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ABSTRACT – Aims. We report a case series of 10 patients with chronic med-
ically refractory antibody-positive autoimmune epilepsy and assess their
common clinical features. Immune-mediated seizures are most commonly
reported in the context of encephalitis or encephalopathy, with few reports
focusing on lone, chronic epilepsy in the outpatient setting. Our aim was to
define the potential diagnostic clues that might be present in these cases,
leading to consideration of an autoimmune cause of the epilepsy.
Methods. We performed a retrospective review of all patients presenting to
the outpatient department of our unit who underwent autoimmune screen-
ing. All patients with chronic epilepsy and a positive result for an antibody
known to be associated with epilepsy were included.
Results. Sixty-three patients underwent testing. Thirteen returned a posi-
tive result, however, only 10 of these were patients which chronic epilepsy
who did not present with an acute illness. Common features in these cases
included: perisylvian semiology, EEG abnormalities in the mid temporal
region, normal or non-specific MRI findings, depression, and head injury.
Conclusion. In cases of medically refractory, lesion-negative epilepsy, with
predominantly perisylvian semiology, clinicians should have a high level of
suspicion for the diagnosis of autoimmune aetiologies and a low threshold

his is especially true if there are atyp-
s history of head injury, or co-morbid

perisylvian semiology, insula, anti-
to perform autoantibody screening. T
ical electrographic findings, a previou
depression.
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Autoimmune epilepsy is an increas-
ingly recognised entity, with
many known causative antibodies
now identified and a progres-
sively broadening range of clinical

presentations. It is now clear that
these antibodies, while frequently
producing an encephalopathic syn-
drome in addition to epilepsy, can
also result in chronic epilepsy which
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Methods
. Gillinder, et al.

s not associated with the acute neuropsychiatric and
ehavioural changes or cognitive issues that have been
lassically described (Bakpa et al., 2016). Instead, these
atients will present as chronic medically refractory
pilepsies, of unknown aetiology, and be considered
otential candidates for epilepsy surgery.
he mainstay of clinical recognition for patients with
utoimmune epilepsy remains based on peculiar pre-
entations and encephalitic features in the acute
etting (Baysal-Kirac et al., 2016). Several groups have
ublished guidelines proposing clinical criteria for

dentification of these patients, however, these are all
eavily weighted towards acute/subacute phenotypes

Irani et al., 2011; Zuliani et al., 2012; McKeon, 2017). In
act, there are no clear guidelines for the identification
f cases of chronic autoimmune epilepsy, especially in

he outpatient setting. Furthermore, there are no stu-
ies published in which the common elements seen in

hese cases have been analysed, especially in relation
o seizure semiology, which is often the first clinical
nformation obtained. The diagnosis of autoimmunity
n these cases is especially important given that early
dentification and treatment in these cases produces
etter outcomes (Bakpa et al., 2016). Therefore, there

s an obvious need for clarity in this area to define the
linical syndrome, making it easier to differentiate in
he outpatient setting and facilitating faster detection
nd treatment.
e report a series of cases with immune-mediated

eizures that presented with perisylvian semiology.
erisylvian epilepsy is rarely reported in the litera-
ure and results in semiology which commonly mimics
40

eizures of mesial temporal epilepsy (Penfield and
erbert, 1954). However, there are certain aspects
f the semiology which may be subtle, but specific
nough to identify involvement of the perisylvian
egion. This, in turn, could provide a diagnostic clue to
dentify which patients are most appropriate for anti-

Table 1. Summary of the semiological features of p
into five gr

SOMATOSENSORY* VISCERO-SENSITIVE AUDITOR

Parasthesias
Pain
Warmth

Pharyngeal discomfort
Abdominal discomfort**
Thoracic sensations
Taste
Tenesmus

Auditory
Palinacou
Tinnitus
Vertigo

Somatosensory symptoms may be unilateral or bilateral and localise
*Abdominal sensations are the most frequent cause of confusion wi
ising sensation, nausea, constriction, or pain.

A
a
t
u
a

ody screening, especially in the absence of neuro-
maging abnormalities.
he perisylvian region is a unique area with a com-
lex structure and high connectivity. It is comprised of

he frontal, temporal, and parietal opercular regions,
s well as the insula. These regions are highly inte-
rated with numerous and versatile roles. Seizures
rising from these areas can involve autonomic, gusta-
ory, auditory, vestibular, somatosensory, and visceral
eatures (Stefan and Buchfelder, 2007), which are out-
ined in table 1. From this, it is easy to appreciate
he complex nature of the symptomatology of this
pilepsy and that many of these features would be
asy to overlook in semiological classification, or even
o unrecognised by both patient and clinician. The
iversity of symptoms seen in perisylvian epilepsy
re particularly attributable to the insula. It has been
escribed as a limbic network integrator, allowing
ommunication of pre-processed sensory, autonomic,
nd complex motor information between multiple net-
orks (Augustine, 1996; Nieuwenhuys, 2012).
e propose that a high level of clinical suspicion for

he diagnosis of an autoimmune aetiology should exist
or patients presenting with lesion-negative, chronic
efractory epilepsy with predominantly perisylvian
emiology. Furthermore, we speculate on the poten-
ial causes for this association, with a particular focus
n the insula and the evolution of our understanding
f its unique functions, principally related to its role in

mmunity.
Epileptic Disord, Vol. 19, No. 4, December 2017

erisylvian seizures, which are largely classified
oups.

Y LANGUAGE AUTONOMIC

hallucinations
sis

Dysarthria
Dysphasia

Tachycardia
Bradycardia
Hyperventilation
Hypoventilation
Piloerection
Flushing
Sweating
Salivation

d or diffuse.
th mesial temporal seizures, and comprise localised discomfort,

retrospective review of case data was performed for
ll patients presenting to the outpatient department of
he Mater Epilepsy unit, a tertiary referral centre, who
nderwent autoantibody screening between May 2015
nd May 2017.



Journal Identification = EPD Article Identification = 0946 Date: January 9, 2018 Time: 10:46 am

E

C

C
t
p
a
r
fl
o
r
d
a
n
A
a
A
G
n
l
i
e
c
i
t
o
s
a
i
a
i

D

A
i
P
p
M
m
e
c
t
m
t
f
i
m
n
a

A

A
i
1
a

i
m
(
w
i
c
a
m
w
(
s
a
P
t
o
m
u
U
o
o
a
U
N
H

R

A
u
r
o
h
e
t
t
a
(
1
w
h
p
(
w
m
C
1
i
f

ase selection

ases were considered for analysis in the study if
hey had chronic epilepsy (duration >two years at
resentation to our unit) and underwent a panel of
utoantibody screening. Patients were included if they
eturned a positive result with serum or cerebrospinal
uid (CSF) for any antibodies which have been previ-
usly described in cases of autoimmune encephalitis
esulting in seizures. These being: anti-glutamic acid
ecarboxylase Ab (GAD-65), anti-N-methyl-D-aspartic
cid Ab (NMDAR), anti-voltage-gated potassium chan-
el Ab (VGKC) including LGI1 and CSPR2, anti-glycine
b (GLY-R), and anti-neuronal nuclear/cytoplasmic
ntibodies (panel includes PCA-1/anti-Yo, PCA-2,
NNA-1/anti-Hu, ANNA-2/anti-Ri, anti-Ma, GABAa,
ABAb, and AMPA). Cases with positive results for
on-specific antibodies that have an unclear corre-

ation with encephalidities and seizures were not
ncluded. These being: anti-nuclear antibody (ANA),
xtractable nuclear antigens (ENA), antineutrophil
ytoplasmic antibody, and thyroid antibodies, includ-
ng TPO and TGA. Patients were not excluded on
he basis of neuroimaging findings or the presence
f known risk factors associated with epileptogene-
is. Only adult cases were considered in the analysis,
nd patients who were pregnant at the time of test-
ng were excluded. Patients who had been diagnosed
nd treated in the acute phase of their illness were not
ncluded.

ata collection

data search was performed using the electronic med-
cal records system at our institution (Verdi, IP Health
ty Ltd, North Melbourne, Australia) and from the
atient database held in the Advanced Epilepsy Unit,
ater Adult Hospital, Brisbane. Demographic infor-
ation was collected and tabulated, including age at

pilepsy onset, epilepsy duration, seizure frequency,
urrent and prior antiepileptic drugs (AEDs), response
o immunotherapy, epilepsy risk factors, prior autoim-

une diagnoses, and the results of the antibody panel
ested. A review of prior investigations was also per-
ormed to determine the specific seizure semiology
n each case, the epileptic network, interictal abnor-

alities, and ictal onset patterns. Neuroimaging and
europsychiatric data was also collected. Institutional
pproval was obtained.
pileptic Disord, Vol. 19, No. 4, December 2017

ntibody testing

ll patients had undergone plasma testing for
ntracellular anti-neuronal antibodies (including PCA-
/anti-Yo, PCA-2, ANNA-1/anti-Hu, ANNA-2/anti-Ri,
nti-Ma, GABAa, GABAb, and AMPA) by indirect

i
s
i
C
T
c
C

Chronic autoimmune epilepsy

mmunofluorescence using a composite slide of pri-
ate cerebellum/cerebrum and murine gastric tissues

Inova Diagnostics, USA). Anti-NMDAR antibodies
ere detected using a commercial assay contain-

ng four biochips of primate hippocampus, primate
erebellum, and NMDAR-transfected HEK293 cells
nd non-transfected control HEK293 cells (Euroim-
un, Germany). Antibodies directed against VGKC
ere detected using a commercial radio-immunoassay

RSR, UK). This quantitative assay utilizes detergent-
olubilized VGKCs extracted from rabbit brain tissue
nd complexed with 125 I-labelled �-dendrotoxin.
ositive sera on the radio-immunoassay were then
ested by indirect immunofluorescence on biochips
f LG1 and CASPR2-transfected HEK293 cells (Euroim-
un, Germany). GAD-65 antibodies were detected

sing a commercial quantitative immunoassay (RSR,
K). The assay utilizes GAD-65 coated onto the wells
f an ELISA plate. Sensitivity was increased using a sec-
nd step that included the addition of GAD-biotin and
streptavidin detection step. Results are expressed in
/ml. Anti-GLY-R antibodies were tested by the Oxford
euroimmunology testing service, Oxford University
ospitals NHS trust (Oxford, UK).

esults

total of 63 patients were identified who had
ndergone autoantibody screening. Thirteen of these
eturned a positive result in serum or CSF for one
f the listed antibodies. Three were excluded as they
ad presented to hospital in the acute phase of an
ncephalitic illness and were formally diagnosed and
reated during that admission. The demographics of
he 10 cases (eight female) reviewed in this article
re summarised in table 2. The mean age was 37
range: 22-43 years). Mean duration of epilepsy was
4.2 years (range: 2-36 years). Risk factors for epilepsy
ere documented in seven cases. Five (50%) had prior
ead injury, however, the timing for three of the
atients was unknown; these were all moderate impact

loss of consciousness but not brain injury). There
ere also four cases (40%) in which other autoim-
une conditions were already diagnosed, including
ases 2 and 3 which had prior diagnosis of type
diabetes mellitus (T1DM) with GAD-65 antibod-

es present in CSF. Nine of the cases had already
ailed with three or more AEDs. All cases received
441

mmunotherapy and nine demonstrated partial or
ubstantial reduction in seizure frequency. A signif-
cant reduction in seizure severity was observed for
ase 8, although seizure frequency was unchanged.
he response for Case 4 is still pending. A signifi-
ant reduction in seizure severity was observed for
ase 7, although reduction in seizure frequency was
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Table 3. Treatment and outcomes.

Patient Current AEDs Prior AEDs Immunotherapy Response

1 LTG 100 mg BD
LCS 100 mg BD
LEV 500 mg BD

TPM, OxC, CBZ,
perampanel

IVIg Jan 2017
RTX July 2017

50% reduction

2 LTG 300 mg BD
TPM 100 mg BD
Pb 60 mg BD
CBZ 200/400 mg BD

CBZ, LEV, clobazam,
VPA, OxC, GBP, LCS,
ZNS, clonazepam,
perampanel

IVIg Aug 2016
MMF Dec 2016

Seizure-free since
commencing MMF

3 OxC 450 mg BD
Clonazepam PRN

VPA, LEV, CBZ, TGB, GBP,
LTG, LCS, TPM, ZNS

IVIg Jan 2017
MMF July 2017

50% reduction since
MMF

4 LEV 1.5 g BD
LCS 100 mg BD
OxC 300 mg BD
clobazam 10 mg BD

VPA, LTG, ZNS IVIg March 2017,
MMF July 2017
Pending further
escalation

Unchanged

5 LCS 200 mg BD
LEV 1.5 g BD

CBZ IVIg June 2016 Seizure-free

6 LEV 1.5 g BD
CBZ 400 mg BD
VPA 500 mg BD

LTG, perampanel IVIg April 2017 Seizure-free

7 LTG 200 mg BD
LEV 1.5 g BD
ZNS 100 mg BD
CBZ 400 mg BD

LCS, TPM, VPA,
perampanel

IVIg May 2017 80% reduction

8 LTG 200 mg BD IVIg May 2017 50% reduction

9 LEV 1.5 g BD
TPM 125/150 mg
LTG 100 mg BD
clobazam 10 mg BD
MAD

VPA, ZNS, CBZ Steroids, IVIg, MMF, RTX
June 2015, PLEX March
2017

70% reduction

10 LTG 100 mg BD TPM, LEV IVIg May 2017 70% reduction

T from
w tes in
L iram
Z t; IV
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w
t
d
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m
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G
>
N

reatment response indicates % reduction in seizure frequency
ere not titrated during commencement of immunotherapy. Da

EV: levetiracetam; LTG: lamotrigine; LCS: lacosamide; TPM: top
NS: zonisamide; Pb: phenobarbitone; MAD: modified Atkins die
TX: rituximab; PLEX: plasma exchange.

ess impressive. Intravenous immunoglobulin (IVIg)
as administered in all cases according to our insti-

utional protocol (induction dose: 2 g/kg in five
ivided doses; maintenance dose: 0.4 g/kg, once each
onth). MMF dosing was calculated by patient weight
44

nd adjusted according to lymphocyte count. Treat-
ents and outcomes are summarised in table 3.
ll patients were reviewed by the neuropsychiatrist
nd diagnosed according to Diagnostic and Statisti-
al Manual (DSM) criteria. Psychiatric co-morbidity
as found in eight cases (80%), all of whom had
epression, and two cases were so severe that these

M
e
r
p
s
c
c

before treatment to next review after starting treatment. AEDs
dicate time of commencement for each treatment option.
ate; VPA: valproate; CBZ: carbamazepine; OxC: oxcarbazepine;
Ig: intravenous immunoglobulin; MMF: mycophenolate mofetil;

atients had required inpatient treatment for suicidal
deation.

AD-65 was present in five cases (50%), all with a titre
2,000 U/ml, GLY-R was positive in three patients (30%),
MDAR in one (10%), and VGKC (LGI1) in one (10%).
Epileptic Disord, Vol. 19, No. 4, December 2017

alignancy was not found in any patients (this was
xcluded in all patients based on computed tomog-
aphy of chest abdomen and pelvis, and ultrasound
elvis in females). Seven patients also underwent PET
canning). Lumbar puncture was performed in seven
ases (all except Case 7, 8 and 10), however, CSF pleio-
ytosis was only found in one case and oligoclonal
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igure 1. EEG of Case 2 showing low amplitude, alpha/theta-ban

ands were detected in trace amounts in three cases.
rotein was normal in all cases. There were no cases in
hich antibodies were detected in serum but absent in
SF. ANA was detected in Case 5, with GLY-R positivity

titre :160). TPO was detected in Case 2 and 3, both with
AD-65 positivity (titres: 768 and 208, respectively).
ll cases had chronic refractory epilepsy with predomi-
antly perisylvian semiology. The dominant features

ncluded laryngeal sensation (parasthesias), auditory
allucinations, piloerection and autonomic symptoms,
nd whole-body somatosensory symptoms. This is out-
ined in table 2.

ean seizure frequency was 59 seizures per month
range: 1-300/month). There were interictal abnormal-
ties in the mid temporal region for all cases except
ase 10, in which there were no abnormalities. These
hanges consisted of slowing and epileptiform dis-
harges, often in the mid temporal region and were
ound bilaterally in three patients (30%). Interestingly,
n seven of the cases, there were either no interictal
pileptiform discharges, or when they occurred they
ere small in amplitude. These changes are detailed

n table 2. Seizures were captured in eight patients
ith findings consisting of either temporal onset,

rontotemporal onset, or non-localisable ictal onset.
ne case (Case 9) underwent SEEG evaluation which

howed a bilateral mesial temporal - anterior insula
pileptic Disord, Vol. 19, No. 4, December 2017

Heschl’s gyrus network, with primarily perisylvian
emiology (auditory hallucinations). Observationally,
any of these seizures had similarities on scalp

EG. The activity was often seen as a low-amplitude,
heta/alpha-band discharge and evolved maximally in
he mid temporal region on either side. An example of
his is shown in figure 1.

e
t
T
c
n
p
s

charge, evolving maximally in the mid temporal region (T8).

euroimaging findings were either normal or non-
pecific in eight cases. There were two cases of mesial
emporal sclerosis. The first was Case 9 (discussed
bove) and the other had epileptiform abnormali-
ies originating from the contralateral temporal region
o the MRI abnormality (Case 5). All patients under-
ent epilepsy protocol MRI brain sequencing on a 3T

canner.
f the 50 patients who were tested but did not return a

ositive result, this was confirmed in CSF in 18 patients.
he indications for testing were broad. The most com-
on indication was for chronic epilepsy with atypical

eatures (44 cases). These included: semiology not
ocalisable to one region, frequent seizures, bilateral
r multifocal seizure onset, lack of interictal epilepti-

orm abnormalities, or non-localisable seizure onset.
esting was also performed commonly when a patient
ad a comorbid psychiatric diagnosis, especially if mul-

iple psychiatric diagnoses were present. This included
sychosis (six cases), dissociative attacks (seven cases),
nd/or depression (11 cases). There were also three
ases with established autoimmunity of other organ
ystems that were tested. Six cases were tested for
ther non-epileptic indications including stiff person
yndrome, myoclonus, and spasticity. In eight cases,
here was a prior history of head injury (16%).
he most common seizure classification in the chronic
445

pileptic group was temporal (25 cases), however,
hese were often reported as network epilepsies.
here were five cases with either perisylvian or oper-
ular epilepsy, however, again, four of these were
etworks that involved other regions (frontal or tem-
oral) and perisylvian features were not the dominant
emiology.
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iscussion

linical features of an immune-mediated
pilepsy phenotype

n this study, we have specifically analysed the common
lements in seizure semiology for patients presenting
ith chronic autoimmune epilepsy. Semiology anal-

sis is a powerful clinical tool that is an important
iece of the puzzle for identifying the epileptogenic
one (Bancaud, 1980; Tufenkjian and Luders, 2012).
n the outpatient setting, this approach may help to
apidly identify patients appropriate for autoantibody
creening.

hile the appreciation of underlying anatomical net-
orks corresponding to seizure semiology is very

omplex and may be overlooked, our findings high-
ight the importance of considering these clinical
eatures, particularly looking for markers of perisyl-
ian involvement. There are still issues with a lack
f standardisation, and variation can exist between
linicians (Tufenkjian and Luders, 2012). This is fur-
her complicated by semiological mimicry due to
erisylvian-temporal networks (Penfield and Herbert,
954). However, identifying the specific features
ighlighted above allows more accurate epilepsy clas-
ification, and this differentiation in patients with
hronic autoimmune epilepsy will allow early inter-
ention and the avoidance of potentially unnecessary
nvasive investigations or even surgery.
t is not uncommon that research in autoimmune
pilepsy has led to reports of EEG abnormalities in
he temporal region, and our study has been no dif-
erent (Dubey et al., 2015; Malter et al., 2016; von Rhein
t al., 2017). Of particular interest in the cases iden-
ified here are the electrographic features of these
bnormalities. Many had either no interictal epilep-
iform discharges, or if present had a characteristic
ow-amplitude, mid temporal focus. These findings
ould be atypical for mesial temporal epilepsy. Fur-

hermore, seizure onset was commonly accompanied
y a low-amplitude discharge and was mid temporal

n location or non-localisable, which is again atypi-
al. This may indicate that the epileptogenic zone is
ocated in a deep mesial structure and may mimic a
emporal onset. Considering the complex anatomical
rrangement of this area, it is not necessarily the case
hat all abnormalities in this region are attributable
o structures in the temporal lobe itself. Furthermore,
46

n much of the current literature, there is a paucity
f information regarding how the diagnosis of “tem-
oral lobe epilepsy” was formulated. If the diagnosis
as based primarily on interictal or ictal abnormalities

rom this region, it is conceivable that extra-temporal
egions may not have been appreciated. We know that

t
h
s
a
d
c

bnormalities arising from the insula-opercular region
ill also create EEG abnormalities in the mid temporal

egion, thus not all temporal abnormalities can be con-
idered synonymous with “temporal lobe epilepsy”
Munari et al., 1980). Additionally, the perisylvian struc-
ures are highly connected to the mesial temporal
egion and limbic network, so their involvement in
uch epilepsies would not be unexpected (Ostrowsky
t al., 2000).
euroimaging is of varying clinical utility in these

ases. A review by Bakpa et al. (2016) of the diagnostic
eatures of various antibody associated epilepsies
ound that MRI brain findings were either normal or
emonstrated non-specific changes in the mesial tem-
oral lobe (Bakpa et al., 2016). However, again, much
f these data is taken from patients presenting in the
cute phase of an encephalitic illness. In our cohort,
here were two cases with mesial temporal sclerosis.
he remainder of our cases had essentially normal MRI
cans. This suggests that routine MRI has limited clini-
al utility for the diagnostic exclusion of autoimmune
pilepsy in the chronic setting.
he cases reviewed in our series were chronic
nd refractory in nature. Conversely, the bulk of
he literature published to date has focussed on
cute subacute presentations with an encephalo-
athic/encephalitic prodrome. Clinical criteria for

dentifying such patients is strongly weighted towards
he identification of acute cases (Irani et al., 2011;
uliani et al., 2012; McKeon, 2017). This highlights the
eed for another set of criteria, specifically targeted

o identify this separate subset of patients who do
ot present in the classic way. When taken together,

he features outlined above might represent an elec-
roclinical syndrome which potentially indicates an
nderlying autoimmune process. We propose that an
utoimmune aetiology should also be suspected in
ases of chronic refractory lesion-negative epilepsy,
ith a perisylvian semiology, even in the absence of
ncephalopathy or prior encephalitis.
nterestingly, there was also a high prevalence of
epression in our patients. It has been long estab-

ished that patients with epilepsy have higher rates
f depression. However, rates reported in the liter-
ture range from 9 to 37% (Kwon and Park, 2014),
nd in the cohort which tested negative to antibod-
es, this was 25%. In the antibody-positive cohort,
0% of cases were affected, two of which had major
epressive episodes. The literature also reports a rela-
Epileptic Disord, Vol. 19, No. 4, December 2017

ionship between seizure frequency and depression,
owever, this was not demonstrated in our cohort. It
eems possible that, although patients presenting with
utoimmune epilepsy within this part of the spectrum
o not suffer acute neuropsychiatric, behavioural, and
ognitive changes, there may still be an element of this
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s part of the condition, such that refractory epilepsy
ith comorbid depression may represent a syndrome
f chronic autoimmunity. The insula, which is located

n the perisylvian region, has been increasingly impli-
ated in the pathophysiology of depression, and
ight, at least in part, explain this association (Nagai

t al., 2007).
he prevalence of comorbid autoimmunity has been
reviously described and was a common feature in

our of our cases (Vincent and Crino, 2011). Two of
hese had pre-existing T1DM, but were subsequently
ound to have GAD-65 antibodies in CSF. This is not a
ovel finding, and in fact the development of epilepsy
as even been documented in a case with long-
tanding GAD-65 antibodies but no clinically evident
ndocrinopathy or encephalitis (Fauser et al., 2015).
his perhaps suggests a second hit is required to allow
assage of antibodies intrathecally. Similar suggestions
ave been made regarding the pathophysiology of
MDAR encephalitis, that the passage of autoantibod-

es occurs via damage to the blood/brain barrier (BBB)
Martinez-Hernandez et al., 2011).

he perisylvian region, a unique
sland within the brain

he cases presented here demonstrate diverse and
ich semiology, which is typical of perisylvian epilep-
ies. The broad range of symptoms seen in perisylvian
pilepsy is attributable to the abundant functions and
onnections of this area, particularly the insula. The
nsula is still not fully understood, and further stud-
es continue to explore this diversity. It has been
escribed as a limbic network integrator, allowing
ommunication of pre-processed sensory, autonomic
nd complex motor information between different
etworks (Augustine, 1996). This is supported by inva-
ive studies using SEEG and cortical stimulation, which
eveal a wide range of clinical symptoms that can be
licited by stimulation of the insula, as it synchronises
ith its network connections (Penfield and Herbert,

954). Connectivity studies of both human insula effer-
nts confirm this structure to be a major multi-modal
etwork hub within the cerebral cortex (Almashaikhi
t al., 2014). The sheer amount of connections explains
he complex neurophysiological function and that it is
key region involved in both functional and effective

onnectivity (Almashaikhi et al., 2014).
pileptic Disord, Vol. 19, No. 4, December 2017

more novel concept is the insula’s role in immu-
ity. There has been evidence for some time that the

nsula is critically involved in conditioned immuno-
uppression and that this region is involved in
he neuronal mechanisms important for evoking
n immune response (Ramirez-Amaya et al., 1996,
998). More recently, there has been a number of

d
T
o
s
(
i
t

Chronic autoimmune epilepsy

tudies suggesting that the insular cortex is also
nvolved in perception and transmission of informa-
ion from the peripheral immune system (Harrison
t al., 2009; Serrats et al., 2010; Doenlen et al., 2011;
ullmann and Schedlowski, 2011; Hannestad et al.,
012). Other studies have demonstrated that systemic
nflammation has direct physiological effects on the
nsular cortex, inducing rapid changes in microstruc-
ure and metabolism (Harrison et al., 2009; Hannestad
t al., 2012; Benson et al., 2015; Karshikoff et al., 2016).
ow this is mediated remains unclear, but it has
een postulated to involve both autonomic and neu-
oendocrine pathways via the hypothalamic pituitary
xis (Ader et al., 1995). However, given the consis-
ent involvement of the insular-opercular areas in
he autoimmune epilepsies reviewed in our series, it
eems possible that there is a more direct immuno-
ogical communication with this area, which when
isrupted could result in area-specific autoimmunity.
more controversial idea would be that an affected

nsula could in fact upregulate auto-destructive anti-
odies by aberrant signalling to the immune system.
oth ideas are of course speculative and require fur-

her targeted research.
nother common element in the cases reviewed in
ur series was prior brain insult. This might explain
ow antigenic exposure and immune sensitisation is
ccurring in these patients. In the normal brain, the
BB is protective, preventing the passage of immune
ells and antibodies into the brain parenchyma. Where
here is BBB disruption, there can be infiltration of
hese cells leading to inflammation and autoantigen
xposure. This has been demonstrated in patients with
erpes encephalitis, which leads to development of
MDAR antibodies (Armangue et al., 2014, 2015). Fur-

hermore, in animal studies, it has been shown that
ensitised T cells can increase BBB permeability, ulti-
ately compounding the problem (Lassmann et al.,

988). Currently, the evidence for this is not well estab-
ished enough to draw conclusions. Furthermore, this
elationship in epilepsy is unclear. Head injury is a
nown risk factor for epilepsy and this finding on its
wn cannot be causally linked. However, this was less
ommon in the antibody-negative group, occurring in
nly 16% of cases.
ccumulation of insults might result in a multi-hit
odel of disease acquisition and could explain prior

ndings that antineuronal antibodies exist in a certain
ercentage of patients that do not express the typical
447

iseases associated with them (Hammer et al., 2014).
here is also evidence to suggest that the presence
f antibodies, especially to intracellular targets, repre-
ents an epiphenomenon of another disease process
Fang et al., 2017). If this is the case, then the remain-
ng question is which one of these insults predisposes
he perisylvian region to be affected in autoimmune
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pilepsy. Is the BBB in this location more susceptible to
njury, or do immune cells aggregate here due to some
tructural or anatomical difference? Or perhaps there
s some more specific difference in the insula, which
s involved in its immunological communication that
lso makes it more susceptible to immune attack. This
ight explain why in other immune-mediated condi-

ions such as Rasmussen’s encephalitis and FIRES,
nflammation is seen to begin in the perisylvian region
Nabbout et al., 2011; Varadkar et al., 2014). It might also
rovide insights into other observations in immune-
ediated conditions, such as multiple sclerosis, in
hich epilepsy is seen to occur most commonly in
atients with lesions in the insula and mesial temporal
egions (Rizzi, 2009).

imitations

here are some clear limitations of this study due to
ts retrospective design and small sample size. We
ave included a heterogeneous group of seropositive
atients with a diversity of neuronal autoantibodies.
e have not considered antibody-negative cases with

resumed limbic encephalitis, cases presenting in the
cute phase, or cases of non-specific antibody positiv-
ty. Our results are based on observational data and
hese findings need to be confirmed in a prospec-
ive controlled trial with systematic testing and analysis
f a large group of patients. This would also help
onfirm the possible associations with head injury
nd increased rates of depression. These findings in
pilepsy are not an uncommon constellation, and the

ink with autoimmunity in these cases remains unclear.

onclusion

n cases of medically refractory, lesion-negative
pilepsy, with predominant perisylvian semiology, clin-

cians should have a high level of suspicion for
he diagnosis of autoimmune aetiologies and a low
hreshold to perform autoantibody screening. This is
specially true if there are electrographic abnormali-
ies in the mid temporal region, a previous history of
ead injury, or co-morbid depression. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
48
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