
and psychiatric problems such as depression 
and psychosis. Recurrent seizures are a salient 
feature and, not uncommonly, progress to sta-
tus epilepticus. 

Antibodies are not all cancer-associated
Cerebrospinal fluid analysis can be normal or 
show abnormalities suggesting immune acti-

A flood of new  
syndromes  
associated 
with neuronal  
autoantibodies  
has been 
described
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AMPA—alpha-amino-3-hydroxy-5-methyl-4-isoxa-
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ANNA—antineuronal nuclear antibody 
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CRMP—collapsin-responsive mediated protein;
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FLAIR—fluid-attenuated inversion recovery
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vation, eg, slight pleocytosis, elevated protein, 
increased immunoglobulin G synthesis, and 
oligoclonal banding.5

 In many cases, an autoantibody is found in 
the blood or in the cerebrospinal fluid. Some 
patients may express more than one autoanti-
body, so the traditional view of “one antibody, 
one syndrome” is incorrect. 
 Although initially identified as a rare para-
neoplastic disorder, limbic encephalitis some-
times occurs in the absence of malignancy.
 Multiple antibodies have been linked to 
the syndrome (Table 1).6–9 The “classic” anti-
bodies initially found in paraneoplastic forms 
are now generally viewed as nonpathogenic, 
in part because they are directed against intra-
cellular antigens. Neuronal injury in paraneo-
plastic limbic encephalitis is believed to be 
mediated by cytotoxic T lymphocytes, with 
neuronal autoantibodies being produced after 
the injury.4 Recently defined antibodies, such 
as those targeting the N-methyl-d-aspartate 
(NMDA) receptor6 and the LGI1 protein,7 
are now understood to be common causes of 
limbic encephalitis.  

Imaging usually shows limbic focal changes 
Structural MRI or functional fluorodeoxy-
glucose (FDG)-PET imaging may show focal 
changes in limbic system structures, such as 
the mesial temporal lobes.  It is now recognized 
that other cortical areas may be involved, and 
the term “limbic encephalitis” may give way 
to “cortical” or “focal encephalitis.”
 In about 60% of patients, MRI shows hy-
perintense fluid-attenuated inversion recovery 
(FLAIR) or T2 signal changes in the mesial 
temporal lobes, likely reflecting inflammatory 
changes.4,10,11 On FDG-PET, hypermetabolism 
may be observed in the mesial temporal lobes 
early in the disease despite normal findings on 
MRI.12 Hypometabolism, either diffuse or lo-
calized to the mesial temporal lobes, eventu-
ally sets in, likely reflecting cytotoxic injury 
in the aftermath of prolonged inflammation or 
seizures. 

Consider other causes
Before diagnosing limbic encephalitis, it is 
essential to evaluate for infectious meningo-
encephalitis, especially herpes simplex viral 
encephalitis. Thiamine deficiency (Wer-

How to  
categorize  
these  
syndromes  
is still in flux

FIGURE 1. Left, axial fluid-attenuated inversion recovery magnetic resonance 
imaging shows increased signal in the hippocampus bilaterally (yellow arrows). 
Right, fluorodeoxyglucose positron-emission tomography shows hypermetabolism in the 
hippocampi (black arrows).
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Autoantibody-mediated encephalitis can be classified either by the antibody responsible 
or by the area of the brain affected, and therefore the presenting symptoms. The structures 
affected include:

Autoantibody-mediated encephalitis  

FIGURE 2

The limbic system. 
Symptoms:

Short-term memory loss
Agitation, confusion
Depression, psychosis 
Recurrent seizures, often pro- 
  gressing to status epilepticus

The brainstem, either in isolation 
or more commonly as part of a more 
widespread encephalitis. 
Symptoms: 
  Eye movement abnormalities 
  Ptosis 
  Dysphagia 
  Dysarthria, ataxia 
  Facial palsy 
  Vertigo 
  Hearing impairment 
  Reduced consciousness 
  Hypoventilation

The cerebellum. 
Symptoms:

Dizziness, vertigo

Unsteady gait, progressing to limb 
  and gait ataxia

Symptoms are often subacute, 
  progressing over weeks
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nicke encephalopathy), drug intoxication, 
prion disease, Hashimoto encephalopathy, 
tumor, and subclinical status epilepticus 
should also be considered. Some of these 
conditions are associated with the same 
neuronal autoantibodies detected in limbic 
encephalitis. Further complicating the pic-
ture, case reports have shown the presence 
of serum neuronal autoantibodies—VGKC 
complex13–15 and NMDA-receptor antibod-
ies16,17—in confirmed cases of prion disease. 
In addition, adequately treated herpes sim-
plex viral encephalitis can precipitate the 
production of NMDA-receptor antibodies 
and their characteristic syndrome.18–20

 ■ BRAINSTEM ENCEPHALITIS

The brainstem—the midbrain, pons, and 
medulla—can be affected, either in isolation 
or more commonly as part of a more wide-
spread autoantibody-mediated encephalitis. 
Symptoms and signs include eye movement 
abnormalities, ptosis, dysphagia, dysarthria, 

ataxia, facial palsy, vertigo, hearing impair-
ment, reduced consciousness, and hypoven-
tilation.21

 Anti-Hu, anti-Ri, and anti-Ma2 antibodies 
are most commonly associated with brainstem 
encephalitis (Table 2). Anti-Ma2-associated 
encephalitis may improve after a combination 
of immunotherapy and tumor removal21; the 
others have a poor prognosis.

Neuromyelitis optica spectrum disorders
Neuromyelitis optica spectrum disorders most 
commonly involve demyelination affecting 
the optic nerves and spinal cord, leading to  
unilateral or bilateral optic neuritis and trans-
verse myelitis spanning three or more verte-
bral segments.22 The initial clinical manifesta-
tion may be an encephalitic pattern, affecting 
predominantly the brainstem in a restricted 
fashion,22 or the central nervous system in a 
more diffuse pattern, mimicking either acute 
disseminated encephalomyelitis or, in less se-
vere cases, posterior reversible encephalopa-
thy syndrome.23

TABLE 1

Neuronal antibodies associated with limbic encephalitis

Antigen  
location Antibody

Frequency 
of tumor 
occurrence Tumor association Responsiveness to treatment 

Intracellular ANNA1 (anti-Hu) > 75% Small cell lung cancer Poor

Anti-CV2 (CRMP) > 75% Small cell lung cancer, 
thymoma

Poor, but longer survival than with 
ANNA1

Anti-Ma2 ~ 90% Testicular germ cell 
tumor

Better than with ANNA1; prognosis is 
worse with co-occurrence of anti-Ma1 

Anti-GAD65 < 33% None Seizure outcome inferior to that 
in anti-VGKC limbic encephalitis

Cell surface  
(common) 6,7

Anti-NMDA receptor    38% Ovarian teratoma Very good, but slow recovery

Anti-LGI1    0 None Very good, quicker recovery than with 
NMDA receptor encephalitis

Cell surface 
(rare) 8,9

Anti-AMPA receptor    70% Thymoma, breast, lung Good

Anti-GABAB receptor    47% Small cell lung cancer Good

AMPA = alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; ANNA1 = antineuronal nuclear antibody 1; CRMP = collapsin-responsive mediated 
protein; GABAB =  gamma-aminobutyric acid; GAD = glutamic acid decarboxylase; LGI1 = leucine-rich glioma-inactivated protein 1; NMDA = N-methyl-d-
aspartate; VGKC = voltage-gated potassium channel
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 Testing for antiaquaporin-4 antibody, also 
known as neuromyelitis optica immunoglobu-
lin G, is the single most decisive laboratory test 
for diagnosing neuromyelitis optica spectrum 
disorders, so serum and cerebrospinal fluid eval-
uation for this autoantibody should be consid-
ered when caring for a patient whose clinical 
picture suggests brainstem encephalitis.22

Bickerstaff brainstem encephalitis
Bickerstaff brainstem encephalitis was first 
described more than half a century ago in pa-
tients with postinfectious ataxia, ophthalmo-
paresis, and altered consciousness. This rare 
disease was later found to be associated with 
antiganglioside GQ1b (anti-GQ1b) autoanti-
body. MRI is normal in about 90% of cases, 
so recognizing the clinical presentation and 
analyzing anti-GQ1b serum titers are critical 
to diagnosis. 
 Recovery is usually spontaneous and com-
plete and can be hastened by immunotherapy, 

especially intravenous immunoglobulin.24

Other causes  
of brainstem encephalitis
The differential diagnosis of a presentation of 
brainstem encephalitis includes:
• Infectious causes, the most common being 

Listeria species followed by enterovirus 71 
and herpes simplex virus.25 Tuberculosis, 
brucellosis, and Whipple disease should 
also be considered. 

• Primary central nervous system inflam-
matory and demyelinating conditions, eg, 
multiple sclerosis and acute disseminated 
encephalomyelitis. 

• Systemic inflammatory conditions, eg, 
Beh çet disease, systemic lupus erythema-
tosus, and sarcoidosis. 

• Direct brainstem neoplastic involvement, 
as might occur in primary central nervous 
system lymphoma or leptomeningeal car-
cinomatosis.

TABLE 2

Neuronal antibodies associated with brainstem and cerebellar encephalitis

Syndrome Antigen location Antibody Tumor association Prognosis

Brainstem Intracellular Anti-Hu (ANNA1)  Small-cell lung cancer Poor

Anti-Ri (ANNA2) Breast, lung Poor

Anti-Ma2 Testicular germ cell tumor Good

Cell surface Anti-NMDA (second- 
stage disease)

Ovarian teratoma Very good

Anti-GQ1b None Very good

Anti-NMO  
(antiaquaporin 4)

None Good

Cerebellar Intracellular Anti-Yo Ovarian, breast Poor

Anti-Ri Breast, lung Good

Anti-Tr Hodgkin lymphoma Fair

Anti-GAD None Good

Cell surface Anti-VGCC Small-cell lung cancer Fair

Anti-mGluR1 Hodgkin lymphoma in  
remission

Good (three cases re-
ported, two improved)

ANNA = antineuronal nuclear antibody; GAD = glutamic acid decarboxylase; GQ1b = ganglioside GQ1b; mGLuR1 = metabotropic glutamate receptor 
type 1; NMDA = N-methyl-d-aspartate; NMO = neuromyelitis optica; VGCC = voltage-gated calcium channel
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 ■ CEREBELLAR SYNDROME

Patients with autoantibody-mediated enceph-
alitis localized predominantly to the cerebel-
lum typically present with dizziness, vertigo, 
and unsteady gait, progressing eventually to 
limb and gait ataxia.4 Symptoms are often sub-
acute, progressing over weeks. 
 Multiple neuronal autoantibodies have 
been found to occur with cerebellar encepha-
litis (Table 2). In most cases, they are paraneo-
plastic and considered not to be pathogenic, 
given the intracellular location of their target 
antigen.4 In such cases, the syndrome is more 
accurately described as autoantibody-associat-
ed rather than autoantibody-mediated. Only 
in a minority of cases have neuronal auto-
antibodies been demonstrated to be directly 
pathogenic, ie, antimetabotropic glutamate 
receptor type 1 (anti-mGluR1) antibody-asso-
ciated cerebellitis26 and antiglutamic acid de-
carboxylase (anti-GAD)-associated cerebellar 
ataxia.27

Differential diagnosis  
of cerebellar syndromes
The differential diagnosis of autoantibody-
associated cerebellar syndromes is broad and 
includes:
• Alcohol-induced atrophy
• Drug-induced cerebellar atrophy (eg, from 

lithium, phenytoin, gabapentin, metroni-
dazole, amiodarone, carbamazepine) 

• Vitamin B1 and E deficiency
• Hypothyroidism, hypoparathyroidism
• Neurodegenerative disease (eg, prion dis-

ease, multiple system atrophy)
• Parainfectious causes (eg, after infection 

with Epstein-Barr virus)
• Immune-mediated diseases (Miller-Fisher 

syndrome, associated with anti-GQ1b an-
tibodies, and antigliadin-associated ataxia, 
which can occur in isolation or as part of 
celiac disease).4

 ■ SYNDROMES ASSOCIATED 
WITH SPECIFIC ANTIBODIES

A few of the autoantibody-mediated encepha-
litic syndromes have specific antibody associa-
tions and characteristic clinical presentations. 
The most prominent of these syndromes are 
VGKC complex antibody encephalitis (as in 

the patient described at the beginning of this 
article) and anti-NMDA receptor encephali-
tis. 

 ■ VGKC COMPLEX ANTIBODY-MEDIATED 
LIMBIC ENCEPHALITIS

VGKC complex antibodies, initially reported 
to be associated with the peripheral nerve hy-
perexcitability disorder neuromyotonia, were 
subsequently found in Morvan syndrome.28,29 
Patients with this syndrome often present with 
autonomic dysfunction and peripheral nerve 
hyperexcitability but also develop insomnia, 
confusion, hallucinations, and memory loss. 
Drawing on the clinical overlap between 
Morvan syndrome and limbic encephalitis, 
Buckley et al30 were the first to report VGKC 
complex antibodies in two cases of limbic en-
cephalitis.
 VGKC complex antibodies are now under-
stood to be associated with a wide variety of 
neurologic conditions, including chronic id-
iopathic pain, epilepsy,31 movement disorders, 
cranial nerve abnormalities, autonomic dys-
function,32 and gut dysmotility.33 In contrast, 
these antibodies are rare in healthy people.34 
Limbic encephalitis associated with VGKC 
complex antibody usually lacks cerebellar and 
brainstem dysfunction, which may help dis-
tinguish it from other types of autoantibody-
mediated limbic encephalitis.12

 VGKC complex antibody does not bind 
to the potassium channel itself. Instead it 
recognizes other constituents of the channel 
complex, most notably LGI1 and contactin-
associated protein 2 (CASPR2). LGI1 anti-
body is more commonly associated with lim-
bic encephalitis—as illustrated in our case 
study—in addition to a distinctive type of sei-
zure affecting the arm and face (faciobrachial 
dystonic seizure).34 The CASPR2 antibody, 
on the other hand, more often correlates with 
peripheral nerve manifestations and Morvan 
syndrome.29 Hyponatremia is commonly seen 
on serum chemical analysis and provides a 
clue that these syndromes are present.12

Good response to immunotherapy
A critical change in therapy came as clini-
cians realized that seizures were often refracto-
ry to standard antiepileptic drugs but respond-
ed well to immunotherapies. On the basis 

Limbic  
encephalitis  
is now  
recognized  
to occur  
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of these observations, sera of patients with 
long-standing epilepsy have been reanalyzed 
to look for neuronal autoantibodies.31 These 
antibodies should be checked in cases of new-
onset refractory status epilepticus of unknown 
origin that does not respond to antiepileptic 
medications.
 About half of patients with VGKC com-
plex antibody-mediated limbic encephalitis 
have normal findings on brain MRI.5 Seven of 
10 patients who were prospectively followed for 
VGKC complex antibody-mediated faciobra-
chial dystonic seizures had normal brain MRIs.35

 VGKC complex antibody-mediated lim-
bic encephalitis does not usually recur.36 Most 
cases are nonparaneoplastic, as evidenced by 
failure to detect a single active tumor in 64 
patients after a median follow-up of 3 years. 
The prognosis is generally favorable except in 
cases with coexisting tumors.12

 ■ ANTI-NMDA RECEPTOR ENCEPHALITIS

Often associated with ovarian teratoma
Anti-NMDA receptor encephalitis typically 
affects women in their 20s and 30s, and about 
half of patients have an ovarian teratoma. It 
can also occur in younger patients and in men, 
in whom it is less likely to be associated with 
a neoplasm.37

 Typical initial symptoms include striking 
and often stereotyped neuropsychiatric dis-
turbances manifesting as psychosis, confusion, 
seizures, and amnesia. After 1 to 2 weeks, new 
symptoms set in, including reduced conscious-
ness, movement disorders (ranging from oro-
lingualfacial dyskinesia to rigidity and cho-
reoathetosis), autonomic dysfunction, and 
hypoventilation, often prompting admission 
to the intensive care unit.38

 Although the outcome is favorable in most 
cases, recovery, in contrast to VGKC complex 
antibody-mediated limbic encephalitis, is slow 
and may take longer than 1 year. Up to a quar-
ter of patients have a relapse, underscoring the 
importance of maintenance immunotherapy.
 It is important to undertake an intensive 
search for possible ovarian and extraovar-
ian teratomas in young women with this syn-
drome—including CT of the pelvis, vaginal 
ultrasonography, and PET imaging—as re-
moval of the teratoma may be curative.37

 ■ DIAGNOSIS OF AUTOANTIBODY- 
MEDIATED ENCEPHALITIS 

Critical to diagnosing autoantibody-mediated 
encephalitis is awareness of these disorders. 
Since antibody testing may be very specific 
and is not usually part of the standard batter-
ies of tests, a high level of suspicion is needed. 
Patients may present to different specialists in 
different settings; therefore, clinicians in pedi-
atrics, rheumatology, psychiatry, and intensive 
care medicine need to be aware of these syn-
dromes to avoid delay and misdiagnosis. 
 Clinical features suggesting autoantibody-
mediated encephalitis include:
• Acute or subacute onset of a neurologic 

syndrome
• New-onset refractory status epilepticus of 

unknown etiology
• Acute or subacute psychiatric illness with 

unexpected progression to neurologic 
symptoms or delirium

• Unusual movement disorders not con-
forming to standard syndromes

• Cognitive impairment, psychosis, or be-
havioral or language disorders with atypi-
cal findings on imaging or cerebrospinal 
fluid analysis.

 Imaging. Diagnosis of autoantibody-medi-
ated encephalitis focuses on evidence suggest-
ing an inflammatory central nervous system 
syndrome. MRI may show hyperintense signals 
on T2, FLAIR, or diffusion-weighted imag-
ing changes in various brain regions. In many 
cases, however, MRI is negative despite severe 
clinical symptoms. In a study of 72 patients 
suspected of having autoimmune dementia of 
various etiologies, including but not restricted 
to antineuronal surface antibody-mediated 
causes, Flanagan et al39 identified atypical neu-
roimaging findings in only 29%. PET imaging 
may show hypermetabolism in certain brain 
areas correlating to clinical syndromes but is 
often difficult to obtain in a timely fashion. 
 Cerebrospinal fluid is often abnormal, 
showing elevated protein, increased immuno-
globulin G synthesis, or oligoclonal banding. 
As with imaging studies, the cerebrospinal 
fluid may be normal despite severe clinical 
manifestations. 
 Electroencephalography may show focal 
slowing or seizure activity. Neuropsychologic 

Cerebellar  
encephalitis  
typically  
presents with  
dizziness,  
vertigo, and 
unsteady gait
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testing may show different patterns of abnor-
malities. 
 Antibody testing. None of these tests 
can be used in isolation, and the diagnosis of 
autoantibody-mediated encephalitis hinges 
on recognizing a clinical syndrome and order-
ing supportive testing. Specific antibodies are 
more likely in different clinical syndromes and 
should be sought (Table 3). 
 Patients who have autoantibody-mediated 
encephalitis may test negative for autoanti-
bodies for many possible reasons: 
• Blood testing for antibodies may be less 

sensitive than cerebrospinal fluid testing
• Antibody titers may vary in the course of 

the disease

• The patient may be expressing an antibody 
that is less often tested for (eg, anti-AMPA 
receptor or antigamma-aminobutyric acid 
B) or one that has not yet been isolated.

 Evaluating for malignancy is recom-
mended in all cases of autoantibody-mediated 
encephalitis. The initial workup may involve 
CT of the chest, abdomen, and pelvis, as 
well as mammography in women and serum 
prostate-specific antigen testing and testicular 
ultrasonography in men. Ordering FDG-PET 
in cases in which CT is negative or inconclu-
sive increases cancer detection.40 If no cancer 
is found, close tumor surveillance—every 3 
to 6 months—is recommended for at least 2 
years.41

TABLE 3

Antibodies associated with neurologic syndromes

Antigen location Antibody Characteristic neurologic syndrome

Intracellular Anti-Yo (Purkinje cell cytoplasmic antibody type 1) Paraneoplastic cerebellar degeneration 

Anti-glutamic acid decarboxylase Stiff person syndrome (progressive encephalomyelitis 
with rigidity, myoclonus)

Anti-Hu (ANNA1) Multiple, including paraneoplastic sensory neuropa-
thy, paraneoplastic encephalomyelitis 

Anti-Ma2 Encephalitis, limbic or upper brainstem 

Antiamphiphysin Stiff person syndrome, paraneoplastic encephalomy-
elitis, limbic encephalitis

Anti-CV2 (CRMP) Multiple, including uveitis, optic neuritis, retinitis, 
paraneoplastic cerebellar degeneration 

Cell surface Anti-NMDA receptor  Multistage syndrome, starting with limbic encepha-
litis and psychiatric changes followed by brainstem 
dysfunction 

Anti-CASPR2 Encephalitis or peripheral nerve hyperexcitability 
(if both, Morvan syndrome) 

Anti-LGI1 Limbic encephalitis with faciobrachial dystonic 
seizures

Anti-AMPA receptor Limbic encephalitis, isolated psychiatric disturbances

Anti-GABAB receptor Limbic encephalitis, early prominent seizures

Anti-glycine receptor Stiff person syndrome  

AMPA = alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; ANNA = antineuronal nuclear antibody; CASPR2 = contactin-associated protein 2;  
CRMP = collapsin-responsive mediated protein; GABAB =  gamma-aminobutyric acid B; LGI1 = leucine-rich glioma-inactivated protein 1;  
NMDA = N-methyl-d-aspartate
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 ■ TREATMENT 

Owing in large part to the rarity of autoantibody-
mediated encephalitides, no randomized trials 
of therapy have been performed. Treatment at 
present is guided mostly by case series and expert 
consensus, which suggest first-line therapy with 
intravenous immunoglobulin, high-dose corti-
costeroids, plasmapheresis, or a combination.
 Different syndromes and antibody-related 
disorders respond differently to therapy. Syn-
dromes associated with antibodies against in-
tracellular antigens tend to be more resistant 
to immune therapy than cell surface antigen-
related syndromes.4

Tiered approach
Combined treatment with intravenous immu-
noglobulin and high-dose corticosteroids may 
be superior to treatment with steroids alone for 
LGI1-antibody mediated limbic encephalitis.42 

 In cases refractory to first-line (“tier 1”) 
therapy, second-line immunotherapy with 
drugs affecting B-cell populations (eg, ritux-
imab, cyclophosphamide, and mycophenolate 
mofetil) has been used. 
 A tiered approach has been most exten-
sively studied for anti-NMDA-receptor en-
cephalitis, with better outcomes found using 
second-line therapy.43 
 Treatment strategies for these disorders 
will likely evolve over time with additional 
experience.

Outpatient management
Once the patient is discharged from the hospi-
tal, a multidisciplinary approach to care is rec-
ommended, including physical rehabilitation, 
speech therapy, neuropsychiatric and neuroim-
munologic follow-up, and annual surveillance 
for malignancies.	 ■
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