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Antibodies against glutamic acid decarboxylase are reported in association with a number of neurological
conditions including limbic encephalitis. We report a case of anti-GAD-antibody associated encephalitis
presenting with super-refractory status epilepticus. We describe the clinical course, management, and
the outcome. In addition, we review the presentation and outcomes of reported cases of anti-GAD
encephalitis. Similar to the reported cases of anti-GAD encephalitis, our case was refractory to treatment
with conventional antiseizure medication. Treatment with intravenous immune globulin (IVIG), high
dose corticosteroids, and plasmapheresis had partial response, but escalation of treatment to the use
of tocilizumab was associated with significant clinical improvement.
� 2020 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Autoimmune encephalitis is increasingly recognized world-
wide. Glutamic acid decarboxylase (GAD) is an enzyme implicated
in the c-aminobutyric acid inhibitory neurotransmitter modula-
tion. Anti-GAD antibodies were reported in a variety of neurologi-
cal syndromes, that include limbic encephalitis, cerebellar ataxia,
and stiff person syndrome, with a highly heterogeneous clinical
presentation.

Autoimmune encephalitis particularly anti-GAD positive limbic
encephalitis usually presents with a prodrome of non-specific neu-
rological and neuropsychiatric symptoms including headache, irri-
tability, delusions, hallucinations, psychosis, and short-term
memory deficits [1]. Furthermore, some reports have linked anti-
GAD antibodies with epilepsy and status epilepticus including
epilepsia partialis continua [2] that are usually refractory to treat-
ment with conventional antiseizure medication (ASM) [2,3,4,5].

The incidence and patient characteristics in cases of anti-GAD
encephalitis is an area of interest and research worldwide given
the ambiguity of clinical presentation and rarity of the disease.
We present a case with anti-GAD antibodies manifesting as
super-refractory status epilepticus and describe the course of her
disease, with a stepwise approach to management, modalities of
treatment used and the outcome of her disease.
2. Case

We report the case of an eight year old developmentally normal
and previously healthy girl who presented to our institution for fur-
ther management of status epilepticus. She started experiencing
focal seizures with impaired awareness characterized by staring
without concomitant abnormal body movements. These seizures
began to occur four days following a febrile gastroenteritis. The ini-
tial brain MRI was normal. The initial EEG revealed right temporal
electro-clinical seizures. Cerebrospinal fluid infectious studies were
taken and the patient was started on empirical antibacterial and
antiviral therapy. Her seizures progressed in frequency to multiple
daily episodes of staring that failed to respond to antiepileptic drug
poly-therapy including lacosamide, levetiracetam, phenytoin, clon-
azepam, and valproic acid. Repeated brain MRI was also unreveal-
ing. She presented to our institution six days following her initial
seizures. On presentation, she was obtunded, disoriented, unre-
sponsive to verbal stimuli with normal power and hyperreflexia.

Extensive infectious and autoimmune serum and cerebrospinal
fluid (CSF) evaluation was performed. Initial CSF studies showed
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pleocytosis, 125 WBCs and the presence of 3 RBCs. CSF protein was
normal (0.29 g/L, normal range 0.1–0.5 g/L). CSF glucose was nor-
mal (70 mg/dL, normal range 40–70 mg/dL). Further studies were
performed on CSF samples and included a viral panel including
herpes simplex virus (HSV) PCR, culture, 16 S RNA, Tuberculosis
PCR, toxoplasma PCR, Brucella culture, EBV PCR, West Nile virus
PCR, anti-NMDA antibodies, anti-potassium channel antibodies,
anti GABA antibodies, ammonia, lactate, amino acids, neurotrans-
mitters and oligoclonal bands. CSF cytology was not done. Serum
autoimmune workup included anti-GAD antibodies. The method
of processing was through ELISARSRTM by Laboratoires Cerba� for
quantitative determination of autoantibodies to glutamic acid
decarboxylase (GAD65) in serum. The value of CSF anti-GAD anti-
bodies could not be obtained as the test is not available at our insti-
tution. Serum COVID19-PCR was tested twice and was negative.
Despite negative pan-cultures and a repeated CSF HSV PCR, broad
spectrum antibiotics and acyclovir, (that was later switched to fos-
carnet to cover for the possibility of acyclovir-resistant HSV), were
continued for a total of 21 days.

The patient was intubated a few hours after admission due to
refractory status epilepticus and was started on Midazolam drip
in addition to the ASM. Long term EEG monitoring showed fre-
quent electrographic multifocal seizures mainly from right and left
temporal areas. ASMs were adjusted with the addition of cloba-
zam, topiramate and perampanel. Attempt to initiate ketogenic
diet was unsuccessful due to an elevated lipase level, that reached
a maximum of 195 U/L.

In addition, due to a high suspicion for autoimmune encephalitis,
she was started on intravenous immunoglobulin at a dose of 1 gram
per kg on two consecutive days, followed by a 3-day course of high
dose methylprednisolone (30 mg per kg per dose). Unfortunately,
her seizures remained refractory despite high-dose of midazolam
(MDZ) infusion, therefore propofol IV drip was added as a continu-
ous infusion and induced a burst-suppression pattern on EEG. An
attempt to wean propofol after 72 h was unsuccessful, therefore it
was replaced with an IV ketamine drip. Phenobarbital was also
started, targeting a serum trough level in the high 40 s (mg/l) with
a partial seizure reduction. She also received 5 sessions of plasma
exchange two days after high-dose corticosteroids administration.

Ten days after admission, the ketogenic diet was initiated after
normalization of lipase level. Due to inadequate response to the
immunomodulatory therapies, tocilizumab was administered at a
dose of 8 mg/kg/day divided in two doses one week apart. The
patient became seizure-free 24 h following the first dose of tocili-
zumab and three days following the initiation of ketogenic diet.
Ketamine and MDZ infusions were weaned and discontinued. The
patient was successfully extubated a few days later.

At this time, the results of infectious and autoimmune workup
turned out to be unrevealing except for a positive serum anti-GAD
antibody level of 303.1 U/ml (reference range <5 U/ml). The diag-
nosis of anti-GAD encephalitis was confirmed. Further investiga-
tions for a paraneoplastic process including a chest x-ray and a
CT scan of abdomen and pelvis were unremarkable. The patient
showed rapid and significant clinical improvement and was dis-
charged home with normal cognition and a minor ataxia that is
improving. A timeline describing the frequency of seizures and
the various immunomodulatory therapies is illustrated in Fig. 1
(Appendix).

Upon follow up 1 month later, our patient was symptom-free
except for occasional breakthrough seizures, on three AEDs (phe-
nobarbital, levetiracetam, perampanel) and on a monthly tocilizu-
mab infusion schedule of 8 mg per kg. Her exam remained with no
evidence of focal weakness and normal cognition. Serum anti-GAD
antibody titer repeated three weeks later declined to 30 U/ml. A
follow-up brain MRI showed mild parenchymal brain atrophy.
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3. Discussion

Anti-glutamic acid decarboxylase antibodies have been discov-
ered in a number of neurological syndromes that include limbic
encephalitis [6,7], cerebellar ataxia [3] and stiff person syndrome
[8]. Anti-GAD syndromes are thought to be antibody-mediated,
mainly involving a B cells activation against GAD65 leading to
reduced neurotransmission at synapses [9,10]. Given the variabil-
ity in presentation of symptoms and uncertainty in independent
association of anti-GAD with the disease course, it has been hard
to assess basic characteristics like ethnicity, gender and incidence
of anti-GAD associated syndromes. Some reports have linked
anti-GAD antibodies with epilepsy and status epilepticus including
epilepsia partialis continua [9] that are usually refractory to treat-
ment with conventional ASM [2,3,4,5].

We have reported in this article the case of an 8-year-old girl
who presented to our institution with super-refractory status
epilepticus following a prodrome of a febrile illness clinically
resembling that of febrile infection-related epilepsy syndrome
(FIRES). NORSE and FIRES are both cryptogenic by definition, and
the outcome of both as reported by many literature sources is noto-
riously grim [11,12,13,14]. Based on the aforementioned data, the
finding of anti-GAD antibody positivity, and the decline in a repeat
anti-GAD antibody titer after treatment, coinciding with clinical
improvement, we came to the conclusion that we were dealing
with a case of anti-GAD encephalitis rather than a case of crypto-
genic NORSE or FIRES. In prior reports, GAD antibody titers were
not associated with the duration, frequency, or severity of the sei-
zures [15,16]. The cases reported in literature reporting concomi-
tant super refractory status epilepticus and anti-GAD antibodies
are scarce and in the majority depended on serum anti GAD levels,
even in modest elevation, for diagnosis. Khawaja et al reported
three cases of refractory status epilepticus associated with anti-
GAD antibodies based on elevated serum titer [5]. In addition, there
are no fixed guidelines on numerical cutoffs of serum and CSF val-
ues for the diagnosis. This renders the diagnosis of anti-GAD
encephalitis especially in the setting of super refractory status
epilepticus a judgement of the expert especially in the absence of
other etiologies that could explain the clinical progression. Other
etiologies that could result in a high anti-GAD antibodies reported
in the literature were mainly in the setting of diabetes mellitus
Type 1 or following the administration of IVIG [17]. Both of the
aforementioned settings were not applicable in our case. The
patient’s serum glucose levels were within normal limits through-
out hospitalization. The EEG in patients with GAD Ab-associated
epilepsy is usually nonspecific [4]. Continuous long-term EEGmon-
itoring in our case revealed multifocal seizures and discharges of
bilateral frontal and temporal predominance. These findings were
similar to those reported in the literature [4,18].

There are no pathognomonic radiological findings for anti-GAD
encephalitis, yet many reported anti-GAD limbic encephalitis cases
included temporal lobe involvement [6,19]. Normal MRI can be
present in up to 25% of the patients [6]. Serial Brain MRIs done
throughout our patient’s hospital course failed to define any struc-
tural abnormality, except for a mild parenchymal brain atrophy
noticed in the most recent MRI one month after the onset of symp-
toms, changes likely resulting from the prolonged status epilepti-
cus state effect rather than the etiology itself. A high serum
lipase level was seen in our patient, that could be a side effect of
valproate or propofol (although lipase was elevated before initia-
tion of the propofol infusion), yet this has been reported in associ-
ation with anti-GAD antibodies probably due to the presence of
GAD receptors in pancreatic cells [20].

Seizures in anti-GAD encephalitis are refractory to standard
ASM. Only a few GAD-epilepsy patients become seizure-free exclu-
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sively with ASM. Prior observations support the hypothesis that
GAD antibody associated neurological syndromes are mediated
by a dysfunction of GABAergic inhibitory circuits [21]. This might
explain why our patient responded to phenobarbital better than
the many other antiepileptics that have been used.

Given the relative rarity of the disease, limited evidence exists
to guide its management. As with many other antibody-mediated
neurological disorders, immunomodulatory therapy should be ini-
tiated when autoimmune encephalitis is clinically suspected, even
prior to anti-neuronal antibody detection, in addition to concomi-
tant use of ASM. In cases of autoimmune encephalitis, optimal
results in seizure control and prevention of long-term cognitive
and motor sequelae have generally been reported with early
aggressive immunotherapy [4], especially if initiated prior to any
visible brain MRI changes. Anti-GAD antibodies associated epilepsy
is quite resistant to immunomodulation therapy [4,23,24]. Intra-
venous methylprednisolone, IVIG and plasma exchange are the
standard first line immunotherapies, however, the response to
these therapies is typically only partial [4,5,22,25]. Other
immunomodulatory medications include rituximab, cyclophos-
phamide, mycophenolate mofetil, and azathioprine [4,22,25].
Recently, agents like tocilizumab, basiliximab, and natalizumab
have been advocated as alternative therapies with variable influ-
ence in the immunological poly-pharmacotherapy [4,24,25,26].

Our patient failed to show adequate response to standard ther-
apy withmethylprednisolone, IVIG, and plasma exchange. Tocilizu-
mab was used subsequently with sustained clinical improvement
and seizure control. Tocilizumab is an anti-interleukin 6 mono-
clonal antibody with direct impact on plasma cell survival, and
therefore antibody production. Initiation of tocilizumab was fol-
lowed by rapid and sustained improvement in previously reported
cases with refractory autoimmune encephalitis [26,27,28,29]. Ear-
lier treatment and escalation to second-line treatments are associ-
ated with better outcome in children. Some reports recommend
escalating to second-line therapy after 10–14 days if no significant
Fig. 1. Immunomodulatory therapies during hospitalization and average number of seizu
exchange. Hospital days are reported since arrival to our institution.
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improvement or if ongoing clinical deterioration is noticed follow-
ing first-line therapy [24,25]. In our patient, rapid escalation was
done between different treatment modalities within 1–2 days
when no adequate response was noticed. Therefore, it might be rea-
sonable to consider rapid escalation from initial therapy with con-
ventional immunomodulation to alternative novel immunological
agents if no appropriate fast response is observed.

4. Conclusion

Anti-GAD encephalitis is rare. The clinical manifestations of this
disease are heterogeneous. We report a case of anti-GAD encephali-
tis presenting with super-refractory status epilepticus. Despite her
protracted and frightful clinical course, our patient showed dra-
matic clinical improvement that we relate to the early use of
immunomodulatory therapy and rapid escalation to alternative
treatment options. The rapid symptomatic improvement particu-
larly after tocilizumab and the ketogenic diet renders these two
therapeutic modalities as therapies of interest that could be further
studied and may be considered in similar cases of super refractory
status epilepticus with a presumed autoimmune etiology. Further
studies are needed to better characterize the efficacy of treatment
modalities and immunomodulatory therapy in such a rare disorder.
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