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ABSTRACT – Anti-glutamic acid decarboxylase (GAD) antibody-associated
autoimmune encephalitis has been reported mostly as limbic encephali-
tis. Only few cases with extralimbic involvement are reported with
limited investigation. Here, we report an extensive investigation with
MRI, PET, and pathological examination. A 66-year-old Japanese female
with a history of hypothyroidism, colon cancer, pheochromocytoma,
and thymoma-associated myasthenia gravis presented with generalised
tonic-clonic seizures. MRI showed multiple hyperintense lesions and PET
showed hypermetabolic lesions in the brain. Biopsy showed non-specific
gliosis, microglial proliferation, and perivascular lymphohistiocytic infil-
trates. Various neuronal antibodies were negative, except for anti-GAD
antibody. Anti-GAD antibody-associated encephalitis is an increasingly
recognised CNS disease. Pathophysiology of this encephalitis is unclear.
While PET showed hypermetabolic lesions, the biopsy showed non-specific
changes. The treatments may include immunosuppressants, IVIg, and

er to measure this antibody, in addi-
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paraneoplastic neuronal autoan-
tibodies have recently been
discovered to be associated with
neurological syndromes (Vincent
et al., 2011). These antibodies
include anti-voltage-gated potas-
sium channel (VGKC) antibody,

(NMDAR) antibody, anti-gamma-
aminobutyric acid-B receptor
antibody, and anti-glutamic acid
decarboxylase (GAD) antibody
(Vincent et al., 2011). Among them,
anti-GAD antibodies have been
identified in neurological diseases

mailto:michikobruno@gmail.com
mailto:gotarokojima@yahoo.co.jp


Journal Identification = EPD Article Identification = 0666 Date: September 15, 2014 Time: 3:31 pm

E

s
p
I
o
r
s
u
l
e
i
i
r
w
r

C

A
o
t
p
o
m
c
y
a
h
s
L
t
s
f
fl
h
e
a
t
r
o
P
r
l
W
B
l
s
h
p
i
p
N
n
t
t
n
(

p
2
g
n
a
k
a
O
s
i
d
i
b
E
c
f
r
(
a
p
V
r
t
i
b
d
l
D
s
p
(
m
l
l
a
i
r
c
E
d
M
i
a
m
i
w
a
i
r
r

uch as stiff-person syndrome, cerebellar ataxia, and
alatal myoclonus (Nemni et al., 1994; Saiz et al., 2008;

shida et al., 2008; Squintani et al., 2012). Rare cases
f anti-GAD antibody-associated encephalitis are also
eported as limbic encephalitis involving the limbic
ystem (Vincent et al., 2011). Extralimbic lesions are
ncommon and have been demonstrated only in a

imited number of reports (Peltola et al., 2000; Malter
t al., 2010; Cianci et al., 2010; Najjar et al., 2011). This

s the first report to present an extensive investigation,
ncluding MRI, PET, and pathological examination, of a
are case of anti-GAD antibody-associated encephalitis
ith extralimbic involvement, in which the patient had

efractory seizures and developed palatal myoclonus.

ase study

66-year-old Japanese female developed a new onset
f generalised tonic-clonic seizures, preceded by

hree days of auditory hallucinations. After a brief
ost-ictal state, she became alert and oriented with-
ut neurological deficits. Her medical history included
ultiple cancers (colon cancer and pheochromo-

ytoma, both in remission after resection seven
ears ago, and thymoma-associated myasthenia gravis,
lso in remission after thymectomy 18 months ago),
ypothyroidism, and osteoporosis. She was an active
moker (50 packs/year) and used alcohol occasionally.
aboratory and cerebrospinal fluid (CSF) examina-
ions were unremarkable except for low thyroid
timulating hormone at 0.19 �IU/mL, with normal
ree T4 at 1.4 ng/mL. MRI of the brain revealed T2-
uid-attenuated inversion recovery sequence (FLAIR)
yperintense mass-like lesions without gadolinium
nhancement in the right temporal lobe and left
nterior superior frontal gyrus (figure 1A). The right
emporal lobe lesion was extensive and involved the
ight internal and external capsules. Magnetic res-
nance angiogram of the brain was normal. Brain
ET showed multiple hypermetabolic lesions in bilate-
al frontal, right temporal, and right parietotemporal
obes corresponding to the MRI lesions (figure 1B).

hole-body PET was negative for occult malignancy.
rain biopsy was performed on the right temporal

obe lesion based on suspicion of brain metasta-
is in the light of the imaging findings, as well as
er previous history of multiple malignancies. The
athology showed only non-specific changes includ-

ng mild gliosis, microglial proliferation (figure 1C), and
erivascular lymphohistiocytic infiltrates (figure 1D).
pileptic Disord, Vol. 16, No. 3, September 2014

o overt demyelination, neoplasm, microglial nodule,
euronophagia, or viral inclusion were observed and

he bacterial and fungal cultures were negative. Serum
itres for anti-N-type and anti-P/Q-type calcium chan-
el antibody, anti-Purkinje cell cytoplasmic antibody

type 1, 2, and Tr), anti-collapsin response-mediator
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Extralimbic anti-GAD antibody-associated encephalitis

rotein-5 antibody, anti-neuronal nuclear antibody 1,
, and 3, anti-amphiphysin antibody, and anti-neuronal
anglionic acetylcholine receptor antibody were all
egative. Antibodies against acetylcholine receptor
nd striated muscle were detected, which were already
nown to be positive. She was neurologically stable
nd discharged with levetiracetam.
ne week later, she suddenly developed confu-

ion, aphasia, and left-sided weakness. MRI revealed,
n addition to enlargement of the previously-
emonstrated lesions, multiple new T2/FLAIR hyper-

ntense lesions without enhancement throughout the
rain. After admission, she went into status epilepticus.
EG showed periodic lateralising epileptiform dis-
harges from the left temporal area and independent
requent epileptiform discharge from the right tempo-
al area. CSF examination showed 25 leukocytes/mm3

97% lymphocytes) with normal glucose and protein,
nd was negative for gram stain, culture, and her-
es simplex virus-1/2 PCR. Serum antibodies against
GKC and NMDAR were negative. Her seizures were
efractory to levetiracetam, lacosamide, and fospheny-
oin, but ultimately resolved after a five-day course of
ntravenous methylprednisolone. Repeat MRI of the
rain was essentially unchanged; no new lesions were
emonstrated. She was discharged with levetiracetam,

acosamide, phenytoin, and tapering steroid.
uring the next four months, she was clinically

table but the follow-up MRI demonstrated multi-
le relapsing-remitting lesions throughout the cortex

figure 1E and 1F). Azathioprine was added to monthly
ethylprednisolone (two days/month). Four months

ater, she developed a left facial twitch, involving her
ips and tongue, with palatal myoclonus (see videos 1
nd 2). Valproic acid was ineffective and intravenous
mmunoglobulin at 2 mg/kg resulted in only a partial
esponse. Botulinum toxin injection to the facial mus-
les resolved the facial twitching.
ight months after the original presentation, she
eveloped another generalised tonic-clonic seizure.
RI revealed new non-enhancing FLAIR/T2 hyper-

ntense lesion on the left temporal pole. She was
gain treated with a five-day course of intravenous
ethylprednisolone, which resulted in dramatic

mprovement. Additional investigation revealed a
eakly positive titre of anti-GAD65 antibody (<1:600),

s well as elevated anti-thyroglobulin antibod-
es (2,660 IU/mL), anti-TPO antibodies (698 IU/mL),
heumatoid factor (114 IU/mL), and anti-cyclic cit-
ullinated peptide antibodies (31.9 IU/mL). Anti-LGI1
ntibody and anti-CASPR2 antibody were negative.
359

onthly intravenous methylprednisolone was
ncreased to four days/month, in addition to her
zathioprine, and she has been neurologically stable
ithout further seizures or residual neurological
eficits and the MRI lesions have completely resolved.
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igure 1. Fluid-attenuated inversion recovery sequence of MRI s
ior superior frontal gyrus (A). Brain PET revealed multiple hype
he right temporal lobe lesion showed non-specific changes incl
hohistiocytic infiltrates (D) (haematoxylin-eosin staining; origin

fluid-attenuated inversion recovery sequence) showed multiple

iscussion

nti-GAD antibody-associated encephalitis is an
ncreasingly recognised central nervous system
isease. In the reported cases of anti-GAD encephali-

is, brain lesions are mostly confined to the limbic
reas (Cianci et al., 2010; Malter et al., 2010), commonly
resenting with refractory seizures (Malter et al.,
010). Other clinical manifestations include dementia,
ncephalopathy, and rarely palatal myoclonus or
xtralimbic involvement (Peltola et al., 2000; Malter
60

t al, 2010; Cianci et al., 2010; Najjar et al., 2011).
ET and pathological examinations of anti-GAD
ntibody-associated encephalitis are scarce. In our
atient, PET showed very hypermetabolic lesions; this
aised concern for metastatic lesions, given her history
f multiple cancers, and lead to biopsy. Pathological
xamination performed before immunosuppressive

v
T
r
w
p
a
p

d hyperintense lesions in the right temporal lobe and left ante-
tabolic lesions corresponding to the MRI lesions (B). Biopsy of
g mild gliosis, microglial proliferation (C), and perivascular lym-
agnification: x10). A series of follow-up brain MRI investigations
psing-remitting lesions throughout the cortex (E and F).

reatment showed only non-specific changes, with-
ut overt inflammation. This discrepancy between PET
nd pathology may point to a more synaptic mecha-
ism of anti-GAD antibody-associated encephalitis. In

he literature, one case of PET demonstrated hyper-
etabolism at the onset of encephalitis, similar to our

atient (Blanc et al., 2009). Few pathological exami-
ations of anti-GAD antibody-associated encephalitis
ases have shown relatively non-specific encephalitis
Malter et al., 2010; Najjar et al., 2011), as in our case,
ut one case showed concomitant encephalitis and
Epileptic Disord, Vol. 16, No. 3, September 2014

asculitis (Najjar et al., 2011).
he clinical course of our patient was relapsing-
emitting and it required long-term immunotherapy
ith azathioprine and monthly intravenous methyl-
rednisolone. Treatments for anti-GAD antibody-
ssociated encephalitis include intravenous methyl-
rednisolone, intravenous immunoglobulin, plasma
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Squintani G, Bovi T, Ferigo L, et al. Efficacy of pregabalin in a
case of stiff-person syndrome: clinical and neurophysiologi-
cal evidence. J Neurol Sci 2012; 314: 166-8.

Vincent A, Bien CG, Irani SR, Waters P. Autoantibodies associ-
ated with diseases of the CNS: new developments and future
challenges. Lancet Neurol 2011; 10: 759-72.
xchange, and other immunosuppressive agents, such
s azathioprine (Najjar et al., 2011), cyclophosphamide,
Malter et al., 2010), mycophenolate mofetil (Cianci
t al., 2010), and rituximab (Cianci et al., 2010).
nti-GAD antibody-associated encephalitis also shows
ariable response and frequently relapses when dis-
ontinuing or tapering the therapy (Peltola et al., 2000;
alter et al., 2010).

n summary, although Anti-GAD antibody-associated
ncephalitis is rare, measuring anti-GAD antibodies

n addition to other autoantibodies should be con-
idered in patients suspected to have autoimmune
ncephalitis. �
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Legends for video sequences

Video sequence 1

There is a continuous rhythmic 0.5 to 1 Hz involun-
tary myoclonic retraction of the tongue towards the
left, followed by slow protrusion. Myoclonic move-
ments are also noted in her left lip.

Video sequence 2

When she closes her mouth, 0.5 to 1 Hz myoclonic
movements are present in her left lower face
muscles, pulling the upper corner of the mouth
laterally, and upwards. Facial muscles innervated by
Zygomatic and Buccal branches of the facial nerve
(Zygomaticus Major/Minor, Risorius, and Orbicu-
laris Oris) are involved.

Key words for video research on
www.epilepticdisorders.com
pileptic Disord, Vol. 16, No. 3, September 2014

Syndrome: focal non-idiopathic (localization not
specified)
Etiology: encephalitis
Phenomenology: clonic (non epileptic), dyskinesias
(non epileptic), face
Localization: multifocal
Extralimbic anti-GAD antibody-associated encephalitis
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