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Electrophysiological findings
in Rasmussen’s syndrome
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ABSTRACT – Background. Rasmussen syndrome is a rare, inflammatory and
probably autoimmune disease presenting with epilepsia partialis continua
which is generally in the form of myoclonic jerks and involves the upper
extremities with or without head involvement. We sought to demonstrate
the electrophysiological features in patients with Rasmussen syndrome.
Methods. We performed continuous electrophysiological recordings of
involuntary movement, as well as recordings of startle responses and long
latency reflex in three patients with a diagnosis of Rasmussen syndrome.
Results. Positive and negative myoclonus were recorded. Startle responses
were found to be suppressed. However, long latency reflexes were high in
amplitude and one patient even had a C reflex.
Conclusion. Stimulus-sensitive positive and negative cortical myoclonus

tinua of Rasmussen syndrome and
ulospinal pathways may develop in

ilepsia partialis continua, myoclonus,

or white matter and basal ganglia
(Granata and Andermann, 2013).
Although there are extensive neu-
roimaging studies in RS, data is
lacking related to the integrity of
corticospinal, basal ganglia and
other brainstem pathways. Blink
reflex (BR) is characteristically
elicited after supraorbital electri-
cal stimulation. Two components
of BR, ipsilateral R1 and bilateral
are typical in epilepsia partialis con
degeneration of brainstem and retic
Rasmussen syndrome.

Key words: Rasmussen syndrome, ep
startle response, long latency reflex

Rasmussen syndrome (RS) is a rare,
inflammatory and probably autoim-
mune disease presenting with
epilepsia partialis continua (EPC),
recurrent status epilepticus, pro-
gressive neurological findings, and
unilateral cerebral hemisphere atro-
phy (Granata and Andermann, 2013).
It typically affects children and onset
during adolescence or adulthood is
defined as late-onset. EPC is gener-
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ally in the form of myoclonic jerks
and involves the upper extremities
with or without head involvement
(Bien and Elger, 2008).
Neuroimaging shows unilateral
focal cortical atrophy with high
intensity signal changes of grey

R2, have central generators in the
brainstem and are modulated by
supratentorial and basal ganglia
structures (Esteban, 1999). Startle
responses which are evoked by
sudden stimulation are under the
control of the brainstem and can be
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ecorded by electrophysiological methods (Brown
t al., 1991).
herefore, we sought to demonstrate changes of
rainstem pathways in patients with RS using the elec-

rophysiological methods.

atients and methods

hree patients with a diagnosis of RS followed in our
pilepsy outpatient clinic were studied.
ll patients were diagnosed with RS according to Euro-
ean consensus criteria (Bien et al., 2005), meeting
ither all three criteria of Part A or two out of three
riteria of Part B:
Part A
• (1) Clinical: focal seizures (with or without
epilepsia partialis continua) and unilateral cortical
deficit(s).
• (2) EEG: unihemispheric slowing with or without
epileptiform activity and unilateral seizure onset.
• (3) MRI: unihemispheric focal cortical atrophy and
at least one of the following:
- grey or white matter T2/FLAIR hyperintense signal;
- hyperintense signal or atrophy of the ipsilateral
caudate head.
Part B
• (1) Clinical: epilepsia partialis continua or progres-
sive unilateral cortical deficit(s).
• (2) MRI: progressive unihemispheric focal cortical
atrophy.
4

• (3) Histopathology: T cell dominated encephali-
tis with activated microglial cells (typically, but not
necessarily forming nodules) and reactive astroglio-
sis. Numerous parenchymal macrophages, B cells or
plasma cells, or viral inclusion bodies exclude the
diagnosis of RE.
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igure 1. (A, B) Continuous analysis of involuntary movements showi
atient (Patient 1). The sweep speed in (A) is faster than that in (B) b
nalyse the characteristics of each burst. (C) High-amplitude LLR II ove
atient (Patient 2). (O.oc: orbicularis oculi; SCM: sternocleidomastoi

ibial; sensitivity: 200 �V).
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he study was approved by the local ethical commit-
ee and all participants and their family members gave
nformed consent.

nilateral orbicularis oculi, masseter, sternocleido-
astoid, biceps brachii, abductor policis brevis, and

nterior tibial muscles were targeted for electrophysi-
logical recordings using surface silver-silver chloride
lectrodes and Neuropack Sigma MEB-5504k, Nihon
ohden Medical, Tokyo, Japan. The first step was con-

inuous recording of involuntary movements during
est, posture, action and weight bearing. Second, we
erformed brainstem reflex recordings by applying
upraorbital electrical stimulation (0.2 m, 6-12 mA) for
R, auditory stimulation (binaural 105 dB) for audi-

ory startle response (ASR), and electrical stimulation
ver the wrist (15-25 mA, 0.2 m) for startle response

o somatosensory inputs (SSS). The third step was to
btain segmental reflex (SR) and long latency reflex

LLR) after electrical stimulation of median nerve at
he wrist (15-25 mA, 0.2 m). Responses with latencies
f 45-65 were defined as LLR II.

esults

total of three patients (mean age: 20.3±3.8
ears; two males) were identified in the study
eriod. Clinical features are summarized in table 1.

nvestigations for autoimmune encephalitis and
etabolic/mitochondrial disease were negative in all
Epileptic Disord, Vol. 18, No. 1, March 2016
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ng positive and negative myoclonic jerks in a 23-year-old female
ased on a particular part of the EMG that has been enlarged to
r APB after median stimulation at the wrist in a 22-year-old male

d; BB: biceps brachii; APB: abductor policis brevis; AT: anterior

hich involved unilateral facial, upper extremity and
ower extremity muscles. However, myoclonus exhib-
ted higher amplitude on the distal parts of the upper
xtremities (figure 1A, B) and were sensitive to action
r posture. Duration of myoclonus (burst duration)
as shorter than 50 ms in all patients. All patients also
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Table 1. Clinical and electrophysiological features.

Patient 1 Patient 2 Patient 3

Age, years 23 22 16

Gender Female Male Male

Age at onset, years 16 10 15

Clinical features Myoclonic jerks of right
upper and lower
extremities, GTCS, CPS,
mild right-sided
hemiparesis

Myoclonic jerks of left
upper and lower
extremities, left-sided
hemiconvulsions, GTCS,
left-sided pyramidal
findings

Myoclonic jerks of left
upper and lower
extremities, GTCS, mild
right-sided hemiparesis

Medications Levetiracetam,
carbamazepine,
clonazepam

Levetiracetam,
oxcarbazepine,
phenobarbital, clobazam

Carbamazepine,
valproate, levetiracetam,
clobazam,

EEG Left centro-parietal
disorganisation and
epileptiform activity

Generalised
disorganisation and
bilateral frontal
epileptiform activity

Right centro-parietal
disorganisation and
epileptiform activity

MRI Atrophy of left frontal
cortex and multiple focal
hyperintensities in frontal
and parietal lobes

Right fronto-temporal
atrophy and gliosis

Left fronto-temporal
atrophy and gliosis

BR R1/R2, ms 9.6/44.4 11.6/47.2 9.6/58.8
Normal value R1: 10.3±0.9, R2: 31.6±3.4

ASR, probability,% 0 25 15.6
Normal value 33.7±8.7

SSS, presence rate,% 0 0 0
Normal value 39.5

SR, latency, ms 29.4 25.0 25.0
Normal value 25.7±2.4

C reflex, latency, ms 55 Absent Absent
Normal value Absent

LLR II, amplitude, �V 3000 1500 3000
Normal value 995.1±924.7

0.3

B nse t
r lated
m

h
m
w
w

SR/LLR II amplitude 0.33

R: blink reflex; ASR: auditory startle response; SSS: startle respo
eflex. Normal values are presented as mean±SD and were calcu

ales: 44.4%).
pileptic Disord, Vol. 18, No. 1, March 2016

ad negative myoclonus. Other types of involuntary
ovements were not observed. R1 components of BR
ere normal whereas mean latencies of R2 component
ere delayed (50.1±7.6 m; normal value: 31.6±3.4 m).

P
l
w
L

3 0.2

o somatosensory inputs; LLR: long latency reflex; SR: segmental
from a group of 18 healthy subjects (mean age: 23.1±5.9 years;
75

robabilities of ASR were low and latencies were
ong; one patient did not even have a response. SSS
as not obtained in any of the patients (table 1).

atency and persistency of SR was normal. There was a
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reflex with 55 ms of latency in one patient (Patient 1).
LR II during active contraction was high in amplitude
figure 1C).

iscussion

ositive and negative myoclonus were common in
S. Presence of short duration myoclonus, C reflex
r high-amplitude LLR II suggest cortical or cortico-
ubcortical myoclonus in RS. This type of myoclonus
s typical of myoclonic epilepsies such as progressive

yoclonic epilepsy or juvenile myoclonic epilepsy,
eflecting high excitability of the sensori-motor cor-
ex or corticospinal pathway (Tobimatsu et al., 1985).
linical findings of EPC may suggest clonic convul-

ions. However, the characteristics of each burst, with
hort burst duration, high amplitude, and very short
ising time, suggested myoclonus.
bnormally delayed BR R2 in the presence of normal
1 suggests abnormal transmission in the central BR
athways, probably due to increased inhibition. Startle
eflex is generated in the brainstem, the pedunculo-
ontine nucleus (PPN), and is under the modulatory
ontrol of basal ganglia, specifically the dopaminer-
ic system. The efferent pathway is the reticulospinal
ystem. Loss or suppression of reflex suggests inhi-
ition or degeneration of PPN or the reticulospinal
ystem (Williams et al., 2008), whereas, in the case
f cortical or basal ganglia lesions, such as RS, exag-
6

eration of startle responses would be expected.
mong RS cases, there are few case reports with
ranial nerve involvement and unilateral midbrain
nd pontine involvement on neuroimaging (Quesada
t al., 2009). Our results may support involvement
f central pathways of BR and reticulospinal path-
ays in the brainstem even without development of

T
Y
t
1

W
r
o

ymptoms attributed to the brainstem or neuroimag-
ng findings.
n conclusion, stimulus-sensitive positive and negative
ortical myoclonus are typical in EPC of RS and degen-
ration of brainstem and reticulospinal pathways may
evelop in RS. �
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