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ABSTRACT – Generalized 1Hz, burst-and-slow-wave complexes were ob-
served in a comatosed patient with acute disseminated encephalomyelitis
(ADEM) when she showed extremely intractable, generalized convulsions and
fragmented myoclonus in the whole body. Two types of short-latency SEPs were
obtained separately during the burst and slow phase of the EEG (SEP-burst and
SEP-slow, respectively), which showed a two fold greater amplitude of N20 in
the former than in the latter. This suggests enhanced responsiveness to the
peripheral stimuli during the burst phase as compared with the slow phase. CSF
and serum were positive for autoantibodies to NMDA receptors. The “burst and
slow complexes” reported here are considered to be an atypical EEG pattern of
a generalized epileptic phenomenon.
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In clinical EEG, generalized epilepti-
form discharges comprise generalized
spikes, polyspikes, sharp waves,
spike-and-slow-wave complexes, or
sharp-and slow-wave complexes seen
in patients with generalized epilepsy
(Niedermeyer 1996, Kaplan, 2002).
Generalized brief bursts of fast activi-
ties are also seen in patients with
symptomatic or idiopathic generali-
zed epilepsy (Brenner and Atkinson
1982). These, mainly interictal, epi-
leptiform discharges are usually cou-
pled with a slow activity, such as a
spike-and-slow-wave complex, that
presumably represents compensatory
inhibitory mechanisms within the ac-
tive, epileptic neuron (Engel 1989). In
exceptional cases, the brief burst pat-
tern of fast activities lasting several
seconds is not accompanied by slow

wave complexes, because it repre-
sents fragmented ictal, but not interic-
tal, EEG activity (Engel 1990).

We encountered a patient with acute
disseminated encephalomyelitis
(ADEM). The patient showed severe
generalized and partial epileptic sta-
tus, which was associated with gene-
ralized, 1Hz burst-and-slow-wave
complexes (burst and slow comple-
xes). The patient had positive titers for
autoantibodies against glutamate re-
ceptor in the CSF and the serum du-
ring the acute stage. The “burst and
slow complexes” seen in this particu-
lar patient, are most likely to be a type
of epileptic EEG pattern that has not
been well documented. It may repre-
sent generalized, epileptic hyperexci-
tability of the cerebral cortex caused
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by, or at least closely related to, excitatory glutamate
receptor activation.

Case report and methods

The patient was a 19-year-old Japanese woman who de-
veloped an acute high fever, confusion, and then incoher-
ent speech and delusion within a day, and immediately
thereafter, the patient developed generalized convulsions.
On admission, the patient was in a state of stupor. Signs of
meningeal irritation were present, and CSF examination
showed elevated protein and cell counts, but normal
glucose, suggesting aseptic encephalitis. CT and MRI
showed significant brain edema. Later during the course,
there were poorly enhanced, punctum lesions mainly in
the white matter. No neurotropic virus titers were elevated
in the acute stage, and thus ADEM was thought to be
highly possible. In spite of treatment with pulse therapy of
intravenous steroid, Acyclovir and high dose immunoglo-
bulin, the patient became comatosed and needed me-
chanical ventilation. Generalized convulsions, continu-
ous or intermittent, massive, violent myoclonus involving
the whole body or various parts of the body, and jerky
nystagmus occurred spontaneously in both directions, and
were often synchronized to the facial myoclonus, which
were all poorly controlled even with large doses of mul-
tiple anticonvulsive agents including phenytoin 400
mg/day (blood level of 20.1 mg/L) , valproic acid 1600
mg/day (29 mg/L), phenobarbital 150 mg/day (24.0 mg/L),
lorazepam 3 mg/day and clonazepam 1 mg/day. The CSF
and serum of this patient were positive for IgG and IgM
types of autoantibodies against glutamate receptors (GluR
e 2 component) during the acute phase. The following,
peculiar EEG pattern was seen during this period of the
clinical course.

Results

The EEG was recorded repeatedly while the patient
showed fragmented, multifocal myoclonus of the whole
body (figure 1A). The patient was also receiving a continu-
ous propofol injection of 200 mg/hour (= 4 mg/kg/hour)
for more than 20 days, in addition to the anticonvulsive
agents we described above. Generalized 1Hz, burst-and-
slow-wave complexes were observed continuously. There
were no convulsive movements in synchrony with the EEG
discharges, except for fragmented, irregular myoclonus.
This EEG activity was maximum at the bilateral fronto-
central areas.
In order to delineate the difference in cortical excitability
between the burst- and slow phase of this EEG pattern,
somatosensory-evoked potentials (SEPs) to the median
nerve stimulation were recorded separately during each

phase, by continuously monitoring EEG. The raw data
were stored and the off-line average was obtained sepa-
rately (SEP-burst and SEP-slow). The intervals of the me-
dian nerve stimuli between two consecutive stimuli were
kept at least more than 1 sec. As a result, both SEP-burst
and SEP-slow showed prolonged, but robust N20 and P25,
and the amplitude of N20 was much smaller in SEP-slow
(2.5 lV) than in SEP-bursts (5 lV) (figure 1B).
During the acute stage, the patient subsequently under-
went barbiturate coma therapy on two occasions, for 2
and 3 days respectively, with an interval of 2 weeks. The
burst and slow complex pattern gradually disappeared
after the second barbiturate coma therapy, and clinically,
the generalized seizures and multifocal, fragmented myo-
clonus also disappeared.

Discussion

The burst and slow complexes seen in the present patient
could suggest extremely intensive, epileptic activities aris-
ing from the cerebral cortex for the following reasons:
– They were very frequently recorded while the patient
showed highly intractable convulsions and fragmented,
mutifocal myoclonus of the whole body, before barbitu-
rate coma therapy was started; this EEG pattern disap-
peared after the second barbiturate coma therapy when
the seizures were clinically better controlled;
– The SEP-burst showed a larger N20 and the SEP-slow
showed a smaller N20, suggesting cortical hyperexcitable
and inhibitory states, respectively. This is consistent with
the usual physiological property of the so-called spike-
and-slow-wave complexes in clinical epilepsy;
– Autoantibodies against NMDA receptor (Takahashi et al.
2003) were positive in CSF and serum when this EEG
pattern was seen, and it is most likely that clinically and
EEG-wise, the frequent seizures resulted in the comatosed
state in the present patient.
It is worth here discussing the effects of drugs on EEG
activity. Many anticonvulsants, such as phenytoin, valp-
roic acid and phenobarbital, were introduced and suffi-
ciently high, but not toxic, blood levels were achieved.
There have been no reports suggesting that these drugs
might cause this particular EEG pattern.
Propofol, an ultra-short-acting intravenous agent, works as
a proconvulsant at lower doses of 0.5 to 1.5 mg/kg/hour,
but as an anticonvulsant at higher doses of 2 to 4
mg/kg/hour. In our patient, propofol was continuously
administered for more than 20 days at the rate of
4mg/kg/hour while this EEG pattern was intermittently
observed. Propofol, in this patient, was thought to sup-
press epileptiform activities probably better than barbitu-
rate (Van Cott and Brenner 2003). It has been reported that
beta activity on scalp EEG was enhanced by propofol
(Borgeat et al. 1991). When the propofol induced very
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Figure 1. A) Generalized 1 Hz, brief burst-and-slow-wave complexes (burst and slow complexes) on scalp EEG. Bursts of about 30 Hz, fast
activities with 50 lV amplitude and 400 msec duration are always followed by negative, dome-like slow activity with duration of 400 msec. No
robust bursts are overlaid on the slow wave components. B) Short latency SEPs to the right median nerve stimulation recorded from C3’ of the
scalp electrode. SEP-burst and SEPs-slow were recorded separately as described in the text. N20 amplitude in SEP-burst (5 lV) is two fold greater
than that in SEP-slow (2.5 lV) (N20 amplitude was measured from the preceding peak of the opposite polarity. SEP-burst=SEPs obtained while
bursts appeared on the scalp EEG, SEP-slow = SEPs obtained while slow components appeared on the scalp EEG. Peaks of N20 are shown by
arrows). (Bandpass filter: 1.5-1500 Hz, N = 100 for each average, reference: right earlobe electrode).
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light anesthesia, it was associated with slightly increased
theta and beta activity power on the EEG. When propofol
was used to induce deeper anesthesia, beta activity power
decreased as compared with the awake or the very slight
anesthetic state (Schultz et al. 2004). In the present patient,
the delta frequency slow activity was predominant when
propofol was injected, and thus it is unlikely that propofol
itself caused this unusual EEG pattern.

The SEP finding showing the difference in cortical excit-
ability between burst and slow phases is also probably an
evidence against the notion that this EEG pattern was
simply produced by propofol. However, the possibility
that propofol may play a certain role in modulating the
EEG pattern to produce this unique pattern can not be
completely excluded. Furthermore, this patient showed
positive NMDA receptor antibodies. The antibodies to
NMDA receptors could, be not only a marker of the degree
of abnormality or disease, but also the possible cause of or
a modification/ potentiation factor for cortical hyperexcit-
ability. It is not entirely clear whether any particular EEG
pattern is produced under these pathophysiological con-
ditions, and thus further observation is warranted. M
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