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Epileptic phenomena in bismuth toxic
encephalopathy
A BUGE , V SUPINO-VITERBO, G RANCUREL,
AND C PONTES

From the Department of Neurology, Salpe'triere Hospital, Paris, France

SUMMARY Seventy patients admitted to hospital with bismuth encephalopathy had repeated
clinical and EEG examinations. All the patients exhibited myoclonic jerks, but no paroxysmal
features ever appeared on EEG. Computed tomography showed cortical hyperdensities. Seizures
were observed in 22 patients, but epileptic EEG patterns appeared only when the bismuth
blood level was below 1500 ug/l. It is suggested that a high cortical intracellular bismuth con-

centration induces a "cortical inhibition" which causes suppression of physiological electrical
brain activity, the absence of EEG paroxysmal phenomena during myoclonic jerks, and explains
the rarity of epileptic seizures.

In a previous paper we described clinical and EEG
features, characteristic of the encephalopathy pro-
duced by oral intake of bismuth salts.' Of 45
patients then examined, 14 had presented with
convulsive seizures, personally observed in four
cases. One patient had a seizure during EEG
recording, which demonstrated its epileptic
nature. Some authors state2 that epileptic
phenomena in bismuth encephalopathy are very
frequent but others feel that they are extremely
rare.3

In order to decide this issue we studied 70
patients admitted to "La Salpetriere" hospital,
with special regard to epileptic phenomena, cor-
relating EEG observations with bismuth levels in
blood, urine and CSF. Computed tomography was
carried out in five cases, which permitted us to
visualise intracerebral bismuth at different phases
of evolution of the encephalopathy.

Material and method

Seventy patients with bismuth encephalopathy were
admitted to "La Salpetriere" hospital between 1973
and 1978 There were 14 male patients aged 38 to 70
years and 56 females aged 24 to 84 years. All had re-
ceived orally five to 20 g daily of bismuth subnitrate
over a period ranging from four weeks to 30 years for
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complaints related to the digestive tract. EEGs were
recorded daily during the acute phase of the illness,
every two days during the recovery phase, and monthly
afterwards during the first year. The EEG was re-
corded with standard equipment at a time constant of
0 3 s. The paper speed was 15 mms'1, the amplification
varied between 3-5 and 7-5 uv mm-' pen deflection.
Photic stimulation was always carried out, but over-
breathing could be performed only by patients able to
cooperate. Two night records were carried out in
three patients. Bismuth blood levels sampled every
day ranged from 150 to 2200 ,ug/l (normal less than
20 ,ug/l). Levels from 200 to 9600 jug/l were found in
urine and from 10 to 100 ,ug/l in the CSF. Five patients
had computed tomography (CT) once; three patients
twice. Four serial CT scans were obtained in another
patient.

Since interruption of bismuth administration was
the only specific therapeutic measure available sup-
portive non specific therapy was the main regimen.
Anticonvulsant drugs were not given routinely, be-
cause it was felt that their effect upon respiration
would be harmful. However 5 to 10 mg diazepam
was given intravenously if seizures tended to be
repetitive. All the patients recovered within three to
12 weeks after interruption of bismuth administration.
However, in a few cases some disorder of behaviour
or memory persisted for a longer period.

Results

Myoclonic bismuth encephalopathy was separated
in two clinical phases: (1) a prodromal period
lasting from one week to several months during
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which cognitive and affective disorders were pre-
dominant. The patients were asthenic, somnolent,
depressed, anxious, sometimes with visual hallu-
cinations and even delusion of persecution (three
cases). Jerky movements of varying severity were
seen in this phase (15 patients), and disturbances
of writing and speech occurred more rarely; (2) a
second phase of encephalopathy of rapid onset ap-
peared abruptly in 24 to 48 hours. Four symptoms
were constant: confusion (reaching coma or de-
mentia) dysarthria, disturbances of walking and
standing and pseudo-tremor accompanied by myo-
clonic jerks. Myoclonic jerks were always present
in this phase; sometimes they predominated in the
upper limbs and distally, at other times they were
diffuse and involved the facial and axial muscles.
They were increased by voluntary movements and
by stimuli (change of position, noise).
The EEG showed a particular pattern already

described by us,4 with monomorphic waves three
to five Hz involving both temporo-rolandic and
frontal areas, unaffected by eye opening. No
alpha rhythm was seen on the occipital regions, but
in most patients there was a diffuse beta rhythm of
low voltage (fig 1). In our present study of 70
patients, 22 had convulsive seizures, all during the
peak of the illness, never during the prodromic
phase or the recovery period. Seizures were mostly
generalised with loss of consciousness, and marked
clonic movements. The differentiation between
repetitive myoclonic jerks and epileptic seizures

was sometimes difficult. In most cases photic stimu-
lation induced or increased myoclonic jerks, but
no paroxysmal phenomena appeared on the
EEG.3 4 However, in our present series of 70
patients, two had convulsive seizures induced by
photic stimulation consisting of recruiting sym-
metric bilateral spikes on the EEG initially biocci-
pital then diffuse. The seizures consisted of turning
of the head to the right, raising of the left arm,
followed by generalised clonic movements. No
lateralisation appeared on the EEG before, during
or after the seizure. These patients, however, also
had spontaneous seizures with the same clinical
semiology. Bismuth blood level was 800 ,ug/l in
the first of these patients 1200 ,ug/l in the second.

In the acute phase of the illness, epileptic seiz-
ures seemed to have different electrical features
related to the bismuth blood concentration, which
in some way represents cerebral metal concentra-
tion. In all our patients, when bismuth blood level
was above 1600 ,ug/l, the EEG was of very low
voltage and there were no paroxysmal phenomena.
Only in very long recordings could we observe a
few polymorphic and sharp theta bursts preceded
and followed by flat EEG. These theta bursts and
the clinical seizures occurred concomitantly in one
patient (fig 2). With lower bismuth blood level
(below 1500 ,ug/l), paroxysmal phenomena appear-
ing on the EEG and accompanying generalised
clonic epileptic seizures occurred (fig 3). During the
acute phase two patients showed lateralised abnor-
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Fig I Monomorphic 4-5 Hz diffuse activity characteristic of bismuth toxic encephalopathy in
acute phase. Bismuth blood level 1600 ,ug/l. Calibration 35 ,uv, 1-5 s.
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Fig 2 Theta synchronous bursts preceded and followed by flat recording in a patient with
concomitant epileptic seizures. Blood bismuth level 2200 ,g/l. Calibration 35 ,uv, 1-5 s.
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Fig 3 Same patient as fig 2, two days later. Recording during tonic clonic seizure: A seizure
start with recruiting diffuse spikes and tonic phase; B the tonic-clonic phase and end of seizure.
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malities or lateralisation of recruiting spikes during
seizures. In one of these patients two CT scans
were carried out; the first, two days after the inter-
ruption of bismuth intake, showed bilateral cortical
areas of heterogenous hyperdensity in central grey
nuclei and in the left temporo-insular regions; the
second Cf scan, 15 days later, showed a regression
of these abnormalities, which nevertheless were
still present in the same area.
We observed another phenomenon during re-

covery in three patients, namely the presence of
slow theta-delta waves involving one side in the
temporo-frontal region. A CT scan 20 days before
in one of these patients, showed hyperdensity areas
mainly in left temporal regions (fig 4). These EEG
abnormalities appeared when the patient was re-
covering and the bismuth blood level was much
lower (between 50 and 150 ,ug/l), and seemed to
involve the regions where the bismuth concentra-
tion had been the highest.

Fig 4 45 yr old patient, 2 days after stopping bismuth
intake. CT scan without injection of contrast, after
bone substraction, showing heterogeneous diffuse
areas of cortical hyperdensity, particularly in the lef t
temporo-occipital regions and in temporo-insular
region.

Discussion

Bismuth toxic encephalopathies were first observed
during an epidemic, which occurred simultane-
ously in Australia and France, between 1973 and
1977. The occurrence of 50 cases in Australia5
and over 1000 cases in France1 6 7 has not yet been
explained. Bismuth levels in serum, urine and
CSF have been often found to reach 2500 ,ug/l
(atomic absorption method).8 An accurate study of
clinical and EEG data has shown a peculiar dis-

cordance between the frequency of clinical epilep-
tic phenomena (myoclonic jerks and convulsive
seizures) and the absence of paroxysmal events on
the EEG. Our present study of 70 patients leads
us to put forward the following comments: (1)
myoclonic jerks are always present in the acute
phase of the illness, but have no correlation with
the EEG3 4; (2) seizures are less frequent than
expected (22 in 70 patients), in spite of the high
level of brain metal concentration in bismuth
encephalopathy; (3) seizures appear when the en-
cephelopathy is confirmed and never as a first
symptom or during recovery.
Only five cases could be studied with CT scan

during the acute phase of intoxication and again
one or two years later during the sequelae or the
recovery period. There are several anatomical
reports of patients who died of acute bismuth en-
cephalopathy; the most important study being that
of Escourolle et al.9 The bismuth levels measured
with Castaing's micro catheter on these 12 brains
were very high (reaching 25 mg/kg). Bismuth
metal was mostly concentrated in cerebral cortex,
particularly in frontal areas and in the temporo-
parieto-occipital junction. Grey nuclei, thalamus
and cerebellar cortex contained a similar level
of bismuth. In the centrum semiovale and in white
matter, much lower levels were found. CT exam-
ination in our five cases are in accord with these
biochemical data (fig 4).
One patient who died of an accident, and whose

bismuth blood level had already returned to nor-
mal, had a high concentration of intracerebral
bismuth three months after recovery.9 Even if bis-
muth blood level does not faithfully represent
bismuth concentration in brain matter, it can be
used to separate clinical, EEG and CT scan
features in three phases: (1) bismuth blood level
above 2000 ,ug/l: no paroxysmal phenomena ap-
pear in the EEG even during myoclonic jerks or
convulsive seizures. The bismuth hyperdensities
in the CT scan are very marked in these cases; (2)
bismuth below 1500 ,lg/l: sharp abnormalities
correlated with seizures appear on EEG. If
they are lateralised or show a topographical pre-
dominance, CT scan suggests that these par-
oxysmal abnormalities first involve the cortico and
subcortical areas where the hyperdensities (and
therefore probably neuronal concentrations of
metal) seem to be least, spreading then to the
whole brain; (3) during the phase of recovery
(bismuth below 50 ,tg/l), the epileptic phenom-
ena disappear, but sometimes some slow abnor-
malities remain corresponding to the areas where
the CT hyperdensity had been greatest.
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Bismuth seems to facilitate slow and to inhibit
paroxysmal phenomena in the EEG. The charac-
teristic pattern of 4-5 Hz monomorphic, diffuse
rhythm, already described by us in,4 not influenced
by stimulation and unchanged even during sleep,10
could be interpreted as due to the presence of
intra-cerebral bismuth. The bismuth in neurones
and glia is probably the cause of the suppression of
physiological distribution and reactivity of cere-
bral electrical activity. The striking absence of
electrical paroxysmal events and the relative low
frequency of epileptic seizures could be correlated
to some property of the bismuth metal, which
increases cerebral epileptic threshold, to cause a
sort of "cortical inhibition".
Bismuth has a very high atomic number and

relevant atomic weight. In contrast, aluminium.
which has a low atomic number and low atomic
weight, produces an encephalopathy characterised
by very sharp EEG records and by convulsions." 12
Aluminium gel has been used locally to induce
experimental epileptic foci in animals.
CT findings in bismuth encephalopathy, are

characterised by hyperdensities, found in basal
ganglia, cerebelum and in the cerebral cortex;
they appear very clearly after bone substraction.
They disappear slowly and are imperceptible by
two to three months after the onset of the en-
cephalopathy. These hyperdensities contrast with
hypodensities of the white matter, which are ob-
served in periventricular regions and in the cen-
trum semiovale. The density of these abnormalities
seems to depend on the very high atomic num-
ber (83) of bismuth metal. These CT hyperdensities
are not increased by injection of contrast medium.
Necropsy studies have shown a very uneven con-
centration of bismuth level in the brain, greatest
in the regions rich in neurons. There is no necrosis,
no haemorrhage, and no sign of gross alterations
of blood-brain barrier. Finally no cerebral intra-
parenchymatous oedema was observed in the 5
cases. 13 14 The CT hyperdensities disappeared
during recovery. Dilatation of ventricles and of
cisternal spaces in all the patients disappeared one
year after intoxication. On the other hand, in two
patients out of five enlargement of cortical suci
remained.
The CT aspects of bismuth encephalopathy ap-

pear completely different from those of other
known encephalopathies. The cortical hyperden-
sities in the grey nuclei are found in no other
intoxication by heavy metals. Lead encepholapathy
shows oedema and necrosis and even micro
haemorrhages, without CT hyperdensity."5 Fahr's
syndrome with calcifications of central grey nuclei

and cerebellar dentate nuclei, is very different
because of the selective topography and the
higher density of calcium deposits compared to
bismuth. All intracerebral calcifications are very
easily distinguished from bismuth hyperdensities
by their shape, their topography, and their limited
extent. Bismuth hyperdensities are much more
homogeneous, more continuous and diffuse, and
always are bilateral. In Wilson's disease, there
may be hyperdensities in the central grey nuclei,
due to the accumulation of copper, but these re-
main of low intensity and are never found in the
cortex. Hyperdensities due to angiomas and phaco-
matoses do not resemble those seen with bismuth
encephalopathy.
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