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Background: Rasmussen encephalitis (RE) is a chronic
epileptic disorder of unknown etiology, and is clinically char-
acterized by progressive neurological deterioration, focal
seizures often progressing to intractable epilepsy, cognitive
decline and hemispheric atrophy. Aims: We report the spec-
trum of neuropathological changes seen in RE, and discuss
the evolutionary mechanisms of this disease. Materials and
Methods: Surgically obtained specimens from RE patients
diagnosed during 2002–2004 at this institute were evalu-
ated for the presence and extent of different histopathologi-
cal features of RE. The H&E and immunohistochemistry
stained slides were also evaluated for the type and distribu-
tion pattern of inflammatory infiltrates, along with a
semiquantitative evaluation for the severity of inflammation.
Results: Four cases of RE were admitted during the study
period, all of which presented with partial seizures with suc-
cessive deterioration to intractable epilepsy. The age at on-
set varied between 5 and 10 years (mean 7.8 years), with
three male and one female patients. Subsequently, all four
patients underwent hemispherotomy. Histopathological fea-
tures of perivascular lymphocytic infiltrate, neuronal loss,
microglial nodules, and reactive astrocytosis, with or with-
out evidence of neuronophagia confirmed a diagnosis of RE.
These cases also had varying degrees of T-cell-rich (CD3-
positive) inflammatory infiltrates and CD68-immunopositive
microglial proliferation. It was observed that the severity of
inflammation had a trend to inversely correlate with the du-
ration of symptoms. Conclusion: It is proposed that an ac-
curate evaluation and histopathological grading of these le-
sions may possibly have a role in patient prognostication.
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Though RE may be suspected on the basis of clinical profile

and radiological features, histopathology remains the gold

standard for establishing the diagnosis.[3] Biopsy from a case

of RE typically reveals a spectrum of inflammatory changes

ranging from ‘active phase’ to ‘chronic phase’ depending on

the interval between onset/diagnosis and surgery.[2],[4]

Earlier, a series of five cases of progressive epilepsy due to

chronic viral encephalitis with clinical profile resembling RE

was reported from this institute.[5] However, to the best of our

knowledge, we report the first Indian series of four cases of

histopathologically proven RE, highlighting the neuropatho-

logical spectrum characteristic of such cases.

Though this is a cross-sectional study with tissue obtained

at a single point of time in each patient, it gives an insight

into the evolutionary mechanisms of the disease.

Materials and methods

Patients with the clinical course and neuroradiological features

typical of RE treated at this institute during 2002–2004 were se-

lected. Relevant clinical and radiological data in all cases were

analyzed.

Specimens were collected during hemispherotomy (according to

Delalande), from the cortical and subcortical areas of the affected

lobes [Table 1].

Hematoxylin and Eosin (H&E) stained slides retrieved from the

archives were reviewed independently by three pathologists and di-

agnosis reconfirmed. The number of blocks available per case ranged

between 1 and 15 (mean 7). One representative block (displaying

maximum inflammation and microglial proliferation) of formalin-

fixed paraffin-embedded tissue in each of the four cases was selected;

five-micrometer serial sections cut and immunohistochemistry (IHC)

performed by streptavidin-biotin immunoperoxidase technique

(LSAB Kit, M/sDakopatts, Denmark) using monoclonal antibodies

to CD3 – T-cell marker (1: 200, M/sDakopatts), CD20 – B-cell marker

(1: 200, M/sNeomarker), and CD68 – macrophage marker (1: 100,

M/sDakopatts).

Cases were classified into four broad groups, as suggested by

Robitaille,[4] depending on the presence and extent of different mor-

phological features diagnostic of RE, via, meningeal thickening, cor-

tical atrophy with neuronal loss, and reactive astrocytosis, perivas-

Rasmussen encephalitis (RE) is an unusual seizure disor-

der of unknown etiology first described by Rasmussen in

1958.[1] It is refractory to anticonvulsant therapy, and clini-

cally characterized by progressive unilateral neurological defi-

cit, with histomorphology of chronic encephalitis.[2]
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cular lymphocytic cuffing, microglial nodule formation and neu-

ronophagia.

Group 1: ‘Active disease’ showing perivascular lymphocytic cells,

numerous microglial nodules, with or without neuronophagia and

glial scarring.

Group 2: ‘Active and remote disease,’ containing several microglial

nodules with perivascular round cell infiltrates, with at least one

gyral segment showing complete necrosis and cavitation involv-

ing full thickness of the cortex.

Group 3: ‘Remote disease,’ manifesting as neuronal loss with reac-

tive gliosis, and moderately abundant perivascular inflammatory

cells with few microglial nodules.

Group 4: Showing ‘nonspecific change’ like mild perivascular in-

flammation and microglial nodules, associated with neuronal loss

and glial scarring of varying degree.

The H&E and IHC stained slides were evaluated for the type of

inflammatory infiltrates along with their pattern of distribution. A

semiquantitative evaluation was also done to grade the severity of

inflammation, on a scale of mild to severe inflammation.

Results

Four cases of RE were diagnosed during the study period.

All patients presented with partial seizures with duration rang-

ing between 3 and 12 months (mean 6 months), and subse-

quently deteriorating to epilepsia partialis continua (EPC).

The mean age of the patients was 7.8 years (range 5–10 years).

There were three male and one female patients. Table 1 sum-

marizes the clinical profile of these patients.

Magnetic resonance imaging (T1WI and T2WI) revealed

cortical atrophy of the affected hemisphere in all four cases

[Figure 1A, B]. Further, Case 4 also showed a hyperintense

signal in the medial frontal, occipital, and parietal lobes on

the left side in addition to atrophic changes in the frontal and

temporal lobes [Figure 2A, B].

Biopsies from all four cases showed features typical of RE.

Table 1: Summary of clinical and histopathological profile of Rasmussen encephalitis

Case 1 Case 2 Case 3 Case 4

Clinical profile
Age/sex 8 years/Male 10 years/Male 5 years/Female 8 y/Male
Symptom/semiology Right PS/EPC Left PS/EPC Left PS/EPC Right PS/EPC
Duration 3 months 4 months 12 months 6 months
Site of biopsy Left frontal Right frontoparietal Right frontal Left frontoparietal

Histological profile
Meningeal thickening Mild Mod with mod inflam Mild Mild
Cortical atrophy with neuronal loss Multifocal Focal Focal and spongy Focal
and reactive astrocytosis cavitatory lesions
Microglial nodule Numerous Numerous Several Few
Neuronophagia + + + -
Extent of inflam (on H&E) Severe Severe Mod Mild
CD3 Mod (cortex) Severe (cortex> WM) PV Mod (cortex) Mild (cortex)

and parenchymal
CD68 Severe (cortex & WM) Mod (cortex & WM) Mod (cortex) Mod (cortex and WM)
CD20 - Focal (PV and parenchymal) - -

Outcome (Engel grade) I (Sz free; hemiparesis I (Sz free; hemiparesis I (Sz free; transient I (Sz free; transient
but ambulatory) but ambulatory) hemiplegia 3.5 m) hemiplegia 6 m)

PS, partial seizures; EPC, epilepsia partialis continua; mod, moderate; inflam, inflammation; WM, white matter; PV, perivascular; +, present; -, absent; Sz,
seizures.

Figure 1: (A, B) T1WI and T2WI of Case 1 showing atrophy of the left
hemisphere

Figure 2: (A, B) Magnetic resonance imaging of Case 4 showing
evidence of atrophy in frontal and temporal lobes and hyperintense

signal in medial frontal, occipital, and parietal lobes on the left side in
addition to atrophic changes

Cases 1 and 2: Both biopsies yielded two bits of tissue each,

which in total measured 3 x 2 x 1 cm and 6 x 4 x 2 cm, respec-

tively.

Both biopsies showed cortical atrophy due to neuronal loss

and astrocytic proliferation. Evidence of ongoing inflamma-

tory activity was characterized by marked perivascular [Fig-

ure 3] and parenchymal CD3-immunopositive lymphocytic ag-

gregates, mostly confined to the cortex [Figure 4A, B]. How-

ever, Case 2 showed infiltration into the white matter, along

Deb et al: Rasmussen encephalitis



158 Neurology India | June 2005 | Vol 53 | Issue 2

with focal CD20-immunopositivity [Figure 5]. This was com-

plemented by moderate to severe degree of CD68-

immunopositive microglial proliferation forming microglial

nodules, along with neuronophagia. The above features were

consistent with ‘active’ RE.[6]

Case 3: Biopsy comprised two bits of tissue measuring 7 x

2.5 x 1 cm in total.

Sections revealed focal cortical atrophy associated with se-

vere neuronal loss, spongy changes, and cavitatory lesions in

the cortex. There was a moderate degree of perivascular T-

lymphocytic infiltration and microglial proliferation, along with

the presence of several microglial nodules and evidence of neu-

ronophagia. These features were consistent with ‘active and

remote’ RE disease.[6]

Case 4: Resected tissue measured 3 x 2.5 x 1 cm sections

revealed focal cortical atrophy with neuronal loss and gliosis.

Inflammatory activity was minimal, with mild T-cell infiltra-

tion in the superficial and deep neuronal layers of the cer-

ebral cortex located in the perivascular region. Microglial ac-

tivation was moderate with some microglial nodules but ab-

sence of neuronophagia. The above features were consistent

with ‘remote disease’ of Robitaille.[6]

Correlation of disease duration with degree of inflam-
mation

Cases 1 and 2 had shorter disease duration (3 and 4 months,

respectively) and showed severe degree of T-cell predominant

inflammation, with microglial proliferation forming numer-

ous microglial nodules (‘active’ disease). Similarly, Case 3,

which showed a moderate degree of lymphocytic inflamma-

tion and microglial proliferation, along with fewer microglial

nodules, had a relatively longer disease duration of 12 months

(‘active and remote’ disease). Though the severity of inflam-

mation in the above cases inversely correlated with disease

duration, Case 4 was an exception, and displayed lesser de-

gree of inflammation, despite shorter disease duration than

Case 3.

The follow-up period ranged between 8 and 14 months (mean

10 months). In the immediate post-operative period, Cases 1

and 2 developed hemiparesis, while Cases 3 and 4 had tran-

sient hemiplegia. Motor dysfunction was apparently more

marked in the distal upper limbs than in the proximal part,

and in the lower limbs. Muscle power in the distal upper limbs

gradually improved from an immediate postoperative level of

3/5 to 4 – 4 +/ 5. None of the patients had clinical features of

hemianopia, either historically or on bedside testing, nor did

they have persistent aphasia, during a mean long-term fol-

low-up period of 10 months. Currently, all cases are seizure

free and in Engel Grade I.

Figure 4: (A–D) Rasmussen encephalitis showing perivascular (A: CD3
x200) and parenchymal collection (B: CD3 x400) of T lymphocytes,

along with microglial proliferation in the perivascular (C: CD68 x200),
and parenchymal areas (D: CD68 x400)

Figure 3: (A–D) Rasmussen encephalitis showing extensive perivascu-
lar lymphocytic cuffing (A: H&E x200), microglial proliferation (B: H&E
x200) with microglial nodule formation (B inset: H&E x400), neuronal

loss (C: H&E x200) with meningeal thickening (C inset: H&E x100), and
reactive gliosis (D: H&E x400)

Figure 5: Photomicrographs of Rasmussen encephalitis showing focal
perivascular (Arrow) and parenchymal (Arrow head) (inset CD20 x400)

collection of B lymphocytes (CD20 x200)
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Discussion

Diagnosis of RE is generally based on the characteristic clini-

cal, radiological and pathological features.[2],[3] Typically, it af-

fects previously healthy children and adolescents between the

ages of 14 months and 14 years.[2] However, adults may rarely

be affected.[4] It usually presents as pharmacoresistant gen-

eralized tonic-clonic or partial seizures, with about half of them

subsequently progressing to EPC.[3],[4] Other manifestations

include progressive unilateral neurologic deficit leading to

hemiparesis and cognitive decline. Occasional cases of bilat-

eral involvement have also been reported.[7] Dysphasia may

develop if the dominant hemisphere is involved.[2] All the cases

in the present series were in the pediatric age group, clinically

characterized by AED-refractory partial seizures progress-

ing to EPC.

Generally, RE cases have a temporal or frontoparietal on-

set, as judged by early MRI, which is concordant with the

report that the most common partial seizures in RE are of the

psychomotor and focal motor type.[3] A similar pattern of on-

set was also evident in all cases of the present series.

Clinically suspected RE cases routinely undergo MRI evalu-

ation,[3],[8] since not all investigators consider brain biopsy es-

sential for establishing a diagnosis. The characteristic MRI

features in RE are areas of cortical hyperintense T2/fluid-

attentuated inversion recovery (FLAIR) signal.[3],[9] Serial MRI

studies[3],[10] have demonstrated a spectrum of changes rang-

ing from an apparently normal image at onset, to focal or

hemispheric cortical atrophy of the affected lobes, in the late

stage. Neuroimaging in the present series showed evidence of

cortical atrophy of the affected hemisphere, which suggested

a fairly advanced disease process. Case 4, however, demon-

strated more severe affection, which subsequently correlated

with the advanced stage seen on histopathology.

Pathological appearances of RE, both macroscopic and mi-

croscopic, vary according to the severity of the disease. Mac-

roscopic features in cases operated within 1–2 years of onset

show subtle change in the form of slight discoloration and

granularity, along with focal thinning of the cortex, while se-

vere cases may show gyral atrophy with widespread hemiat-

rophy and ventricular dilatation.[6]

Despite a strong suspicion based on clinical and imaging

features, histopathology has remained the gold standard for

confirming a diagnosis of RE.[3] Classically, changes are re-

stricted to the affected hemisphere, with sparing of the con-

tralateral hemisphere, basal ganglia and posterior fossa.[2]

However, head of the caudate nucleus is often affected by the

atrophic process.[10] The neuropathological spectrum of

changes seen in the present series comprised ‘active’ disease

in Cases 1 and 2, characterized by severe inflammatory infil-

trates/microglial proliferation, while Cases 3 and 4 were des-

ignated as ‘active and remote’ and ‘remote’ disease, respec-

tively.

Robitaille[4] and Pardo et al.[11] described the effect of dis-

ease duration on the burden of pathology. The highest inflam-

matory intensity and microglial proliferation with nodule for-

mation are generally seen in the early stages, followed by de-

crease in the later stages. The intensity of inflammation, as

represented by collection of T cells and microglial prolifera-

tion, has been reported to bear an inverse correlation with the

disease duration.[11] Since the number of cases in the present

study was very few, no definite statistical correlation was pos-

sible; however, the trend of inverse correlation of disease du-

ration with severity of inflammation was evident in the first

three cases, with Case 4 apparently being an exception.

Recently, Pardo et al.[11] reported the neuropathological pro-

file in 45 RE cases, based on the disease stages for RE pa-

tients established by Robitaille.[4] They concluded that the age

of onset of symptoms correlated with the burden of pathology

and that the duration of disease process produced a signifi-

cant change in the magnitude of pathologic changes, which

was also noted in the present study.

Though the clinical profile of RE is not of an acute encepha-

litic illness, histopathology is strongly suggestive of a viral

aetiology.[1] However, in situ hybridization and polymerase

chain reaction studies have failed to identify any viral agent.[12]

Some[13] have suggested an immune-complex deposition and

vasculitis, or a coexisting second pathology,[14] as events lead-

ing to RE. Others[15] have demonstrated circulating

autoantibodies against the GluR3 protein of glutamate

receptor, thus favoring an autoimmune mechanism, although

Watson et al.,[16] have failed to detect such antibodies in RE

patients. Recently Bien et al.[17] have hypothesized a cytotoxic

CD3+CD8+ T-cell mechanism in the pathogenesis of RE. It

was interesting to note that all the cases in the present study

displayed CD3-immunopositive lymphocyte infiltrates, while

CD20 (B cells) were largely absent.

The unihemispheric pathology of RE, as reported in the lit-

erature (and also in the present study), has been explained

due to a possible cytotoxic T-cell response, which is induced

by a progressive disruption of the blood-brain barrier by an

initial focal event, with subsequent spreading across the af-

fected hemisphere.[17]

RE cases are typically AED-resistant, and have been man-

aged surgically.[2] Procedures like functional hemispherectomy

have been reported to be more effective in controlling seizures

in patients with a largely destroyed hemisphere and residual

hemiplegia,[18] in comparison to focal excision, partial

corticectomy, and subtotal hemispherectomy. Patients in the

present series were also resistant to AEDs and had been suc-

cessfully managed by hemispherotomy according to Delalande.

Immunosuppressive and immunomodulatory treatments

have been suggested to be most useful during stages of active

inflammation,[18] and patients with disease duration of less

than 15 months have demonstrated the best response to high-

dose steroid treatment.[19] Recent trials with steroids and IVIG,
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along with plasmapheresis have proved to be beneficial, espe-

cially in adult-onset RE.[18]

To summarize, this is the first reported series of biopsy-

proven RE from India, which also emphasizes the cardinal

role of histopathology in the confirmation of clinically and

radiologically suspected cases. This series also highlights the

spectrum of neuropathological findings and characterization

of the inflammatory changes, where a trend to inverse corre-

lation of disease duration with degree of inflammation has

been observed. Although considerable work has been done[9],[20]

to provide a clinical staging system of RE, it is recommended

that studies with larger number of cases be undertaken to

correlate the neuropathology spectrum with MRI changes, in

order to develop a non-invasive method of staging of the dis-

ease, since tissue diagnosis is not available in all cases.
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Invited Comments

In this issue of Neurology India, Deb et al. report on of a

cohort of four patients with Rasmussen encephalitis (RE) from

their center, admitted over a period of 3 years and all finally

undergoing hemispherotomy.[1] Their report provides data on

the neuropathology of brain tissue obtained on epilepsy sur-

gery and also some clinical data. This is the first internation-

ally accessible neuropathological RE series from India. Its

results confirm earlier observations on RE mainly made in

North America and Europe which can be summarized as fol-

lows: RE is a rare disease. It is estimated that major referral

centers encounter one to two cases every year. The disease

mainly affects children with a peak of incidence at the age of

6. It is a strictly unihemispheric brain disease characterized

by a progressive cerebral hemiatrophy [visible on serial mag-

netic resonance imaging (MRI)], frequent one-sided simple

partial motor (and other) seizures, often in the form of

Epilepsia partialis continua, and progressive loss of unilat-

eral neurological function. There is a maximum of disease

activity during the first year after onset of the acute disease

stage as evident from the high density of inflammatory cells

observed in brain specimens, the rapid destruction of brain

tissue and the loss of neurological and neuropsychological func-

tion during this period. Finally, the patients enter a residual

stage with lower (but usually still high) seizure frequency, a

stable, often severe neurological deficit and low-grade cerebral

inflammation.[2],[3] Neuropathological studies have identified

T cells and microglial cells as the main components of brain

inflammation, and neurons as the targets of the inflamma-

tory attack. [4],[5] By functional hemispherectomy or

hemispherotomy, high-seizure freedom rates (80–85%) and

low-complication rates have been achieved, however at the price

of irreversible neurological deficits associated with the dis-

connected hemisphere.

These features are fairly constantly found in all patients
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described so far. This has led to a recent proposal of formal

diagnostic criteria and the suggestion of a therapeutic path-

way for RE patients.[6] From a practical point of view, the

most urgent question regarding RE is now the following: What

is the optimal treatment for patients in the early disease stage,

i.e., with still rather well-preserved neurological deficits? Those

patients are usually considered not to be eligible for hemi-

spherectomy. They are, on the other hand, at high risk of de-

veloping severe neurological deficits. Immunosuppressive and

immunomodulatory treatment regimens (steroids, intravenous

immunoglobulins, plasma exchange, tacrolimus) are emerg-

ing as promising options for these patients. Early

immunotreatment seems to be able to stop or slow down the

progressive tissue and function loss. However, the optimal

treatment still needs to be determined. Beyond this, the most

challenging question is that regarding the cause of the in-

flammatory process. Is it indeed – as usually assumed –

autoimmune in nature? Or does an infection with a so far

unidentified agent trigger the immune process? Does the epi-

lepsy as such contribute to or even initiate the chronic brain

destruction? The answer to these questions may finally bring

about an explanation for the most conspicuous and puzzling

phenomenon of this disorder: the fact that it affects and de-

stroys only one brain hemisphere.

To pursue these goals, future researchers will rely on a solid

foundation of clinical and neuropathological data regarding

this condition. Deb et al. should be credited with having broad-

ened this foundation.
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