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Electrophysiological and positron emission studies in a

patient with cortical myoclonus, epilepsia partialis
continua and motor epilepsy
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School, and the MRC Cyclotron Unit,* Hammersmith Hospital, London, UK

SUMMARY A patient is described who had a combination of stimulus-sensitive cortical myoclonus,
epilepsia partialis continua, and Jacksonian motor epilepsy. He eventually required surgery because
of the severity of his seizures. Electrophysiological recordings made before and during surgery, and
PET scans performed before surgery identified an abnormal area of cerebral cortex in the post-
central parietal region. It is suggested that the stimulus-sensitive myoclonus arose because input into
this region from peripheral sensory afferents produced an abnormal discharge which was fed for-
wards via cortico-cortical connections to the precentral motor cortex, to produce a reflex muscle
jerk. The epilepsia partialis continua may have been caused by spontaneous discharges arising in the
same region of parietal cortex. Both forms of jerking disappeared after resection of this part of the
cortex.

Much has been written on the subject of human myo-
clonus, especially that arising in the cerebral cortex.'
Patients with cortical myoclonus frequently exhibit
abnormally large cortical sensory evoked potentials
(SEPs) and, with back-averaging techniques, it is
often possible to detect a time-locked potential in the
electroencephalogram (EEG) over the contralateral
sensorimotor cortical area preceding spontaneous
jerks. Such neurophysiological investigations usually
have had to rely upon SEPs and EEGs recorded from
scalp electrodes, which may not provide accurate
localisation of the source of abnormality. This report
concerns a patient with stimulus-sensitive cortical
myoclonus, epilepsia partialis continua, and Jack-
sonian motor epilepsy, who eventually came to
surgery because of the severity of his seizures. This
provided a rare opportunity to correlate findings
from direct cortical recording with those of scalp
EEG, both before and after resection ofan area of the
post-central parietal cortex identified as the abnormal
site. This area was shown to be metabolically abnor-
mal, prior to surgery, by positron emission tomog-
raphy, even though computed tomographic (CT)
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scans showed no abnormality other than atrophy.
The opportunity was also taken to examine long-
latency stretch and cutaneous reflexes after excision
of this area of cortex.

Case report

PM, a right handed 20-year-old male was referred by Dr M
Yealland, in February, 1982 because of intractable epilepsy.
There was no family history of neurological illness. His birth
and early history were normal. At the age of 9 years he
began to suffer from seizures. These commenced with a
strange feeling in the left upper limb which then started to
shake. Gradually, the shaking spread to involve the rest of
the limb and then the left side of the face, the left side of the
trunk and the left lower limb. Each seizure lasted about one
to two minutes. He did not lose consciousness, but was
incontinent of urine during attacks in the first few years. The
seizures continued at a frequency of about four to eight per
week. At the time of presentation, each attack lasted for
about one and a half minutes with the left upper and left
lower limbs feeling "numb" for about an hour afterwards,
during which time he would feel sleepy. There had been no
response to treatment with phenytoin, carbamazepine, phe-
nobarbitone, primidone, valproate or clonazepam, all given
to the point of toxicity. The fits became more frequent on
occasions and he had to be admitted to hospital once in 1980
and twice in both 1981 and 1982, because of repeated sei-
zures, virtually amounting to status epilepticus.

In 1978, he began to notice increasing clumsiness when
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Fig A. View of the operativefield. The anterior aspect of
the wound is on the left, and the superior aspect is at the

bottom of the photograph. The right frontal, central and

parietal regions can be seen through the craniotomy. Thefirst
area to be resected is outlined by the black thread. Small

letters placed on the pial surface of the brain indicate the

approximate extent of the motor cortex, being the lowest

threshold pointsfrom which contralateral movements could be

elicited by electrical stimulation. B. Section of intra-operative

corticogram taken with the patient conscious. The traces are

unipolar recordsfrom ball electrodes on the pia referred to a

large metal clip on the skull.' Numbers at the end ofeach trace

indicate the electrode positions in the diagram offigure 7.

Position 7 is the point ofmaximal spontaneous spike activity.

using the left hand and forearm. In the middle of 1980, he

developed a continual twitching of the left fingers and hand

which was always present, except during sleep, or- after a

flurry of seizures. Because of both the clumsiness and the

twitching, he had to give up work as a trainee gardener, in

1981. Six months before his first admission to this

department, he developed a twitch of the left side of the

mouth which was similar to, and was present simultaneously
with that of the fingers. On admission, he complained of left

sided weakness.

On examination, he was alert and orientated. His speech
was slow, deliberate and slurred, but there was no dysphasia.
There was continual twitching of the left side of the mouth

and jerks of the fingers of the left hand. The left hand and
forearm would jerk in response to a variety of different stim-
uli, including light taps to the finger pads, electrical shocks
of the digital nerves, and tendon taps to the finger flexor and
extensor muscles. Limb bulk, tone and power were normal.
T'here was impairment of position and two-point discrimi-
natory sensations in the left fingers and a slight decrease of
light touch and pin-prick sensations in the whole of the left
hand.

Electroencephalograms showed gross deficiencies of fast
rhythms over the right central and parietal areas. In addi-
tion, there was an excess of slow activity on -the right,
especially in the sylvian-central area. Multiple spike foci
were seen on the right side, frequently in the central-
parasaggital, mid-central, sylvian-central and mid frontal
areas, and occasionally in the right temporal region. There
were no left sided spikes. A normal response to photic stim-
ulation was evident, bilaterally.

Skull radiographs were normal. CT scans with contrast
showed atrophy of the right hemisphere with a prominent
cisterna magna. Right carotid angiography was normal.
Positron emission tomographic (PET) scans and detailed
neurophysiological studies were performed and are detailed
below.
On psychological testing, the short Wechsler Adult Intel-

ligence Scale (WAIS) showed a verbal IQ of 84, a per-
formance IQ of 79 and a full-scale IQ of 81. No firm conclu-
sions could be made as to whether or not a focal brain
disturbance might be responsible for the low scores.

Because of the inability of anti-convulsant drugs to con-
trol his disabling seizures, and their focal origin, it was
decided to proceed to electrocorticography with- a view to
excision of the focus so defined. A two-stage operation was
performed by Mr C Polkey. During the first stage, a right
temporo-parietal craniotomy was performed under general
anaesthesia. Three days later, the second stage was under-
taken with the patient awake. Omnopon and atropine had
been given the night before, as premedication. Electro-
corticography (Dr M Driver), identified the abnormal dis-
charges as arising mainly from the right parietal lobe (for
details see results). Following electrocorticography, general
anaesthesia was induced. A piece of parietal cortex, mea-
suring 6cm x 4cm x 3cm was removed (fig I). Because of
continued spiking seen on the EEG, a further 3 cm x 2cm
x 1 cm area was excised from the superior margin of the
initial resection line. The tissue taken felt tough and abnor-
mal. After the resections, there was still spontaneous spiking
from a pre-central lead (position 4, fig 7). Because this area
felt normal and had a normal reaction to cortical stimu-
lation, it was decided not to resect it. A small piece of the
excised tissue was placed in glutaraldehyde for electron
microscopy and the rest was placed in formalin.
The specimens were examined by Dr B Dunkley. The

grey-white junction was softened, granular and yellowish in
two different areas.- Several blocks were -taken for light
microscopy and all showed similar changes. The cortex was
reduced to an outer zone of densely gliotic tissue of varying
depth, containing varying numbers of neurons, and- an inner
zone of loose astrocytic -fibrils and ro-minent capillary
bl.ood vessels., but no neurons. Many gemistocytic astrocytes
were present in this inner zone and o'cc'asio'nal nerve cell
bodies were seen remaining in the "spongy" astrocytic mesh-
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work. The white matter showed fairly good preservation of
myelin staining, but here too there was astrocytic gliosis.
The leptomeninges were thickened by fibrosis and were

adherent to the surface of the cortex. The blood vessels of
the meninges and of the cerebral parenchyma appeared to be
normal. There was no evidence of inflammation. Electron
microscopy did not reveal any viral particles.
The patient made a good recovery from the operation,

having only one seizure on the first post-operative day, dur-
ing which the head and eyes turned to the left. There were

also a few short-lasting episodes of twitching of the left
thumb, but this then disappeared. Carbamazepine and clo-
nazepam were continued.
The operation, however, resulted in further deficit. There

was a left inferior quadrantanopia, a mild weakness of the
left upper and lower limbs when tested against resistance,
diminution in pin and touch appreciation in the left hand
and forearm and marked worsening of position sense in the
left hand, wrist and elbow. It was now difficult to maintain
a constant position with the left hand, even with visual feed-
back. Neuropsychological assessment revealed significantly
lower scores on tests of visual constructive ability and on the
WAIS than pre-operatively.

In the eighteen months since the operation, the spontane-
ous twitching of the left upper limb has returned on occa-
sions, but is absent almost all of the time. The seizures have
been as frequent as before, but have not involved as wide an
area of the body, and there have been no further episodes of
status epilepticus or severe fits. The left upper limb reflexes
have become brisk. The post-operative reduction of pin-
prick and touch sensations have recovered, but the visual
and proprioceptive defects have remained, unaltered. The
patient was able to return to the gardening job that he had
had to leave because of the seizures.

Methods

Physiological testing
Neurophysiological studies included routine EEG poly-
myography, back-averaging of the EEG activity preceding
spontaneous jerks, somatosensory evoked potentials, muscle
stretch reflexes and cutaneous reflexes.

Preliminary EMG recordings were made from up to eight
muscles that were involved in the myoclonic jerks. From
these records, the muscle with the most well-defined and reg-
ular EMG burst was chosen to trigger collection of data for
back-averaging. Each single trial was collected separately
and was later averaged. In this way, any record showing
movement artifact or a poor trigger point could be rejected
on visual examination.
The EEG was recorded using I cm diameter

silver/silver-chloride disc electrodes. Similar electrodes were

placed over the cervical vertebrae, at Erb's point and on the
medial aspect of the arm, 10cm above the elbow over the
median nerve, for somatosensory evoked potential record-
ing, and 2-3 cm apart over the bellies of muscles studied for
EMG activity. The signals were processed and pre-amplified
with Devices 3160 pre-amplifiers and were amplified using
Devices 3120 amplifiers. Filters were set 3 dB down at 80 Hz
(high-pass) and 25 kHz (low-pass) for EMG and short-
latency somatosensory evoked potential recording, and at
0 161Hz (high-pass) and 2 5kHz (low-pass) for EEG and
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long-latency somatosensory evoked potential recording.
EMG signals were rectified or smoothed, depending on the
requirements of individual studies. The resulting signals
were stored on paper, on magnetic tape using a Racal tape
recorder running at three and three quarter inches per sec-
ond, or on floppy discs using a DEC PDP-12 computer,
running programmes written by Mr HB Morton.

Somatosensory potentials were evoked either by mixed
nerve stimulation of the median nerve at the wrist, or by
cutaneous nerve stimulation using ring electrodes around
the index finger. A Devices 3073 constant voltage stimulator
was used. Stimuli were large enough to just cause visible
movement of the fingers, when given at the wrist, or to give
rise to a solid, but not uncomfortable tapping feeling, when
delivered to the fingers (an intensity approximately twice
sensory threshold). In both cases, stimuli were timed so as
not to coincide with electrocardiographic activity. Because
sensation was reduced in the left hand, in order for the stim-
ulus to be appreciated, the shocks applied to the left fingers
were of a greater voltage than those applied to the right.
Short latency spinal and cortical potentials were evoked by
stimuli given at approximately 3 Hz and recorded with a
sampling frequency of 5kHz per channel. Long latency
somatosensory evoked potentials were evoked at random
intervals every 2-3 5 seconds and were recorded with a sam-
pling frequency of 1 kHz per channel. There is some
difficulty in labelling the components of the somatosensory
evoked potential in patients with grossly abnormal poten-
tials. In this paper, as before,2 the major components were
designated by polarity and sequence (N1, P1, N2 etc), to
avoid equating any of the myoclonic potentials with those
seen in normal individuals (N20, P25/P30, N35).

Stretch reflexes were evoked in the flexor pollicis longus
muscle by rapid extension of the interphalangeal joint of the
thumb with the other related joints being securely clamped.
The patient was asked to exert a small, constant torque of
0-06Nm by flexing the pad of the thumb against a torque
motor. Every 2-3 5 seconds, the torque was suddenly
increased by a factor oftwo for 200 ms, or by a factor of four
for 50ms (in different studies), and the resulting EMG was
recorded from the agonist muscles.
Cutaneous reflexes were studied using ring electrode stim-

ulation of the ring finger at three times sensory threshold.
Stimuli were given at 2 Hz, while the patient exerted a con-
stant contraction of his first dorsal interosseous muscle by
fanning out the fingers of the hand, according to the tech-
nique of Jenner and Stevens.3 The averaged, rectified, EMG
response of the first dorsal interosseous muscle to 256 stim-
uli was obtained.
A ring block of the thumb was produced with 4 ml of 1%

plain lignocaine.
Intra-operative electrocorticography was performed using

metal ball electrodes on the pial surface. The signals were fed
into a conventional EEG machine and selected signals were
recorded on magnetic tape for later analysis, using an output
from the EEG machine taken after the pre-amplification
stage as the input for the tape recorder.

PET scanning
The patient was studied twice pre-operatively with positron
emission tomography and the oxygen- 15 steady state
inhalation technique, to determine regional cerebral blood
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flow (rCBF), oxygen consumption (rCMRO2) and their 20ms
relationship-the fractional extraction of oxygen (rOER).'
There was an interval of one week between the studies,
and on the second occasion, consecutive use was made 1st Dl ,n-
of the oxygen-15 and fluorine-18 labelled i
2-fluoro-2-deoxy-D-glucose (18F deoxyglucose) as tracers, 1
in an attempt to determine regional glucose metabolism
(rCMRGlu), and the relationship between rCMRO2 and 2
rCMRGlu-the metabolic ratio (rMR).5 rCMGlu was cal-
culated using a simplified Sokoloff operational tracer equa-
tion.5 A lumped constant was incorporated into the tracer 3
equation to define the different affinities of deoxyglucose *2
(tracer) and oxygen (natural substrate) for the blood-brain

7 263 4
barrier carrier molecule and intracellular hexokinase, and a . 46 . 4
value for this constant described for normal brain6 was used 20,V
in this study. Regional cerebral blood volume (rCBV) was 5
also measured on both occasions, using carbon- 11 monoxide \ L+
as a tracer; rCBV provides an index of local vasodilatation,
and the data was also used to correct the overestimation of 6
rOER and rCMRO2 that is inherent in the simplified oper-
ational equation for the oxygen-15 steady-state technique as 7
originally described.'

Results 9

PHYSIOLOGY
a Pre-operative
The EMG activity responsible for the spontaneous
myoclonic jerks was found to be most prominent in
the left first dorsal interosseous muscle, but also
involved the left thenar, left finger flexor and left
finger extensor muscles (fig 2). The duration of each
burst was brief, lasting from 30 to 60ms. Two jerks
sometimes occurred in rapid succession, separated by

0E 0D

Ist DI

0.8 mv

FF

FE

I

250ms

Fig 2 Sectionsfrom surface EMG records showing detail of
three separate spontaneous myoclonicjerks (A, B, C) in the
left hand. Jerks are most prominent in thefirst dorsal
interosseus muscle (Ist DI), but also occur synchronously in
thenar (TH),forearmflexor (FF) andforearm extensor
(FE) muscles. A rapid doublejerk is illustrated in A.

250ms

Fig 3 Back averaged (of 128 sweeps) EEG activity
preceding spontaneous myoclonicjerks in the left first dorsal
interosseus muscle (Ist DI). A large positive-negative wave
precedes the onset ofEMG activity by about 20 ns. Electrode
spacing 2 cm. Electrode 3 is 7cm lateral to the vertex. Linked
mastoid reference.

an interval of less than 30 ms. The frequency of the
myoclonus ranged from less than 1 Hz to approxi-
mately 5 Hz. At first sight, the activation of the indi-
vidual muscle groups in each jerk appeared to be
approximately synchronous. However, closer exam-
ination showed that there was a slight "jitter" of
about 4ms between the onset of activity in the first
dorsal interosseous and the other muscles. Because of
this, the intrinsic hand muscles were sometimes acti-
vated before the forearm muscles and sometimes
after. Back-averaging the EEG activity preceding
spontaneous jerks revealed a positive-negative wave,
the positive peak of which preceded the onset of
EMG activity in the first dorsal interosseous muscle
by about 20 ms. This positive-negative wave was larg-
est over the somatomotor hand area of the right
hemisphere where it measured 17 pV (fig 3).

Myoclonic jerks could also be provoked by elec-
trical stimuli of the cutaneous nerve of the forefinger,
or by mixed nerve stimulation of the median nerve at
the wrist, in the left arm. The same stimuli also
evoked large potentials over the right hemisphere.
Figure 4 shows the EMG and EEG responses to elec-
trical stimuli applied to the forefinger. Stimulation of
the left forefinger produced a reflex jerk in the left
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Fig 4 Pre-operative SEPfollowing electrical stimulation
(STIM) ofthe left and right indexfingers with ring
electrodes. Stimulation on the right does not provoke any
musclejerking, and the SEPs can barely be distinguished at
this recording gain. Stimulation ofthe abnormal left hand
caused a giant SEPfrom the right hemisphere, and a
subsequent myoclonicjerk is evident in the EMG recording
from thefingerflexors (FF). The onset of the EMG burst
follows 20 ms after the P1 peak of the SEP. Traces are the
average of 128 sweeps. Electrode spacing 4 cm. Electrode 2 is
7cm lateral to the vertex. Linked mastoid reference.

forearm flexor and hand muscles, with a latency of
50 ms. This was preceded in the SEP, by a large
P1-N2 response (45 ,V), maximal over the con-

tralateral central region. The P1 peak had a latency of
30 ms which was some 20 ms prior to the reflex EMG
response in the hand. In contrast, stimulation of the
right hand produced no reflex muscle jerk and cere-

bral potentials over the contralateral hemisphere were

barely visible when amplified by the same amount as

the signals on the other side.
The short-latency SEPs, following stimulation of

the median nerve at the wrist are shown in fig 5. The
gains have been increased in order to demonstrate the
early responses. The peripheral (axilla and Erb's
point) and spinal potentials were normal following
stimulation of either side. However, the large PI-N2
component over the right hemisphere is not so evident
in this figure, because low frequency components
have been filtered in order to display the short-latency
components, and the reference electrode was placed
at Fz rather than using linked mastoids. The NI
response occurred at the same latency as the N20
response on the normal side and was slightly smaller.
Muscle stretches also elicited myoclonic jerks, in

the left forearm and hand. When the terminal pha-
lanx of the thumb was extended, stretch reflexes were
evoked in the flexor pollicis longus (FPL) muscle and
a large reflex jerk was seen in the first dorsal inter-
osseous muscle (fig 6). The response in the first dorsal
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interosseous muscle lasted for 65ms, and occurred
7 5 ms after the normal responses in the FPL muscle.
Responses of such a size in the first dorsal inter-
osseous are not seen following thumb stretch in nor-
mal individuals and it is presumed that the response
in PM was a reflexly-evoked myoclonic jerk. It was
accompanied by a large, contralateral, somatosensory
evoked potential.

In order to determine whether cutaneous or muscle
afferents were responsible for the reflex jerk, the left
thumb was anaesthetised with a lignocaine ring block.
This abolished all cutaneous sensation in the thumb
and also abolished the giant SEP in the cortex follow-
ing electrical stimulation of the thumb (fig 6). As in
normal individuals, the stretch reflex response in the
flexor pollicis longus was reduced by anaesthesia.8
Despite this, the myoclonic response in the first dorsal
interosseous muscle produced by thumb stretch was
relatively unaffected, as was the somatosensory
response that such stimuli evoked. Hence muscle
afferents were involved in the myoclonic responses,
although a small contribution from cutaneous
afferents innervating the skin over the stretched flexor
pollicis longus muscle cannot be excluded.

b Intraoperative
The pre-operative studies suggested that this patient's
myoclonus was associated with abnormal discharges
in the contralateral sensorimotor cortex. Intra-
operative recording allowed the site of the abnormal-
ity to be defined with far greater precision. Spontane-
ous spike discharges were seen (fig lb), especially at
position 7, where they were largest and most frequent,
but also at position 15 and, to a lesser extent at posi-
tions 4 and 5. Intravenous sodium thiopentone was
given. This caused position 6 to become the site of
most frequent spiking, as well as producing the
expected increase of background rhythms in all chan-
nels. Electrocorticography revealed little abnormality
of the precentral cortex. The motor strip was mapped
out using 50 Hz alternating current stimulation and
was judged to be normal.

While conscious, electric shocks were given to the
left index and middle fingers, at an intensity of twice
sensory threshold. The resulting somatosensory
evoked potentials were very similar to those seen with
scalp recording (fig 7). The major deflection at elec-
trode 6 had an onset, latency and polarity equivalent
to the PI-N2 component recorded from the scalp. No
NI component was evident, probably because of the
relatively low setting of the high frequency filters used
on the EEG machine preamplifiers. The smaller
potentials recorded at the other electrodes probably
are due to volume conduction of the electrical activity
at or near electrode 6.
The patient had no spontaneous myoclonus during
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Fig 5 Short-latency SEPsfollowing stimulation ofthe median nerve at the wrist. A: pre-operative, B: three weeks
post-operative. Records are the average of999 sweeps. Tracesfrom ipsilateral axilla and Erb 's point are bipolar surface
recordings. Tracesfrom an electrode over thefifth cervical spine (C5) andfrom contralateral sensory hand area (scalp)
(7cm lateral on a line joining the external auditory meatus to a point 2cm posterior to the vertex) are unipolar, referred
to an electrode at Fz. Post-operatively, all cortical potentials disappear after stimulation of the left side, although the
early potentials in subcortical tracings are unchanged. (The later waves in the C5 pre-operative recording are conducted
from the brain via the FZ reference.) The difference in size between the axilla potentials on each side probably was due
to slightly different electrode placings on each arm. The difference in pre-operative NJ amplitudes is within the normal
range. Stimulus intensity was at motor threshold on each side. The giant PJ-N2 component, following stimulation of the
left side is not seen as clearly here as in the previousfigure, because lowfrequency components of the EEg signal have
been filtered out to display the short latency events more clearly. The 10 V calibration refers to the top trace and the
5 p V calibration refers to the bottom three traces, in each section.
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Electrical stimrlation
Cortroa

Thurb stretch

~N2

EEG / [

Stimulation Stretch

FPL

1st DI [a4mV
[ 20deg

Anoesthetic

250 ms

Fig 6 Effect ofthumb anaesthesia produced by a local
anaesthetic ring block ofthe proximal phalanx on the EEG
andEMG responses to cutaneous or stretch stimuli applied to
the left (abnormal) thumb. Records on the left show the
response to electrical stimulation (STIM) ofthe digital
nerves with ring electrodes. In the intact (control) state this
evokes a large SEP over the contralateral hand area (EEG:
unipolar, referred to linked mastoids) and reflex musclejerks
inflexor pollicis longus (FPL) and the first dorsal interosseus
(Ist DI) muscles. With the thumb anaesthetised, all these
responses disappear. Records on the right show the responses
toforcible extension of the distal phalanx of the thumb by a
torque motor. In the control state, traces show a large SEP,
and reflex responses in FPL and Ist DI. The position record
shows the excursion ofthe thumb joint. In the Ist DI, the
responses to stretch are barely changed after thumb
anaesthesia, whilst they are considerably reduced in FPL.
Traces are averages of128 trials.

the operation, perhaps due to the premedication, and
so back-averaging could not be performed. Neither
was there any reflex myoclonic response in the left
hand to electrical stimulation of the fingers.

c Post-operative
Studies were repeated on several occasions during the
next year. No spontaneous myoclonus and no reflex
myoclonus could be found post-operatively in
response to tapping, muscle stretch, or electrical
shocks to the left hand, all of which had produced
myoclonus pre-operatively. The N1, P1, N2 phases of
the somatosensory evoked potential were found to be
absent over the right hemisphere, when the stimulus
was given to the left hand. Spinal potentials were pre-

served (fig 5). The contralateral somatosensory

3

4

15 6' .4

7

6 0-2nV
8

1st DI lOOms

Stimulation
Fig 7 Intra-operative SEPsfollowing stimulation of the
digital nerves of the left index finger. EEG traces are unipolar
from ball electrodes resting in the pial surface as indicated
diagrammatically on the right. The reference electrode was a
large metal clip attached to the scalp. The bottom trace is the
rectified EMGfrom the first dorsal interosseus (Ist DI)
muscle. Only the stimulus artifact (stim) is visible on the
EMG record: there was no reflex musclejerk. Average of
eight sweeps. The vertical calibration applies to both EEG
andEMG records.

evoked potential following right hand stimulation
was unchanged compared with records made before
the operation.
The opportunity was also taken to investigate the

effect of the removal of a well defined region of the
parietal cortex on two groups of long-latency reflexes,
postulated by some authors to involve transcortical
pathways. When the right flexor pollicis longus mus-
cle was stretched, normal spinal and long-latency
reflexes were seen in the EMG (fig8A). However,
when the same stimulus was applied to the corre-
sponding left sided muscle, no long-latency response
could be seen. The short-latency response on the left
was now twice its pre-operative size (fig6) and was
twice the size of the normal short-latency response in
the right arm.
Cutaneous reflexes were studied in the first dorsal

interosseous muscle, following stimulation of the
index finger. The responses on the right were normal
and consisted of a small short-latency El phase fol-
lowed by the long-latency I1 and E2 responses.3
However, on the left, only the El response could be
seen, the II and E2 responses being absent (fig 8B). It
should be recalled that such stimulation had pro-
duced a gross myoclonic jerk on the left side before
operation.
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O93 Thumb stretch

Thumb position'

O Finger stimulation

I 15 deg

Stimulation

IF

Right F

Left FP

El E2

Right
SP

PL

Left

250ms
Fig 8 Post-operative comparison ofreflex responses on right and left sides to: A, thwnb stretch; and B, cutaneous nerve

stimulation. In A, stretch reflex responses were elicited inflexor pollicis longus (FPL) byforcible extension of the distal
phalanx. When this was performed on the right (normal) side, the reflex was clearly divided into a short and long latency (SP
and LL) response, with onset latencies of25 msec and 50 msec respectively. Thumb stretch on the left side evoked only the early
muscle response. In B, electrical stimuli were given to the digital nerves of the indexfinger (STIM) and the cutaneous reflex
responses recordedfrom the voluntary activatedfirst dorsal interosseus muscle (1st DI) in the same hand. On the right, the
reflex response consisted ofthe usual El, II and E2 phases, whereas on the left, only the El was clearly visible. RectifiedEMGs
are the average of32 (A) or 256 (B) sweeps. The vertical calibration is 0O mVfor (A) and 0-025 mVfor (B).

PET SCANNING
Positron emission tomographic scans were performed
at a number of transaxial planes above the orbito-
meatal (OM) line. It was evident, on inspection of the
functional data, that there was high rCBF throughout
the right parietal lobe, but low rCMR02, resulting in
low fractional extraction of oxygen-rOER-from
the arterial blood. The region of high flow also had
high rCBV, which reflected the local vasodilatation.
The values of rCBF, rCMR02, rOER and rCBV
from left and right parietal regions, 7cm above the
OM line, for both studies are summarised in the table;
they are compared with normal values from six nor-
mal volunteers (four males, two females, mean age 35
± 6 years, range 22-37 years).

It is evident that the right parietal region had much
lower rCMR02 at the times of the second study. For
technical reasons, it was not possible to record the
EEG during the PET studies, but it is tempting to
conclude that the right parietal cortex was electrically
less active during the second study; clinically, occa-

sional jerks of the digits of the left hand occurred
during both studies.
The first study included a transaxial plane at the

level of the cerebellar hemispheres. rCMR02 and
rCBF of the cerebellum (1-7 ml/100 mI/min and
25 ml/lOOml/min, respectively) were less than half the
normal values determined at the MRC Cyclotron
Unit. There was no functional asymmetry between
the two cerebellar hemispheres.

I1
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Table rCBF, rCMR02, rOER and rCBVfrom right and left parietal regions, at 7cm above the OM line,ftom the two
studies on the patient, contrasted with valuesfrom six normal volunteers

rCBF rCMR02 rOER rCBV

L R L R L R L R

Study 1 41 76t 3-1 2-2* 0-41 0-17t 3-9 6.3t
Study 2 37 53* 2-7 0 9t 0-38 O01Ot 4 9 6.4t
Normals (n = 6) 44 45 3 5 3-6 043 043 4-2 45
+SD +4 +4 +0 5 +0-5 +0 03 +0 03 +0 4 +0-4

rCBF ml/lOOml/min; rCMR02 ml/lOOml/min; rCBF ml/l00ml.
*2-3 standard deviations from normal.
t3 or more standard deviations from normal.

M,-
,w
'sL

Fig 9 Functional transaxial imagesfrom the oxygen-i5 and 18Fdeoxyglucose study on the patient. The lighter the
region ofan image, the greater the value ofa particular variable within that region. The plane depicted was 7cm above
the OM line. The low rCBF, rCMR02 and rCMRGlu ofthe skull and scalp appear as afaint halo around the brain
images ofthese variables. The images ofthe ratios appear larger because the low extracerebral signal creates patchy
light- and/or dark-edge artifact when divided. rCBF in the anterior part ofthe right parietal lobe was relatively higher
than rCMR02 and rCMRGlu, reflected in the low rOER and rGER, respectively. rCMRGlu was preserved relative to
rCMR02 and therefore the rCMRO2:rCMRGlu ratio (rMR) was low in the right parietal lobe.
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Figure 9 shows grey-scaled functional images
obtained from the second study at 7cm above the
OM line. As well as CMRO2, CBF and OER, trans-
axial images of CMRGlu, fractional extraction of
glucose (GER) and the CMRO2:CMRGlu ratio are

depicted. The low rCMRO2, high rCBF and low
rOER in the right anterior parietal region are evident.
As calculated, rCMRGlu was a little higher in the
right parietal region than the left (6-6ml/l00ml/min
and 6-3ml/lOOml/min, respectively), but rGER and
rMR were lower. rMR in the right parietal lobe was

one third that in the mirror region.

Discussion

The case reported here is a rare example of a patient
with cutaneous and stretch reflex myoclonus of the
left arm; regular, repetitive, continual, spontaneous
myoclonus (epilepsia partialis continua); single par-
tial seizures; and repeated partial seizures which
required to be treated as status epilepticus.
There were a number of neurophysiological simi-

larities between the epilepsia partialis continua and
the cortical reflex myoclonus which suggest that both
forms of jerking were manifestations of the same
underlying deficit. Thus, the muscles involved, the
duration of the EMG jerks and the presence of a

large, contralateral, positive-negative potential in the
EEG some 20 ms prior to the EMG burst were similar
whether the jerks occurred spontaneously or whether
they were evoked by somatosensory stimuli. Indeed,
both forms of jerking disappeared after resection of
the same area of the cortex. As in other cases,' the N1

phase of the SEP was normal on the affected side of
this patient, whilst later waves (Pl-N2) were
enlarged. The NI phase probably corresponds to the
N20 potential seen in normal subjects, which repre-
sents arrival of the afferent volley at the cortex. If this
is so, then the large later wave may represent abnor-
mal cortical processing of normal afferent inputs.

Although indicating the diversity of pathology that
can give rise to the condition, previous reports of epi-
lepsia partialis continua have tended to emphasise
that an abnormality of the motor cortex is responsible
for the disorder (see Thomas etal9 for references).
Thomas et al discussed whether or not cortical or sub-
cortical mechanisms are responsible for epilepsia par-
tialis continua. They presented 32 cases of their own,
including eight that had been examined after death
and stated, "Autopsy findings in eight cases showed
consistent involvement of the motor cortex or closely
adjacent areas." They also marshalled other evidence
in order to show that it was a motor cortical abnor-
mality that had been responsible for the jerkings, in
their patients, no matter where the pathologic lesion
had been found. However, it has been argued

before' 2 that areas of cortex other than the motor
strip may be abnormal in patients with cortical myo-
clonus or epilepsia partialis continua.

Although the large, contralateral spike, which pre-
cedes cortical myoclonic jerks in the majority of
patients, is most easily explained as the surface
recording of a large paroxysmal depolarisation shift
in motor cortical output cells, discharge of which is
directly responsible for the myoclonic jerks, this may
not always be true. Such potentials may be localised
some centimetres anterior or posterior to the motor
cortex,'0 and the size of the giant SEPs may be dis-
sociated from the size of the myoclonic jerk.2 Intra-
operative monitoring revealed the state of affairs in
the present patient. The abnormal area of cortex lay
posterior to the central sulcus and it was from this
region that large SEPs could be recorded. The same
region also gave rise to spontaneous spike discharges.
However, the site of maximal spontaneous spike
recording (electrode no 7, fig 1) was different from the
site which giant somatosensory potentials could be
evoked (electrode no 6). Both sites, however, were in
the right parietal lobe and were within a few centi-
metres of each other. Perhaps the whole region was
electrically unstable and this instability caused one
area to respond in an exaggerated, but limited man-
ner when receiving stimuli from its usual input path-
way, whereas the other area was even more excitable
and so tended to discharge either spontaneously, or
else in response to otherwise undetectable stimuli.
The resulting abnormal parietal cortical activity, via
cortico-cortical connections between pre- and post-
central areas of cortex, may well have "driven" a
physiologically normal motor cortex to discharge,
and so produce visible muscle jerks. In this way, both
reflex and spontaneous myoclonus could be ex-
plained." 12 Furthermore, spread of the spontaneous
discharges within the abnormal parietal lobe could
have fed forwards to a progressively larger area of the
motor cortex, and so caused the patient's Jacksonian
seizures. However, after surgery this patient's reflex
myoclonus and epilepsia partialis continua disap-
peared, but his Jacksonian seizures persisted. Perhaps
the latter continued because the area of persistent
spiking in precentral cortex, demonstrated at electro-
corticography, was not removed.

Surgery for epilepsia partialis continua has been
reported previously.9 II However, it has been frontal
cortex that has been removed and this, of course, has
caused the myoclonus to cease, if for no other reason
than that the area resected included the cortical area
responsible for the production of the clinically
observed abnormality, whether or not that area was
in itself abnormal. Interestingly, Thomas et a19 found
surgery to be unsuccessful in controlling the epilepsia
partialis continua in several of their patients and per-
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haps this is further evidence that the true seizure
source lay outside the area resected (the frontal lobe).
The reflex myoclonus in this patient was of special

interest in view of the recent debate about the exis-
tence of transcortical long-loop reflexes in man. It has
been claimed by those who originally described such
reflexes'4 15 that, in the upper limb at least, the long-
latency phase depends on a transcortical mechanism
for its production. Others have disagreed with this
view and have suggested that the spinal apparatus
could be solely responsible for the production of both
the early and late phases, whether due to its own

intrinsic delays (to explain the later response),'6 17 or
due to a second, later signal reaching the cord via
slower peripheral nerve mechanisms, such as group II
afferents,'8 or even to repetitive burst discharges in
muscle spindle Ia afferents following stretch.'9 The
long-latency responses to both stretch and cutaneous
stimuli were abolished by resection of only the sen-
sory cortex and sub-cortical white matter and this
strongly supports the argument that such long-
latency responses depend on a trans-cortical pathway
and, furthermore, that this pathway must traverse the
parietal lobe. Short-latency stretch and cutaneous
reflexes, which are spinal in origin, increased in size
post-operatively, whereas the long-latency reflexes
disappeared. This gives further weight to the argu-
ment that the long-latency responses depend upon a
different pathway.
The PET scan findings were unexpected in that

although the low CMRO2 in the right hemisphere
corresponded to the atrophy seen on the X-ray CT
scan, the right parietal rCBF was disproportionately
high relative to the rCMRO2. Not only was this
reflected in the low rOER values, but was also higher
than normal, despite the presence of atrophy. The
tracer technique employed measured capillary blood
flow and, therefore, this high flow cannot be ex-

plained by arteriovenous shunts. Furthermore, there
was no evidence of any capillary angioma on histo-
pathological examination of the resected cortical
specimen. It would seem likely that the abnormal
electrical activity had provoked vasodilatation and a

high rCBF. In this context, it is of interest that studies
of global CBF and rCMRO2 during electro-
convulsive therapy in man have demonstrated a dis-
proportionate rise in CBF relative to the CMRO2,
and animal experiments have also shown an increase
in venous P02 during seizures.20 The low CBF and
CMRO2 of the cerebellum may have been due to
several factors, including drug therapy (the patient
was on carbamazepine and clonazepam at the time of
study), permanent dysfunction secondary to previous
drug toxicity, and cerebellar atrophy. Low cerebellar
metabolism has been observed previously in a group

of patients with temporal lope epilepsy.

Cowan, Rothwell, Wise, Marsden

The combined oxygen and glucose study suggests
that there was non-oxidative metabolism of glucose in
the right parietal region, which, in the presence of an
adequate oxygen supply, implies aerobic glycolysis.
Excessive lactate production, without tissue hypoxia
has been demonstrated during induced seizures in ani-
mals,20 and the same observation in man is, perhaps,
not unexpected. However, there are reservations
about the quantitative use of '8F deoxyglucose as a
tracer in the study of epilepsy. Deoxyglucose has a
greater affinity for the blood-brain carrier molecules
than glucose, but has less affinity for hexokinase. If
the rate limiting step for hexose phosphorylation
shifts from the hexokinase-catalysed reaction to
transport of substrate from plasma to tissue, the value
of the lumped constant, which describes the
differential rate of phosphorylation of deoxyglucose
and glucose, will increase.21 Status epilepticus has
been demonstrated to be associated with a reduction
in tissue glucose,20 implying that under these patho-
physiological conditions, blood-brain carrier trans-
port becomes limiting. Therefore, the use of a "nor-
mal" lumped constant in this study for the calculation
of rCMRGlu in all regions may have resulted in an
overestimation of the degree of non-oxidative metab-
olism of glucose in the right parietal lobe. Recently, a
method of quantifying the value of the lumped con-
stant regionally, using an additional tracer study, has
been suggested,22 and this may permit more certain
estimates of rCMGlu in seizure disorders.

Nevertheless, despite uncertainties about 18F
deoxyglucose tracer modelling, this is the first study
to demonstrate uncoupling between regional oxygen
supply and demand, and a possible regional dis-
turbance of normal oxidative metabolism of glucose,
in focal epilepsy in man.
The histology was most unusual. Neuronal loss and

gliosis have been reported in the brains of those who
have suffered from epilepsy. These changes have been
ascribed to the effects of the seizures,23 but there are
significant differences between these changes and
those seen in the patient reported here. In the former
cases, the neocortical changes consisted of neuronal
loss mainly confined to the intermediate layers,
whereas in the case presented here, the destruction
was most marked in the inner layers. Also, the dense
gliosis seen in the outer zone of the cortex of this
patient contrasts with the relatively mild (Chaslin's)
gliosis found subpially in the brains of chronic epi-
leptics. Before operation, it was suspected that the
patient had a form of chronic encephalitis,24 because
of the history of normal early development, the
progressive course, the restriction of clinical and EEG
change to the right hemisphere and the suggestion on
the PET scan of abnormal metabolism in the right
parietal lobe which might have hinted at viral infec-
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tion. However, no inflammatory cells were seen in the
resected specimen. Thus, the cause remains unknown.

We thank PM for his interest and co-operation dur-
ing the course of these investigations. The specialised
equipment was designed and built by Mr HC Bertoya
and Mr R Miller. This work was supported by the
Medical Research Council. JCR was a Royal Society
University Research Fellow.
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