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Recognizing Autoimmune-Mediated Encephalitis in the
Differential Diagnosis of Limbic Disorders
X A.J. da Rocha, X R.H. Nunes, A.C.M. Maia Jr, and L.L.F. do Amaral

ABSTRACT
SUMMARY: Limbic encephalitis is far more common than previously thought. It is not always associated with cancer, and it is potentially
treatable. Autoantibodies against various neuronal cell antigens may arise independently or in association with cancer and cause autoimmune damage to the limbic system. Neuroimaging plays a key role in the management of patients with suspected limbic encephalitis by
supporting diagnosis and excluding differential possibilities. This article describes the main types of autoimmune limbic encephalitis and
its mimic disorders, and emphasizes their major imaging features.
ABBREVIATIONS: AME ⫽ autoimmune-mediated encephalopathy; AMPAR ⫽ ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; CASPR2, contactin-associated protein-like 2; GAD65 ⫽ 65-kD isoform of glutamic acid decarboxylase; GABA ⫽ gamma-aminobutyric acid; HSE ⫽ herpes virus encephalitis; LE ⫽ limbic
encephalitis; LGI1 ⫽ leucine-rich glioma inactivated 1; PLE ⫽ paraneoplastic limbic encephalitis; TL ⫽ temporal lobe; VGKC ⫽ voltage-gated potassium channel

L

imbic encephalitis (LE) was initially described in 3 patients
with malignancies (and in the absence of a better explanation)
as a subacute encephalitis of later adult life that mainly affected
the limbic areas.1 More than half a century later, most forms of LE
have been recognized as a potentially treatable nonparaneoplastic
autoimmune encephalopathy with a broad spectrum of recognizable symptoms that include psychiatric or behavioral features,
seizures, hallucinations, and cognitive abnormalities.2,3
Current knowledge has improved our recognition of the neurologic presentation and outcomes of patients with LE. Early diagnosis is always desirable because a satisfactory response to immunotherapy can be achieved.3 On electroencephalography or
MR imaging, most patients with LE present inflammatory features in the CSF associated with temporal lobe (TL) abnormalities
and detectable antineuronal antibodies.3,4 However, LE is not the
first diagnosis in clinical practice because clinical and paraclinical
markers are often unavailable. In addition, symptoms can precede
the diagnosis of cancer, and T2/FLAIR hyperintensity in the medial aspect of the TL may mimic several other disorders.4-12
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MR imaging plays a key role in the management of patients
with suspected LE and is used as part of the LE diagnostic criteria
to rule out differential diagnoses. Certain imaging and clinical
peculiarities may narrow the list of possible diagnoses; however, a
complete list of differential diagnoses remains beyond the scope
of this article. Our current aim was to describe the most commonly reported MR features of LE and its mimic disorders.

Autoimmune Encephalopathies
Both paraneoplastic LE (PLE) and nonparaneoplastic LE present a
similar clinical picture that includes CSF and MR imaging abnormalities. It is estimated that 60% to 70% of cases are PLE; however, a
neurologic disorder can precede neoplasia by months or even
years.2,3
Autoimmune-mediated encephalopathy (AME) can be distinguished by its association with autoantibodies3,13 and by certain recognizable features on MR imaging, which (besides LE) include cerebellar degeneration, striatal encephalitis, brain stem encephalitis, and
leukoencephalopathy.14-16 A comprehensive search for an underlying malignancy is always considered when AME is suspected.3 The
position of the causal antigens is correlated with the disease mechanism and with concurrent cancer.2,3,13 In general, antibodies against
intracellular antigens are associated with cytotoxic T-cell mechanisms; in these cases, neuronal damage seems to be irreversible, associations are found with underlying malignancies and poor prognosis, and structural abnormalities are not restricted to the limbic
structures.10 Conversely, in restricted LE, neuronal cell-surface antigens are targeted, an associated malignancy is unusual, and its expected response to immunotherapy is superior.3

occurs mostly in association with testicular germinal cell tumors in younger
male individuals; but, in older individuals, there may be an underlying non–
small cell lung carcinoma or breast
cancer.23 Improvement with immunotherapy is more likely than in other
forms of LE that involve antibodies
against intracellular antigens.22
CV2/Collapsing Response Mediator
Protein-5 Antibodies. Bilateral striatal
encephalitis with T2/FLAIR hyperintensity is a typical finding, which causes
choreiform movement disorders and is
FIG 1. A 62-year-old man with subacute cognitive impairment and seizures. A, An enlarged and highly suggestive of CV2/collapsing rehyperintense right hippocampus in a coronal FLAIR image (arrowhead). Additional right amygdala
involvement was observed, but no abnormal enhancement was documented after intravenous sponse mediator protein-5 antineuronal
gadolinium administration (not shown). B, Body CT after contrast administration shows a right nuclear antibody–related encephalitis
hilar mass (arrow) with an enlarged lower paratracheal lymph node (asterisk). Endobronchial associated with underlying small cell
biopsy specimen revealed an small cell lung carcinoma, and the diagnosis was consistent with PLE.
lung carcinoma or malignant thymoma,
among others disorders.24,25 However,
Paraneoplastic LE
patients may also present with a range of imaging patterns that
The classic mechanism reported in PLE is a systemic neoplasia
rarely include LE and typically do not include striatal restriction
that expresses coincident antigens within the CNS, which results
on DWI, which may help to distinguish this AME from prion
in the production of antibodies that target neoplastic tissue (on2,13,14
diseases.25
coneural antigens) as well as intracellular antigens.
The correct diagnosis of PLE is relevant because earlier recognition often
PLE Associated with Autoantibodies against Extracellular
allows the discovery and treatment of the underlying malignancy.
Antigens
Cancer control is a crucial step in the management of PLE, which
is usually followed by the remission of the paraneoplastic
N-Methyl-D-Aspartate Receptor Antibodies. A specific immusyndrome.17
noglobulin G antibody against the GluN1 subunit of the anti–Nmethyl-D-aspartate receptor results in a highly characteristic and
PLE Associated with Autoantibodies against Intracellular
recognizable LE that is far more common than previously beAntigens
lieved26 and mostly affects young women and children.27 Two
Hu Antibodies. The Hu antineuronal nuclear antibody is a type
major well-characterized stages are noticeable.28 A viral-like proIIa antineuronal nuclear antibody type I, which can appear in any
drome followed by severe psychiatric features characterizes the
part of the nervous system. Approximately 75% of the patients
earliest involvement of the cortical regions. In addition, patients
have small cell lung carcinoma and often develop symptoms remay develop amnesia and seizures.29 After a few days to a few
lated to inflammation across widespread areas of the CNS or the
weeks, subcortical areas are affected and a movement disorder
peripheral nervous system.18 MR imaging reveals variable abnorappears (often dyskinesia of the mouth and face) followed by a
malities according to clinical features, including T2/FLAIR hyperdecreased level of consciousness and dysautonomia, which reintensity in the mesial TL (Fig 1), cerebellar edema or atrophy,
quires intensive care support. A lymphocytic pleocytosis is oband brain stem abnormalities.4 Rarely, patients have epilepsia
served in the CSF, and, less commonly, increased protein and/or
partialis continua, which results from restricted lesions in nonoligoclonal bands are present.27
limbic cortical areas.19 First-line immunotherapies often fail, and
The most common MR imaging abnormality is unilateral or
the prognosis of this condition is usually poor despite
bilateral LE30,31; however, approximately 66% of patients have an
immunotherapy.20
unremarkable MR imaging. Cerebellitis, striatal abnormalities,
and brain stem encephalitis have also been described.30,31 GadoMa2 Antibodies. Patients with Ma2 antineuronal nuclear antilinium enhancement is uncommon, and imaging follow-up could
body–related encephalitis often have accompanying symptoms of
reveal complete recovery or focal atrophy (Fig 2).27,30,31
diencephalic inflammation (sleep disturbances, dysthermia, and
The concurrence of tumors is reportedly age dependent.
endocrine abnormalities) and upper brain stem inflammation
Whereas approximately 45% of adult woman had ovarian tera(eye movement abnormalities and hypokinetic syndrome). Aptoma, only 9% of younger girls had this type of tumor. Identifiproximately 75% of patients have abnormal MRI, usually with
cation and removal of the tumor were crucial because patients
classic LE findings.21 The remaining patients have signal abnorwithout tumor removal recovered less frequently and had an inmalities that are either isolated or associated with the hypothalacreased risk of relapse.27 In patients older than 45 years, the outmus and thalamus or with the brain stem.22 Nodular parenchycome was reportedly favorable, whereas 23% of patients had unmal enhancement in the affected regions has been reported,
which may mimic a brain tumor or an infection.21,22 This AME
derlying carcinomas instead of teratomas.32 Despite this ominous
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rapidly progressive encephalopathy
with refractory seizures, status epilepticus, and/or epilepsia partialis continua
that was preceded by or associated with
behavioral changes.37 Unlike patients
with other LEs in whom MR imaging is
either normal or shows predominant involvement of the limbic system, these
patients have multifocal and extensive
T2/FLAIR brain abnormalities. In addition, they respond well to immunotherapy and rarely have an underlying tumor. When a tumor is present, it is
usually a thymoma. Patients are often
misdiagnosed with the 65-kD isoform of
glutamic acid decarboxylase (GAD65)
antibody-associated encephalitis or
Hashimoto encephalitis due to the frequent co-occurrence of GAD65 and antithyroid antibodies.16,37
Other PLEs with Autoantibodies against
Extracellular Antigens. In anti–␣-amino3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor (AMPAR) encephalitis, patients develop antibodies against the
GluR1 and GluR2 subunits of the
AMPAR, and present with symptoms and
MR imaging features of unilateral or bilateral LE that rarely involve extrahippocampal limbic structures. In some cases, the
manifestations are purely psychiatric.
FIG 2. A previously healthy 44-year-old woman presented with subacute psychiatric disturbance
with no fever or seizures. A, Bilateral and asymmetric hyperintensity was observed on an axial Most of these patients are women who are
FLAIR image in the enlarged amygdalae and hippocampi (asterisks), predominantly on the left harboring a tumor in the lung, breast, or
side. B, A faint ill-deﬁned enhancement of the left hippocampus was documented on an axial T1 thymus.38
postcontrast image (arrowheads). Autoimmune encephalitis was considered, and the presence
Hodgkin lymphoma is the third
of anti–N-methyl-D-aspartate receptor autoantibodies was conﬁrmed. C and D, Imaging follow-up revealed signal abnormalities and atrophy on FLAIR that involved the hippocampus, most common cause of LE after small
amygdala, parahippocampal gyrus, and left insula (arrowheads), compatible with severe sequelae. cell lung carcinoma and testicular germ
cell tumors.4 This association has been
clinical presentation, approximately 50% of patients respond to
called Ophelia syndrome, and it is characterized by generalized or
first-line immunotherapies, often with full remission, whereas
partial complex seizures in 50% of the patients. It is also more
patients who do not respond to treatment or who experience recommonly associated with short-term memory loss or amnesia,
lapse should be reassessed for the presence of an underlying conpsychiatric changes, and even frank psychosis with visual or autralateral or recurrent teratoma.33
ditory hallucinations or paranoid ideation.17,39
Gamma-Aminobutyric Acid Receptor Antibodies. Anti– gamIntriguingly, AME is not typically associated with non-Hodgma-aminobutyric acid (GABA) B-receptor antibody-related enkin lymphoma.17 Although Hodgkin lymphoma rarely infiltrates
cephalitis usually presents as LE. Most patients have early and
the CNS, the onset of an LE in this setting should be attributable to
frequent seizures associated with unilateral or bilateral T2/FLAIR
either a concurrent infection or an AME (Fig 3). Successful treathyperintensity in the mesial TL that are potentially reversible after
ment of the tumor results in complete neurologic recovery, probtreatment.34
ably due to an association with an antibody against the metaboAs is most commonly reported in older patients, approxitropic glutamate receptor 5, which is highly expressed in the
mately 50% of patients with GABA B-receptor AMEs have underhippocampus and presumably promotes reversible neuronal dyslying small cell lung carcinoma or lung neuroendocrine tumors.35
function rather than neuronal death.17,40
This AME usually precedes a cancer diagnosis but represents the
Nonparaneoplastic LE
second most common cause of LE related to small cell lung
It is assumed that nonparaneoplastic LE is more common than
carcinoma.36
classic PLE and affects a wider age range of patients, though
An AME associated with anti–GABA A-receptor antibodies
was recently described in children and adults who developed a
predominantly young patients. Nonparaneoplastic LE is a re2198
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present with severe TL epilepsy, with less
pronounced cognitive-behavioral features and a poorer response to first-line
epilepsy drugs.41
MR imaging frequently shows signal
abnormalities and swelling predominantly in the amygdala and hippocampus, which may resolve or progress to
mesial temporal sclerosis on follow-up
imaging (Fig 4).41

Nonparaneoplastic LE Associated
with Autoantibodies against
Extracellular Antigens
Voltage-Gated Potassium ChannelComplex Antibodies. Anti–leucineFIG 3. A 22-year-old man with Hodgkin lymphoma presented with acute onset of short-term
memory loss and mental confusion. A, An evident hyperintensity and subtle enlargement of the rich glioma inactivated 1 (LGI1) and
right hippocampus and amygdala were noticed on an axial FLAIR image (arrow). B, No parenchy- anti– contactin-associated protein-like 2
mal enhancement was observed (arrowhead). In addition to the fact that CNS involvement is not (CASPR2) antibodies have been deexpected in Hodgkin lymphoma, a lack of enhancement is not the expected imaging pattern.
After the patient did not respond to antiviral treatment, PLE was considered. The ﬁndings fulﬁlled scribed as voltage-gated potassium
the criteria for Ophelia syndrome, which consists in an interval of ⬍4 years between the onset of channel (VGKC) antibodies and the
neuropsychiatric disturbance and the diagnosis of the Hodgkin lymphoma, exclusion of other most common cause of nonparaneocancer-related complications, and evidence of hippocampal abnormalities on MR imaging.
plastic LE.16 Results of recent studies
highlight the relevance of discriminating
both LGI1 and CASPR2 from VGKCcomplex antibodies. Although LGI1 and
contactin-associated protein-like 2 antibodies are specifically associated with
limited subsets of syndromes, VGKCcomplex antibodies lack specificity
and may be found in nonautoimmune
diseases, including Creutzfeldt-Jakob
disease.42,43
LGI1 antibodies occur most often in
young male patients (2:1) who develop a
classic LE with peculiar features, such as
hyponatremia (60%), rapid eye movement–sleep behavior disorders, and
normal CSF. In a few patients, a characteristic clinical manifestation described
FIG 4. A 38-year-old woman presented with personality and behavioral changes associated with
progressive drug-resistant epilepsy. Memory testing revealed an anterograde episodic memory as faciobrachial dystonic or tonic seidisorder, and electroencephalography showed TL epileptiform discharges. A, A selective hyper- zures is observed. Fewer than 10% of paintensity in the hippocampi that extended to the amygdalae bilaterally was noticed on an axial tients with LGI1 antibodies have an unFLAIR image, predominantly on the left side (arrow). B, Imaging follow-up revealed bilateral
hippocampal sclerosis, which is shown in a coronal FLAIR image (arrowheads). Whole-body derlying neoplasm, which is usually a
PET/CT and pelvic sonography were unremarkable (not shown). Autoimmune encephalitis was thymoma.16,44
suggested, and a high titer of GAD65 antibodies was conﬁrmed.
Approximately 78.6% of patients
present with typical LE MR imaging
sult of antibodies against neuronal cell surface or synaptic
findings (Fig 5). Restricted DWI is observed in approximately
receptors.2
50% of these patients, whereas up to 25% have associated mild,
ill-defined contrast enhancement and extrahippocampal involveNonparaneoplastic LE Associated with Autoantibodies
ment, including striatal encephalitis.11,45
against Intracellular Antigens
Antibodies against the VGKC-complex have been identified in
a subgroup of patients with epilepsy that appears on imaging as
GAD65 Antibodies. Some patients with nonparaneoplastic LE
mesial temporal sclerosis, which indicates that some patients with
have antibodies against the intracellular antigen GAD65. Howepilepsy who are poorly responsive to conventional antiepileptic
ever, unlike other intracellular antibodies, anti-GAD65 is not typdrugs may have an immune-mediated etiology.11,46 Recognition
ically related to underlying malignancies. Patients typically present with stiff man syndrome or cerebellar ataxia, but they also may
and appropriate treatment with immunotherapy are recomAJNR Am J Neuroradiol 36:2196 –205
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mended to prevent structural damage due to severe encephalitis
as well as cognitive dysfunction.16,47
LGI1 antibodies are almost exclusively expressed in the CNS.
They often result in LE or epilepsy but primarily result in nonparaneoplastic LE (Fig 5). Conversely, CASPR2 antibodies expressed in the peripheral nervous system are involved in Morvan
disease or peripheral nerve hyperexcitability–neuromyotonia
spectrum disorders and are typically associated with thymomas.
Myasthenia gravis and LE can also be found in some patients.48

dine toxicity,50 and hypoglycemia.51 Neuroradiologists must recognize these disorders and their imaging features more often.

Infectious LE

Herpes Virus Encephalitis. Herpes virus encephalitis (HSE)
causes at least 20% of acute LE cases.52 Although human herpes
virus 6 is associated with posttransplantation acute LE,10 the most
common agent is herpes virus type 1, which has high mortality
and morbidity rates.52
The clinical and imaging findings of LE caused by either AME
Limbic Disorders That Mimic AME
or HSE may overlap. Although almost 50% of patients with AME
Abnormal MR signal intensity that involves the TL has a broad difpresent with or develop fever during their disease course and have
ferential diagnosis that includes a range of unrelated disorders that
prodromal symptoms with abnormal CSF, these findings favor
are rarely reported, for example, Whipple disease,49 4-aminopyriHSE. The absence of psychiatric symptoms and the sudden and rapid progression also support the early administration of antiviral therapy based on a
presumed diagnosis of HSE.10 In addition, even though both HSE and LE involve the TL, basal ganglia involvement
on MR imaging favors nonherpetic
etiologies.12
It has been demonstrated that some
types of viral encephalitis can trigger autoimmune LE,53,54 particularly anti-Nmethyl-D-aspartate receptor encephalitis.55 This phenomenon occurs when
prolonged or atypical neurologic symptoms recur after successful control of the
viral infection. Some patients with negFIG 5. A healthy 46-year-old woman presented with an acute onset of psychiatric disturbance ative viral results develop a syndrome
and hyponatremia. A, Bilateral hyperintensity and mild enlargement were noticed on an axial
FLAIR image in both hippocampi and amygdalae. B, No abnormal restricted diffusion was ob- described as relapsing post-HSE or choserved on DWI. The ﬁnal diagnosis was anti-VGKC encephalitis. Restricted diffusion may occur in reoathetosis post-HSE. A few weeks afapproximately 50% of patients at this phase and is usually restricted to the limbic system. The ter recovery from HSE, children present
presence of faciobrachial dystonic or tonic seizures, hyponatremia, and unremarkable CSF in the
with abnormal movement and adults
setting of LE should raise concern that anti-LGI1 encephalitis is present.

FIG 6. A 47-year-old man with HSE. A, Bilateral symmetric cortical swelling and hyperintensity on axial FLAIR were observed in the
anteromedial TLs (arrows) and also affected the insular cortex and rectus gyri (arrowhead). B, Restricted diffusion was documented in the
same areas on DWI (asterisks). Bilateral and usually asymmetric involvement of the limbic system sparing the basal ganglia in the setting
of acute LE should raise concerns for HSE. The presence of hemorrhagic foci and gyriform enhancement are also of diagnostic value in
more-advanced disease. C, A similar pattern with bilateral asymmetrical involvement of the anteromedial TLs (arrows) on coronal FLAIR
was observed in addition to the extensive white matter changes (arrowheads) in a 59-year-old man with progressive dementia who was
later diagnosed with neurosyphilis.
2200
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FIG 7. A previously healthy 67-year-old man presented with a transient isolated episode of partial complex seizures and dysphasia. A, A cortical
abnormality that involved the lateral aspect of the left TL (asterisk) and a subtle hyperintensity on coronal T2 were noticed in the ipsilateral
hippocampus. B, Restricted diffusion on DWI was visible in the same areas (arrowhead), and a diagnosis of postictal edema was considered. C,
After 2 months and a worsening of the clinical manifestations, a necrotic mass in the left TL (arrow) was observed on a T1 postcontrast image.
A diagnosis of glioblastoma was conﬁrmed after surgery. High-grade gliomas can manifest early as ill-deﬁned lesions that usually have restricted
diffusion and involve the cortex with a lack of a mass effect. Follow-up imaging and advanced imaging techniques are crucial for making the
diagnosis.

Neoplastic Limbic Disorders

FIG 8. A 15-month-old child presented with a prolonged generalized tonic-clonic seizure episode. A, Extensive hyperintensity on an axial FLAIR image that involves the cortex and the white
matter of the right TL (asterisk) indicated postictal edema. B, Comparative FLAIR imaging results
on follow-up after 6 months are consistent with right mesial temporal sclerosis (arrowhead) in
this patient who developed chronic epilepsy.

Diffuse gliomas and gliomatosis cerebri
may mimic the imaging features of LE.
The hallmark feature on MR imaging is
an infiltrative pattern with poorly demarcated boundaries that is usually not
restricted to the limbic system.8,14,57
Gliomatosis cerebri, as well as low-grade
diffuse gliomas, may progress slowly,
with seizures or even focal deficits.
Moreover, high-grade tumors might
present with atypical imaging features
that rarely mimic LE but then progress
invariably to a recognizable MR imaging
pattern of necrotic lesions (Fig 7). In this
setting, MR-perfusion and MR-spectroscopy techniques are useful to detect
brain tumors and enable surgical
planning.58

Vascular Limbic Disorders
present with behavioral changes that are not associated with additional brain lesions on MR imaging or response to antiviral
therapy.
Neurosyphilis. The incidence of neurosyphilis, caused by a spirochete (Treponema pallidum), has once again begun to increase
in the era of acquired immunodeficiency syndrome.56 MR imaging shows a variety of usually nonspecific findings, including selective involvement of the TL that mimics HSE and LE.10,56 In
older subjects with a long latency period of infection or in patients
who are immunocompromised, T2/FLAIR hyperintensities in the
mesial TL areas that may or may not be associated with either
atrophic or gadolinium-enhanced areas increase the likelihood
that neurosyphilis is present rather than other etiologies (Fig 6).

Differentiation between primary vasculitis and LE may represent a real challenge under certain conditions of subacute presentation. Abnormal vessels on angiography
and cytotoxic edema on DWI that usually extends throughout the
compromised vascular territory and is not restricted to the limits
of the limbic system are helpful to confirm imaging suspicions.9
Transient global amnesia also affects the hippocampal formation,
but its clinical and imaging presentation is rather typical.59

Seizure-Related Limbic Disorders
Hippocampal sclerosis associated with TL abnormalities is the
multifactorial hallmark of mesial temporal sclerosis. This condition could be a consequence of prolonged unilateral febrile seizures or status epilepticus, which occurs mainly in children when
AJNR Am J Neuroradiol 36:2196 –205
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the hippocampus is more vulnerable to convulsion-induced excitotoxic damage and involves the sectors of the hippocampus rich
in kainate or N-methyl-D-aspartate receptors and, therefore, that
lack protection against calcium overload.60
Prolonged seizures or status epilepticus may appear as TL abnormalities on MR imaging, including cortical hyperintensities
on DWI that mimic LE and are attributable to hippocampal postictal edema.9,61 Imaging follow-up with typical clinical and electroencephalographic features may aid diagnosis. This condition is
potentially reversible or can result in atrophy with mesial temporal sclerosis (Fig 8).62
Hippocampal sclerosis may also be related to a rare neurodegenerative condition called pure hippocampal sclerosis dementia.
Despite its similarity to mesial temporal sclerosis on imaging, dementia is always observed in the absence of epilepsy and usually
occurs in the elderly.63
Febrile infection–related epilepsy syndrome, or acute encephalitis with refractory repetitive partial seizures, is considered a
severe epileptic encephalopathy with multifocal refractory status
epilepticus, which occurs mostly in young children but also in
adult patients.64 The initial phase is characterized by a simple
febrile infection, followed by an acute phase with recurrent focal
seizures that evolve rapidly into refractory status epilepticus, generally without fever and additional neurologic features. The diagnosis is made after an exhaustive negative search for an active CNS
infection and autoimmune or metabolic disorders. Early MR imaging may be normal in approximately half of the cases; however,
T2 abnormalities are detected in some patients, predominantly in
the temporal regions but also in the insula and basal ganglia,
which mimics LE.64,65 In the chronic phase, MR imaging shows
mesial temporal sclerosis in half of the patients, and bilateral hypometabolism of orbitofrontal and temporoparietal regions is often demonstrated on PET.64 The etiology and mechanisms that
underlie it are still unknown, and, even though an autoimmune
mechanism could be considered and autoantibodies have previously been described in epilepsy, up to now there is no evidence to
support that autoantibodies are the etiology of febrile infectionrelated epilepsy syndrome.64,66

Other Autoimmune Disorders
Autoimmune systemic disorders are associated with LE.2 Sjögren
syndrome, lupus erythematosus, Beçhet disease, primary angiitis
of the CNS, and antiphospholipid syndrome can occasionally
cause clinical and/or radiologic abnormalities in the limbic system that are not antibody mediated but that are accompanied by
histopathologic evidence of cellular inflammation.3
Hashimoto encephalopathy or steroid-responsive encephalopathy associated with autoimmune thyroiditis67 manifests as a
diffuse progressive AME characterized by dementia, psychiatric
disturbances, and seizures; there also is a vasculitic type characterized by multiple strokelike episodes, seizures, and fluctuating
consciousness.68 This disorder is more common in women and is
associated with autoimmune antithyroid antibodies. There is increasing evidence that these antibodies are not pathogenic but
rather are markers of autoimmunity for other associated but currently unclassified antineuronal antibodies.69 MR imaging may
mimic patterns of LE (Fig 9),70 but leukoencephalopathy with
2202
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FIG 9. A 45-year-old woman presented with strokelike episodes
associated with ﬂuctuating and progressive cognitive impairment.
Severe atrophy and bilateral hyperintensity in the hippocampi (arrowheads) along with mild cortical atrophy and scattered white
matter changes were observed on a coronal FLAIR image. Although
the patient had euthyroid status, she presented with high titers of
serum antithyroperoxidase (490 U/mL; reference value, ⬍60
U/mL). After excluding other causes, the diagnosis of steroid-responsive encephalopathy associated with autoimmune thyroiditis
was considered.

bilateral patchy or confluent supratentorial subcortical and
periventricular white matter T2/FLAIR hyperintensities is the
most common abnormality and is usually reversible after
corticotherapy.67
A rare cause of LE is relapsing polychondritis, in which clinicoradiologic involvement of the limbic system might be more
common than was previously thought.71,72 This condition is a
disorder of unknown etiology that manifests as episodic and progressive inflammation of the cartilaginous structures of the body,
as is suggested by the detection of autoantibodies against type II
collagen restricted to the cartilage in the sera of 30%–50% of
affected patients.73 MR imaging findings are coincident with LE;
however, peculiar cartilage involvement may help identify this
entity.

Recommended Diagnostic Approach to Limbic Disorders
An algorithm that describes an approach to the diagnosis of limbic disorders by using clinical and neuroimaging features is presented in Fig 10.

CONCLUSIONS
LE and the mimic disorders presented in this review have always
existed. However, they have just begun to be clearly distinguished
over the past decade. Their association with autoantibodies influences their prognosis and results in recognizable imaging patterns
that vary according to the position of the causal antigens (intra- or
extracellular) and the concurrence of cancer. Mimic disorders
may represent a complication of an underlying malignancy or
may occur independently. MR imaging is the best technique for

FIG 10. Proposed approach to the diagnosis of LE and its mimic disorders. SCLC indicates small cell lung carcinoma; SIADA, syndrome of
inappropriate antidiuretic hormone; TPO, thyroperoxidase; NMDA, N-methyl-D-aspartate; STREAT, steroid-responsive encephalopathy associated with autoimmune thyroiditis; AMPAR, ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor.

recognizing limbic disorders and is useful for differentiating
among them and for improving their investigation.
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