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IMPROVEMENT OF GAD65-ASSOCIATED
AUTOIMMUNE EPILEPSY WITH TESTOSTERONE
REPLACEMENT THERAPY

Treatment response in autoimmune epilepsy is varia-
ble. Achieving seizure reduction is often dependent
on the specific neuronal antibody.1,2 Glutamic acid
decarboxylase 65 (GAD65)-associated epilepsy is
among the most challenging of the autoimmune epi-
lepsies to treat, often requiring multiple antiepileptic
drugs (AEDs) and aggressive immunotherapy to
attain a reduction in seizure frequency.3

There have been reports of improvement in sei-
zure frequency in nonautoimmune epilepsy following
administration of testosterone.4–6 However, the asso-
ciation between sex steroids and autoimmunity is not
clear, with no established association of sex hormone
responsiveness in cases of autoimmune epilepsy. We
present a case of immunotherapy- and AED-resistant
GAD65-associated autoimmune epilepsy demon-
strating sustained improvement with exogenous tes-
tosterone replacement.

Classification of evidence. This report provides
Class IV evidence. It is a single observational study
with no controls.

Case report. A 47-year-old Caucasian man developed
transient episodes of piloerection initially involving the
right face with progression to the right and left upper
extremity. The episodes were associated with positive
visual phenomena, as if “looking through water.”
Episodes lasted 30–60 seconds and occurred up to
20 times daily. There was no associated loss of
consciousness. He could hear during events but was
unable to interact. Auras included a metallic taste in
the mouth, diaphoresis, and/or fatigue.

Past medical history was notable for hypothyroid-
ism, a remote left varicocele repair, and remote
removal of a benign testicular growth. CSF analysis
was notable for positive GAD65 antibodies (.250
IU/mL). Serum evaluation was repeatedly positive
for GAD65 antibodies (.250 IU/mL) and notable
for low testosterone (226 ng/dL; reference range 240–
950 ng/dL). EEG revealed paroxysmal single sharp
waves over the right temporal lobe. MRI of the brain

with contrast was unremarkable. Whole-body PET
CT demonstrated decreased uptake in the bilateral
temporal lobes, right greater than left.

The patient was treated with varying regimens of
IV methylprednisolone, IV immunoglobulin, and
plasma exchange. Throughout his course, he was on
varying doses of oral prednisone ranging from
20 mg to 100 mg, depending on seizure severity.
He was able to tolerate only low-dose mycophenolate
mofetil. He experienced brief improvement in his
symptoms with many of these regimens, without sus-
tained benefit. Both oxcarbazepine and levetiracetam
were trialed separately for treatment of the seizures,
with no significant improvement noted. Clonazepam
caused paradoxical agitation.

During the course of treatment, the patient was
diagnosed with primary hypogonadism based on
small testes bilaterally, reduced libido, reduced testos-
terone, and mildly elevated follicle-stimulating hor-
mone. Testosterone replacement therapy (200 mg
IM every 14 days) was initiated, and the patient sub-
sequently noted improvement in seizure frequency
and duration and an improved level of functioning.
He reported increased seizure frequency (returning
to 15–20 seizures daily) at a testosterone level
,600 ng/dL. At a level .700 ng/dL, however, he
experienced only 1–4 seizures daily.

He was admitted for long-term EEG monitoring
to objectively verify his observations given the risks
of ongoing testosterone replacement therapy. Testos-
terone therapy was discontinued the week prior to
admission, but he was otherwise maintained on his
home regimen of immunosuppression and AEDs,
including prednisone 15 mg daily, mycophenolate
mofetil 500 mg bid, and lamotrigine 200 mg bid,
none of which were changed in the several months
prior to admission. During the 15-day admission,
43 of 46 captured episodes (31 partial seizures and
22 electrographic seizures) lateralized to the right
and localized to the broad right fronto-temporo-
central areas and at times the entire right hemisphere
(figure 1). Three of 46 captured episodes were char-
acterized as auras with no apparent electrographic
correlate but may have represented simple partial seiz-
ures subject to the detection limitations of scalp EEG.
There was an increase in seizure frequency with
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decreasing testosterone levels. As a result, on day 9
(testosterone level 394 ng/dL), 200 mg of IM testos-
terone was administered, with a subsequent dramatic
reduction in both electrographic seizure frequency
and duration correlating with increasing serum tes-
tosterone levels (figure 2). The reduction in seizure

frequency and severity on testosterone replacement
has been sustained for more than 1.5 years.

Discussion. In this case, long-term EEG monitoring
established a correlation between increasing serum
testosterone levels and a sustained reduction in

Figure 1 Ictal and interictal EEGs

(A, B) Electrographic seizure of 26-second duration. Clinically, the patient reported having a difficult time interacting or
communicating, with associated piloerection. Electrographically, ictal onset (A, arrow) consisted of single right fronto-
temporal sharp and slow waves followed in 2 seconds by a run of right frontotemporal sharp waves that built up to 3
Hz and then evolved to 2 Hz before ictal termination (B, arrow). (C, D) Interictal epileptiform discharges. Right frontotem-
poral sharp and slow waves (C) and right frontotemporal sharp and slow waves followed by right frontotemporal delta
slow activity (D).
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seizure frequency and intensity. The mechanism
whereby testosterone mediated this effect for this
patient is unclear, but androgen deficiency with
reduced testosterone levels and low fertility has been
documented in men with epilepsy.7 There have also
been reports illustrating an improvement of
nonautoimmune epilepsies following administration
of testosterone.4–6,8

Mechanistically, testosterone metabolism in-
volves production of 2 metabolites, dihydrotestos-
terone (DHT) and estradiol (E2), with proposed
opposing effects. DHT has been shown to block
NMDA transmission, reducing glutamatergic trans-
mission and overall reducing excitability through
metabolism via the 5a reductase pathway.9 Con-
versely, E2 has demonstrated varying properties,
including both proconvulsant and antiseizure ef-
fects. Proposed blockade of conversion to E2 with
aromatase inhibitors (such as testolactone) has been
shown to reduce seizure frequency to a greater extent
than testosterone therapy alone in men with refrac-
tory complex partial seizures and hypogonadism.8,10

Given the risks associated with exogenous testoster-
one replacement, routine testosterone replacement
in the absence of documented testosterone defi-
ciency is not recommended, nor is the use of exog-
enous testosterone as an antiepileptic agent. Further
understanding of the relationship between sex hor-
mones and epilepsy is necessary.

This case highlights the need for increased atten-
tion to the possible role of endocrinologic abnormal-
ities in patients with autoimmune epilepsy and the

need to address such abnormalities because they
may play a role in worsening the epilepsy, particularly
in autoimmune epilepsies that are less responsive to
immunosuppressive therapy.3
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Figure 2 Serum testosterone level and seizure frequency

There was a dramatic reduction in both electrographic seizure frequency and duration after testosterone infusion on day 9,
correlating directly with increasing serum testosterone levels.
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