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SUMMARY

Objective: To characterize seizure semiology and the utility of antiepileptic drug (AED)

therapy in leucine-rich glioma inactivated-1 ( LGI1-Ab) autoimmune epilepsy (AE).

Methods: Patients with voltage-gated potassium channel complex (VGKCc) titers

higher than 0.02 nmol/L who were evaluated between May 2008 and June 2016 at the 3

MayoClinic sites (Arizona, Florida, orMinnesota) were identified.We then performed a

retrospective reviewof thosewhowere LGI1-Ab positive andwere treated for seizures.

Results: A total of 1,095 patients with VGKCc titers higher than 0.02 nmol/L were iden-

tified, in which 77 were LGI1 positive. Of these, 56 patients with seizures were included

in the analysis.Mean age at symptomonset was 62.9 years; 66% (n = 37) weremale. The

most common seizure semiology was focal faciobrachial dystonic seizures with pre-

served awareness (FBDS) (n = 35, 63%), followed by focal with impaired awareness

(FIA) (n = 29, 52%), generalized tonic–clonic (GTCs) (n = 28, 50%), and focal non-motor

seizures with preserved awareness (n = 28, 50%). The majority had more than one sei-

zure type (n = 49, 88%; median = 2.5). Thirty-eight patients (68%) became seizure free:

29 (76%) with immunotherapy, 3 (5%) with AEDs alone, 2 (3%) with AEDs before any

immunotherapy, and 4 (7%) with AEDs after immunotherapy. Levetiracetam (n = 47,

84%) and valproic acid (n = 21, 38%) were the most commonly used AEDs, but neither

were associated with seizure freedom. Sodium channel blocking (NCB) AEDs were

associated with seizure freedom in 4 patients compared to none treated with non-NCB

AEDs. Regardless of class, AEDs prior to or apart from immunotherapywere associated

with seizure freedom in only five patients (9%). In patients with FBDS, seizure freedom

wasmore often associatedwith immunotherapy thanAEDs (20/30 vs. 3/34, p = 0.001).

Significance: Although FBDS are themost characteristic seizure type seen in LGI1-Ab

AE, other seizure types including FIA and GTCs also occur. Immunotherapy was the

treatmentmost frequently associated with seizure freedom in LGI1-AbAE. In general,

AEDs seemed to confer a very low chance for seizure freedom, although AEDs with

NCB-blocking properties were associated with seizure freedom in a limited number.

Levetiracetam in particular appears to be ineffective in this patient population.
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A subset of patients with voltage-gated potassium
channel complex (VGKCc) autoimmunity harbors patho-
genic antibodies directed against the extracellular
domains of leucine-rich glioma inactivated-1 (LGI1) or
contactin-associated protein 2 (CASPR2).1,2 The remain-
ing patients who lack specific antibodies for LGI1 or
CASPR2 are considered ‘double negative’; their antibod-
ies target intracellular epitopes of proteins or channels in
the complex and are not considered pathogenic.3,4 LGI1
forms a trans-synaptic complex with the presynaptic pro-
teins ADAM11 (a disintegrin and metalloproteinase 11)
and ADAM23, and the postsynaptic protein ADAM22,
and is involved in synaptic transmission of neuronal
excitability.1–3 Clinically, LGI1 antibodies are most com-
monly associated with limbic encephalitis, seizures and
hyponatremia.1,5 Focal faciobrachial dystonic seizures
with preserved awareness (FBDS) are the most charac-
teristic seizure type, occurring in 26–71% of cases.4,6

However, LGI1 patients may manifest other seizure
types as well.5,7 Although tumor screening is indicated
in these patients, tumors can be found in less than 10%
of cases.4

There are no published randomized controlled trials
evaluating the efficacy of immunotherapy in LGI1-Ab asso-
ciated autoimmune epilepsy (AE). However, immunother-
apy is generally considered the cornerstone of treatment in
these patients, particularly in those with FBDS and/or cog-
nitive dysfunction.8,9 Although the seizures in AE are often
considered medication-resistant, in select cases, AEDs may
confer seizure control.10,11 Previous studies suggest that
AEDs with sodium channel blocking (NCB) properties may
be more effective in AE than other AED types, raising the
possibility of a class effect.11 In this study we aimed to

evaluate the effect of seizure semiology in LGI1-Ab AE on
treatment response, and examine whether there is difference
in AED efficacy based on AEDmechanism.

Methods
Patients

Patients were identified through service neural autoanti-
body evaluation between May 2008 and June 2016 at the 3
principal Mayo Clinic sites (Arizona, Florida, or Min-
nesota). We identified 1,095 patients with VGKC titers
higher than 0.02 nmol/L. Of these, 77 were confirmed LGI1
positive, 15 CASPR2 positive, and 3 positive for both. Of
the LGI1-positive patients, 56 were treated specifically for
seizures. Patients with both LGI1 and CASPR2 antibodies
were excluded from review in an attempt to avoid confound-
ing variables. Figure 1 shows the study design. Clinical data
captured included length of follow-up, cerebrospinal fluid
(CSF) and serum LGI-1 antibody titers, seizure semiology,
baseline seizure frequency, presence of cognitive dysfunc-
tion, magnetic resonance imaging (MRI) and electroen-
cephalography (EEG) findings, AED type, immunotherapy,
duration of each therapy, and seizure response.

Baseline seizure frequency was determined by reviewing
the seizure frequency stated in the clinical record prior to
initiation of treatment and was categorized as daily (>1 sei-
zure per day), weekly (>1 seizure per week but not daily), or
monthly (>1 seizure per month but not weekly). Seizure
freedom response was attributed to therapy using informa-
tion from clinical notes, which either (1) directly stated that
a particular therapy resulted in seizure freedom or (2) that
the seizure frequency was recorded as 0 in the treating neu-
rologists’ clinical note within 4 weeks of initiation of a new
antiseizure therapy if there were no other new therapies
started in the same period. Seizure freedom was used as an
endpoint, since information on partial response was not uni-
formly available.

Comparison to a non-LGI1 cohort
A cohort of patients with non-LGI1 antibody-related AE

was extracted from a recent study by our group.11 In this
study consisting of 50 patients, 39 cases who tested negative
for LGI1 antibody were identified and were used as con-
trols. These cases presented with AE associated with
VGKC-complex antibody (n = 6) (CASPR2 [1], and double
negative [5]); ganglionic acetylcholine receptor (n = 5);
NMDA receptor (n = 3); P/Q-type calcium channel
(n = 1), GAD65 (n = 10), ANNA-1 (n = 1), and ANNA-2
(n = 1). Three patients had non-neuronal antibodies (thy-
roid peroxidase [TPO], Ant-Ro, and anti–dsDNA), and 9
patients were autoantibody negative.11 We compared demo-
graphics, seizure type and frequency, seizure freedom by
AED class, as well as patterns of immunotherapy and AED
use between the current and the non-LGI1 cohort.

Key Points
• In this study of 56 patients with LGI1-Ab AE,
immunotherapy was most frequently associated with
seizure freedom (68%). Seizure freedom occurred in
only 9 patients (16%) when immunotherapy was not
used or used as an adjunct

• Most patients with LGI1-Ab AE (n = 49, 88%; med-
ian = 2.5) more than one seizure type

• Regardless of the AED class used, AEDs prior to or
apart from immunotherapy were associated with sei-
zure freedom in only 5 patients (9%). Sodium channel
blocking (NCB) AEDs were associated seizure free-
dom in 4 patients compared to none treated with non-
NCB AEDs

• Focal faciobrachial dystonic seizures with preserved
awareness (FBDS) seemed to respond more often to
immunotherapy than to AEDs; non-FBDS may
respond to AEDs better than FBDS
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Assays for VGKC complex subtypes
All samples were screened for VGKC-complex IgG by

radioimmunoprecipitation assay as described previously.6

Those yielding positive results (VGKC-complex IgG
>0.02 nmol/L) were tested for LGI1and CASPR2 speci-
ficity by a clinically validated transfected cell-based
immunofluorescence assay (CBA; EUROIMMUN, Lubeck,
Germany). CSF was tested undiluted and serum at 1:10 dilu-
tion. The results were scored as either negative or positive
with no titration used. The CBA was run in duplicate and
scored by at least 2 experienced readers (A.G., S.J.P., A.M.,
and C.J.K.); a third reader scored any assays that yielded
discordant results (<1%).

Statistical analysis
Data were expressed as mean, median, and range for con-

tinuous variables, and counts (percentages) for categorical
variables. Univariate analysis of nominal variables was per-
formed using chi-square test, and continuous variables were
analyzed using independent sample t-test or Mann-Whitney
U test. All analyses were performed using SAS software
(version 9.3). All statistical tests were two sided, and
p < .05 was considered statistically significant.

Seizure freedom by AED class was calculated as the
number of patients who became seizure free with a particu-
lar class of AED (NCB vs. non-NCB) divided by the total
number of individual recorded uses of that AED class.
Given the refractoriness of seizures in our cohort, most
patients had multiple trials of various AEDs during the

course of their illness. Comparison of seizure freedom by
therapy (immunotherapy vs. AEDs) for the FBDS and non-
FBDS groups was calculated as the number of patients who
became seizure free (numerator) divided by the number of
those who received each type of therapy (denominator).

Standard protocol approvals, registrations, and patient
consents

The study was approved by the Mayo Clinic Institutional
Review Board and all patients consented to the use of their
medical records for research purposes.

Results
Clinical characteristics

Sixty-one of 77 positive LGI1 patients (79%) had sei-
zures. Clinical data regarding medication, response to
treatment, and long-term follow-up was available for 56.
Mean age at onset of symptoms was 63 years (range
46–87), and 66% (n = 37) were male. Cognitive dys-
function of any kind was present at initial visit in the
majority (n = 47, 84%). The most common seizure semi-
ology was FBDS (n = 35; 63%) followed by focal with
impaired awareness (FIA) (n = 29, 52%) and generalized
tonic–clonic seizures (GTCs) (n = 28, 50%), with most
patients having more than one seizure type (n = 49,
88%; median= 2.5). In 33/35 patients (94%), FBDS
occurred with other seizure types, whereas only 2 were
identified to have FBDS alone. Summary of seizure

Figure 1.

Study design.
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semiology for the cohort is provided in Figure 2. Half of
the patients (n = 28, 50%) had ictal or interictal epilepti-
form abnormalities on EEG. Of the 50 patients that
underwent brain MRI, 30 patients (60%) had abnormali-
ties: unilateral or bilateral T2 hyperintensities in the
medial temporal lobes in 23 (46%) and T2 signal
changes in the basal ganglia in 7 (14%). Whole body
positron emission tomography (PET) scan for tumor
screening was performed in 30 patients (56%) and
revealed evidence of tumors in none of our cohort. Sum-
mary of the clinical characteristics of the cohort is pro-
vided in Table 1.

Treatments
The majority (n = 50, 89%) received at least one form of

immunotherapy in combination with AEDs, whereas the
remainder (n = 6, 11%) received AEDs alone. Only one
patient received immunotherapy alone without documented
use of AEDs. Immunotherapy included intravenous methyl-
prednisolone (n = 47), intravenous immunoglobulin
(n = 18), and/or plasmapheresis (n = 5). Long-term main-
tenance immunotherapy was initiated in several patients:
mycophenolate mofetil (n = 27), azathioprine (n = 10),
rituximab (n = 2), or methotrexate (n = 5). Levetiracetam
was the most common AED used (n = 47, 83%), followed
by valproic acid (n = 21), phenytoin (n = 15), lacosamide
(n = 14), carbamazepine (n = 12), oxcarbazepine (n = 6),
and lamotrigine (n = 6). Summary of AEDs used in the
cohort is provided in Figure S1.

Seizure freedom outcome
The majority of patients (n = 38, 68%) became seizure-

free: 29 (76%) with immunotherapy, 3 (5%) with AEDs
alone, 2 (3%) with AEDs before any immunotherapy, and 4
(7%) with AEDs after immunotherapy. The majority who

responded to AEDs (6/9) had non-FBDS. Seizure freedom
was more often associated with immunotherapy than AEDs
in patients with FBDS (20/30 vs. 3/34, p = 0.001).
Although patients with FBDS seemed less likely to respond
to AEDs than other seizure types, this did not reach statisti-
cal significance (p = 0.07). In contrast, there was no signifi-
cant difference in the rate of response by therapy type for
non-FBDS (9/20 vs. 6/21, p = 0.34). Summary of seizure
freedom by seizure semiology and type of therapy is pro-
vided in Table 2 and Figure 3.

Seizure freedom by AED class
Although levetiracetam (n = 47, 83.5%) and valproic

acid (n = 21, 38%) were the most frequently used AEDs;
neither were associated with seizure freedom. NCB AEDs
were more often associated with seizure freedom than non-
NCB AEDs (4/52 vs. 0/83, p = 0.025). Seizure freedom
was associated with 4/12 with carbamazepine, 2/14 with
lacosamide, 2/6 with oxcarbazepine, and one with gabapen-
tin and lamotrigine. All 3 patients with FBDS who became
seizure-free with AEDs responded to carbamazepine. How-
ever, 2 of these patients began receiving immunotherapy for
cognitive dysfunction several weeks earlier. Time to seizure
freedom following AED initiation was within 24 hours in 2
patients, within 2 weeks in 2, within 3 weeks in 3, and
within 4 weeks in 2. Details of patients who responded to
AEDs are summarized in Table 3. We have also provided
the timeline of AED use in relation to immunotherapy for
the 6 patients who responded to AEDs despite previous or
concurrent immune therapies in Figure S2.

Comparison to the non-LGI1 cohort
In contrast to the current LGI1 cohort, the non-LGI1

cohort were younger (35.4 vs. 62.9, p = 0001). The male-
to-female ratio of the non-LGI1 cohort was about 1:1 while

Figure 2.

Seizure semiology and therapy response in 56 patients with anti-LGI1 associated autoimmune epilepsy. *Faciobrachial dystonic seizures;
†includes focal sensory, visual, and cognitive seizures.
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in the LGI1 cohort it was 3:2. Seizure frequency of greater
than 1 per week was higher in the LGI1 cohort (47/52 vs.
26/37, p = 0.02). Frequency of GTCs and rate of seizure
freedom with NCB and non-NCB AEDs were similar
among the 2 cohorts. Levetiracetam was the most com-
monly prescribed AED in both groups and was not associ-
ated with seizure freedom in either. A detailed of
comparison between the LGI1 and the non-LGI1 cohorts
(case–control) is provided in Table 4.

Discussion
The results reinforce that immunotherapies are the most

effective intervention for patients with LGI1-Ab AE, and
should be considered first-line, as has been published previ-
ously. Our data also suggest that AED mechanism may
impact their efficacy for seizure control in LGI1-Ab AE.12

In our series, 8 patients (14%) became seizure free after
initiation of NCB AEDs (5 without or prior to immunother-
apy). It is not known whether there are unique aspects of the
pathophysiology of seizure onset in these patients that ren-
der them more susceptible to sodium channel blockade. It is
conceivable that the therapeutic response could be sec-
ondary to immunomodulatory properties of these medica-
tions.10,12 For example, carbamazepine has been shown to
reduce levels of pro-inflammatory cytokines IL-1b and
TNF-a in the hippocampus of rats.13 Carbamazepine has
also been shown to inhibit the development of inflammation
via dose-dependent reduction of prostaglandin E2 and sub-
stance P.14,15 NCB AEDs, including carbamazepine, have
been noted to be efficacious in other VGKC chan-
nelopathies such as immune-mediated neuromyotonia and
hereditary episodic ataxia type 1.16,17 Although these agents
act primarily by either slow or fast inactivation of voltage-
gated sodium channels, at concentrations used to treat epi-
lepsy, some of these have also been shown to modulate
ATP-sensitive potassium channels as well as calcium-acti-
vated potassium channel activity.18,19

Alternatively, the potential class effect with NCBs could
be due to a delayed therapeutic response to immunotherapy
instituted prior to or during the NCB-AED use. The use of
multiple types of therapy within short time spans increases
the possibility of misattributing seizure freedom, especially
since the effects of immunotherapy are often not immediate.
A third possible mechanism that might explain class effect
could be related to evolution of the seizures with delayed

Table 1. Clinical Characteristics of the cohort

N = 56, %

Sex

Male 37 (66%)

Female 19 (34%)

Mean age of onset, year 62.9

Cognitive dysfunction 47 (84%)

Seizure type

Faciobrachial dystonic seizures (FBDS) 35 (63%)

Focal impaired awareness 29 (52%)

Focal aware motor 10 (18%)

Focal aware non-motor 28 (50%)

Autonomic (including piloerection) 12 (21%)

Generalized tonic–clonic (GTC) 28 (50%)

AEDs used or tried 55 (98%)

0 1

1 10

2 19

≥3 26

Immunotherapy 50 (89%)

IV Methylprednisolone 47 (84%)

IV Immunoglobulin 18 (32%)

Plasmapheresis 5 (9%)

Rituximab 2 (4%)

Mycophenolate 27 (48%)

Azathioprine 10 (18%)

Methotrexate 5 (9%)

Prednisolone 7 (13%)

Seizure freedom independent of therapy

Yes 38 (70%)

No 18 (32%)

Seizure freedom by type of therapy

With immunotherapy 29 (52%)

With AEDs alone 3 (5%)

With AEDs before immunotherapy 2 (3%)

With AEDs after immunotherapy 4 (7%)

EEG findings 56 (100%)

With interictal epileptiform discharges 10 (18%)

Seizures captured 18 (32%)

MRI findings 50 (89%)

Evidence of Inflammatory changes 30 (60%)

No evidence of inflammation 24 (40%)

VGKCc Antibody titer by RIA 56 (100%)

≤0.5 29 (52%)

>0.5 27 (48%)

≤1.00 42 (75%)

>1.00 14 (25%)

AED, antiepileptic drug; EEG, electroencephalography; MRI, magnetic reso-
nance imaging: RIA, radioimmunoassay; VGKCc, voltage-gated potassium
channel complex.

Table 2. Summary of seizure freedom by seizure

semiology and type of therapy

Total, N (%)a
Seizure free

(% from total)

Patients with FBDS 35 23

Received immunotherapyb 30 (88) 20 (67)

Received AEDsb 34 (97) 3 (9)

Patients with non-FBDS 21 15

Received immunotherapyb 20 (95) 9 (42)

Received AED(s)b 21 (100) 6 (28)

Patients with use of NCB AEDb 52 4c

Patients with use of non-NCB AEDb 83 0c

AED, antiepileptic drug; FBDS, focal aware faciobrachial dystonic seizures;
NCB AED, sodium channel blocking antiepileptic drugs.

aMultiple therapies within the same patient were used in most cases.
bReceived therapy during the course of their illness.
cIncluded only those patients who responded to either AEDs alone or with

AEDs prior to initiation of immunotherapy.
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development of structural changes of the brain (eg, mesial
temporal sclerosis or hippocampal atrophy) coinciding with
the institution of NCB-AEDs, which were often prescribed
later in the course of illness. These medications are known
to be effective in the setting of focal structural epilepsies,
which may represent a late stage of LGI1 AE. Further stud-
ies are needed to elucidate whether these differences in effi-
cacy are based on the anticonvulsant mechanism of action
of these drugs or to their immunomodulatory properties.

Our findings reiterate that FBDS is the most common sei-
zure type in LGI1-Ab AE, and that other seizure types
including FIA and GTCs may also occur. FBDS more fre-
quently occurred along with other seizure types in LGI1-Ab
AE rather than on an isolated basis. Of course, our data are
limited by clinical recognition of FBDS, which may be
more likely to go unrecognized if not accompanied by other
features of LGI1-Ab AE. A high clinical suspicion for
FBDS is necessary for diagnosis, particularly in patients
who do not have specific MRI findings, or other seizure
types present. Pre-ictal contralateral frontal infra-slow
activity can be recognized on EEG as a signature of
FBDS,20 but FBDS may be clinically misdiagnosed as
hyperkinetic movement disorder, limb-shaking TIA, or
functional neurologic symptom disorder.

In our series, as in others, patients with FBDS were more
likely to respond to immunotherapy than to AEDs. The effi-
cacy of immunotherapy is emphasized by our series and
others previously published and should be considered the
cornerstone of therapy in patients with LGI1-Ab AE. FBDS
often resolve within days after initiation of intravenous
methylprednisolone or immunoglobulin in LGI1-Ab AE. In
addition, early immunotherapy has been thought to help pre-
vent progression to limbic encephalitis in these patients.5

Although immunotherapy is usually emphasized in these

patients, others have also reported response of FBDS to
AED therapy.21 In a study of 29 patients with FBDS, 4
patients showed a good (20–50%) or excellent (>50%)
reduction in FBDS frequency within 1 month of treat-
ment.22 Only 3 patients (3/35) with FBDS in our series
became seizure free with the use of AED(s) alone. Of these,
one did not receive subsequent immunotherapy. In patients
with non-FBDS, use of AEDs was more frequently associ-
ated with seizure freedom than in those with FBDS,
although this did not reach statistical significance. Our
observations indicate that AEDs may also play a role in the
management of these patients if immunotherapy does not
produce seizure freedom.

Levetiracetam (84%) and valproic acid (38%) were the
most commonly used AEDs in our cohort; however, their
use was never associated with seizure freedom. On the other
hand, AEDs with NCB mechanisms, including carba-
mazepine and oxcarbazepine, were rarely used in this
cohort. Similarly, levetiracetam was the most commonly
used agent for our case-control cohort (80%) (Table 4). One
reason that might dissuade the use of carbamazepine and
oxcarbazepine involves the potential for hyponatremia in
LGI1 encephalitis.1,21,22 It is unclear why we observed a rel-
ative lack of efficacy with levetiracetam in the current and
the non-LGI1 cohort. Levetiracetam interacts with synaptic
vesicle protein 2A (SV2A) at the presynaptic region.23

Presynaptic mechanisms alone may be insufficient for sei-
zure suppression in this condition, which has targets in both
the pre- and postsynaptic regions.

In comparison to the previous cohort of non-LGI1 AE
patients, the rate of seizure freedom by AED class and pat-
tern of AED was similar to that of the non-LGI1 cohort. The
seizure frequency was greater than 1 per week in LGI1 ver-
sus non-LGI1 patients, highlighting the very high frequency

Figure 3.

Seizure freedom by type of therapy and seizure.
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of FBDS and overall seizure burden of this patient popula-
tion. Although the seizures were more frequent in LGI1
patients, they also more frequently responded to therapies
(Table 4).

Our study has inherent limitations. First, data collection
was based on extraction of patient information from the
electronic medical records, which was not documented in a
structured, prospective fashion. For instance, seizure fre-
quency and precise timing of drug effect were not routinely
recorded, which introduces possibility of confounding with
use of multiple AEDs and immunotherapies simultane-
ously. We relied on the documented impressions of treating
clinicians. Second, lack of specificity in documentation pre-
cluded precise examination of the AED response of non-
FBDS in those patients who had both FBDS and non-FBDS
resistant to AEDs. In addition, recall bias due to seizure-
associated amnesia and concurrent cognitive dysfunction,
which was present in a significant proportion of our cohort
(84%), could have affected the accuracy of patient report-
ing. We evaluated only seizure freedom and did not assess
cognitive outcomes, which is an equally important aspect of
care in these patients for which immunotherapies play a
vital role that AEDs do not address. Third, the non-LGI1
control also had autoimmune etiology for their epilepsy;
therefore, the current study did not address therapy response
by epilepsy etiology (autoimmune vs non-autoimmune).
Finally, the “class effect” observed with sodium channel
blocking AEDs should be interpreted cautiously, given the
low frequency of prescription of AEDs including topiramate

and zonisamide among our cohort. Although the AED pre-
scription practices in AE may reflect a high frequency of
seizures and need for an AED with rapid uptitration, they
may not necessarily be reflective of lower efficacy. In sum-
mary, a retrospective study of patients with AE is challeng-
ing due to variation in phenotype and seizure burden
between patients of even the same disease, the need for mul-
tiple hospitalizations and urgent treatment, and non-uniform
documentation of clinical progress. Well-designed future
prospective studies are needed to clarify whether there is an
optimal AED selection for this patient population.

Conclusions
At this time, there are no randomized controlled trials to

guide therapy to reduce seizure frequency in patients with
LGI1-Ab AE. Our data, as others have also published, rein-
force the current practice of immunotherapy as the first-line
therapy for patients with LGI1-Ab AE. The response to
AEDs in our cohort was limited (5/56) but might suggest
that seizures in LGI1-Ab AE resistant to immunotherapy
may be more likely to respond to AEDs with sodium chan-
nel blocking properties (eg, carbamazepine) as compared to
other AEDs. In most cases, the seizure frequency is often
quite high; therefore, it usually does not take a long time to
determine whether AEDs are conferring an effect in these
patients. Unfortunately, some patients with LGI1-Ab AE
will be refractory to both AEDs and immunotherapy.6
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Figure S1. Summary of AEDs used or tried in the cohort.
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