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ABSTRACT

Rasmussens encephalitis (RE) 15 a rare chronic inflammatory brain disorder resulting in
progressive nearodegeneration in one cerebral hemisphere. The inflammatory process is
acvcompanied by progressive loss of function of the affected hemisphere, associated with
drug-resistant partial epilepsy. The diagnosis 15 based on & range of cinical, eleciroence-
phalographic, radinlogical and biochemical arpuments, without any specific formal marker,
which makes the diagnosis of the disease complex, especially inils mnits] phase. Setaures
are refractory to ant-seizures medication (ASM) and to classical immunomodulatory
treatments. These treatments are also ineffective to stop the degenerative process. Only
surgical treatment with hemispherotomy (surgical disconnection of a cercbral hemisphere)
allows definitive cessation of seizures but this leads to definitive motor and copnitive
deficits. The etiolopy of RE 1s not known, but there is strong evidence for an immunopa-
thopenic mechanism involving T-cell mediated immunity. The emerpence of biotherapies
targeting against various cytokines offers potential therapeutic perspectives. This discase is
currently a real challenge in terms of: (i) early diagnosis, before the constitution of marked
hemispheric atrophy and the appearance of neurological and copnitive consequences; (i)
recognition of incomplete form; (i) therapeutic management doe to advances in the Geld of
tarpeted treatment of inflammation; (iv) surgery and recovery possibilitics,

one cerebral hemisphere. The inflammatory process is
accompanied by progressive loss of function of the affected
hemisphere, associated with drug-resistant partial epilepsy
Rasmussens encephalitis (RE) is a rare chronic inflammatory |1-3]. The diagnosis is based on a range of clinical, electro
brain disorder resulting in progressive neurodegeneration in cncephalographic, radiclogical and biochemical arpuments,

1. Introduction



without any specibc formal marker, which makes the
diagnosis of the disease complex, especially in its initial
phasze. Seizures are refractory to anti-seizures medication
{(ASM) and to classical immunomaodulatory treatments. These
treatments are also ineffective to stop the depenerative
process [4,5]. Only surgical treatment with hem.is[:;herntnmy
(surgical disconnection of a cerebral hemisphere) allows
defimitive cessation of seizures but this leads to definitive
motor and cognitive dehcits [4-5]. The ethiology of RE is not
known, but there is strong evidence for an immunopathogenic
mechanism involving T-cell mediated immunity. The emer-
gence of biotherapies targeting against vanous cytokines
offers potential therapeutic perspectives [7 2. This disease is
currently a real challenge in terms of; (i) early diagnosis, before
the constitution of marked hemispheric atrophy and the
appearance of neurological and copnitive consequences; (&)
recoprition of incomplete form; {10) therapeatic management
due to advances in the hbeld of tarpeted treatment of
inflammation; (iv) surpery and recovery possibilities.

2, History and diagnosis

RE is a rare disease, affecting both sexes indiscriminately and
with no known ethnic or geographic predisposition. The
incidence is estimated to be between 0.18 per 100,000 people
18]

The climical history of typical RE was described in the late
20th century by Oguni et al. |2| from 48 observations in
Montreal. In 30-50% of cases, there was an infectious or
inflammatory event within six months prior to disease onset
125,10 The disease was described in three stapes: an early
stage (stape 1) characterized by the onset of partial epilepsy,
the possible presence of a transient motor dehcit and the
absence of copnitive dehcit; an acute stage (stage 7) characte-
rized by the installation of constitutive deficits (hemianopia,
hemiparesis), the presence of cognitive dehcit responsible for
progressive copnitive detenioration while the epilepsy wor-
sens; and a late stage (stage 3), when seizures are less frequent
with persistent severe and stable motor and cognitive debcits.
At the beginning of the disease foral andfor generalized
sefzures can be observed and continuous partial epilepsy is
presentin a quarter of patients, the latter reaching 50 to 90% of
patients in the acute stage depending on the studies.

Because of the difficulty of the diagnosis, diagnostic critena
were developed and published m 2005 by Bien et al. |5]. These
criteria are prouped in two parts with three critenia for each
(Table 1). Part A contains clinical, electromyography (EEG) and
radiological criteria. To fulfill the diagnostic conditions in part
A there are in fact five and not three criteria: two climical
criteria-foral seizures and motor dehcit; one electrophysiolo-
pical criterion-the EEG pattern (Table 1); and two radiological
criteria, magnetic resonance imagng (MRI) identification of
unilateral cortical atrophy with a T2 hypersignal or Flair in the
white matter and the gray matter, or atrophy of the head of the
caudate nucleus. In part B, two out of three clinical criteria are
required. The clinical and madiological criteria require a
progression of the symptoms in two successive exams
{Figs. 1-5). The last criterion is histological obtained by a
brain biopsy. The histology must demonstrate the presence of
T cells with activation of microghal cells and astrocytic ghosis
|1,11-13]. The brain biopsy may be risky if it is in a functional
area. However, this biopsy may be negative since the fod of
inflammation are scattered.

Currently, there are no biolopical markers that can be used
to conclude or exclude the diagnosis of RE. The presence of
olignclonal bands, elevated protein levels and hypercellularity
in the cerebrospinal fluid (C5F) are found in about 50% of cases
ISl

3. Different forms of RE

Several lorms of RE have been described since the 20005 [5,10].
The early childhood-onset rapidly progressive type fulhlls the
condifions of Biens cntena. It affects young children with an
onset before the age of 10 years with an average age at disease
mamifestations of six years of age. Stapes 1 and 2 described by
Oguni et al. |2] are clearly identifiable. The prodromal stage
(stage 1 of Opuni et al) may be rather non-specific with a
refatively low seizure frequency and rarely mild hemiparesis
with a median duration of 7.1 m {0 months - & years}). Following
this, the worsening phase is clear and rapid. All patients enter
an acute stage (stage 2 of Opuni et al) characterized by
frequent seizures. One-third of patients start the disease at
this acute stage. It is characterized by high frequency seizures,
mostly local motor seizures, often in the form of epilepsia
partialis continua (EPC). The neurclogical deterioration beco-

Table 1 - Clinical criteria for RBesmussen enceq adapted from Bien et al., 2005.
Part A Meed 33 =5 criteciy
Clindeal FPocl sebmres (4 epllepsia pertialls continua) AMD unilateral contieal
deslicings)
LG Unihemesglienic slowing 4 eplleptifonm setvity AND uniliteral loeal
selzure onset
BRI Gray or white matter T2/TFlake hyperintense siynal, hyperintense signal or
atrophy of ipsilatera] cavdite head
Part B Mesd 273
Clinieal EPC or progressive” unilateral corical deficifs)
MEI Progressive” unthemispheric focal cortical atrogphy
Higtopatbology T-vell domdnared snceplulites with activated microglial cells (cereral

hinpey)

Patlent jas to meel A or B eriteri:.

* Progressive means st at beast two sequential dinical examinations and MRE studies are necessary 1o conchode.




Fig. 1 - Girl, 3.5 years old. Left opercular seizure. A. First MRl three months after the first seizure Flair and T2 hyperintensity
in the right peri-insular region.B. PET Scan: hypometabolism affecting the right orbital region, the temporal pole and the
opercular region C. 5 years later: slight right hemiatrophy predominant around the peri-insolar area. D. PET scan: marked
hypometabolism in the frontal, orbital, opercular and right insular regions.

mes manifest by progressive hemiparesis, hemianopia,
copnitive detenoration and aphasiz if the language dominant
hemisphere is atfected. Hemispheric cortical arophy ooours
rapidly.

The slow progressive late-onset form concerns adolescents
and adults. The age of onset ranges from six years to 58 years
across studies. The different stapes described by Opuni et al. [2]
are dithoult to distinpuish. The usual presentation is drog-
resistant partial temporal or temporoperinsular epilepsy.
Hemispheric atrophy is slow and may develop atter sewveral
vears of epilepsy. The motor debat is inconstant. Cognitive
deterioration 15 slow. In these torms, females are stronghy
represented (79%), the EP'Cis presentin 31% of cases. Thus, the
absence of EPC, copnitive deterioration and the absence of
hypersignal and/or atrophy on MEI should not exclude the
dieggmosis. This slow evolution with the absence of motor or
copnitive dehcits explains the delay m diagnosis of these
forms [14]-

Atypical forms of RE correspond to RE in which epilepsy
does not precede motor and or copnitive debcits. Rare cases
have been reported with motor impairment (chorea, athetosis,
hemiparesis) or copnitive impairment. Epilepsy starts later or
is absent. MRI reveals damage t© the caudate nucleus, the
lenticular nucleus, and or hemisphenc atrophy which may
precede the onset of epilepsy [15-20. Other atypical features
of RE has been reported by Olson et al. [21] such as signal
change without atrophy, ipsilateral or contralateral cerebellar
atrophy on MRI, lack of epilepsy or generalized seizures,
bilateral slowing and epileptiform actovity on EEG, dual

pathology with cortical focal dysplasia and RE on histopa-
thology |22},

Bilateralization of RE is probably very exceptional- only
nine cases out of more than 200 patents were reported betore
2005 |5, but three of them were probably not RE |5). There has
been no report of a patient with contralateral hemisphere
imvolvernent after surgical treatment of RE

The diagnosis of RE is therefore based on the clinical course
and coexistence of chimical, electroencephalopraphic, radio-
logical symptoms and cognitive dehcit and/or cognitive and
behavioral detenoration. The absence of strong biclogical
markers 15 a limitation lor diagnosis. The differential diag-
noses are described in Table 2

4. Diagnostic orientation towards RE

At the beginning of the epilepsy andfor in case of drug-
resistant epilepsy, one might bebeve that focal cortical
dysplasia (FCD} with normal MR is the cause of the disease
23]

The EEG is the main complementary exaemination. EEG
analyses in RE show that there is asymmetric slowing of the
backpround activity, with unilateral paroxysmal abnormali-
ties on the same side. The EEG may show one or more foci on
the same side of seizure onset. The paroxysmal abnormalities
may be bilateral [24]. One study compared EEG performed in
the hirst four years of epilepsy in patients with RE and FCD |25].
The diagnosis of RE was based on Biens critenia. The analysis



Fig. 2 - Girl, 4.5 years old. CPE started one week after the first left bracchiofacial seizure. A. First MEI one week after the first
seizure: atrophy of the right hemisphere with predominant frontal insular area atrophy B. Second MRL, 3 months later: CFE
on the left side including the face, the arm and the leg. T2 and Flair hyperintensity in the right peri-insular and frontal areas
with T1 (inversion recovery) hypointensity. C. Intense focal hypermetabolism involving the rolandic and right opercular
region with a relative right hemispheric cortical hypometabolism.

Fig. 3 - Girl, 3.5 years old, left hemiclonic seizures. A. MREI one month after the beginning of the epilepsy. Atrophy of the right
hemisphere. B. PETscan at the same time: large hypometabolism on the rigth hemisphere.

on the first year of epilepsy concerned 10 patients with RE and
six patients with FCD. Altered background activity was
possible in both diagnoses at three months of epilepsy onset
{810 for RE versus 6/9 for FCD). Howewver, it was always more
asymmetric in patients with RE. This article also conbrmed the
negative cognitive impact of contralateral paroxysmal abnor-
malities in RE (Fips. & and 7).

Fositron emission tomopraphy (FET) smdies show focal or
multifocal hypometabolism or hypometabolism extended to a

hemisphere. This hypometabolism in BE is larger than the
epileptic area expected trom the climical, EEG and MEI analysis
|26-28]. PET and single photon emission computed tomogra-
phy (SPECT) are not suitable for defining the inflammatory
nature of the disease. However, they may help in confirming
the unihemispheric nature in suspected early RE hndings.

In conclusion, the diagnosis of early infantile forms is
quickly made because Biens criteria are ethcient The
diagnosis s more difficult for slowly evelving forms and



Fig. 4 - Boy, 13 years old, rapidly progressive laft
hemidystonia. Frontal and temporal focal seizures at 14
years. A. First MRI at 13 years: Flair hyperintensity in the
right putamen and caudate nucleus. B. Two years later:
slight atrophy of the right hemisphere, with Flair
hyperintensity of the right putamen and marked atrophy
of candate nucleus.

atypical forms. Slowly evolving forms only meet Biens criteria
very late. The diagnosis of RE should be evoked in patients
with a presentation of “refractory temporal epilepsy”. In case
of atypical forms, the absence of partial epilepsy at the
beginning of the clinical symptoms (motor or cognitive defcit)
leads to diagnostic erraticism.

5. Place of the RE in the immune-mediated
diseases of the central nervous system in
childhood

The clinical spectrum of these conditions is increasinghy
expanding, and the underlyimg mechanisms of dysrepulation
of the immune system can vary greatly. Different pathopenic
mechanisms have been identified, such as cell-mediated and
antibody-mediated, infection-tngpered, paraneoplastic, and
penetcally debined mechanisms that can oocur in previoushy
healthy children and can contribute to different stages of the
dizease The majonty of these disorders have an acute onset
and a seli-imited course, but at other times, they can
represent the first episode of 8 more chronic condition. Their
detection and appropriate manapement is of paramount

Fig. 5 - Girl, 3.5 years old, left hemiclonic seizures. A. MRI
one month after the beginning of the epilepsy. Atrophy of
the right hemisphere. B. PETscan at the same time: large
hypometabolism on the right hemisphere.

impaortance, due to the possible chronic sequelas and disease
burden they could cause [8,29].

The challenge is therefore to diagnose RE as early as
possible in order to start immunosuppressive therapies before
neurccognitive deterioration and before the development of
hemispheric atrophy. Even in the absence of an etiology,
immunclogical data converpe on the major role of T
hymphocytes in the inflammation and of memory T lympho-
cytes. The reactivation of the latter at the onset of epilepsy or
during an infectious event is one of the hypotheses for the
onset of the disease [30]. ASM, corticosteroid therapy |31),
immunoglobulin treatments and plasmapheresis and proteimn
A Iph immunoadsorption |5,37-34] allow a certain, usually
transient, stabilization but do not control the seizures or slow
down the copnitive and motor deterioration in rapidly
evolving forms. In this rapidly progressive form, hemisphe-
rotomy is the effective treatment to stop seizures and
copnitive decline [5). In contrast, the interest ol mnmuno-
therapy has been highliphted for patiemts im whom hemmi-
spherotomy is relatively or absolutely contraindicated (e.pq.,



Table 2 - Differential diagnosis and explorations acconding to Bien et al. [5].

Unihemisphenc epileptic syndromes

Clinical and laboratory criteria

Coatbeal dysplasia, 1 tencephaly, b selerosis,

Surge-Welier-syndrome, stroke, Dimior
Hemiconvulsion-hemmiplegia-eplepsy-syndrome

Cpilepain partislis continus (TPC) die 1o metabolic disondies
Dbt mreellitng: Ketotle/nen-ketotic hyperpiyosmia, type 1
dinbetes and ant-GAD-65-antibodies. tenal or bepatle
encephialepathy

Metabalic or d i alive prog I gt '“"ll'

BACLAS and other mitochomdriopathies
Alpers syndrome or pelymmesse gamma-related disorders

Infbummatory/infections diseases
Cesebral vasculitis in systembe connective Dssue disease (eg
lupus erpthesmalosis)

Autoimmemune encephaliis
Antibodies; auloimmune eoceplhelitis with
intrceliuler antigens
Auloimmune sncephaiits with
cell-surface antigens
Pamneoplastic syndrome
Subscute selerosing panencephalits and other delayed sulooits
mesisles encephalitls with o without memunodeliciency
Multiple scleross

Cretzleldi-Jalkol-tissse
lnfectious diseages

Foenl seizures in infancy or euly childhood

MR with padolindum

Mo progression on MREL

Wsually securring o infaney, it flonie-) clomde wndlatersl
sElrures presenlng as status eplepies

Carly MEL ciffuse cylotic edenm of the whobe emisphese

H eaid, iatroghiic hemispl wn MRI iusd Focal epalegeay

Histogy, blood tests, ani-GAD-E5-anlbodies

Blece-Epetate, mitochoncdral DNA pemetie esting Tor mufations,
ke biopsy

1, progresshe pess, TEG: bilateral aboommalities,

MRL T2 hypesintensity i the occlpital lobes dod Chalamd, e
j.ll:pa‘da'llmll_-t

Autesomal fecessive mutations (o the DNA Polpmerese gommie,
cutulytic sbunil (POLG) pene

History, othes clinieal feapmes, biood alinommalities (ANA, ANCA),
antiphspholipid antibodies fmtbeardiolipin antibody, ant-beta-2-
ghycoprotein-] (af;GT) antibody)

anbi-Bo/554 antibody

anti-chouble-stranded DRNA {fant-dsDMA)

antibodbes anti-thyreglobulin, ant-thyroid pesosidase

History, others dinbeal features, movement disorders, paychsiric
[enlures

Autezmtibodies (blsod and CSF), ant-seunonal antibodses, anti
GO1b, GOk, GM1, GM2, anti-HL

fa,b)

History, vatcination status, euly mesasles, LG periodic
ﬁsdmy:i. neiles-wntibodies i C5F
History of previows episodes, pdditional delots, MEL CSF;

antibody tests: HIV, HSV1, HSV 2, Syphills, CMV, CBV, HHVE,
mycoplasma, chlamydiae, Borrella burgdorfent, Bartonella
henselae

For more detsdls about suto-immune eocephalits ses () Eelhsy BP, Patel S5C, Marin HL, Coredgan J), Mitdas PD, Geiffith B, Auteimimune
encephaliths pathophysiobopy and linaging seview of an overlooked dispnosis. American Journal of Neurosadiology June 2017, 38 (6) 1070-107E
aunel i) Masrise-Crstrillo 5, Joubert B, Vogrig A, Hotnosat |, Disgiostie des sacspledites suto-fromunes [Dignosis of sutolmomuse enceplilitig:
An update] Pratgque nearologhque TMC, val 11, issue 4, dec 2020, 227-237.

Fig. 6 - A. Slow background activity on the right hemisphere. CPE of the felt upper lip, recording of the muscular contraction
on FF1-F3; F7-T3. B. Multifocal spikes on the fght hemisphere.
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Fig. 7 - Three consecutive EEGS if the same child A. One month after the first seizure: slow activity on the right central area.
B. Two months after the first seizure, CPE increasead slow activity on the right hemisphere, normal background activity on
the left hemisphere C: three months after the first seizure: diffusion of the slow activity on the left hemisphere.

those with late-onset forms, dominant hemisphere disease or
mild existing deficit), Due to the contnbution of T cells to KE,
specific immunotherapy, such as @mcrolimus |35-37|, ritux-
mab [38] as well as adalimumab [39] could be an interesting
reaoment.

51 Treatment management

After the onset of epilepsy, and often betore the diagnosis of
RE, treatment with ASM is usually mitiated because partial
selzures are predominant symptoms. Any patient suspected
of having RE should be referred to a specialized epilepsy
center. Immunomodulatory therapies are proposed when the
diagnosis is suspected or confirmed.

52 Immunotherapy

Corticosteroids: there are different protocols: boluses of
intravenous methylprednisolone {400 mg/m?/day or 30 mg/
kg/day for 5 days) followed or not by prednisolone or
prednisone (1-2 mg'kg/day per os). Corticostercid pulse
therapy is proposed at an interval of once a8 month for several
months to several years, depending on response.

Intravenous immunogicbulin ([Vig) therapy: the protocol
tor regular IVlg therapy can be 2 mg/kg for three to ive days at
an interval of once a month for several months to several years
depending on response.

It is possible to propose & treatment combining corticouds-
teroids followed by immunoglobulins every month.

Specific immunotherapy: adalimumab 24 mg/m” with a
maximum of 40 mg via subcutaneous infection EVery seven or
14 days [39]; rituximab 375 mg«’m? two infusions 15 days apart
[38]; wacrolimus starting dose of 0.1 mg'kg/day (for children)
with dose escalation after two months, depending on blood
levels of tacrolimus (5 and 20 ng'ml) [35-37].

Ewaluation of the beneht of these treatments is necessary
and surgery should be regularly discussed with the family to
avoid cognitive deterioration and to stop the seizures.

6. Conclusion

According to the [mternational League Apainst Eplepsy,
patients displaying drug-resistant epilepsy (failure of two
ASMs) must be referred to an epilepsy center. Complementary
investigations such as video-EEG selzure recarding, cognitive

evaluation, CSF exploration and brain imaging including MRI
and PET scan should be performed. A strong suspicion of RE
should allow the use of Immunomodulatory therapies in
association with ASMs. The appearance of a unilateral cortical
dehcit and unihemispheric atrophy will confirm the diagnosis.
It pharmacological treatments fail, surgical treatment (hemi-
spherotomy) should be considered.

Early diagnosis of RE may allow to propose anti-inflam-
matory therapies before visible neurological deterioration.
Evolang the diagnosis of RE in case of drug-resistant epilepsy
should become a reflex for neuropediatricians and neurolo-

WEIS.
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