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Abstract

Rasmussen Encephalitis (RE) is classically described as a childhood encephalopathy due to a
unilateral inflammation of the cerebral cortex with a presumed immune-mediated
pathophysiological basis. Unusual variant forms, including adolescent and adult-onset RE have
been described but there is still a doubt whether these atypical cases correspond to classical RE
patients. To review evidence, a systematic PubMed search was conducted to retrieve papers
addressing late onset RE to assess (i) the positivity rate of classical childhood-onset diagnostic
criteria for RE in late-onset RE, (ii) the specific clinical and radiological features that could help
earlier diagnosis and therapeutic interventions, (iii) the arguments for an autoimmune
pathophysiology including (iiia) the association with autoimmune markers or diseases and (iiib) the
effects of immunomodulatory or immunosuppressive treatments. A total of 50 papers were
considered. We identified 102 late-onset RE patients with a sex ratio of 8 women for 2 men. 67%
fulfilled the consensus diagnostic criteria for RE. As compared to classical RE, the late-onset RE
patients exhibited: i) more frequent focal complex partial seizures , ii) less frequent epilepsia
partialis continua throughout evolution, iii) a slower evolution with a delayed occurrence of
cortical deficit, iv) less cognitive deterioration and v) a better outcome. A specific association with
autoimmune markers or diseases was not found. Immunomodulatory therapies, even performed in a
late stage, improved late-onset RE patients in 61% of cases. This review proves that late-onset RE is
a reality with specific clinical and radiological features. The good response to immunomodulatory

treatments brings further arguments for an immune-regulated process.

Key words: Rasmussen encephalitis, systematic review, late-onset Rasmussen encephalitis,
seizures, immune-mediated disease
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1.Introduction

Rasmussen’s encephalitis (RE) is a rare chronic neurological disorder, characterised by
pharmacoresistant epilepsy, and progressive neurological and cognitive deterioration due to a
unilateral inflammation of the cerebral cortex [1]. The progressive course of inflammation is
consistent with an immune-mediated disease but no serological or intrathecal markers have been
evidenced. European consensus diagnostic criteria have been proposed in 2005 [2]. Three cardinal
criteria are required to diagnose RE (part A): 1) focal seizures and unilateral cortical deficit(s), 2)
unilateral EEG abnormalities, and 3) unihemisphericMRI focal cortical atrophy with at least grey
or white matter hyperintense signal and/or hyperintense signal or atrophy of the ipsilateral caudate
head. If one of these criteria is missing, diagnosis may be made with two of the alternative
following criteria (part B): 1) Epilepsia partialis continua (EPC) or progressive unilateral cortical
deficit, 2) progressive unihemispheric cortical atrophy, and 3) histopathological properties of RE on
brain biopsy. A specific age at onset has not been proposed as diagnostic criteria for RE.
Nevertheless, RE is classically described as a childhood encephalopathy with an average age at
disease manifestation of 6 years [3]. Unusual variant forms, including adolescent and adult-onset
RE have been described [4,5] but there is still a doubt whether these atypical cases correspond to
classical RE patients. In order to gain further insight into this issue, we analyzed currently available
papers reporting late-onset RE to assess: (i) the positivity rate of classical childhood-onset
diagnostic criteria for RE in late-onset RE, (ii) the specific clinical and radiological features that
could help earlier diagnosis and therapeutic interventions, (iii) the arguments for an autoimmune
pathophysiology including (iiia) the association with autoimmune markers or diseases and (iiib) the

effects of immunomodulatory or immunosuppressive treatments.

2. Classical childhood-onset RE: a brief overview
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RE is a rare disease with an estimated incidence of 2.4 cases/107 people aged 18 years and younger
per year [6]. No sex or ethnic predominance has been reported. The median age of onset is 6 years.
Clinically, RE is characterized by intractable focal onset seizures and deterioration of functions
associated with the affected hemisphere. In children, three stages of the disease are identified: i) a
prodromal stage with mild hemiparesis or infrequent seizures that might precede the acute stage by
up to several years, ii) an acute stage marked by very frequent focal seizures arising from one
cerebral hemisphere, mainly simple partial motor seizures and EPC in at least half of cases and iii) a
residual stage with severe fixed motor and cognitive deficits, and persisting refractory epilepsy [1-
3]. In average, children with RE reach the residual stage in less than one year. Exceptionally,
seizures may miss, with at onset movement disorders followed by progressive neurological deficits
or even though with only progressive unilateral neurological deficits [7]. Neuroimaging in RE is an
integral piece of diagnostic data. Cerebral MRI may be not relevant at the prodromal stage or only
show a non specific unilateral enlargement of the ventricular system. A T2/Flair hypersignal is
usually observed in cortical or subcortical regions during the acute stage. With the evolution, serial
MRIs will typically show progression of signal change with the observation in the residual stage of
a progressive focal cortical (predominating in the perisylvian region) or subcortical atrophy [8].
Treatment is based on antiepileptic drugs (with a limited effect on seizures and deterioration) and
on surgery at the residual stage consisting in a disconnection of the affected hemisphere. In view of
the belief that Rasmussen’s encephalitis is an immune-regulated process, immunosuppressive or
immunomodulatory treatments have being anecdotally assessed in the acute stage with encouraging

results.

3. Classical childhood-onset RE: evidence for an underlying immune process

In classical RE, multiple arguments are already in favour of an auto immune process: i) the
oligoclonal granzyme B—mediated T-cell immunoreaction against neurons and astrocytes on brain

tissue studies [9-10]; ii) the microglial and astroglial activation, iii) the overexpression of
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functionally-related genes that code for interferon-y,CCLS5, CCL22-23, CXCL9-10, Fas ligand and
that are related to the activation of helper and inducer, and memory and effector T cells [11],and iv)
the presence of significant numbers of resident memory T cells (TRM cells) in RE brain [11]. A
plausible scenario relates the presence of resident memory T cells (TRM) on brain RE tissue studies
to an immune response that may precede the clinical presentation of RE, with in a second step, a
local reactivation of TRM cells, possibly triggered by seizure-induced inflammation, recruiting
antigen-experienced or newly primed T cells into the brain, and thus perpetuating a chronic
inflammatory condition, and progressive destruction of brain tissue [11].

. 4. Methods

The study was performed according to the recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement [12]. A systematic literature search was
conducted using MEDLINE to identify all studies published up to May 2016. This review was
based on a keyword search with the terms "adult-onset Rasmussen Encephalitis, adolescent-onset
Rasmussen Encephalitis, late-onset Rasmussen Encephalitis " in Medline. The reference lists of
retrieved studies were reviewed to search for additional reports of relevant studies.

Studies were selected when they met the following entry criteria: English language, case reports or
series of RE patients aged > 12 years. Given the non parametric data distribution, results were
expressed in percentages values calculated on the available data or in mean + standard deviation
and range.

S. Results

5.1 Results of the search

The search yielded 220 publications. Among these 220 publications, exclusion of encephalitis
unrelated to RE and of RE beginning at childhood led us to select 50 publications (figure 1) [4, 5, 9,
13-59]. Among the 50 publications, we finally identified 102 late-onset RE patients with a sex ratio

of 8 women for 2 men.
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5.2 RE diagnostic criteria (table 1)

Diagnosis was based on: i) part A criteria in 13 patients (13%), ii) part B criteria in 55 patients
(54%), iii) histopathological examination in 19 patients (19%) and iv) electroclinical criteria that
did not fulfil the consensus criteria in 15 patients (13%). Finally, 67% of patients fulfilled the
European consensus diagnostic criteria for RE and 33% did not.

5.3 Clinical data (supplemental table)

Pre-existing events were reported in 23% of patients and consisted in infectious episodes in 9%.
Early neurological and psychomotor development was normal in all patients.
Mean age at seizure onset was 24 years + 12 (range: 12-61).

Seizures were the first sign at disease onset in 94% of patients, only 6% had a motor or cognitive
deficit before seizure onset.

Initial seizures consisted in complex partial seizures in 50%, in simple partial seizures in 34% and
in generalized tonic-clonic seizures in 8%. 7% of patients exhibited initial EPC, 5% a focal cortical
myoclonus at the beginning of the disease and 1% presented with initial generalized tonic-clonic
status epilepticus.

Over time, focal seizures evolved into another type in 80% of patients. Late EPC was present in
31% of patients.

A neurological deficit was noticed in 95% of patients in average 3 years after the seizure onset.

Cognitive deterioration was noticed in 37% of patients.

5.4 EEG-findings
Unilateral EEG abnormalities, when detailed, consisted in focal spikes and focal slow waves.

5.5 Association with autoimmune markers or diseases
Laboratory findings were detailed in 23% of patients and revealed abnormal findings in 48%.
Laboratory abnormalities consisted in anti-DNA, extractable nuclear antibodies and anti-nucleus

antibodies (9 patients, 27%), serum GluR3 antibodies (5 patients, 15%), anti MAG antibodies (one
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patient, 3%) and IgA deficit (one patient, 3%). CSF examinations were detailed in 49% of patients
and were either normal or revealed non specific presence of oligoclonal bands (11 patients, 21%),
hyperproteinorachia (4 patients, 8%) or cells (2 patients, 4%). Presence of GluR3 antibodies was
noticed in the CSF of 3 patients (6%). CMV was found in the CSF of one patient (2%) and
cytoalbumino-dissociation in another one (2%).

5.6 MRI findings

First patients with a diagnosis of late-onset RE underwent CT-scan, cerebral angiogram or
ventriculography procedures.

Early MRI was performed in 55% of patients and revealed a focal T2 hyperintensity in 33 (48% of
the patients who underwent MRI). Localization of the T2 hypersignal was mostly temporal or
frontal. T2 hyperintensity extended initially to the hemisphere in 4% of cases.

Consecutive MRI were detailed in 64% of patients and revealed in 97% unilateral focal or
hemispheric atrophy that progressed over time (84%) or remained stable (16%).

5.7 Anatomopathological examination

Anatomopathological examination was performed in 75 patients (74%) and revealed: RE changes in
89% of patients (typical in 72%, compatible in 17%), atypical findings in 3 patients (4%, including
one biopsy in a normal MRI region), and non specified findings in 5 patients (7%).

5.8 Therapies and outcome

Immunomodulation therapy, including intravenous immunoglobulins, plasmapheresis, and steroid
therapy, was performed in 36 patients (35%) with overall a good response in 61%. Surgery was
performed in 40 patients (39%): cortectomy in 87,5%, hemispherectomy in 7,5%, deafferentation
or subpial transaction in 5% with excellent results. 22,5% were seizure free, 40% had a marked
improvement and only 22,5% had no improvement.

Diverse alternative therapies were performed: antiviral drugs, immunosuppressive drugs including

tacrolimus, thalamic stimulation, TMS, with variable results.
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Overall, a good outcome was reported in 72% of patients with a seizure freedom in 29% and a
consistent improvement in 43%. Stabilization was obtained in 12% and a worsening was noted in

16% with death in 2 patients.

6. Discussion

Rasmussen encephalitis is a debilitating neurological disorder that develops as a slow progressive
encephalopathy over several months or years. Its diagnosis is well-codified in children, but its
existence in adolescents and adults remains debated. This systematic literature review proves that
the majority of chronic encephalitis reported as late-onset RE fulfils diagnostic criteria of childhood

RE and brings further arguments for an immune-mediated disease.

6.1 Late-onset RE: a reality

67% of all the late-onset RE cases reported in the literature fulfil the European Consensus
diagnostic criteria. Interestingly, the vast majority of these patients (77%) fulfil part B criteria
requiring a prolonged follow-up and only 23% fulfil part A criteria allowing an early diagnosis.

This illustrates the usual delay to diagnose RE in adolescents or adults.

6.2 Late-onset RE: distinctive features

Criteria suggesting late-onset RE are: 1) classical focal lobe epilepsy evolving into a multifocal
epilepsy, ii) delayed occurrence of neurological deficit and iii) delayed focal cortical atrophy. At the
opposite, the absence of the following criteria should not rule out the diagnosis: i) EPC, ii)
cognitive deterioration, and iii) MRI initial T2 hyperintensity (table 2).

The evolution of late-onset RE seems rather different: i) a prodromal stage was not clearly
identified since late-onset RE frequently exhibited refractory seizures at onset and only 6% had a

motor or cognitive deficit before seizure onset, ii) a slower evolution is observed with a
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neurological cortical deficit appearing in average from 3 to 9 years after the seizure onset and iii) a
more favourable outcome is noted with 72% of good outcome.

This slower evolution and these delayed deficits may represent a confounding factor for an early
diagnosis. Nevertheless, even if the diagnosis is delayed in the vast majority of late-onset RE, the
outcome seems more favourable than in classical cases. Response to immunomodulatory therapies
appears promising with 61% of good results, suggesting that the duration of the immunologic
component of the disease is perhaps longer than expected in adolescents or adults with RE.
Unexpectedly, surgery may be considered in adults, with excellent results in 62,5% of patients
undergoing a focal resection. Alternative therapies including immunosuppressive therapies and

deep brain stimulation remained anecdotal with heterogeneous results.

6.3 Late onset RE: further arguments for an immunopathological basis

6.3.1 Late-onset RE: arguments against an antibody mediated autoimmune encephalitis

In the past 10 years an increasing number of autoimmune encephalitis cases have been identified
[60, 61]. Diagnostic criteria for possible autoimmune encephalitis have been proposed and do not
really fit with late-onset RE cases. According to Graus et al. [60], diagnosis of autoimmune
encephalitis can be made when all three of the following criteria have been met: 1) sub acute onset
(less than 3 months) of working memory deficits, altered mental status, or psychiatric symptoms; 2)
at least one of the following items: new focal CNS findings, seizures not explained by a previously
known seizure disorder, CSF pleocytosis, MRI features suggestive of encephalitis; and 3)
reasonable exclusion of alternative causes. Concerning the first criteria, only 37% of the late-onset
RE reported in the literature developed overt cognitive deficit with a slow progression and without
psychiatric symptoms. Concerning the second criteria, CFS pleocytosis is exceptional (only three
late-onset RE patients), initial MRI T2 hyperintensity is missing in one half of patients and

autoantibodies, when researched, are missing or not specific. Furthermore, in classical childhood
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onset RE, autoantibodies, particularly to the GluA3 subtype of the alpha-amino-3-hydroxy-5-
methyl-isoxazole-4-propinonic acid receptor (AMPAR) [62] or to alpha-7 nicotinic acetylcholine
receptors (or Munc-18-1) [63], were initially reported but not further confirmed [64] and finally
interpretated as neuro-inflammatory damage in this highly destructive disease. As opposed to well-
known [65-68] or more recent [69] autoimmune diseases with neuropsychiatric symptoms and
specific circulating antibodies [70], specific autoimmune biomarkers are still missing in late-onset

RE, despite the development of new performing serological testing in autoimmune encephalitis [71].

6.3.2 Late-onset RE: therapeutic insights for an autoimmune pathophysiology

The effects of long-term immunotherapy for Rasmussen’s encephalitis have ever been described in
case reports or small, uncontrolled patient series. A recent prospective randomised trial assessed the
effect of long-term immunotherapy with tacrolimus or intravenous immunoglobulins. The authors
showed a delayed deterioration compared to untreated historical controls but a poor effect on
seizure control [6]. Interestingly in late-onset RE, immunomodulation therapy, including
intravenous immunoglobulins, plasmapheresis, and steroid therapy achieved an overall good
response in both epilepsy and neurological deterioration in 61% of the patients bringing further
arguments for an immune-regulated process.

7. Conclusions

Our study demonstrates that late-onset RE fulfilled childhood-onset diagnostic criteria and share
common clinico-radiological features and evolution profile. Diagnosis clues are: i) more frequent
complex partial seizures at onset, ii) less frequent EPC with evolution, iii) slower evolution with a
delayed occurrence of the cortical deficit, iv) less cognitive deterioration, and v) a better outcome.
These specific features may represent confounding factors for early diagnosis and therapeutic
interventions. Nevertheless, the good response to immunomodulatory treatments, even performed in
a late stage, brings arguments for an immune-regulated process. Promising therapeutic candidates

could come from compounds reducing the likelihood of T-cell entry into the CNS.
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Take-home messages
e 67% of late onset Rasmussen Encephalitis patients fulfil the consensus diagnostic criteria for
RE
o Late onset RE exhibit a slower course and a better outcome
e A specific association with autoimmune markers or diseases is lacking
e Immunomodulatory therapies, even performed in a late stage, improved late-onset RE

patients in 61% of cases.
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Table legends

Table 1 : RE diagnosis according to European consensus diagnostic criteria

Table 2 : Comparison of late-onset and classical RE patients

Figure legends

Figure 1: Flow diagram of systematic review
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Figure 1 Flow diagram of systematic review
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RE diagnosis according to European consensus diagnostic criteria
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Table 1 (continued)
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Table 2 Summary of findings concerning late-onset RE and classical RE patients

n
sex

affected side

preexisting event

early development

median age at epilepsy onset

seizures type at onset

delay between sz & deficit onset
neurological deficit

cognitive deterioration

seizures at evolution

EPC

evolution stages

EEG

comorbid autoimmune disease
CSF

MRI initial white matter
hyperintensity

MRI late atrophy

MRI evolution

cerebral biopsy

treatment

response to AEDs

response to immunomodulatory
therapy

surgery

late-onset RE
(systematic review)

102
women :79%
equally both sides
23%
normal
24 years+12

mostly CPS and motor SPS
3 years
95%
37%
multifocal sz
31%
2 stages (acute, residual) within 3
years
unilateral slow abnormalities
48%
non specific

48%
97%
slow hemispheric atrophy or
atrophy stabilization
74%

refractory

efficacy in 61%

good response to focal surgery

classical RE (1-3)

childhood cases
no sex ratio
equally both sides
50% of cases*
normal
6 years
mostly motor SPS
very rare CPS
several month-1 year
100%
yes
multifocal sz
56-92%

3 stages (prodromal, acute,
residual) within one year
unilateral slow abnormalities
not known
non specific

100%
100%
slow hemispheric atrophy or
atrophy stabilization
T-cell-dominated
encephalitis with activated
microglial cells

refractory

early efficacy
variable results to
hemispherectomy or
deafferentation

history of upper respiratory tract infection, otitis media or tonsillitis which precedes the seizures by about 6 months

y=years, FC= febrile convulsion, HP= hyperproteinorachia, OCB=oligoclonal bands, FSW = focal slow waves, FS= focal spikes, sz=seizure, nd=not

done, SPS=simple partial seizures, CPS= complex partial seizures, GTCS=generalized tonic-clonic seizures



