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Objective: The objective of this study was to analyze the clinical manifestation, course,
evolution, image manifestation, and treatments of LGI1 limbic encephalitis (LE).

Patients and methods: Studies confirmed that LE with the complex antibody of voltage-
gated potassium channels is LGI1 LE. Since then, LE cases have been reported. In this study,
10 typical LE cases were searched in PubMed. These cases and one additional case, which we
reported herein, were retrospectively analyzed.

Results: All the patients suffered from recent memory deterioration. The following cases
were observed: eight with faciobrachial dystonic seizures (FBDS), six with different kinds of
epileptic seizures (four complex partial seizures, one myoclonus seizure, and one generalized
tonic—clonic seizure), four with FBDS and different kinds of epileptic seizures at the same
time, five with mental disorders (one visual hallucination, one paranoia, one depression, one
anxiety, and one dysphoria), five with hyponatremia, and two with sleep disorder. The brain
MRI of nine patients revealed abnormalities in the mediotemporal lobe and the hippocampus.
The LGI1 antibodies in the blood and/or cerebrospinal fluid (CSF) were positive. The content
of the CSF protein of two patients increased slightly. The tumor marker of all the patients
was normal, but capitate myxoma was detected in the combined pancreas duct of one patient.
Gamma globulin and hormone treatments were administered to nine patients. Of these patients,
six received a combination of antiepileptic drugs. The clinical symptoms of all the patients
improved.

Conclusion: LGI1 LE is an autoimmune encephalitis whose clinical manifestations are memory
deterioration, FBDS, epileptic seizure, mental disorders, and hyponatremia. Brain MRI shows
that this autoimmune disease mainly involves the mediotemporal lobe and the hippocampus.
This condition can also be manifested with other autoimmune encephalitis cases but can be
rarely associated with tumors. After patients with LGI1 LE receive gamma globulin and hormone
treatments, their clinical prognosis is good.

Keywords: positive LGI1, limbic encephalitis, epilepsy, FBDS, immunotherapy

Introduction

Limbic encephalitis (LE) was first used by English neuropathologists and neurologists
inthe 1960s.1% In 2004, the PNSEURONET organization (http://www.pnseuronet.org),*
composed of neurologists, established the diagnostic criteria of related encephalitis.

Clinical symptoms among adults manifest during the disease course of not >5 years,
which is a prerequisite for diagnosis. Patients should exhibit at least one of the following
clinical symptoms: episodic dysmnesia, epileptic seizure, emotional instability, lack
of emotion suppression, and involvement of the central or peripheral nervous system.
Patients should also suffer from the following: tumors, related LE antibody, high fluid-
attenuated inversion recovery (FLAIR)/T2 signal, and pathologically examined brain
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tissues, especially chronic lymphocyte-microglial cells. LE
is regarded as a disease associated with epilepsy, memory
deterioration, behavioral disorders, and sleep disorders; LE
is also related to the paraneoplastic disease of antibodies in
cerebellar cells.’ LE, implicating voltage-gated potassium
channels (VGKCs), is a potentially reversible disease affect-
ing the central nervous system and is quickly responsive to
immunotherapy.® Most of the involved antibodies are LGI1,
and they present a good relationship with antibody titers and
clinical manifestations. Therefore, they exhibit pathogenicity.
Immunopathology studies have shown neuronal loss and
lymphocyte infiltration around the blood vessels of the hip-
pocampus and amygdala.” Some studies and case reports
have found that LGI1 LE is mainly non-paraneoplastic,
tumor markers and radiological examinations are negative,
and these observations are different from those of typical
LE. However, further studies should be performed to clarify
the pathogenesis of LE. Traditional primary treatments for
LE include hormones and antiepileptic drugs. With research
on LE pathogenesis, clinical treatments mainly involve a
combination of hormones and immunosuppressants, which
can alleviate clinical symptoms and improve patient prog-
nosis. There is short of case studies’ research about LGI1
LE currently, and its treatments are also only empirical
and symptomatic. There is no literature that has conducted
evidence-based medicine research of the pathogenesis,
clinical manifestations, diagnosis, and treatment of LGI1
LE until now. This study discussed all of above problems of
LE through a retrospective analysis of 11 patients diagnosed
with LE.

Patients and methods

In addition to the case report of one patient diagnosed in
our hospital, 10 LE patients were searched in PubMed
by using the following key words: LGI1 antibody, LE,
epilepsy, faciobrachial dystonic seizures (FBDS), and
immunotherapy. The 10 patients were diagnosed with LE
(Table 1).

Case report

The patient was a 69-year-old male teacher who manifested
an untreated hypothyroidism upon physical examination
in May 2013. In July 2013, he exhibited a paroxysmal
involuntary twitch of the upper limbs and the right face.
This condition was relieved within several seconds but
was observed at a frequency of 10 times/day. However, the
patient remained untreated. In the beginning of October, he
experienced memory loss and failed to identify his home

in some instances. On October 20, he lost consciousness
and suffered from involuntary eye rolling, trismus, foaming
at the mouth, and limb stretching without gatism. These
symptoms lasted 5 min until they subsided. No generalized
tonic—clonic seizure was noted after treatment with oral
levetiracetam and phenobarbital; however, the patient had
recurring symptoms of wild eyes, deviated mouth, getting
terrified after sitting up forcedly and then relieved in a few
seconds, and significant memory loss. As such, he was sent
to a hospital. No apparent positive signs were found after
he completed a nervous system examination. Brain MRI
(Figures 1 and 2) showed an abnormal signal (no enhance-
ment) in the bilateral hippocampus region. Electroencepha-
logram revealed spiked and slow waves in the right temporal
lobe. Thyroid function tests indicated 3.61 pmol/L T3,
15.08 pmol/L T4, 7.750 mIU/L thyroid-stimulating hormone
(TSH), 20.33 TU/mL anti-thyroid peroxidase (TPO),
763.10 IU/mL anti-thyroglobulin (TG), 130.4 mmol/L
serum sodium, and 94.1 mmol/L serum chloride. The levels
of the cerebrospinal fluid (CSF), protein, immunoglobulin,
antinuclear antibody, rheumatoid factors, and tumor markers
were in normal ranges. The patient was treated with Euthyrox
(levothyroxine), levetiracetam, and dexamethasone. As a
result, his memory improved significantly after 14 days,
epileptic seizure was relieved, and blood sodium returned
to normal levels upon reexamination.

In April 2016, the patient suffered from 39°C fever and
diarrhea and could not recognize his family. The condition
improved after the fever was alleviated. After 7 days, his
memory, particularly his recent memory, declined gradually
and exacerbated progressively. He was sent to the hospital
again in August because of memory deterioration and epileptic
seizure. His score of Montreal Cognitive Assessment (MoCA)
is 14, Mini Mental State Examination (MMSE) is 20. Brain
MRI (Figure 3) showed bilateral hippocampus atrophy. Thy-
roid function test results were as follows: 3.68 mmol/L T3,
9.88 pmol/L T4, 4.660 mL U/L TSH, 123.4 mmol/L serum
sodium, and 92.7 mol/L serum chloride. Blood antinuclear anti-
body, anticardiolipin antibody, tuberculosis antibody, herpes
simplex virus antibody, rheumatoid factors, anti-O, IgA, IgM,
and IgG were normal. NMDA, AMPA1, AMPA2, Casper2,
GABAZ2, Hu, Yo, Ri, and Ma2 in the serum and CSF were
negative. The antibodies of the serum and CSF LGI1 were
positive. Considering the possibility of LGI LE, we treated
the patient with immunoglobulin (0.4 g/kg/d, continuing for
5 days), dexamethasone (10 mg/d, continuing for 2 weeks),
and prednisone (dosage was tapered gradually, and its usage
was 50 mg/d, reducing 10 mg/month for 3 months. Since
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Figure | Brain MRI FLAIR showed abnormal signal in bilateral hippocampus.
Abbreviation: FLAIR, fluid-attenuated inversion recovery.

then, 5 mg per month was subtracted until the prednisone
withdrawal. The total course was 9 months levothyroxine,
oxcarbazepine, and levetiracetam). After 2 months, MoCA:
20, MMSE: 25, and memory deterioration were alleviated,
and epileptic seizure was relieved. The patient has provided
written informed consent for the case details including images
to be published for this study.

Results

Among the 11 patients, 7 were males, aged 48-72 years
(average age 60 years) and 4 were females, aged 3071 years
(average age 45 years). All the patients had recent memory

Figure 2 Brain MRI showed enhancement in bilateral hippocampus.

Figure 3 Brain MRI FLAIR showed atrophy of bilateral hippocampus.
Abbreviation: FLAIR, fluid-attenuated inversion recovery.

deterioration; eight patients, comprising 72.7%, had FBDS;
six patients had different kinds of epileptic seizures (four
complex partial seizure, one myoclonus, and one generalized
tonic—clonic seizure); four patients had FBDS and different
kinds of epileptic seizures (FBDS before epileptic seizures);
five patients had dysphrenia (one visual hallucination, one
paranoid, one depression, one anxiety, and one dysphoria);
five patients had hyponatremia; and two patients had sleep
disorder. Brain MRI results of nine cases were abnormal, and
the focus involved mediotemporal lobe and hippocampus.
Examination of CSF yielded the following results: protein
levels of two patients increased and routine CSF, glucose,
and chloride levels were all normal. LGI1 antibodies of
blood and CSF were positive. Tumor marker of all patients
was normal, except one case in which capitate myxoma was
found in the combined pancreas duct. The thyroid function
of one patient decreased. Nine patients, of whom six were
given antiepileptic drugs, were treated with gamma globulin
and combined hormone, and all the patients’ clinical symp-
toms improved.

Discussion
Diseases affecting antibody-mediated central nervous system
are usually caused by a combination of antibodies and
expressed proteins on the neuronal surface. LE, which is a
kind of autoimmune disease with the main manifestations of
acute and subacute hypomnesia, cognitive function disorder,
and epilepsy, is rare clinically.

VGKCs are the potassium channels adjusting the neuronal
excitability of central and peripheral nervous systems. VGKC
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antibody was first found in patients with Isaacs’ syndrome.

These kinds of patients may have muscular fibrillation and

skin perspiration caused by increasing excitability of periph-

eral nerve. LE is usually regarded as an immune system dis-
ease caused by cancer, such as small cell lung, thymoma, and
testicular cancers, but it is also found in some patients who had
no paraneoplastic syndrome or neuromuscular overexcitation.®

VGKCs mainly include LGI1 antibody (maximum) and

Casper-2 antibody. LGI1 is the glycoprotein released by

presynaptic membrane, and it can interact with presynaptic

membrane ADAM metallopeptidase domain 22 and presyn-
aptic membrane ADAM metallopeptidase domain 23 to affect
the signal transduction between the synapses by the VGKCs
and postsynaptic membrane oi-amino-3-hydroxy-5-methyl-4-
isoxazole propionate receptors.! This combination is necessary
for inhibition of signal conduction. LGI1 antibody reduces
the interaction of LGI1-ADAM and aggregation of AMPAR

(reversibly). Protein gene disruption of LGI1 causes temporal

lobe epilepsy. The mouse without LGI1 gene may die of fatal

epilepsy, and this phenomenon explains the importance of

LG11 in information transduction.’ After the attack of disease,

the patient had significant mood and sleep disorders, which are

mainly related to the damage of hippocampus and amygdaloid
nucleus.'® In the case reports, 60% of autoimmune encepha-
litis related to LGI1 antibody had intractable hyponatremia.

Some scholars think that this hyponatremia may be caused

by improper secretion syndrome of antidiuretic hormone, and

it might be related to the simultaneous LGI1 expressions of
the hypothalamus and kidney.!

In this study, the patients’ disease symptoms were similar,
usually as acute or subacute disease, and the main manifes-
tations are as follows: FBDS, cognitive disorder (mainly
recent memory deterioration), epilepsy, mental disorder,
and hyponatremia, together with disorientation and sleep
disorder. The specific explanations are as follows:

1. Epilepsy: Epilepsy commonly comprises partial
epileptic seizure, myoclonus, and generalized tonic—
clonic seizure. Among the patients with positive LGI
antibody, ~20%-40%!"! have FBDS, which is short,
frequent, and unconscious, before LE, together with
dystonia, simple upper limbs spasm and contraction,
and ipsilateral face twitch (not long, <3 s, several times
a day). Minor improvements were noted after the regu-
lar use of antiepileptic drugs, but the FBDS remarkably
reduced and disappeared after treatment with oral steroid.”
The patients with FBDS have basal ganglia lesion.’
FBDS usually arises before the cognitive decline, and
LE can be prevented through the timely treatment with

immunotherapy.'? Among the 11 patients in this study,
six had different types of epileptic seizures (four com-
plex partial seizure, one myoclonus, and one generalized
tonic—clonic seizure). Four patients had FBDS and dif-
ferent types of epileptic seizures (FBDS before seizure,
without FBDS after the seizures). The results of the
electroencephalogram examination of all patients were
as follows: 10 cases of slow wave, spike wave, and spike
and slow waves and one normal case. In this study, 72.7%
of patients had FBDS. Therefore, an increasing number
of LE patients were diagnosed with FBDS. Moreover,
treatments with immunotherapy, which can reduce the
epileptic seizures and prevent long-term complications,
including hippocampal atrophy and persistent memory
damage, should be administered.'* In a prospective study
of 20 months,'* the authors mentioned that three patients
had paroxysmal epileptic discharge and 10 patients had
positive VGKC antibody, of which nine had particularly
positive LGI1 antibody; this indicated that epileptic sei-
zures easily occurred in patients who had positive LGI 1
antibody. Lai et al' thought that LGI1 mutation would
lead to autosomal dominant inheritance, that is, temporal
lobe epilepsy of autosomal dominant inheritance has
hallmark syndromes of paroxysmal hearing and visual
hallucination. In the third case in Table 1, the patient had
FBDS with normal electroencephalogram (no epileptic
wave); therefore, the FBDS might be dystonia. However,
Irani et al'> thought that FBDS was a kind of epileptic
seizure. Studies have also yet to determine whether FBDS
is an epileptic seizure or dystonia.

. Cognitive disorder: The manifestations are memory dis-

turbance and disorientation of acute or subacute disease.
Memory disorder mainly affects the recent memory.’
The main cognitive disorder of LGI1 patient is memory
deterioration, which is not significant in the early stage
of disease. Majoie et al® found that 89% of LE patients
with 8-month disease course had memory disorder. All
the patient cases in this study had different degrees of
memory disorder, of which three cases had combined
disorientation. Malter et al'! confirmed that the decrease
in cognitive function was related to the disease course
before immunotherapy.

. Hyponatremia: As was reported,* 60% of patients had

hyponatremia after the early treatment of disease. Some
scholars thought that hyponatremia was caused by
abnormal secretion of antidiuretic hormone and it might
be related to the simultaneous LGI1 expression of the
hypothalamus and kidney. Among the 11 patients in this
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study, 5 (45.5%) had hyponatremia, and the serum sodium
level increased as the condition improved. Therefore, we
thought that, to some extent, serum sodium level reflects
the disease severity, and it can be one of the markers
to test LGI1 antibody.

4. Dysphrenia: Main manifestations are personality and
behavior disorders, irascibility, anxiety, impulsive behav-
ior, mental hallucination, paranoia, and stupor; some
patients mainly have emotionally mental disorder and
visual hallucination."!* The onset of patients’ symptoms
was delayed because they were treated in psychiatric
hospitals. Among the 11 patients in this study, 5 patients
(45.5%) had mental symptoms (one paranoia, one
depression, one dysphoria, one anxiety, and one visual
hallucination), coinciding with previous report.'> Mental
symptoms disappeared after immunotherapy. Therefore,
mental symptoms are possibly the main clinical manifes-
tations of LGI LE. To some degree, these symptoms can
reflect disease severity.

5. Brain MRI: The imaging scans of LE patients mainly
show high T2 signal and FLAIR in bilateral temporal
lobe, and a few patients had abnormal signal in one side
of the hippocampus region. Moreover, the temporal
lobe and basal ganglia region are often involved.'¢
Among the 11 patients in this study, MRIs of two
patients were normal; meanwhile, lesion involvements
were seen in the hippocampus of six patients, in the
medial temporal lobe of five patients, in the basal
ganglia region of two patients, in the insular lobe of
one patient, and in the cerebellar tonsil cortex of one
patient. The disease course of the seven patients and
the patient reported in this study were 4 years and
3 years, respectively. They had hippocampus atrophy
in the later period with bilateral/unilateral disease
involvements, and these symptoms were similar with
previous reports. Irani et al'* found that the LGI LE,
without any immunotherapy, might gradually develop
into hippocampus atrophy with related nervous system
symptoms. In this report, brain MRI reexaminations of
two patients showed bilateral hippocampus atrophy,
which agreed with clinical tests.

6. Laboratory examination: No specificity in the routine
examination of blood serum and CSF was noted; a few
patients had a slight increase of CSF. Two patients in
this study had increased CSF protein, whereas others had
normal levels. All blood LGI1 antibodies were positive,
whereas five LGI1 antibodies of CSF were positive.
This result indicated that blood was more sensitive than

CSF, which might be related to antibody titer and disease
course. The possibility of LE patients with positive
VGKC antibody, particularly positive LGI1 antibody,
having tumors is minimal.>'” Tumor marker examina-
tion of the 11 patients was normal, but one of them had
capitate myxoma in the pancreas duct. Therefore, we
think that LGI1 LE is seldom a tumor comorbidity. In this
study, combined thyroid function of patients decreased,
indicating that LE can be a comorbidity of other autoim-
mune disease.

Different diagnosis

Viral encephalitis

Viral encephalitis entails previous infection and includes
symptoms such as fever, headache, and mental and behavioral
disorders. This disease is the most common viral meningitis
of herpes simplex. Brain MRI results show abnormal signals
in medial temporal lobe and temporal lobe. Antiviral treat-
ment is effective. If the CSF examination is normal and the
patient has no significant headache or fever, the disease can
be ruled out.

Hashimoto’s encephalopathy

This is a kind of encephalopathy related to autoimmune
thyroid disease. The patients may have symptoms of
consciousness disturbance, epileptic seizure, edema, and
increased antithyroid antibodies. The thyroid function can
be divided into normal, hyperfunction, and hypofunction.
The disease course is as follows: relapse, remission, and
progression. A significant improvement can be noted after
hormone therapy. Hashimoto’s encephalopathy has no clear
pathogenesis, and pathologic changes mainly are lymphocyte
infiltration, myelin sheath damage, and axon damage around
the blood capillary (in brain parenchyma), arteries, veins, and
meninx (especially around the veins).'

Creutzfeldt—Jakob Disease (C|D)

This is the most common prion disease and mainly involves
the cortex, basal nuclei, and spinal cord. CJD is also called
corticostriatospinal degeneration. The main manifestations
are progressive dementia, myoclonus twitches, and injury of
pyramidal tract and extrapyramidal system. The main dif-
ferent diagnosis point of CJD and LE is the negative LGI1
antibody of CSF, 14-3-3 positive protein.'*?

Anti-NMDA receptor encephalitis
This is related to NMDA receptor. Anti-NMDA receptor
encephalitis has good reaction to treatment. It may be a
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comorbidity of paraneoplastic LE encephalitis and mainly
affects young women with benign teratoma. The NMDA
receptor antibody can be found in blood and CSF exami-
nation. The disease has severe clinical manifestations and
is potentially fatal. Most patients can recover after tumor
removal and immunotherapy.?!

Treatment

Although we have no official test, we generally think that
clinical symptoms of LGI1 LE patient can be relieved after
hormone therapy and immunotherapy, including methyl-
prednisolone injection, immunoglobulin injection, plasma
exchange, and immune support. After the immunotherapy,
the patients no longer have epileptic seizure and have
improved memory. Epilepsy, particularly FBDS, disappears
immediately, but the cognitive function improves slowly.’
Irani et al*? found that cognitive function damage only
affects patients who had no immunotherapy, indicating that
early treatment has good prognosis and can prevent disease
progression. After immunotherapy, cognitive function and
epilepsy can be improved significantly. Symptom remission
is usually related to antibody titer level; therefore, reduc-
ing LGI1 antibody titer is important. In the early stage, the
patients are given the treatments of intervention, particu-
larly immunoglobulin, and blood exchange combined with
hormone therapy is better than simplex glucocorticoid.***
Shin et al?® found that large doses of glucocorticoid combined
with blood exchange/intravenous infusion may protect the
structure and function of the mediotemporal lobe and can
avoid the possibility of refractory epilepsy in the future. Some
studies suggest that effective and long-term immunotherapy,
which not only reduces the epileptic seizure but also prevents
long-term complications, including hippocampus atrophy and
persistent memory damage, should be given."" This study
reports that after hormone therapy, the symptoms improved
and then reappeared. Meanwhile, the symptoms improved
after treatment with a combination of hormone therapy
and immunoglobulin. A total of six of the 11 patients in this
study took the antiepileptic drugs. Therefore, we think that
antiepileptic drugs should be given to patients with epileptic
seizures, except FBDS.

Prognosis

In this study, all patient symptoms improved, but the
symptoms relapsed after infection and improved again after
immunotherapy. The recurrence rate of LE patients (positive
LGI1) is 0%—20%. Moreover, relapse 7 years after the first
treatment is possible.!%8

Conclusion

LE is rare clinically and can be easily missed or misdiag-
nosed. Therefore, we should enhance our understanding
of this disease. Of course in our research, there are some
deficiencies such as less sample size, short follow-up times,
absence of antibodies titer by quantitative,”® and so on.
We need some large samples to conducting evidence-based
medicine research for improving diagnosis and treatment.
The main symptoms of LE (positive LGI1 antibody) are
cognitive disorders (mainly recent memory decrease), epi-
leptic seizure, FBDs, hyponatremia, dysphrenia, and sleep
disorders. Brain MRI scans show abnormal signals in the
mediotemporal lobe and hippocampus. LGI1 antibody can be
detected in the blood/CSF. This condition can be associated
with an autoimmune disease and can be rarely manifested
with tumors. Once diagnosed, patients should be subjected to
immunotherapy and long-term maintenance treatment to
alleviate their symptoms, improve prognosis, and avoid
hippocampal atrophy and intractable epilepsy.
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