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Primary generalised epileptic myoclonus: a frequent
manifestation of minipolymyoclonus of central origin
DE WILKINS,* M HALLETT, G ERBA

From the Section ofNeurology, Department ofifMedicine, Brigham and Women's Hospital, the Department of
Neurology, Children's Hospital MHedical Center, and the Department ofNeurology, Harvard MVedical School,
Boston, MA, USA

SUMMARY A group of patients with myoclonus is described whose jerks are preceded by a
bilaterally synchronous, frontocentrally predominant, negative cerebral potential in the EEG.
This potential may be a slow wave with variable timing in relation to EMG bursts, and in this
circumstance the muscle jerks are usually small amplitude and multifocal ("minipolymyo-
clonus"). The cerebral negativity can also be shorter in duration and time-locked to limb jerks,
which are larger in amplitude and more widespread. We propose that the physiology of this
distinct form of myoclonus is similar to that of primary generalised epilepsy.

Myoclonus has been recognised in association with
bilaterally synchronous discharges as recorded by
scalp EEG. These paroxysmal discharges may
assume a variety of forms: the regular 3 Hz spike-
wave activity of classic petit mal;' atypical, slower
spike-wave paroxysms;23 diffuse spiking, spike-
wave, or polyspike wave as seen in myoclonic
epilepsies or numerous encephalopathies;4 5 general-
ised, individual small amplitude " spikes" ;6 rapid 30
Hz central sinusoidal rhythms;5 or the more con-
tinuous rhythmic delta activity of a generalised
cerebral disturbance.7 Recently, the categorisation
of myoclonus into electrophysiological types68- 12

has been facilitated by computerised methodology
involving jerk-locked averaging of EEG data.'3 We
now report a series of patients whose myoclonus was
associated with a bilaterally synchronous elec-
trocerebral event.

Methods

Eleven patients with myoclonus in the setting of different
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chronic epileptic/myoclonic disorders were selected for the
purposes of this report on the basis of similarity of their
jerk-locked EEG data (table 1). Six patients conformed to
the clinical picture of the atypical spike-wave syndrome of
Lennox and Gastaut;23 two of this group had additional
major signs of perinatal encephalopathy (cerebral palsy),
and a third had a left temporal lobectomy for a chronic
encephalitis.'4 The seventh and eighth patients carried the
clinical diagnosis of Alzheimer's Disease, one in its classic
form"- and the other in the well-described setting of
Trisomy 21 (Down's syndrome).'6'8 The ninth patient
was a 14-year-old girl with a familial progressive myoc-
lonic epilepsy. The tenth patient had a degenerative dis-
ease of unknown nature. The last patient had typical petit
mal epilepsy with 3 Hz spike and wave paroxysms on EEG
and a strong family history. All patients were taking at
least one anticonvulsant agent.
EMG was recorded with pairs of surface electrodes

placed longitudinally, 2-3 cm apart, over the mid-portion
of the muscle. EEG was recorded with a Grass Model-8
electroencephalograph in referential linkage to ipsilateral
ears with gold cup electrodes positioned in accordance with
the 10-20 system (fig 1); the frequency response range was
1 to 35 or 70 Hz. The electrical signals were amplified and
led to a PDP- 11 computer which collected and sometimes
averaged the data. Four to sixteen simultaneous data
channels were employed. Computer collection was trig-
gered by an event in one of the channels (using a Schmidt
trigger pulse); events before and after the trigger could be
recorded. The sensitivity of the trigger was set so that a
trigger occurred only with definite jerks and not with occa-
sional low level background EMG activity; by doing this,
small jerks would not trigger a collection. Topographic
analysis of 16-channel EEG data was carried out with
computer programs previously described."9
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507Primary generalised epileptic myoclonus
Table 1 Clinical and EMG data

Patient EMG

Age (yr), Clinical Distribution Burst duration
condition appearance ofactvity (rns)

1 24 F minimal" intrinsic hand bilaterally 30-40
L-G, C.P. muscle twitches independent

2 12 M small jerks and general shakiness" individual muscles 30
L-G

3 20 M twitching of intrinsic hand intermittent bilateral 20-40
L-G muscles up to 12 Hz synchrony

4 19 M 'restlessness" of fingers and hands synchronous within 20
L-G, S/P limb
L. temporal

lobectomy
5 25 M irregular, up to 8 Hz intrinsic synchronous within 20-50

L-G, C.P. hand muscle twitching hand and bilaterally
6 25 M intrinsic hand muscle twitches, synchronous within 25-50

L-G unsteady arms; many 8-12 Hz limb
runs

7 52 M "fasciculation-like" hand bilaterally synchronous 25-50
Trisomy 21 twitching at 3-7 Hz and independent

Alzheimer's
8 67 M small arm jerks synchronous in 25

Alzheimers antagonistic muscles
9 14 F approximate 8 Hz hand tremor synchronous within 20-30

P.M.E. and large limb jerks limb and bilaterally
10 18 M small finger jerks; occasional intermittent synchrony 20

Myoclonic leg jerks within hand
dementia

11 20 F ..tiny, rapid, irregular twitches" synchronous within 20
Petit mal of small muscles limb and bilaterally

L-G = Lennox Gastaut Syndrome.
C.P. = cerebral palsy.
P.M.E. = progressive myoclonic epilepsy.
S/P = status post. Front

IF3 Fp2

F7 ~~~F3 4F4F

Left
T3 C3 C4

T5 P3 P4 T6

Qi~0

Fig 1 Electrode sites utilised forEEG recording with their
positions on the topographic map.

Results
Clinically, nine patients manifested small, seemingly
random, recurring twitches most evident in the
fingers and hands. Facial activity, especially repeti-
tive blinking, while present on a number of occa-

sions, was not an invariable accompaniment; leg
movements in this group were infrequent. Clinicians
had described these minor hand movements as a

tremulousness or shakiness; more colourful nota-
tions included "minimal myoclonus' and "a
fasciculation-like twitching" or "a subtle restless-
ness" of the fingers. The phenomenon was a bilat-
eral one with only minor, if any, asymmetries. The
involuntary movements were present at rest; in
some subjects goal-directed movement and stretch
enhanced the tremulousness, but it was not possible
to study systematically the effects of these man-
oeuvers. Patients were usually alert; infrequent
periods of stupor occurred. Whenever clinical and
electroencephalographic drowsiness ensued, if
epileptiform discharges persisted, the myoclonus
would also persist. Patients 8 and 9 had larger limb
jerks with a predilection for the arms. While often
serial and occasionally small in amplitude these
jerks were clearly more prominent and different
from the minor twitching noted above.
EMG activity was best recorded from intrinsic

hand muscles or flexor and extensor muscles in the
forearm. EMG burst durations were uniformly
10-50 ms. (table 1) The bursts might be confined to
individual muscles but often discharged simultane-
ously in antagonist pairs or in other muscles of the
same limb. In addition, bilateral synchrony of
homologous muscles was frequently found (fig 2). In
half of the subjects EMG bursts were recorded in
rapid, sequential patterns (fig 2 B and C), thus
generating the clinical impression of tremulousness.
These serial EMG discharges could be rhythmic or
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Table 2 EEG data

EEG Jerk-locked EEG

Back- Special Distribution Onset ofpotential Duration of
ground features ofpotential (ns pre-jerk) potential (ms)

1 theta, atypical 1-5-2 Hz bifrontal 160 100
delta spike-wave negativity

2 theta, atypical 2 Hz bifrontocentral 125 200
delta spike-wave, L > R negativity

3 theta typical and atypical bifrontocentral 40-60 40-60
3 Hz spike-wave, negativity; time-
prominent 7-8 Hz locked; same as the
bifrontal rhythm 7-8 Hz rhythm

4 theta atypical 2-5 Hz spike- R > L bifrontal singles 100
wave negativity jittered;

average 160
5 theta atypical 3-5 Hz bifrontocentral singles 160

spike-wave negativity; same jittered;
from each arm average 160

6 theta atypical 2 Hz spike- bifrontal singles 250
wave; L. temporal focus negativity jittered;

average 250
7 theta frequent 4 Hz bifrontal bifrontal 50 100

rhythm with intermixed negativity; time-
sharp waves locked; same from each arm

8 diffuse theta of largest bifrontal negativity; 170 180
4-5 Hz amplitude bifrontally time-locked
theta

9 9 Hz bifrontal spike-wave, bifrontal negativity; 40 30
alpha i.e. 16 Hz beta with time-locked; same

theta from each arm; same
as 16 Hz beta

10 theta, bifrontal rhythmic bifrontocentral singles 250
delta delta, intermixed negativity jittered;

spikes/polyspikes average 250
11 8 Hz typical 3 Hz bifrontocentral 10-50 150

alpha spike-wave negativity

irregular within a 1-12 Hz frequency range.
Routine 16-channel EEGs demonstrated the

absence of alpha and diffuse theta activity in nine
patients. Additional slowing in the delta range was
contained in seven records as part of spike-wave
complexes. (table 2) Simultaneous recording of
EMG and routine EEG activity was only performed
in two instances during which a coarse correlation
was sometimes observed between frontal parox-
ysmal activity and the muscular events (fig 3).

Back-averaging the EEG from single myoclonic
twitches or from series of 10-48 twitches revealed in
all cases a bifrontal or bifrontocentral negative cere-
bral potential in association with the muscular myo-
clonic activity. In six patients consecutive series
of individual jerk-locked EEG tracings were
examined: in most subjects a cerebral negativity was
seen in 50-100% of the sequential single tracings in
a form similar to if not identical with the EEG
potential obtained by averaging from a larger series
of jerks. Closer inspection of the jerk-locked EEG
data revealed two distinct types of bifrontal/
bifrontocentral cerebral negativity differentiating
patients otherwise indistinguishable by clinical and
electromyographic criteria. The first jerk-locked
pattern occurred in seven patients (numbers 1, 2, 4,

5, 6, 10, 11) as a bifrontal/bifrontocentral cerebral
negativity of relativity long average duration (100-
250 ms) and of variable pre-jerk onset (5-500 ms)
(fig 4). Although this range of pre-jerk onsets was
considerable when single tracings from the entire
subgroup were tabulated, individual subjects
demonstrated a narrower range of onsets varying
less than 250 ms. The second pattern exhibited by
four patients (numbers 3, 7, 8, 9) consisted of an
invariant cerebral potential time-locked to the jerks.
In three of these four subjects the bifrontal negativ-
ity was of relatively short duration (30-100 ms
range, although fixed for each individual subject)
and stereotyped onset (40-60 ms pre-jerk) (fig 5).
This short duration negativity correlated with bi-
frontal spikes in the routine EEG in one instance
(patient 9) and with a remarkable 8 Hz bifrontal
cerebral rhythm was in another (patient 3), (fig 6).
In the other two patients (numbers 7, 8) it was not
possible to distinguish the correlate of the jerk-
locked potential from the routine EEG background.
Since the major feature of all of the above data was
a bifrontal electrical event, eye movement artifacts
were controlled for in a detailed manner in four
patients and were found not to be involved in the
genesis of the jerk-locked cerebral potentials (fig 7).
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Primary generalised epileptic myoclonus
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Fig 2 Patterns ofEMG activity underlying
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Fig 3 Simultaneous EEG and EMG recorc

loose correlation between cerebral slow wave

myoclonic jerks. Record from patient 6.
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In three subjects represe"nting both those with the
minor twitches and the subgroup with the larger
jerks jerk-locked recording was performed from
right and left arms; in every case the same bifron-
tocentral negative potential was generated.

Myoclonic jerks in patient 9 involved cranial
nerve muscles. Simultaneous recording of
orbicularis oculi and sternocleidomastoid showed
that the former muscle always preceded the latter
muscle when they were both active in the same jerk
(fig 8).

I .1
Discussion

[ T*~ The computerised technique of jerk-locked EEG
analysis has now documented the association of
myoclonus with a bilaterally synchronous EEG
event. Although in these patients the myoclonic
jerks were not generalised, they were often bilater-
ally synchronous. This bilateral simultaneity, which
can be appreciated only by EMG, separates this type
of myoclonus from multifocal cortical myoclonus
and, by itself, is indicative of bilateral simultaneous
central nervous system activation. Bilateral myo-
clonus resulting from transcallosal transmission has

az a 10 ms asynchrony and a distinctive EEG corre-
late.8 2 The bilaterally synchronous frontocentral
cerebral potentials appear to represent true bilateral

_ synchrony and can be categorised into two patterns.
The first pattern was that of a slow bifronto-

| central negativity whose onset jittered in relation to
the myoclonic EMG discharges. Our study is not the
first to detect a loose but recurring relationship be-

|TTFI1'I tween slow cerebral potential and myoclonic jerks;
800 1000 we have chosen to emphasise this relationship, how-

ls) ever, whereas earlier reports tended to ignore the
the myoclonus slow waves while concentrating upon the spikes.
ient 8, part B Some previous reports have shown that the slow
I = first dorsal wave component of spike-wave discharges can, in

fact, be associated with inhibition of muscle activ-
ity.20 21 Other studies, however, offer supportive evi-
dence for our findings. In fig 2C of Grinker et a122
myoclonic EMG bursts occur just as frequently in
association with 250 ms slow waves as with EEG

Vf/\ spikes. In fig 4C of Jasper and Andrews' a persistent
myoclonic EMG discharge at 4-7 Hz is aligned with

h4".VV a simultaneous 2-6 Hz spike-wave cerebral rhythm
resulting in an obvious, frequent but not time-
locked overlapping of slow waves and EMG bursts.

<p[10QuV Dawson4 also observed: "In the wave and spike
seizure the muscle action potential. . . may actually
precede the earliest recognisable phase of the EEG
spike. This suggests that in the wave and spike seiz-
ure the efferent discharge giving rise to the muscular

ling showing activity is not a direct correlate of the EEG
es and spike.

"

Dawson never commented upon the

Al 10 I do
r T- 1- 'PT
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Fig 4 EEG actvity time-locked to myoclonic jerks which have occurred at 500 ins. a, b and c are single events showing
variability oftiming ofcerebral slow wave with respect to the jerk; d is an average of34 consecutive recorded EEG
segments. Topographic map plotted from the EEG at the time ofthe arrow shows the distribution ofthe negativity.
Recordings are from patient 6.

relationship of the slow waves to the jerks, but this
was unmistakably, if unintentionally, implied., Even
Gastaut et al7 before his correlation of muscular
inhibition with slow waves had commented during
the course of a careful analysis of syncope: ". . . slow
bilateral large amplitude delta waves reappear,
often accompanied by a myoclonic jerk or two.... "

A second type of jerk-locked EEG potential, also
negative and bifrontocentral in distribution but
shorter in duration than the first, was time-locked to
the myoclonic jerks. Both minor finger/hand
twitches and larger limb jerks were associated with
this pattern of cerebral activity. Myoclonic jerks
have been previously closely linked to antecedent
focal, lateralised cerebral events, but a time-locked
bifrontocentral potential has not been described.
Even in our single case of a progressive myoclonic

epilepsy syndrome where we anticipated a con-

tralateral, focal jerk-locked EEG event similar to
that reported by Shibasaki eta18 a bifrontocentral
cerebral negativity time-locked to the jerks was

demonstrated (fig 5).
The anatomy and physiology responsible for this

type of myoclonus is not immediately apparent. One
possibility is that there is a cerebral focus to which
the scalp EEG is blind which has rapid access to
bilateral pathways.23 More likely is that the
pathophysiological process is the same as that of
primary generalised epilepsy, a disorder which at
least eight of the eleven patients had by routine
clinical and EEG criteria. Unfortunately, this pro-
cess is not well understood. A contemporary view is
that the abnormality lies in the ascending activating
pathways between the brainstem reticular formation
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and non-specific thalamic nuclei (which make up the
"centrencephalon") and the cerebral cortex.2425 The
abnormal discharge could arise subcortically and
disturb the function and electrical activity of an
otherwise quiescent, non-paroxysmally active cor-
tex;26-32 motor manifestations could arise from a
direct spinal projection of the subcortical focus or
from the secondary discharge from cortex or both.
Alternatively, the subcortical discharges could be
normal and the response of the cortex hyperactive;24
motor manifestations could arise from a direct effect
of cortex or from cortical facilitation of the normal
subcortical descending projections. Of course, both
subcortical and cortical structures could be abnor-
mal.3 Activation of the seventh cranial nerve before
the eleventh cranial nerve, as seen in patient 9, sug-
gests that the origin of the impulse must be at least
as cephalad as the pons (putting it higher than the

511
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generator of reticular reflex mnyoclonus).
We are attracted to the primary generalised

mechanism because of the EEG topography of the
cerebral event correlating with the myoclonic jerk.
Stimulation of the non-specific thalamus gives rise to
a bilateral frontocentral "i recruiting response" of the
cortex.34 If the cortex is asleep, spindles are pro-
duced, and, if it is hyperactive, spike and wave is
produced;35 both patterns have the same bilateral
frontocentral topography. The remarkable 8 Hz pat-
tern in patient 3 might well be identical to a recruit-
ing response (fig 6). In the other cases reported here
a hyperactive cortex is probably also important in
generating the electrophysiological abnormality.
Certainly the cortical event always precedes the
myoclonus. This is unlike reticular reflex myoclonus
where the abnormal discharge appears to originate
in the medullary reticular formation; the EEG spike
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Fig 5 EEG activity time-locked to myoclonic jerks in patient 9 which have occurred at 250 ns. a shows a single
event; b shows 3 overlapped single events, and c shows an average of16 events. Topographic map is plotted
from the EEG at the time ofthe arrow.

appears to reflect the arrival of that discharge at the
cerebral cortex but follows the myoclonus in some
muscles and seems uninvolved in evoking the myo-
clonus.6 On the other hand, the loose coupling be-
tween EMG and EEG events in a number of our

cases and the bilaterally synchronous EEG event in
all clearly differ from the focal, tight coupling of
cortical reflex myoclonus.9 But how can the cortical
slow waves recorded in this study be so closely
associated with the myoclonus when slowing has
been thought to reflect inhibition.20 21 The loose
coupling suggests the operation of a polysynaptic
pathway in which many events could occur including
inhibition of inhibition. Myoclonus would arise only
when the summed EPSPs in neurons in spinal motor
neuron pools exceeded firing threshold; this would
account for only a few different muscles firing with
each cerebral wave.

Dawson,4 in his landmark study attempting to cor-
relate EMG discharges with EEG events, observed
that large myoclonic jerks tended to be associated
with a brief, time-locked cerebral potential whereas
mild muscular twitchings were more loosely associ-
ated with spike-wave activity. Though not exact,
strong trends in our data support Dawson's notions.
In eight of nine subjects slow waves, often part of a

spike-wave discharge, loosely co-existed with minor
finger/hand twitches. And of the three patients with
larger limb jerks two did manifest a time-locked
cerebral potential of shorter duration.
The twitching, tremulous fingers and hands fre-

quently referred to throughout this paper are of
some interest since they are clinically similar to the
"minipolymyoclonus' of Spiro36 and the "contrac-
tion pesudotremor" of Riggs et al.37 Spiro had noted
" a peculiar tremulousness" of the outstretched
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Fig 6 Recordings from patient 3 whilst jerking. a. EEG shows 7-8 Hz frontal rhythm. b shows a single EMG recording

from left first dorsal interosseus, average of J0 EEG segments triggered by jerks occurring at 500 ms and topography at

time ofarrow.

hands in the setting of juvenile motor neuron dis-
ease: "The minipolymyoclonus is characterised by
intermittent and irregular movements, with amp-

litudes just sufficient to produce visible and palpable
movements of the joints...." The same phenome-
non had been recognised by Duchenne in 1883, and
elaborated upon by Denny-Brown and Pennybacker
in 1938.38 The former had noted that large fascicula-
tions at rest could cause little movements of the
fingers, and the latter indicated that a tremor-like
wavering of a finger, "a fascicular tremor," could
occur with action due to poor fusion of large motor
units. That a cerebral epileptic event may also mani-
fest a similar subtle twitching had been recognised
since the nineteenth century. Symonds, in a review

of myoclonus,39 quotes a number of workers from
that era among whom Unverricht is most descriptive
(1891): "The contraction often produced little
movement of the limbs, but caused widespread ran-

dom twitching...." Since the advent of the EEG
multiple investigators have correlated these minor
muscular movements with cerebral epileptiform dis-
charges. Jasper and Andrews' demonstrated that
myoclonic activity in finger extensor and flexor mus-
cles could occur in a fixed, time-locked relationship
to an EEG spike or loosely coexist with a spike-
wave pattern. And Dawson4 again observed: "At
the start of the prolonged periods of jerking the
EEG shows a continuous discharge of slow waves

and irregular spikes. This stage is characterised by
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Fig 7 Recordingfrom patientS demonstrating that bifrontal negativity is not eye movement artifact. a shows average of10
EEG events triggered by myoclonic jerk at 500 ms along with topographic map at time ofarrow. b is the same with
electrodes below the left and right eyes replacing electrodes at 0, and 02 (channels 8 and 12) respectively. Ifthe bifrontal
negativity (seen clearly in channels 1, 5, 9, and 13) were eye movement artifact, then the eye movement monitors would
show corresponding positive defctions.

diffuse and irregular muscular twitching...." Addi-
tional correlations of small amplitude myoclonic
activity, often maximal in the upper extremities,
have been made with atypical spike-wave EEG dis-
charges,240 classical 3 Hz petit mal patterns,4' and

polyspike cerebral electrical activity.42

30ms
i - -Orbicularis

oculi

Sternocido [LlmV
mastoid

Fig 8 Surface EMG recording from left orbicularis oculi
and left sternocleidomastoid from patient 9.

Minipolymyoclonus as a clinical sign, then, is
nonspecific (table 3). Both enhanced physiological
tremor and essential tremor may generate similar
movements.4344 Other disorders confined to the cen-
tral nervous system can mimic minipolymyoclonus.
Kinsbourne45 reported upon "myoclonic

encephalopathy of infants" observing: " at rest,
irregular twitching was evident, especially in the
fingers, feet, and face." EMG correlates of the
movements were not recorded, but routine EEGs
were uniformly normal. The same clinical syndrome
was later termed "infantile polymyoclonia" by other
investigators46 further complicating the nomencla-
ture of this clinical sign. Minipolymyoclonus in the
present setting of chronic myoclonic/epileptic disor-
ders is characterised by: a subtle twitching predo-
minant in the fingers and hands occurring at rest and
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Table 3 Differential diagnosis of "minipolymyoclonus"

Clinical setting EMG EEG

Lower motor neuron fascicular tremor" 25-100 ms burst durations. Normal
Irregular 1-20 Hz activity. Asynchronous

Enhanced physiological and essential tremors 50-150 ms burst durations. Normal
4-12 Hz rhythmic activity.
Antagonistic muscles commonly
synchronous.

Kinsbourne's myoclonic encephalopathy Unknown Normal
Epileptic myoclonus s50 ms burst durations. Typically epileptiform and usually

Regular or irregular 1-12 Hz activity. correlated to some degree with the
Tendency to synchrony in antagonists and jerks.
bilaterally.

often accentuated by action; the EMG correlate of
these movements consists of 20-50 ms discharges
which typically are synchonous within all activated
muscles; the twitching is commonly associated with
an obvious paroxysmal EEG with additional jerk-
locked recordings demonstrating associated bifron-
tal cerebral negativity. Conceivably a multifocal
myoclonic disorder may underlie minipolymyo-
clonus, but we have not yet evaluated such a case.
This electrophysiologic profile can be easily dif-
ferentiated from the other causes of minipolymyo-
clonus (table 3). The fasciculatory manifestations of
lower motor neuron disorders lack central synchron-
isation of multiple muscles and any relationship to
electrocerebral events. Enhanced physiological and
essential tremors also occur without regard to EEG
activity but, additionally, are absent at rest and are
generated by EMG discharges 50-150 ms in dura-
tion.44 We cannot comment upon the EMG corre-
late of Kinsbourne' s myoclonic encephalopathy
since, to our knowledge, this has not been reported;
a sufficient distinction can be attained, however,
with recognition of the normal EEG.
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