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Summary

With the present review we aim to summarise current diagnostic criteria and
treatment options of Rasmussen’s encephalitis, a chronic inflammatory
disease which affects mainly children, but also young adults, and is charac-
terised by unilateral hemispheric progressive atrophy, consecutive neuro-
logical deficits and severe focal epilepsy. Pharmacoresistance against anti-
epileptic drugs is noted early in the course of the disease. Current approaches
of immuno-modulatory and surgical techniques are discussed. Up to now
only surgery is able to provide complete seizure control, but it is usually
offered to patients with established neurological deficits, such as hemipare-
sis. The choice of therapy needs to be reviewed for each patient and also
conjointly with the treating physician, neurologist or neuro-paediatrician, in
order to provide an individually tailored therapy.
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Clinical features

Rasmussen’s encephalitis (RE), originally described by
Theodore Rasmussen in 1958, is an infrequent, progressive
and inflammatory disease of the brain affecting one hemi-
sphere. Rasmussen’s encephalitis is typically associated with
intractable focal epilepsy, cognitive decline and hemiparesis.

The age at onset is in childhood, between 6 and 8 years
[1] (range: 1-13 years) and affects children who were previ-
ously healthy. Sometimes, an infectious or inflammatory
disease has been noted during the 6 months before the first
seizure [2]. Cases with a later onset are also known and will
be discussed below since they differ in their clinical presen-
tation. Both sexes are equally affected. The disease starts
with focal seizures and in up to 20% as status epilepticus,
for example epilepsia partialis continua (EPC), which is a
purely motor status epilepticus. Rasmussen’s encephalitis is
characterised by polymorphous seizures, therefore including
somatosensory, motor, visual or psychomotor seizures,
which become rapidly resistant to antiepileptic treatment [1,
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3]. The frequency of seizures may be as much as 100 per day.
The pathology is usually not lethal, but leads to cognitive,
motor and visual defects. Typically, the central cortex is
implicated early in the disease, leading to subsequent spastic
hemiparesis. However, other primary and associative corti-
cal areas are also concerned, and the frontal, parietal, tem-
poral, the hippocampus and the amygdala are the most com-
mon sites affected [4]. Therefore, cognitive deterioration,
visual field deficits, buccofacial apraxia, aphasia when the
dominant lobe is atfected [3, 5], or neglect (non-dominant
hemisphere) may be also part of the clinical picture.

The relationship between the seizures’ frequency and
neurological deterioration is complex and not linear. Sei-
zures may predominate the clinical picture in a patient, but
they may be less dominant in another patient. Conse-
quently, seizure frequency and neurological status — hemi-
paresis in particular [3] — are the two main clinical features
to survey.

Oguni et al. [2, 6] divided the course of the disease into
3 stages on the basis of a review of 48 patients with Rasmus-
sen’s encephalitis admitted to the Montreal Neurological
Institute between 1945 and 1987. In this model, stage 1 cor-
relates to the development of seizures until the hemiparesis
is established (3 months — 10 years, mean: 3 years). During
this stage, the seizures frequency and intensity progressively
increase. Seizures are essentially simple partial and affect
mainly central areas, such as the pre-central (motor cortex)
and post-central (somatosensory cortex) cortex. Epileptic
seizures may transiently improve during this stage, but
they tend to re-occur and become soon pharmacoresistant.
Stage 2 is characterised by a fixed hemiparesis and addi-
tional neurological deficits including intellectual decline
(2 months - 10 years, mean: 3.7 years). Moreover, there is
an increase in seizure frequency and intensity; seizures may
even be continuously present. The epileptic activity appears
to propagate to other sites within the same hemisphere lead-
ing to new symptoms and polymorphous seizures (motor,
somatosensory, visual symptoms). Stage 3 is marked by the
stabilisation of the disease and a decrease of seizure activity.
The neurological deficit is established, such as spastic hemi-
paresis, visual field and sensory deficits. There may be addi-
tional intellectual disability which can range from mild to
severe grades.

Bien et al. proposed a similar 3-stage model [7] on the
basis of long-term observation of 13 Rasmussen’s ence-
phalitis patients. The first stage, called the prodromal stage
(0-8.1 years, median: 7.1 months), has a low frequency of
seizures and a moderate hemiparesis, if present. This stage
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MRI stages according to Bien et al. [8]. Chronology: the median
of the minimal and maximal duration of each stage is expressed
in months.

Magnetic Resonance Imaging

Stages  Volume T2/FLAIR signal Chronology

| Normal (subclinical presentation) Not assessable
I Oedema Increased 0.3-12.3

1 Normal Increased 2.1-22.6

1\ Atrophy Increased 4.6-103.8

" Atrophy Normal Not assessable

seems to be briefer in children, compared to what is observed
in adults and adolescents. The second phase, called the acute
stage (4—8 months, median: 8 months), is characterised by an
augmentation in the frequency of seizures, often as EPC, and
an increase in the degree of hemiparesis. During the final,
residual phase the patient presents a fixed but irreversible,
mostly severe hemiparesis, and a decreased frequency of
seizures. Sometimes he/she even becomes seizure-free.

An inverse correlation between the intensity of the in-
flammatory markers (T lymphocytes and microglial nodules)
and disease duration has been observed [8]. The longer the
duration of the disease, the less that these inflammatory
markers were found in the histopathological analysis [8].
The seizure reduction can be explained, at least partially,
by the loss of neurons due to the inflammatory process.
The neuronal loss, one of the cornerstones of RE [4], also
explains the worsening and irreversibility of the neurologi-
cal status.

Bien et al. [8] have also proposed a 5-stage model based
on magnetic resonance imaging (MRI) (see table 1). Stage 1
shows no abnormality, stage 2 shows oedema and increased
signals, stage 3 reveals increased signals with normal hemi-
spheric volume, stage 4 shows increased signals with hemi-
spheric atrophy, and in stage 5 there is a disappearance of
the increased signal, leaving a markedly atrophied cerebral
hemisphere (cortical and subcortical) [9]. Again, it is hypo-
thesised that the different stages represent the successive
steps of an inflammatory reaction, in that earlier MRIs with
the hyper-intensity signals reflect the activated T cells and
astrocytes which gradually disappear at later stages.

Clinical variants

Late onset of Rasmussen’s encephalitis

In around 10% of cases of Rasmussen’s encephalitis, the
disease starts after the age of 12-13 years, with onsets occur-
ring as late as 37 years [10-12]. The evolution is more vari-
able with a more insidious onset and cerebral hemiatrophy
at a later stage [13, 14]. Moreover, the occipital lobes seem
to be more frequently involved during the initial phase [3].
Compared to the early form, late presentation (mean age =
18.9 years old) is characterised by a more discrete hemipare-
sis in the prodromal phase, and a longer prodromal phase
[7]. Hemiparesis, as well as hemispheric atrophy, is less pro-
nounced in patients with the late form. As lesions occur
more frequently in posterior areas, the patient may suffer
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from visual field defects, neglect or aphasia. For example,
Kashihara et al. [15] have reported the case of a woman who
had, besides convulsions, visual fields deficits and aphasia for
up to 8 years. Only then did motor symptoms appear as mild
right upper limb monoplegia. This constellation of adult
symptoms plays an important role when therapeutic strate-
gies are considered, in particular, when it comes to surgical
versus medical treatment. In these patients, surgery may be
difficult to propose if the neurological deficits do not include
hemiparesis or hemianopia.

Bilateral hemispheric involvement

Typically Rasmussen’s encephalitis only concerns one hemi-
sphere. However, in very young children (<2 years), bi-
lateral involvement has been described leading to a more
fatal outcome [16]. It usually starts within a few months in
the other hemisphere. Bilateral Rasmussen’s encephalitis is
extremely rare; no more than 12-15 cases have been
described up to now, and it may well be that it is a different
disease. A bilateral presentation has also been noted in ado-
lescents and adults, but the evolution is less severe.

Rasmussen’s encephalitis with basal ganglia
involvement

In a subset of patients, dystonia, choreiform movements
or other hyperkinetic movements have been described,
although they are mostly overshadowed by severe epilepsy
and hemiparesis. In two paediatric series, 70% of all patients
also had basal ganglia involvement [17, 18]. This can be mild
to severe. In a few case reports, hemidyskinesia dominated
the clinical picture [19, 20]. Major MRI changes are seen in
the caudate nucleus or putamen, which remain static or
show progressive atrophy. Secondary volume loss due to
Wallerian degeneration through loss of overlying cortex is
suspected, as the histopathological studies correlate.

Other variants include Rasmussen’s encephalitis forms
with a delayed onset of epilepsy, 6-7 months after the onset
of neurological symptoms and progressive hemispheric
atrophy [21], or involvement of the brain stem encephalitis
(and death) [22].

Histology

The aetiology and pathogenesis of Rasmussen’s encephalitis
still remain unknown. Three hypotheses have been for-
warded: (a) a direct viral insult, (b) an autoimmune process
triggered through a viral agent, (c) a primary autoimmune
process [1, 3, 4]. The first and second hypotheses are sup-
ported by patients’” reports of some minor infection before
disease onset [2]. In biopsies, surgical or autopsy specimens,
cortical inflammation with perivascular lymphocytic cuffing,
gliosis with microglial activation and microglial nodules, as
well as astrocytes and neurons loss have been observed [4].
Lesions tend to become confluent, in that they do not re-
main multifocal. The intensity of histopathological lesions
becomes less with the duration of the disease, resulting in
some sort of “burn-out” picture [3].
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Diagnosis criteria according to Bien et al. [3]. If all primary criteria are present, the diagnosis is very likely. If that is not the case,

two out of three secondary criteria must be present.

Diagnostic Primary criteria Secondary criteria
Clinical Partial seizures AND unilateral neurological deficit(s) Epilepsia partialis continua (EPC) or progressive™ unilateral
neurological deficit(s)

MRI Unilateral focal cortical atrophy AND Progressive™ unilateral focal cortical atrophy

— T2/FLAIR hyperintense signal (multi- or unifocal™)

OR

— atrophy of the ipsilateral head of the caudate nucleus

EEG Unilateral slowing with or without epileptiform activity,

unilateral ictal onset

Histopathology

*

T lymphocyte dominated encephalitis with activated micro-
glial cells and reactive astrogliosis™**

Neurological deficits or cerebral hemiatrophy should increase to be considered as being “progressive”, which implicates that at least

two clinical examinations or MRI studies are carried out (6 months or more).

** The signal can be seen either in the grey or the white matter.

“** Numerous macrophages, B lymphocytes, plasmocytes or viral inclusion bodies exclude the diagnosis of RE

A large body of research has been devoted to identifying
autoantibodies, implicated in the development of Rasmus-
sen’s encephalitis. In 1994, Rogers et al. proposed a central
role of GluR3 antibodies after they successtully immunised
rabbits, which then showed seizures and similar brain histo-
pathology as Rasmussen’s encephalitis patients [23]. How-
ever, neither GluR3 nor any other antibody (e.g., anti-munc
18 [24] or anti-acetylcholine-receptor o-7 subunit [25],
GluR €2 [26]) has been regularly retrieved in most patients,
which is why the role of GluR3 is questioned today. More-
over, they are also found in other types of severe epilepsies,
and therefore they are less specific than previously thought.
It is therefore concluded that GluR3 are not required to
diagnose Rasmussen’s encephalitis. A predominance of cyto-
toxic T lymphocytes (CD8+) supports their role as the main
mediator for damage and apoptotic neuronal death [27, 28].
Today, the autoimmune hypothesis is more and more
accepted [1], at least in part, because of the (transient) effi-
cacy of plasmapheresis [29] and other immunomodulatory
medications in the treatment of Rasmussen’s encephalitis
(see below).

Diagnosis

Diagnosis is based on features from the electroencephalo-
gram (EEG), MRI and clinical and/or histological character-
istics. The European consensus group proposed the diagnos-
tic criteria, which can be found in table 2 [3].

Among the radiological, EEG and clinical criteria, the
major finding is its monohemispherical aspect. In the begin-
ning, the EEG shows slowing and multiple epileptogenic
anomalies, always in the same hemisphere. Episodes of EPC
are not necessarily associated with synchronised, rhythmic
spike activity. Later in the disease, the epileptogenic abnor-
malities over the affected size diminish and become more
apparent over the healthy hemisphere, therefore errone-
ously indicating that the unaffected hemisphere becomes
epileptogenic. However, this is actually due to a propagation
phenomenon, which is supported by the finding that epilep-
togenic discharges become confined to the affected hemi-
sphere after surgical deconnection.
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In the MRI, hyperintense signals in the white matter of
the affected hemisphere and cortical swelling are seen, fol-
lowed by cortical atrophy, which most often starts in the
perisylvian and central area (see fig. 1), or in the late-onset
cases in the posterior cortices (see fig. 2). However, the first
MRIs can still be normal despite the presence of clinical EPC
or active focal epileptogenic discharges. Thus, repetitive
MRIs (e.g., every 6 months) in the beginning of the disease
are necessary to visualise the progression and consolidate
the diagnosis. Occasionally, a biopsy is required to confirm
the hypothesis. The patient may also benefit from a gado-
linium-MRI, MRI-angiography or angiography to exclude
a differential diagnosis of vasculitis, which occasionally
presents in only one hemisphere. Other brain imaging
techniques include positron emission tomography (PET) or
single photon emission computed tomography (SPECT)
which also show changes confined to only one hemisphere.
MR-spectroscopy usually shows decreased N-acetylaspar-
tate, a marker for neuronal integrity. If targeted on central
regions related to EPC or other areas of seizure onset, the
presence of lactate is often found indicating ongoing seizure
activity. Cerebrospinal fluid (CSF) analysis is unrevealing in
50% of all patients; the remainder shows inconsistent find-
ings of elevated cell count, protein and oligoclonal bands [3].
Thus, CSF is not a diagnostic requirement for the diagnosis
of Rasmussen’s encephalitis.

Usually, the lack of progression to contralateral sites
allows the correct identification of RE. Other differential
diagnoses, at least at some point in the clinical evolution,
include vasculitis, cortical dysplasia, mitochondrial encepha-
lopathy or cerebral tumour [1] which can also be reasonably
excluded by the clinical evolution, follow-up brain imaging
or, at times, brain biopsy.

Treatment

Antiepileptic treatment

Rasmussen’s encephalitis is highly pharmacoresistant in
more than 80% of cases and up to now, no antiepileptic drug
or combination is known to be superior over the others. RE
patients risk being over-treated due to the sequential addi-
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Figure 1

Figure 2

Review article

Early-onset Resmussen’s encephalitis in a 8-year-old patient, affecting the right hemisphere (right is on the left of the MRI).
a: Hyperintensity in the right basal temporal lobe and hippocampus. The brain appears otherwise of normal volume.
b: One year later, atrophy of the right hemisphere appeared, best seen by the widened sylvian fissure.

c: Despite a persistent seizure disorder, surgery was postponed and 2 years later, the unilateral atrophy is marked. Some atrophy
is now also noted contralaterally. Eventually, the patient was operated and is seizure free since more than 8 years.

Late-onset Rasmussen’s encephalitis in a 40-year-old patient (onset with 31 years old), beginning in the left occipital lobe
and presenting as hyperintensity.

a: coronal view; b: axial view. Clinically visual and aphasic seizures were recorded frequently, but no motor deficits appeared.

c, d: 6 years later. Another hyperintense lesion in the same hemisphere appeared in the left inferior frontal lobe. There is a slight
decrease of the left hemispheric volume, but unilateral atrophy is much less evident than in the case shown in figure 1.

e: Almost 10 years later, there is marked left-sided atrophy and disappearance of hyperintense lesions. In the EEG, frequent
seizures or even electrical status is found. Several medical and immunological treatments were tried but without consistent success.
Surgery is declined, and motor functions are still intact.
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tion of antiepileptic drugs (AEDs) in order to control the very
frequent seizures. This leads to increased toxicity but not
necessarily to better seizure control. Restricted polytherapy
(of 2-3 drugs) or even monotherapy is often equally etfec-
tive as a large regimen. Although AEDs have little or even no
effect on partial seizures and EPC [3], they reduce the risk of
generalised seizures, and in that sense, antiepileptic therapy
is recommended throughout the disease.

Immunomodulatory treatment

This treatment line includes steroids, immunoglobulins (IG),
plasmapheresis (PE) and immunosuppressive therapy.

Several studies used high steroid pulse therapy and re-
ported encouraging, albeit only transient, results [30, 31].
Corticosteroids, such as plasmapheresis, are useful in the
treatment of status epilepticus [32]. The best results with
steroids were obtained when the treatment was started early
after the onset of the disease, and with high dosages [30].

IG are better tolerated overall than long-term steroids,
which motivated several treatment studies of Rasmussen’s
encephalitis. Variable results were reported [31, 33, 34]
ranging between no effect and more or less improvement.
The rationale of this therapy is the introduction of natural
antibodies that counteract the patient’s own autoanti-
bodies.

Plasmapheresis aims to remove circulating antibodies or
other inflammatory factors which damage the brain [32].
Transient and sometimes quite significant responses have
been noted, but no persistent long-term effects have been
reported [29]. Like steroids and IG, it may be a promising
and valuable option in the acute worsening of RE.

Immunosuppressive therapy comes in many facets.
Cyclophosphamide was tried in a study of four patients but
no major effect was found [32]. Granata et al. [32] compared
the efficacy of different immunomodulating treatments and
proposed an algorithm. It was felt that steroids have a better
efficacy when they are used early in the course of the disease
with childhood-onset and during acute aggravations. In
contrast, IG, alone or in combination with corticosteroids,
may be more useful in patients who have late-onset RE.

Gancyclovir [35], IFN-a, cyclophosphamide or zidovu-
dine (a nucleoside reverse transcriptase inhibitor) have been
used in isolated cases, but no consistent picture in terms of
efficacy has emerged.

In 2004, Bien et al. presented a more systematic study on
the efficacy of Tacrolimus [36]. Tacrolimus is a bacterial
macrolide. By inhibiting calcineurin, it prevents the synthesis
of interleukine-2 (IL-2), which inhibits the activation of
T lymphocytes. Compared to a historical control group (i.e.
patients followed until they received medical or surgical
treatment), the patients on Tacrolimus showed less cerebral
hemiatrophy and less hemiparesis. However, the authors did
not find any significant effect on the seizures frequency.

In 2009, a 20 year old woman affected by RE had been
suffering from EPC for 8 years and was successfully treated
by Rituximab [37]. Rituximab is a monoclonal antibody
directed against the glycoprotein CD20 of B lymphocytes.
Its link to the CD20 leads to the destruction of the B lym-
phocyte by the immune system. The good tolerance of
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Rituximab is due, at least in part, to the fact that plasmocytes
are not affected by the drug. In this case report, the admin-
istration of Rituximab allowed the reduction of EPC. Rituxi-
mab had no effect on the hemiparesis and, at best, prevented
further deterioration. During 12 months, the patient was
first seizure-free and then presented only very few and non-
disabling seizures. It will be shown by prospective studies if
Rituximab is an efficient immunomodulator in other or even
in most RE patients. Up to now, only surgery allows seizure
control and remains the most efficient treatment.

Surgical treatment

The principal surgical approach consists of disconnection of
the affected hemisphere from the contralateral functioning
hemisphere, but with minimal intra-operative haemorrhage
in order to avoid contamination of the blood with cerebro-
spinal fluid (CSF) and possible early or late adhesions and
hydrocephalus.

There are several ways to achieve isolation of one hemi-
sphere [38]. In the early days of surgical Rasmussen’s ence-
phalitis treatment, anatomical hemispherectomy was carried
out. It consists of the complete removal of one hemisphere
with or without basal ganglia. A variant of that approach
aims at reducing the postoperative cavity and eliminating
the communication of the CSF with the hemispherectomy
cavity by obstructing the ipsilateral foramen of Monro with
muscle tissue. Hemidecortication consists of the removal of
the cortex of the affected hemisphere, including a resection
of the temporal lobe in order to reach mesial temporal lobe
structures. The maximum amount of white matter is pre-
served with the aim to minimise neurological deficits. Hemi-
corticectomy is a similar procedure, but leaves only the
white matter around the ventricle.

Currently, functional hemispherectomy and its variants
are proposed most frequently, in which a large part of cen-
tral and parasagittal tissue is removed, providing a window
to the lateral ventricle. Through this window, disconnection
of the affected hemisphere from the healthy hemisphere is
carried out by cutting all fibres of the corpus callosum. More-
over, the temporal lobe, including the mesial structures, is
also resected. A modified, less invasive type of functional
hemispherectomy, transsylvian keyhole functional hemi-
spherectomy, is the latest variant of surgical RE techniques
[39, 40]. The aim of this surgery is to interrupt the connec-
tion of the cortex with the basal ganglia and with the con-
tralateral hemisphere [41]. Described initially by Schramm
etal. in 2000, the procedure requires a small craniotomy (of
about 4 per 4-5 per 6 centimetres), with the lower border
about 2.5 cm below the Sylvian fissure. In the keyhole tech-
nique, the size of the incision is mainly defined by the size of
the lateral fissure. The Sylvian fissure is opened allowing the
identification of the middle cerebral artery and its branches,
which is essential as these arteries have to be preserved
during the procedure. Through the inferior part of the circu-
lar sulcus, the surgeon is then able to reach the temporal
horn of the lateral ventricle. Temporomesial structures, such
as the amygdala, uncus and hippocampus, are then re-
moved. Through the upper circular sulcus, the surgeon can
reach the body of the lateral ventricle. From the inside of the
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ventricular system, a callosotomy and a white matter discon-
nection can eventually be accomplished from the frontal
horn to the temporal horn of the lateral ventricle. The callo-
sotomy is completed (still from the inside of the lateral ven-
tricle) by following the anterior cerebral artery, then the
pericallosal artery, and beyond the bifurcation of the perical-
losal artery to the splenium of the corpus callosum. During
the procedure, the insular cortex is removed. Through this
technique, complete isolation of the affected hemisphere
from the healthy hemisphere is given, with minimal brain
removal.

Post-operative fever and, rarely, focal or generalised sei-
zures may be observed during the early phase without any
effect on the prognosis. Hydrocephalus is a feared compli-
cation, due to abnormal CSF circulation and absorption
through blood contamination and also due to a decreased
surface of the subarachnoidal space for CSF resorption. Both
complications are less likely to occur with limited brain
removal but complete disconnection. There is also the pos-
sibility of a later hydrocephalus (in the context of superficial
cerebral haemosiderosis), which has been reported to be
fatal in some cases, but is most often described in anatomical
hemispherectomy.

Concerning the post-operative outcome, there is a high
chance of postoperative seizure freedom or major seizure
improvement. A recent study [42] evaluated the outcomes
of children (mean follow-up duration: 4.5 years) who
benefited from hemispherotomy. Among children with
Rasmussen syndrome, 65% were seizure free and 26% had
minor seizures, leaving only 9% without significant benefit.
Overall the peri-operative mortality rate was low (2.7%). In
another review of 153 operated children, 1 patient (0.7%)
died during the in-patient period [43].

There are of course concerns that such an extensive
tissue removal can lead to profound and persistent neuro-
logical and cognitive deficits. In all cases, a spastic arm
and leg paresis (with good recovery of the leg, but basically
no recovery of the distal hand function) is expected as an
inevitable postoperative consequence as well as hemianopia.
Thus the timing of the intervention, or even its overall indi-
cation, depends on the deficits that the patient already has.
In some cases, postponing the operation is motivated by the
presence of only subtle neurological deficits, and the deci-
sion to significantly increase only subtle deficits is not easily
taken. However, if the seizure frequency becomes very dis-
abling, and/or the use of immunomodulating treatment is
ineffective, and/or the hand function for targeted move-
ments is already compromised, surgery should be discussed
and carried out at specialised centres.

Pulsifer et al. [44] studied the cognitive outcome in a
larger population of Rasmussen’s encephalitis patients.
Among the 71 patients undergoing hemispherectomy,
37 were suffering from RE. Among the RE patients,
27 (73%) were seizure free after surgical treatment (mean
follow-up duration: 5.4 years). A total of 19 (51%) still
needed medication. The only significant post-operative
decrease in RE patients was noted for expressive language
in both left and right sided RE. Other data [45, 46] present
similar results. It has been found that behavioural difficulties
tend to improve. Language performances remained pre-
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served in the majority of cases due to the brain’s plasticity,
operational already prior to surgery.

Thus, overall surgery preserves the cognitive abilities, as
the procedure seems to halt the decline in cognitive status.
Consequently, hemispherotomy should be carried out when
the deterioration of cognitive functions continues, and there
remains “something to save”. Therefore, surgical treatment
should not be considered as a “last resort” in typical RE.
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