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Abstract This study aimed to elucidate the natural history

of senile myoclonic epilepsy, a type of myoclonic epilepsy

associated with Alzheimer’s disease in adult Down syndrome

patients. Twelve Down syndrome patients over the age of

40 years with myoclonic epilepsy and Alzheimer’s disease

underwent clinical, neuropsychological, neurophysiological,

and neuroradiological study. The kariotypes, APOE poly-

morphisms, all exons in the PSEN1 and PSEN2 genes, and

exons 16 and 17 in the APP gene were determined for all

patients. CSF Ab42, p-tau181, and t-tauAg were determined

for two patients. Three main stages appeared during the course

of the syndrome. The first stage was characterized by

dementia onset (mean age: 51 ± 6.6 years), diffuse EEG

abnormalities during sleep, and cerebral atrophy determined

using neuroimaging. During the second stage, myoclonic

epilepsy manifested (mean age: 51.4 ± 7.2 years) with

myoclonic jerks time-locked to diffuse epileptiform abnor-

malities upon awakening, which was controlled with antiep-

ileptic drugs. During the third stage (mean age:

54.8 ± 7.6 years), myoclonic seizures were replaced with

nonepileptic myoclonus, and cerebellar signs, severe

dementia, and photosensitivity developed. All patients

showed complete trisomy 21. Mutations were ruled out on the

APP, PSEN1, and PSEN2 genes, and APOE analysis revealed

e3/e3 homozygosity. CSF biomarkers showed a decrease in

Ab42 and an increase in p-tau181. The natural history of senile

myoclonic epilepsy is consistent with progressive myoclonus

epilepsy. Chromosome 21 is implicated in its pathophysiol-

ogy; however, other genetic and/or environmental risk factors

cannot be excluded. The absence of the APOE type 4 allele

could predict its progression.

Keywords Down syndrome � Video-EEG/polygraphy �
Senile myoclonic epilepsy � Alzheimer’s disease �
Progressive myoclonus epilepsy � APOE � CSF

biomarkers � PSEN 1 gene � PSEN2 gene � APP gene

Introduction

Down syndrome (DS) patients over the age of 40 years

typically show clinical, neuroimaging, and neuropathologi-

cal evidence of Alzheimer’s disease. A study of 53 DS

patients showed Alzheimer’s disease in 8 % of patients aged

35–49 years, in 55 % of patients aged 50–59 years, and in

75 % of patients over 60 years [1]. The increased prevalence

of Alzheimer’s disease is caused by an overexpression of the

amyloid precursor protein (APP) gene due to the triplication

of chromosome 21 [2], which leads to an increased accu-

mulation of b-amyloid. Epilepsy may also be present in adult

DS patients and late-onset epilepsy during the fifth and sixth

decades of life is often associated with dementia [3]. Prasher

and Corbett [4] and Lai and Williams [1] noted an epilepsy

prevalence greater than 80 % in DS patients with dementia,

whereas Mc Vicker et al. [5] reported a 46 % prevalence in

DS patients over the age of 50 years. Therefore, the devel-

opment of late-onset epilepsy is strongly suggestive of

comorbid dementia, and an underlying common pathoge-

netic basis has been suggested [6]. Indeed, the increased

accumulation of b-amyloid peptides triggers synaptic

degeneration with abnormal synchronization of neuronal

networks [7]. The electro-clinical features of epilepsy in DS

A full list of Apulian Study Group on Senile Myoclonic Epilepsy

investigators is given in the Appendix.
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patients with dementia are heterogeneous [1, 8–11]: gen-

eralized tonic–clonic, myoclonic, and partial complex sei-

zures, which are easily controlled by antiepileptic drugs

(AEDs), have been reported to be associated with variable

EEG patterns. Nevertheless, case reports and small studies

[9, 12–20] have stressed a homogeneous syndrome that is

identified in the literature as ‘‘late onset myoclonic epilepsy

in Down’s syndrome (LOMEDS)’’ or ‘‘senile myoclonic

epilepsy’’ (Table 1). This syndrome is characterized by

dementia, myoclonic jerks upon awakening, generalized

tonic–clonic seizures, with evolution towards erratic

myoclonus, full dependency and death within a few years,

thereby apparently resembling a progressive myoclonus

epilepsy (PME) [13, 15, 16, 20]. However, the disease

spectrum is not well understood, and the current lack of

clinical, neurophysiological, and molecular studies prevents

the inclusion of this syndrome within the PME category.

The purpose of this study was to investigate the clinical

and longitudinal outcomes and neurophysiological and

molecular features of this disease to delineate the natural

history of senile myoclonic epilepsy.

To our knowledge, this is the first study monitoring the

course and characterizing the natural history of senile

myoclonic epilepsy.

Methods

Twelve DS patients (5 males, 7 females) over the age of

40 years who were diagnosed with myoclonic epilepsy and

Alzheimer’s disease in DS patients were prospectively

monitored between January 2010 and December 2013 at

the Epilepsy Center of the University of Foggia.

The patients are part of a prospective, ongoing clinical

and neurophysiological study of DS patients aged

[40 years.

This syndrome had manifested in seven patients prior to

study entry, and five patients were identified during pro-

spective observations. All patients were followed up twice

per year and received full clinical, neurophysiological, and

neuropsychological evaluations.

The mean age of the population at the start of the study

was 54.1 ± 7.8 years (median 53.5, range 43–69).

The local ethics committee on human experimentation

approved the study, and a written informed consent was

obtained from relatives or a legal guardian of the patients.

Clinical and neurophysiological evaluation

Clinical data included demographic information (age,

gender, family history, personal antecedents, systemic

disorders) and details of the epilepsy diagnosis (age at

seizure onset, seizure type, and frequency obtained fromT
a

b
le

1
co

n
ti

n
u

ed L
i

et
al

.
[1

4
]

M
o

ll
er

et
al

.

[1
6

]

D
e

S
im

o
n

e
et

al
.

[1
7
]

C
re

sp
el

et
al

.
[1

8
]

D
e

S
im

o
n

e
et

al
.

[2
0

]

S
an

g
an

i
et

al
.

[1
9
]

V
ig

n
o

li
et

al
.

[9
]

F
o

ll
o

w
-u

p
Im

p
ro

v
ed

in
th

e

se
iz

u
re

s

fr
eq

u
en

cy

af
te

r
V

P
A

.

D
ie

d
(?

)

Im
p

ro
v

ed

se
iz

u
re

fr
eq

u
en

cy

af
te

r
T

P
M

C
o

g
n

it
iv

e

d
et

er
io

ra
ti

o
n

p
ro

g
re

ss
ed

sl
o

w
ly

M
p

er
si

st
ed

at
a

m
in

o
r

le
v

el
(i

m
p

ro
v

ed
af

te
r

L
E

V
an

d
V

P
A

)

C
o

g
n

it
iv

e

d
et

er
io

ra
ti

o
n

p
ro

g
re

ss
ed

sl
o

w
ly

Im
p

ro
v

ed
se

iz
u

re

fr
eq

u
en

cy
af

te
r

L
E

V

an
d

V
P

A

C
o

g
n

it
iv

e

d
et

er
io

ra
ti

o
n

p
ro

g
re

ss
ed

sl
o

w
ly

Im
p

ro
v

d
se

iz
u

re

fr
eq

u
en

cy
af

te
r

A
E

D
s.

4
p

ts
d

ie
d

(1
o

f

p
n

eu
m

o
n

ia
)

Im
p

ro
v

em
en

t/

re
so

lu
ti

o
n

in
M

af
te

r
L

E
V

S
o

m
e

im
p

ro
v

em
en

t
in

co
g

n
it

io
n

af
te

r
L

E
V

(1
p

t)

V
P

A
an

d
L

E
V

co
n

tr
o

ll
ed

M
an

d
T

C
S

C
o

g
n

it
iv

e
d

ec
li

n
e

(8
p

ts
).

1
p

t
d

ie
d

(?
)

P
re

v
io

u
sl

y
re

p
o

rt
ed

ca
se

s
o

f
se

n
il

e
m

y
o

cl
o

n
ic

ep
il

ep
sy

w
er

e
id

en
ti

fi
ed

u
si

n
g

th
e

N
at

io
n

al
L

ib
ra

ry
o

f
M

ed
ic

in
e’

s
M

E
D

L
IN

E
d

at
ab

as
e

(f
ro

m
1

9
6

6
to

D
ec

em
b

er
2

0
1

2
)

b
y

se
ar

ch
in

g
u

si
n

g
th

e

k
ey

w
o

rd
s

‘‘
L

O
M

E
D

S
’’

o
r

‘‘
se

n
il

e
m

y
o

cl
o

n
ic

ep
il

ep
sy

’’
,

o
r

‘‘
d

em
en

ti
a’

’
o

r
‘‘

A
lz

h
ei

m
er

’s
d

is
ea

se
’’

o
r

‘‘
ep

il
ep

sy
’’

o
r

‘‘
se

iz
u

re
’’

o
r

‘‘
m

y
o

cl
o

n
ic

ep
il

ep
sy

’’
in

d
if

fe
re

n
t

co
m

b
in

at
io

n
s

w
it

h
‘‘

D
o

w
n

sy
n

d
ro

m
e’

’

N
o

n
u

m
b

er
s,

y
y

ea
rs

M
R

m
en

ta
l

re
ta

rd
at

io
n

,
m

m
o

n
th

s,
A

E
D

s
an

ti
ep

il
ep

ti
c

d
ru

g
s,

M
m

y
o

cl
o

n
ic

se
iz

u
re

s,
T

C
S

to
n

ic
–

cl
o

n
ic

se
iz

u
re

s,
S

E
st

at
u

s
ep

il
ep

ti
cu

s,
S

P
S

si
m

p
le

p
ar

ti
al

se
iz

u
re

s,
T

to
n

ic

se
iz

u
re

s,
S

W
s

sp
ik

e
an

d
w

av
es

,
P

S
W

s
p

o
li

sp
ik

e
an

d
w

av
es

,
P

P
R

p
h

o
to

p
ar

o
x

y
sm

al
re

sp
o

n
se

,
A

E
D

s
an

ti
ep

il
ep

ti
c

d
ru

g
s,

T
P

M
to

p
ir

am
at

e,
L

T
G

la
m

o
tr

ig
in

e,
L

E
V

le
v

et
ir

ac
et

am
,

C
N

Z
cl

o
n

az
ep

am
,

V
P

A
v

al
p

ro
at

e,
C

B
Z

ca
rb

am
az

ep
in

e,
P

IR
p

ir
ac

et
am

,
P

B
p

h
en

o
b

ar
b

it
al

1586 J Neurol (2014) 261:1584–1597

123



epilepsy diaries completed by caregivers, follow-up dura-

tions, and responses to the therapy).

The neurophysiological examination consisted of wak-

ing and sleep electroencephalography (EEG), long-term

video-EEG/polygraphic monitoring, and assessment of

multimodal evoked potentials (brainstem, somatosensory).

The parameters of the video-EEG/polygraphic recordings

included video-EEG (electrodes were placed based on the

10–20 International System with bipolar montage); an

electromyogram (EMG) of both deltoid muscles, the right

and left flexor and extensor muscles of the hand, and both

tibialis anterior muscles; an EKG; and thoracic respiration

(monitored using a strain gauge). Polygraphic EMG signals

were recorded using pairs of surface electrodes with stan-

dard belly-tendon placement. Signals were acquired digi-

tally (sampling frequency: 512 Hz; band-pass filters:

1.6–210 Hz; MicroMed System, Mogliano Veneto, Italy).

The relationship between EEG and EMG bursts was ana-

lyzed by applying jerk-locked back-averaging. Myoclonus

severity was scored used a simplified myoclonus rating

scale [21]. Brainstem auditory evoked potentials (BAEPs)

and somatosensory evoked potentials (SEPs) were recorded

using standard laboratory procedures.

Neuropsychological assessment

Previous intellectual disability was assessed by reviewing

of reported intelligence tests, whereas the diagnosis of

dementia was generated using the modified ICD-10 criteria

for adults with intellectual disabilities [22] based on DSM-

IV-TR [23]. Moreover, patients were assessed using the

Dementia Screening Questionnaire for Individuals with

Intellectual Disabilities (DSQIID) [24], which is an

observer-rated questionnaire used to screen for dementia in

adults with DS. The DSQIID is comprised of 53 items that

evaluate behavior and symptoms that are typically associ-

ated with dementia in adults with DS. A cut-off score of 20

was used to indicate for a positive diagnosis of dementia.

The informant was either a relative or a carer who had

known the patient with DS.

Imaging study

Three DS patients underwent brain magnetic resonance

imaging (MRI; 1.5-Tesla System), and 9 underwent brain

CT scanning.

Biomarkers

Genetic analyses

The diagnosis of DS was confirmed by karyotyping all DS

patients. Apolipoprotein E (APOE) genotypes were

determined based on polymerase chain reaction (PCR)

amplifications followed by restriction enzymatic diges-

tions. Moreover, all exons in the presenilin 1 (PSEN1) and

presenilin 2 (PSEN2) genes, as well as exons 16 and 17 of

the amyloid precursor protein (APP) gene, were analyzed

by PCR followed by direct DNA sequencing.

Cerebrospinal fluid (CSF) analysis

CSF Ab42, p-tau181 and t-tauAg were quantified using the

Innotest ELISA in samples from patients 4 and 7, who

provided consent for CSF analyses. ROC curves were used

to determine of the cut-offs for single values, and a loga-

rithm which correlates the IATI index b-amyloid 1-42/

(240 ? 1.18 9 t-tau) with the value of p-tau181 was

calculated.

Results

Clinical features

Table 2 summarizes the clinical features of the patients.

Syndrome onset

Dementia appeared earlier than myoclonic epilepsy, and the

average elapsed time between dementia and seizure onset

was 6.9 months (range 0.0–36). In patients 3, 9, 10, and 12,

cognitive deterioration and seizures occurred temporally very

close together, whereas in the remaining patients dementia

preceded seizure onset by 10.3 months (range 5–36).

Dementia

The mean age at dementia onset was 51 ± 6.6 years

(median 49.5, range 43–65). In patients 1–8, the earliest

and primary sign of cognitive deterioration was the loss of

the ability to conduct activities of daily living and the

ability to perform tasks necessary for independent coping.

Thereafter, a gradually progressive decline, including

mental slowing and spatiotemporal disorientation, was

reported in all patients (cut-off DSQIID score [20). The

dementia was not recognized accurately or early; specifi-

cally, half of the patients (1, 3, 7, 8, 9, and 10) had been

misdiagnosed with psychiatric disturbances, three (1, 3, 7)

of whom had been treated with anti-psychotic drugs.

Behavioral disturbances were reported rarely and were

often misdiagnosed; specifically, in patients 3 and 8

behavioral signs were initially attributed to exacerbations

of pre-existing psychiatric disturbances, whereas in patient

7 behavioral signs were attributed to the effects of

levetiracetam.
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Epilepsy

The mean age at onset of epilepsy was 51.4 ± 7.2 years

(median 49.5, range 43–68). The first sign manifested as

apparently generalized tonic–clonic seizures either on

awakening from nocturnal sleep (patients 10 and 11) or

within short time of awakening (patients 1–9 and 12).

Nevertheless, careful clinical history revealed that in

almost all patients the apparently generalized tonic–clonic

seizures were preceded by myoclonic jerks. Subsequently,

after a period ranging from a few weeks to 6 months, all

patients presented monthly with myoclonic jerks, typically

upon at awakening, that were more marked in the upper

body (including arms, hands, and sometimes spreading to

the head and trunk), symmetrical or asymmetrical, and

rarely massive (patients 1 and 2); however, if massive, they

were associated with falls. In patient 7, sudden auditory

stimuli-evoked bilateral massive myoclonic jerks were

associated with falls. Over months and years of progres-

sion, rare tonic–clonic and myoclonic seizures were

replaced by nonepileptic myoclonus. Ten of patients were

treated (reduction in seizure frequency C80 %) using AED

monotherapy (seven with levetiracetam, one with valpro-

ate, one with lamotrigine, and one with oxcarbazepine),

whereas patients 9 and 11 (reduction in seizure frequency

C80 %) were treated with levetiracetam and carbamaze-

pine, and levetiracetam and phenobarbital, respectively.

Other neurological features

Following progression of dementia and epilepsy, all

patients developed cerebellar signs, which were mild in

patients 4, 7, 9, 10, and 12 and moderate-severe in the other

patients. In particular, an ataxic syndrome with incoordi-

nation and tremor, that was associated with nonepileptic

myoclonus, developed at a later stage of illness at a mean

age of 54.8 ± 7.6 years (median 53, range 45–69), with a

mean period of 2.5 ± 1.1 years (median 3, range 1–4)

from myoclonic epilepsy onset.

At the time of the last observation, myoclonus had

occurred in all patients with the exception of patients 10

and 12, who showed a more recent onset of disease.

Myoclonus was multi-focal, subcontinuous, rarely massive,

and precipitated by movements, and it did not occur

exclusively upon awakening. The mean myoclonus sever-

ity score was 4.1 (range 2–5).

Follow-up

The mean duration of follow-up after dementia onset was

3.5 ± 2.1 years (median 3.5, range 1–7). The disease

course was inevitably progressive. At the time of the last

follow-up, patients 1, 3, and 8 (died of pneumonia, the

mean duration of symptoms was 6 years, range 4–7) and

patients 2, 5, 6, and 11 (the mean duration of symptoms

was 4.7 years, range 4–6) showed severe dementia with

complete dependence on others for activities of daily living

and were mute and bedridden. Myoclonic seizures were

rare and responsive to AEDs. Incoordination, tremor, and

nonepileptic myoclonus emerged in all cases.

Patients 4, 7, 9, 10, and 12 (the mean duration of

symptoms was 2 years) showed an intermediate dementia

with an inability to perform activities of daily living

without help. Myoclonic seizures were rare and responsive

to AEDs; cerebellar signs were mild or moderate, and

myoclonus was absent (patients 10 and 12) or was low in

severity score (patients 4, 7, and 9). For patient 7, probable

sudden unexpected death in epilepsy (SUDEP) was

reported after a 15-month duration of symptoms.

Neurophysiological features

Table 3 summarizes the video-EEG/polygraphic findings.

At the time of dementia onset, EEG background activity

showed mild generalized slowing. The intermittent photic

stimulation (IPS) at 1–30 Hz was normal. Physiological

sleep patterns were always detected. In four patients (1, 2,

3, and 9) the sleep patterns were associated with sporadic

diffuse spike-and- wave (SW) or polyspike-and-wave

(PSW) discharges (Fig. 1).

At the time of epilepsy onset, EEG background activity

was slow and associated with diffuse SW or PSW bursts

typically upon awakening. Brief sequences of myoclonic

jerks (corresponding to brief EMG bursts) were associated

with EEG paroxysms in all patients. Nevertheless, in

patients 1 and 2, unilateral myoclonia occurred without

evident EEG correlates. In these cases jerk-locked back-

averaging EEG analysis triggered from myoclonic jerks

revealed a clear cortical spike at the centroparietal elec-

trodes. IPS responses at 1–30 Hz were normal. Physio-

logical sleep patterns were absent, whereas SW or PSW

discharges persisted without activation (Fig. 2).

As the disease progressed, the EEG background activity

slowed further, with intermixed paroxysmal activity during

awake periods and disorganized sleep. In patients with a

longer clinical history, IPS triggered bursts of generalized

SW or PSW bursts that were associated with myoclonic

jerks, typically in the upper limbs, at a 1:1 ratio at fre-

quencies of up to 12–15 Hz. In patient 1, IPS revealed a

focal photic reflex myoclonus, and a back-average of the

EEG, triggered from the onset of myoclonus by the right

extensor muscle of the hand, showed a contralateral posi-

tive–negative transient in the fronto-central region that

preceded the myoclonus EMG discharge by 20 ms. In

patient 6, IPS at a frequency of 18 Hz evoked myoclonic

jerks followed by a secondary tonic–clonic seizure.
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Table 3 Video-EEG/Polygraphic and neuroimaging features

Pt Video-EEG/polygraphic features CT/MRI

Dementia onset Epilepsy onset Disease progression

EEG IPS M EEG IPS M EEG IPS M

1 Mild and

diffuse

slowing

Diffuse

SW,

PSW

during

sleep

Normal Absent Diffuse

slowing

Diffuse SW,

PSW,

usually at

awakening

Normal With and

without

SW,

PSW

Diffuse slowing.

Diffuse SW, PSW

during awake and

sleep

PPR With and

without

SW,

PSW

Cerebral

atrophy

2 Mild and

diffuse

slowing

Diffuse

SW,

PSW

during

sleep

Normal Absent Diffuse

slowing

Diffuse SW,

PSW usually

at awakening

Normal With and

without

SW,

PSW

Diffuse slowing

Diffuse SW, PSW

during awake and

sleep

PPR With and

without

SW,

PSW

Cerebral

atrophy

3 Mild and

diffuse

slowing

Diffuse

SW

during

sleep

Normal Absent Diffuse

slowing

Diffuse SW

usually at

awakening

Normal With SW Diffuse slowing

Diffuse SW during

awake and sleep

PPR With and

without

SW

Cerebral

atrophy

4 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW,

PSW usually

at awakening

Normal With SW,

PSW

Diffuse slowing

Diffuse SW, PSW

during awake and

sleep

Normal With SW,

PSW

Cerebral

atrophy

5 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW,

PSW usually

at awakening

Normal With SW,

PSW

Diffuse slowing.

Diffuse SW, PSW

during awake and

sleep.

PPR With SW,

PSW

Cerebral

atrophy

6 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW,

PSW usually

at awakening

Normal With SW,

PSW

Diffuse slowing

Diffuse SW, PSW

during awake and

sleep

PPR With SW,

PSW

Cerebral

atrophy

7 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW

usually at

awakening

Normal With SW Diffuse slowing

Diffuse SW during

awake and sleep

Normal With SW Cerebral

atrophy

8 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW

usually at

awakening

Normal With SW Diffuse slowing

Diffuse SW during

awake and sleep

PPR With SW Cerebral

atrophy;

hydrocephalus
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Polygraphic recordings revealed action myoclonus during

posture maintenance and, in particular, erratic myoclonic

jerks at rest that were associated with contralateral central

spikes (Fig. 3).

BAEPs and SEPs were evaluated in patients 3, 4, 7, and

12. They were generally unremarkable with the exception

that the amplitude of cortical components in SEPs was

moderately enlarged in patients 4 and 7.

Imaging findings

Table 3 summarizes the imaging features of patients.

Brain MRIs/CTs revealed diffuse cerebral atrophy in all

patients (Fig. 1), that was associated with noncommuni-

cating hydrocephalus in patient 8.

Biomarker results

Figure 4 summarizes the genetic and CSF features of the

patients.

All patients showed a complete trisomy 21.

Mutations were ruled out by sequencing the APP,

PSEN1, and PSEN2 genes in all patients.

No subject was homozygosus for the type 4 APOE allele

(e4/e4). Homozygosity APOE e3/e3 was observed in all

patients.

In patients 4 and 7, the CSF Ab42 was 565 and

235.8 pg/ml (normal range 499–1,088), p-tau181 was 94.10,

and 70.90 pg/ml (normal value\33), t-tauAg was 954 and

1,409.30 ng/ml (normal value \300), and Ab42/p-tau181

ratio was 6 and 3.3 (normal value[7), respectively. Using

ROC curve analyses, the CSF Ab42 and p-tau181 values in

these patients met the requirements for clinical use in

discriminating Alzheimer’s disease from normal aging and

other specific neurological disorders [25].

Discussion

The findings of this study indicate that

1. The natural history of senile myoclonic epilepsy is

compatible with PMEs;

2. Chromosome 21 is implicated in its pathophysiology,

although the existence of other genetic and/or envi-

ronmental risk factors that have yet to be identified

cannot be excluded.

Table 3 continued

Pt Video-EEG/polygraphic features CT/MRI

Dementia onset Epilepsy onset Disease progression

EEG IPS M EEG IPS M EEG IPS M

9 Mild and

diffuse

slowing

Diffuse

SW,

PSW

during

sleep

Normal Absent Diffuse

slowing

Diffuse SW,

PSW usually

at awakening

Normal With SW,

PSW

Diffuse slowing

Diffuse SW, PSW

during awake and

sleep

Normal With and

without

SW,

PSW

Cerebral

atrophy

10 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW

usually at

awakening

Normal With SW Diffuse slowing.

Diffuse SW during

awake and sleep

Normal With SW Cerebral

atrophy

11 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW

usually at

awakening

Normal With SW Diffuse slowing

Diffuse SW during

awake and sleep

Normal With SW Cerebral

atrophy

12 Mild and

diffuse

slowing

Normal Absent Diffuse

slowing

Diffuse SW

usually at

awakening

Normal With SW Diffuse slowing

Diffuse SW during

awake and sleep

Normal With SW Cerebral

atrophy

M Myoclonic jerks, IPS intermittent photic stimulation, SW spike-and-wave discharges, PSW polyspike-wave discharges, PPR photoparoxysmal

response
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A progressive myoclonus epilepsy

PMEs are a group of inherited disorders defined by the

association of myoclonus and epilepsy with progressive

neurological deterioration [26]. Five disease entities, Un-

verricht-Lundborg disease, Lafora’s disease, neuronal cer-

oid lipofuscinoses, mitochondrial disorders, and sialidoses,

constitute the majority of PMEs cases. However, other

forms of PMEs have been reported, and Alzheimer’s dis-

ease beginning in the third or fourth decade is a rare cause

of the PME phenotype. Melanson et al. [27] presented two

patients with PME that manifested at approximately

30 years of age in whom the clinical features, MRI find-

ings, and brain neuropathological findings were typical of

Alzheimer’s disease. In 1990 and 1994, the first reports of

myoclonic epilepsy associated with Alzheimer’s disease in

adult DS patients were published in abstract form [12, 13].

Pedersen [12] described 14 patients with adult-onset (third

and fourth decade) generalized tonic/clonic and myoclonic

seizures with symptoms occurring most often in the

morning and that were associated with Alzheimer’s dis-

ease. Genton and Paglia [13] evaluated three adult DS

patients (aged 41, 46, and 61 years) with myoclonic sei-

zures that occurred initially upon awakening and were

associated with Alzheimer’s disease. Thereafter, other

small studies [9, 14–20] noted myoclonic epilepsy associ-

ated with dementia in adult DS patients and hypothesized

that senile myoclonic epilepsy was a PME [13, 15, 16, 20].

Fig. 1 Stage 1: dementia onset. In the upper panel, EEG recordings

in patients 1, 2, 3, and 9 are shown. Sleep revealed stereotypical EEG

abnormalities in different patients. In the lower left panel, polygraphic

recording are shown from patient 3 that are characterized by

epileptiform abnormalities during sleep and that were not associated

with myoclonic jerks (R. and L. Flex right and left flexor muscles of

the hand, R. and L. Ext right and left extensor muscles of the hand, R.

and L. Tib. A right and left muscles of the tibialis anterior). In the

lower right panel, CT images of the brains of patients 3 and 11 reveal

diffuse cerebral atrophy
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Nevertheless, the lack of studies investigating the natural

history of senile myoclonic epilepsy patients prevented this

syndrome from being considered a PME. Indeed, although

myoclonic epilepsy with Alzheimer’s-type dementia

emerged in the 31 patients previously reported in the lit-

erature (Table 1), the clinical and neurophysiological pro-

gression of this syndrome were not characterized and a

biomarker study were not performed. In this study, three

progressive disease stages have been outlined, the charac-

teristics of which are consistent with a PME phenotype in

DS patients with Alzheimer’s disease and support the

peculiarity of the association between PME and

Alzheimer’s disease in DS patients. The first stage is

characterized by dementia onset, with a loss of cognitive

abilities and withdrawal from social interactions, followed

by progressive decline. Dementia is not easily recognized,

particularly in its early stages, and several patients had

originally been misdiagnosed with psychiatric distur-

bances. The second stage is characterized by the appear-

ance of a myoclonic epilepsy close to or a few months after

from dementia onset. In addition to the early stages of

PME, the onset of myoclonic epilepsy may mimic juvenile

myoclonic epilepsy with early-morning myoclonic jerks

time-locked to EEG diffuse paroxysmal discharges. As

Fig. 2 Stage 2: myoclonic epilepsy onset. In the upper panel,

polygraphic recordings from patient 1 are shown. A cluster of

myoclonic jerks correlating with epileptiform abnormalities are

shown following tonic–clonic, apparently generalized, seizure upon

awakening (R. and L. Flex right and left flexor muscles of the hand, R.

and L. Ext right and left extensor muscles of the hand, Thorax

thoracic breath). In the lower panel, video-polygraphic recordings

from patients 2 and 3 are shown. Myoclonic jerks were prevalent in

the right extensor muscle of the hand in patient 2 (left panel) and in

the left flexor and extensor muscles of the hand in patient 3 (right

panel) (R. and L. Ext right and left extensor muscles of the hand, R.

and L. Tib. A right and left tibialis anterior muscles, Thorax thoracic

breath)

J Neurol (2014) 261:1584–1597 1593

123



with dementia, a diagnosis of myoclonic epilepsy may be

missed if the history is not solicited, and the first gen-

eralized tonic–clonic seizure often helps generate the

diagnosis. In the later stage of illness (at a mean age of

54.8 ± 7.6 years, after a mean of 2.5 ± 1.1 years from

myoclonic epilepsy onset), myoclonic seizures were

replaced by nonepileptic myoclonus and by progressive

neurological deterioration with progressive dementia, cer-

ebellar signs, and photosensitivity, pointing to a diagnosis

of PME. The intensity and rate of progression of the

dementia, myoclonus, and cerebellar signs varied between

individuals, although the duration of disease typically

influenced the speed at which the disease progressed. After

a mean duration of symptoms of 4-7 years, 63 % of

patients showed severe dementia, with complete depen-

dence on caregivers for activities of daily living, incoor-

dination, and nonepileptic myoclonus. The remaining 37 %

of patients (mean symptom duration of 2 years) showed

intermediate dementia characterized by withdrawal from

social interactions and were unable to perform activities of

daily living without help, whereas cerebellar signs were

mild or moderate and myoclonus was absent or showed a

low severity score. Epileptic seizures are not typically

influenced by the duration of the disease. Myoclonic sei-

zures, which are more frequent during the early stages of

the disease, often decrease in frequency during the

Fig. 3 Stage 3: progressive neurological deterioration. In the upper

panel, an EMG recording from patient 1 is shown, showing erratic,

parcellar myoclonic jerks at rest (R. and L. Flex right and left flexor

muscles of the hand, R. and L. Ext right and left extensor muscles of

the hand, R. and L. Tib. right and left tibialis anterior muscles). The

lower panel shows the results of ILS in patients 1 (right panel focal

photic reflex myoclonus, prevalent in the right extensor muscle of the

hand) and 3 (left panel bilateral myoclonic jerks) (R and L. Delt right

and left deltoid muscles, R. and L. Flex right and left flexor muscles

of the hand, R. and L. Ext right and left extensor muscles of the hand,

R. and L. Tib. A right and left tibialis anterior muscles, Thorax

thoracic breath)
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following 2–4 years and may cease entirely following

treatment with appropriate AEDs. Levetiracetam and val-

proate appear to be the most effective and may be con-

sidered as the first-line agents for this syndrome. At this

late stage of the disease, it is important to clearly define

myoclonic seizures and nonepileptic myoclonus. The

majority of the myoclonic movements were not time-

locked to EEG discharges, and a total of six back-averages

performed on five patients excluded time-locked premyo-

clonic potentials suggesting a subcortical origin of these

myoclonic phenomena. The possibility of either a cortical

or subcortical origin of myoclonus in PME has been

demonstrated previously [28], and the myoclonus features

in our patients closely resemble other forms of PME.

Finally, during this late phase, photoparoxysmal response

(PPR) and photic reflex myoclonus may arise in patients,

particularly in those with long clinical histories. In fact,

PPR was usually absent at first observation and occurred

later at follow-up, and the duration of epilepsy was not

significantly different between patients with PPR and those

without PPR.

Chromosome 21

The gene encoding APP is located on the proximal/mid-

part of the long arm of chromosome 21 (21q21.3), and its

overexpression is considered a factor critical for the early

onset of brain amyloidosis noted in DS subjects. Our DS

patients showed complete trisomy 21, and quantification,

by ELISA, of the CSF abundance of Ab42, p-tau181, and

htauAg in two affected cases revealed a pattern typical of

Alzheimer’s disease. Although brain neuropathological

Fig. 4 Biomarkers results. In the upper panel, the main results of

genetic and CSF analyses are shown (APP amyloid precursor protein

gene, PSEN1 and 2 presenilin 1 and 2 genes, APO E apolipoprotein E,

NP not present). In the lower panel, the karyotypes of patients 4 and 5

are shown, as well as T-tau, Ab1-42, and P-tau(181-P) in patients 4 and

7. The IATI (INNOTEST Amyloid Tau Index) is defined as Ab1-42/

(240 ? 1.18 9 T-tau). The red line in the upper chart indicates

IATI = 1
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data are missing, the pathology is most likely an amyloi-

dosis like Alzheimer’s disease due to APP accumulation.

Our biomarker data support a role of chromosome 21

and the APP locus in epileptogenesis in senile myoclonic

epilepsy, presumably similar to that observed in Alzhei-

mer’s disease patients. Indeed, high brain levels of b-

amyloid may interfere with normal neuronal and synaptic

activity. Recent experimental data [7, 29, 30] demonstrate

that high levels of b-amyloid in the brain can cause epi-

leptiform activity and cognitive deficits in transgenic

mouse models of Alzheimer’s disease, with b-amyloid-

induced neuronal hyperexcitability triggering progressive

epilepsy. Nevertheless, the specific biology involved in the

progression of senile myoclonic epilepsy remains unclear.

The APOE type 4 allele is a well-known risk factor of

Alzheimer’s disease, but contradictory data on the influ-

ence of the APOE type 4 allele on the disease progression

exist in the literature [31]. Analysis of the APOE allele

distribution in our study showed interesting findings

because no patient was homozygous for ApoE e4; how-

ever, surprisingly, we observed that all patients were ho-

mozygosus for APOE e3. The lack of patients carrying the

epsilon 4 allele could be due to chance, as its occurrence in

populations from southern Europe is very low. Neverthe-

less, our data could also confirm previous findings that

claim that the absence of the type 4 allele may predict rapid

progression and short survival in some Alzheimer’s disease

patients [32, 33]. However, the hypothesis of APOE as a

predictor of progression should be confirmed in a much

larger cohort of patients. Finally, no mutations were

detected through the sequencing of all exons in the PSEN1

and PSEN2 genes and exons 16 and 17 in the APP gene.

Mutations in cystatin B (CSTB), a gene located on

chromosome 21, are associated with Unverricht-Lundborg

disease, a PME that shares features with senile myoclonic

epilepsy [16]. An increase in CSTB does not induce any

spontaneous epileptic activity and neither increase or

decrease the propensity of trisomy mice to myoclonic

seizures [34]. Nevertheless, over expression of CSTB akin

to its deficiency may produce epileptic phenotype via the

perturbation of some molecular pathway balance [34].

Therefore, the possible contribution of other genes

located on chromosome 21 and the existence of other

genetic and/or environmental risk factors that have yet to

be identified cannot be excluded; thus, senile myoclonic

epilepsy may be a complex genetic and environmental

disease.

In conclusion, senile myoclonic epilepsy should now be

added as a cause of PME. It is important for neurologists,

especially epileptology experts, to be aware of this disease

entity to avoid misdiagnoses and administration of inap-

propriate therapeutics. Future studies in larger series are

needed to confirm the role about the APOE alleles on the

disease progression and the prevalence of this progressive

condition. In fact, it is evident that senile myoclonic epi-

lepsy is not a rarity and could be one of the most common

forms of PME in the light of the markedly increased life

expectancy of DS patients.
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