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Neuroinflammation has been considered an important pathophysiological process involved in epilepto-
genesis and may provide possibilities for new treatment possibilities. We present the case of a 45-
year-old female with drug resistant epilepsy and progressive right-sided cerebral hemiatrophy associated
with adult onset Rasmussen’s encephalitis. Over a period of 26 years, she was treated with 14 different
antiseizure medications, intravenous immunoglobulins, glucocorticosteroids, underwent two operations
with focal resection and subpial transections, and tried out trigeminal nerve stimulation. Extensive blood
tests, including antibodies relevant for autoimmune encephalitis, and brain biopsy did not show any
signs of neuroinflammation.
Eventually, the patient received the interleukin-1 receptor antagonist, anakinra. Within 1–2 days after

injection, seizure frequency decreased significantly, and, after one week, the seizures stopped completely.
Anakinra treatment was continued for 2 months. Stopping medication led to a relapse of seizures after
2 weeks, with a frequency of up to 45 seizures per day. Reintroduction of anakinra led to rapid recovery.
Treatment with anakinra was continued for 7 months. The treatment was discontinued in April 2020, and
the patient has been completely seizure free since then. There have been no other changes in antiseizure
medication.
� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

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

Inflammation is increasingly recognized as a key contributor to
epilepsy [1]. Although the involvement of inflammatory processes
in seizure generation and maintenance has been established, their
role in progressive epilepsies is still unknown [2]. As epilepsy may
originate from a large variety of brain pathologies, inflammatory
processes may be distinctive regarding where, when, and how they
are involved, and the battery of inflammation mediators and path-
ways that they contribute may also be characteristic. Rasmussen’s
encephalitis (RE) is a slowly progressive disease characterized by
drug-resistant focal epilepsy often in the form of Epilepsia Partialis
Continua, hemiparesis and progressive cognitive decline with cere-
bral hemiatrophy [3–5]. Neuropathological and immunological
studies support the notion that RE is an immune-mediated disease
associated with both adaptative immune reactions, with T-
lymphocyte responses, and microglia-induced degeneration [4,6].

An increasing body of evidence indicates a potential effect of
immunosuppressive therapy in RE, including high-dose corticos-
teroids, intravenous immunoglobulin (IVIG), and plasmapheresis,
but also immunomodulatory agents like tacrolimus, and azathio-
prine, rituximab, and natalizumab [4,7–9]. However, it is unclear
if immunotherapy can modify the long-term outcome like cogni-
tive decline and neurological deterioration [5,10]. Generally,
knowledge is sparse regarding the most appropriate choice and
timing of anti-inflammatory therapy.

Anakinra is a recombinant and slightly modified form of the
endogenously expressed interleukin-1(IL-1) receptor antagonist
(IL-1Ra) that blocks the activity of both IL-1a and IL-1b. IL-1a
and IL-1b are expressed in neurons and glial cells, and both recep-
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tors trigger inflammation upon stimulation. IL-1 is a proinflamma-
tory cytokine implicated in the pathogenesis of several autoinflam-
matory disorders [11]. IL-1b has ictogenic properties in various
seizure models and has been shown to contribute to the generation
of febrile seizures in rodents [12,13]. Further, IL-1 receptor antag-
onists have been shown to have pronounced anticonvulsant activ-
ity in mice [14,15] and inhibition of IL-1b synthesis, even after
epilepsy onset, may prevent epileptogenesis [16]. Thus, as an IL-
1Ra, anakinra is an attractive new treatment option. The drug is
currently used for rheumatic diseases in adults where disease-
modifying anti-rheumatic drugs have failed, and in rare diseases
like macrophage activation syndrome [11].

There are a handful of case reports of patients with febrile
infection-related epilepsy syndrome (FIRES) or other autoimmune
status epilepticus syndromes being treated successfully with ana-
kinra [17–19]. Here we present a 45-year-old female patient, with
adult onset Rasmussen’s encephalitis, showed a significant
response following late-introduced treatment with anakinra.
Case report

Our patient is a previously healthy 45-year-old female who pre-
sented with her first epileptic seizure, a focal seizure with impaired
awareness (FIAS) followed by focal to bilateral tonic-clonic seizure
(FBTCS) at the age of 17 years. A timeline is shown in the Fig. 1. At
the age of 24 years, she was hospitalized after a FBTCS. Investiga-
tion of the cerebrospinal fluid (CSF) showed a slightly increased
cell count indicating a possible viral infection, and the patient
was therefore treated with acyclovir. A cerebral MRI scan was nor-
mal, while EEG showed sharp activity in the right frontal region.
Subsequent CSF investigations have been negative for encephalitic
antibodies, and repetitive tests have shown normal CSF cell count
(Table 1).

Between the ages of 18 and 26 years the patient had sporadic
seizures of different semiology, including: 1) focal aware seizures
(FAS), typically starting with jerking in the left shoulder, arm,
and face, sometimes followed by head rotation, 2) FAS evolving
to FIAS with speech arrest, and 3) sporadic FBTCS. At that time,
repetitive EEG examinations showed epileptic activity in the right
frontotemporal region without clinical correlation.

At the age of 27 years, a presurgical assessment was performed.
It was not possible to precisely locate the epileptic focus other than
to the right hemisphere and surgery was rejected. In the following
Fig. 1. A timeline presenting the medical history including seizure
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years, she was hospitalized for weeks to months several times per
year due to serial attacks or focal status epilepticus with FIAS/FAS.

Four years after presurgical assessment, a cerebral MRI showed
focal frontal right-sided cortical edema and a somewhat more
marked Sylvian fissure (Fig. 2).

At 35 years of age, the patient was hospitalized due to severe
clinical deterioration, with 10–20 FAS and FIAS per hour. She was
treated with a multitude of different antiseizure medications
(ASMs) at high dosages, including i.v. valproate, fos-phenytoin,
levetiracetam, clonazepam, and lacosamide. Immunoglobulins
and high-dose i.v. steroids were ineffective. Non-invasive trigemi-
nal nerve stimulation was also tried without success. In total, she
was continuously hospitalized for 8 months.

At that time, MRI showed atrophic involvement of the entire
right hemisphere and several smaller areas of gliotic/edematous
changes cortically, frontally and related to the insula, concurrent
with post-epileptic changes.

One year later at the age of 36 years, she was operated twice,
first with a resection of focal epileptic tissue in sensory cortex of
the right parietooccipital region (histopathology results are pre-
sented in Table 1). Due to lack of seizure control, she was re-
operated with multiple subpial resections in the right motor cor-
tex. Gradually her epilepsy improved and, 3 months after her sec-
ond operation, she was discharged from hospital. At that time, she
was treated with phenobarbital, phenytoin, and clonazepam.

In the following years, the patient was hospitalized several
times annually. Clinically, she gradually deteriorated with a pro-
gressive left-sided spastic hemiparesis and a moderate cognitive
impairment.

In June 2019, the patient was again admitted to our hospital
with increasing seizure frequency. On admission she had more
than 20 seizures per hour. No ASM regimen was effective and sei-
zure frequency was unaltered for several weeks. At that time, the
patient had tried 14 different ASM (briviact, carbamazepine, cloba-
zam, clonazepam, gabapentin, lacosamide, levetiracetam, lamot-
rigine, perampanel, phenobarbital, phenytoin, topiramate,
valproate, zonisamide). A high dose pulsed i.v. corticosteroid ther-
apy with methylprednisolone 1 g/day for 5 days did not lead to any
improvement, nor did IVIG treatment.

An MRI scan of the brain showed seizure-related signal changes
consistent with edema in the right parietotemporooccipital region
and posteriomedially in the right thalamus in addition to progres-
sive hemiatrophy (Fig. 2). EEG now showed occasional indepen-
dent seizures arising from the left frontal region, in addition to
burden, neuroimaging findings and most important treatment.



Table 1
Supplementary examinations.

Test Date of test Result

MRI 1992 Normal
2003 3 Tesla MRI normal
2007 Slightly atrophy over the right frontoparietal region
2012 More marked atrophy, most prominent in the right frontal lobe. Increased enhancement in different areas in the

right hemisphere, some resembling edema
2016 Increased atrophy in the right frontoparietal region
2019-April Considerable loss of brain substance in the right hemisphere and in mesencephalon, pons and diffuse symmetrical

atrophy of cerebellum.
2019- June New edema with diffusion restriction in the right cortical parietooccipital region and in the right thalamus,

representing ictal/ post ictal activity
2019-Septembre Considerable loss of brain substance in the right hemisphere and in mesencephalon, pons and cerebellum -

unchanged from April 2019
Brain pathology 2012 Brain biopsy: reactive gliosis and nerve cell loss in the gray matter of the brain, slight lymphocyte infiltration.

Immunostaining for B and T cells did not show any significant changes except for a few CD3 positive T-cells
perivascularly. No increase in CD20 positive B-cells.

Cerebrospinal fluid 2000 Slight increase in leucocytes
2012/ 2013/2019 Normal with regards to cell count, protein, glucose ratio. Encephalitis antibodies negative for: anti-NMDA, AMPA1,

AMPA 2, Gabareceptor B1, Contactin-associated protein 2, Leucin-rich glioma- inactivated protein 1, anti-CASPR2,
anti-DPPX

Blood tests 1992–2020 SR, CRP, white blood count: normal; encephalitis antibodies: Negative
EEG 2002 Epileptiform discharges were present and most prominent in the right frontal region, but also seen in in the

temporal region
2019-June Focal status epilepticus, with some clinical seizures starting in the right occipital region
2019-September Slow (theta and delta) activity bilaterally, and additionally more focal slowing over the right frontotemporal

region. Sharp waves were also seen in this region, but were less frequent than in July
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focal status epilepticus in the right temporoparietal region
(Fig. 3a).

On July 11th 2019, anakinra (Kineret) 100 mg sc. � 1 was intro-
duced. Within 1–2 days after injection, seizure frequency
decreased significantly, and, after one week, the seizures stopped
completely followed by a marked improvement in EEG (Fig. 3b).
After 2 months, the treatment with anakinra was stopped, which
led to a relapse of seizures after 2 weeks, with a frequency of up
to 45/day. Reintroduction of anakinra led to rapid recovery with
an approximate latency to control of 10 days. Treatment with ana-
kinra was further continued for 7 months. The patient has been sei-
zure free since then (13 months). No definite side effects occurred,
but the patient experienced pneumonia on one occasion after
introduction of anakinra, and was prone to urinary infections.
While she still presents with a spastic paralysis of her left arm.
Her cognitive function has slightly improved.
Discussion

This report demonstrates a dramatic effect of treatment with
anakinra in a patient with adult onset RE. Clinically, the epilepsy
started during adolescence with low frequency focal seizures and
few episodes of FBTCS. Over time, seizure frequency and severity
increased, with increasingly long periods of hospitalization and
progressive neurological and cognitive deficits. Radiologically, the
patient developed progressive loss of brain volume, starting with
localized cortical thinning evolving to extensive brain hemiatrophy
(Fig. 2). Based on reports from case series it is estimated that 10% of
all RE patients have late-onset of symptoms [4,5,20]. The clinical
course of adult onset RE seems to be slower and less severe than
in children. It is reported more frequent FIAS and less likely Epilep-
sia Partialis Continua. Patients suffer from mild cognitive deficit
and have better outcome [20]. Autoantibodies are rarely described
[4,20]. The typically protracted evolution of symptoms can delay
correct diagnosis, as in our patient. We did not find any evidence
of an ongoing inflammatory process in CSF analyses, PET, numer-
ous MRI scans, and brain biopsy. No autoantibodies were detected
in our patient.
3

Before introduction of anakinra, the patient’s condition had
worsened with further progression, involving also the ipsilateral
occipital region, which was visible in both EEG and MRI. In this
clinically very difficult situation, anakinra treatment was tried
despite any evidence of inflammation and earlier poor responses
to IVIG and corticosteroids. The response to anakinra was almost
immediate, with seizure freedom within approximately a week.
The fact that seizures returned upon cessation of anakinra after
two months, and that a reintroduction of the drug once again ini-
tiated immediate improvement with seizures control after 10 days,
leaves us feeling convinced that the effect is induced by the
medication.

Inflammation, and particularly pro-inflammatory cytokines
such as IL-1, are increasingly recognized as being involved in the
pathogenesis of seizures and epilepsy [21,22]. In several different
animal models of epileptogenesis, pharmacologic blockade of IL-1
through the use of IL-1Ra, resulted in the reduction of seizures
and cellular injury [15,23–25]. Taken together these findings
encourage further studies, including clinical trials with specific
anti-inflammatory medication including IL-1R blockers [23].

A recent publication from Liba et al., reported on seven patients
with RE who were treated with different immunosuppressive
agents [6], but none of medications was targeting IL-1R. Although
T cell-targeted therapy substantially reduced inflammation in
brain tissues, intractable epilepsy persisted clinically in these
patients. This result suggests a relative independence of seizure
activity and the presence of T- cell inflammation in the brain. This
is interesting because neuropathological and immunological stud-
ies support the theory that RE is probably driven by a response to
one or more antigenic epitopes, with potential additional contribu-
tion by autoantibodies [4]. The mode of action of anakinra differs
from those of the substances used in the study by Liba et al. [6].
IL-1Ra has been used in the treatment of FIRES. To date, there are
no reports describing use of IL-1Ra in RE. Our case shows that ana-
kinra can be considered a possible treatment alternative in drug-
resistant epilepsies with a proposed immunological background
like RE.

So far, we do not have an algorithm for treating adult patients
with epilepsy with anakinra. The treatment regime for the present



Fig. 2. Axial T2 and coronal FLAIR MR images 2008 (age 32 years)(a and b), 2013 (age 37 years)(c and d), June 2019 (e and f) and September 2019 (age 43 years)(g and h). First
examination (a and b) showed focal frontal right-sided cortical edema (arrows), otherwise normal. Second examination in 2013 (c and d) revealed right sided hemiatrophy
and status after subpial resection. In June 2019 (e and f) there was progressive hemiatrophy and extensive parietooccipital cortical edema (arrows). The edema had subsided
in September 2019 (g and h).
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Fig. 3. A) Longitudal EEG recording demonstrating marked epileptic activity during a seizure shortly before treatment with anakinra. The trend analysis (spectrogram) shown
on top shows four epileptic seizures within the 30 min registration period. B) Longitudinal EEG recording 6 weeks after start of anakinra with no ongoing epileptic activity. No
seizures are now seen in the 30 min trend analysis.

Fig. 3 (continued)
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patient was adjusted based on response and side effects. Our
patient experienced pneumonia on one occasion after introduction
of anakinra, and was prone to urinary infections, which could indi-
cate some caution in treatment. Our experience from treating this
patient was that two months of treatment was insufficient. How-
ever, after an additional seven months of treatment, the seizures
have apparently stopped.

In conclusion, inflammation may be either the cause or the dri-
ver in the epileptogenic process in some patients, despite common
inflammation biomarkers being absent. In selected drug-resistant
epilepsy patients anakinra could therefore be a treatment option.
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