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Abstract
Cases of thallium poisoning are rare and
neuropsychological assessment has only
been reported in detail in one other case.
In the case reported here, neuropsycho-
logical assessments were carried out
three, 12, and 54 months after diagnosis of
thallium poisoning in a man who had
acutely shown a number of neurological
signs including confusion and disorienta-
tion and generalised slowing of EEG
which was more prominent on the left.
Evidence suggested that he had been
exposed to thallium over a period of
weeks. Neuropsychological assessment in-
dicated an unexpected weakness in verbal
abilities which persisted. This finding is
consistent with the only other published
case report which details neuropsycho-
logical eVects after a single large dose of
thallium and which also found a lateral-
ised impairment.

(J Neurol Neurosurg Psychiatry 1997;63:247–250)
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Thallium is present in very low concentrations
in the environment.1 Poisoning is rare and it is
usually found in the context of suicide or
homicide2–6 or after accidental exposure if
entering the food chain via rodenticides or
insecticides.7 8 Thallium is used in industrial
settings1 but here exposure is usually less
severe.9 It is a neurotoxin, producing painful
peripheral neuropathy, which is one of two car-
dinal symptoms (the other being alopecia). In
addition it can cause ataxia, tremor, athetosis,
and cranial nerve palsies, and can lead to coma,
convulsions, and death.10 It can cause abnor-
mal slowing on EEG usually without focal or
lateralising features.4 8 11–13 Normal EEGs have
been found in most but not all reported cases
who remained alert and oriented.2 4 In one case
diVuse slowing, especially in the occipital
region, was reported.11 Neuropathological
studies have disclosed cerebral cortical, subcor-
tical, and brain stem damage.14 15 Brain scans
are often normal.16

Acute agitation and aggression have been
reported13 as have personality change, depres-
sion, poor self care, insomnia, apathy, and con-
fabulation in adults2 4 5 17 18 and persisting “re-

tardation and psychosis” in adults and in
children.8 19 These psychiatric symptoms can
occur in cases with or without psychiatric
history and anxiety and insomnia would seem
to be most often described.
This paper describes the postacute and

follow up neuropsychological testing of a single
case, there being only one further published
case in which such investigations are reported
in detail.13

Subjects and methods
HISTORY OF THE CONDITION

In early December, 1991 a 44 year old right
handed man was admitted to his local district
general hospital with chest pain, which was
investigated and thought to be caused by hiatus
hernia. He was readmitted three weeks later
with a two week history of general malaise and
feeling unsteady. He had developed a pustular
rash, especially on his legs and hands. He
became increasingly confused and disoriented
with vomiting and was admitted as an emer-
gency to the department of neurology at Atkin-
son Morley’s Hospital in early January 1992.
On admission he was confused and disori-

ented, had pronounced alopecia, had a pur-
plish rash on hands and fingers, and was
afebrile. He had bilateral horizontal nystag-
mus, bilateral lower motor neuron facial weak-
ness, and global weakness of his limbs,
especially proximally. Coordination was slow
but accurate, vibration and joint position
senses were globally reduced, and he had a
wide based ataxic gait. Initially diagnosis was
uncertain and an encephalitis was considered
possible. An EEG showed generalised slowing
which was more prominent on the left and was
consistent with cerebral vasculitis. Electromy-
elography showed features of peripheral neu-
ropathy. Brain CT and MRI were normal.
Liver function tests were abnormal.
Alopecia and peripheral neuropathy raised the

possibility of thallium poisoning. This was con-
firmed by toxin screening which disclosed high
concentrations in blood (108 µg/l) and urine
1350 µg/l). Thallium is not normally present in
the environment and no more than trace
concentrations would be expected (<2 µg/l).
Concentrations >100 µg/l in blood and 200 µg/l
in urine are considered hazardous.20

Psychiatric assessment during acute stages
did not indicate abnormality of mood or
suicidal intention. The poisoning was consid-
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ered to be non-accidental, possibly via the
water supply to the house, and the police were
informed. Other members of the immediate
family showed less severe symptoms of thal-
lium poisoning, which did not require admis-
sion to hospital. He was treated with Prussian
blue and potassium supplements.
He was discharged home in March and

admitted a week later to the Wolfson Rehabili-
tation Centre for three months of neuroreha-
bilitation.
He was seen four years after diagnosis for

neurological follow up when urine thallium
and MRI investigations showed no abnormal-
ity, but nerve conduction studies disclosed
chronic peripheral neuropathy. His muscle
power had partially improved and his gait was
less widely based.

PERSONAL BACKGROUND

He had left school at the age of 16 without cer-
tificates and then worked in unskilled and
semiskilled manual jobs for at least 10 years.
He then worked as a computer operator for 10
years or more before obtaining work as a junior
manager in a clerical and administrative capac-
ity a year before the accident. His employer was
interviewed by telephone and made no criti-
cism of his performance at work before his ill-
ness.
He lived with a partner for 25 years in the

upper floor of a two floor house. She was inter-
viewed during the acute illness, rehabilitation,
and at follow up with regard to his background
and progress. The couple had two adult
children (who were in their early 20s). He
denied any prior psychiatric or neurological
history. His personality before the poisoning
would seem to have been somewhat obses-
sional, but without evidence of frank clinical
abnormality and no known history of violence.
He successfully pursued a claim for compensa-
tion in 1992 which was concluded in 1993.

MEDICATION

He was taking none at the time of any cognitive
assessment.

NEUROPSYCHOLOGICAL ASSESSMENT (TABLE)
He was assessed three months after diagnosis
during his admission for neurorehabilitation,
again after discharge 12 months postdiagnosis,
and once more four and a half years after diag-
nosis. He was compliant with testing.

GENERAL INTELLECT

His score on the national adult reading test
(second edition) suggested that his verbal IQ
was at worst, towards the upper margins of the
high average range.21

Current intellect was assessed using the
Wechsler adult intelligence scale-revised.22 Im-
pairment of verbal IQ was suggested for the
following reasons. Firstly, the 18 point discrep-
ancy between verbal IQ and estimated premor-
bid verbal IQ using the national adult reading
test (NART), is expected in less than 1% of the
normal United Kingdom population.21 Sec-
ondly, the reliability of the discrepancy be-
tween verbal and performance IQ was signifi-

cant (P<0.05 ) using Wechsler’s United States
norms,22 although this only raises a possibility
of lateralised damage. This possibility is, how-
ever, of note because of the direction of the
discrepancy (performance IQ>verbal IQ).23

Thirdly, a laterality index of cognitive impair-
ment, which was derived from principal
components analysis of the WAIS-R popula-
tion sample from the United States, was
calculated,24 and indicated a statistical likeli-
hood of lateralised damage (z = −2.11,
P<0.05). Finally, abnormality of the verbal
IQ−performance IQ score diVerence was con-
sidered. Scrutiny of subtest scores comprising
the performance IQ scale showed a selective
impairment on the digit symbol subtest which
was significant (P<0.05) using Crawford and
Allan’s United Kingdom norms.25 This subtest
requires motor speed, visual scanning, and
learning. It is considered to be the subtest of
the WAIS-R which is most sensitive to brain
damage, but is not thought to be useful in
determining localisation of injury.26 In view of
this, performance IQ was recalculated exclud-
ing the digit symbol subtest. The discrepancy
between verbal IQ and performance IQ was
then very abnormal (25 points) and statistically
unusual compared with United Kingdom
norms (P<0.05).25

INFORMATION PROCESSING
27

This test is visually presented. Two arrays of
digits are shown, and a single digit which is not
common to both arrays has to be cancelled with
a pen. A time limit of four minutes is allowed for
this test. The test score is adjusted to allow for
motor speed, determined using a simple digit
cancelling test , in which the subject simply has
to cancel as many digits as possible within 20
seconds.27 His adjusted score was below average
for published age norms (63 (SD 19)), and was
poorer than expected given his above average
premorbid ability.

Table 1 Neuropsychology test results

3 months 12 months 4.5 y*

National adult reading test
(VIQ) – – 118

WAIS-R verbal IQ – – 100
WAIS-R performance IQ – – 114
Digit span (age scaled scores) 12 13 12
Vocabulary 8 9 10
Arithmetic 10 9 9
Comprehension 8 7 9
Similarities 7 10 11
Picture completion – – 12
Picture arrangement – – 11
Block design 12 15 16
Object assembly 10 13 15
Digit symbol – – 7
Information processing:
(adjusted score) 49 50 51

Digit span (forward/back) 6/6 7/6 7/5
List learning 30 38 46
Prose recall (immediate) 6 16 7
Prose recall (delayed) 7 16 9
Rey-Osterrieth figure copy 33 35 35
Delayed recall 18 29 26

Trail making test A 42 60 50
Trail making test B 86 80 89
Verbal fluency (total) 28 32 30
Judgement of line orientation 27 30 29

* Time since 1st admission to district general hospital.
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MEMORY

Forward and reverse digit span was average on
all occasions. His ability to learn a 15 item
word list over five trials27 improved over
successive testings, but remained below aver-
age for age norms (54.2 (SD 7.9)). Prose
recall25 was very poor on all given occasions
(average 29 (SD 9)) without further decrement
on recall after a delay. His copy of a complex
geometric shape28 was careless at the first
assessment, and showed no abnormalities
thereafter. Recall after a delay was initially
average, and at later testing above average,26

consistent with performance IQ.

EXECUTIVE FUNCTIONING

Trail making test29

In part A,motor speed and visual scanning, are
necessary. Time taken (seconds) was below
average for his age (28 (SD 9)).29 Part B
requires flexibility of thinking in addition, and
time taken (seconds) was also below average
for his age (61(SD 18))30 and was poorer than
expected. Verbal fluency on the three minute
FAS test changed little over successive testing
and remained well below average (49 (SD 6)).31

Impairment of colour vision was noted during
his performance on the Stroop test. This was
investigated by an ophthalmologist and is
reported elsewhere.32

VISUAL PERCEPTION

No evidence for impairment was found on
Benton’s judgement of line orientation test33 in
which his score approached or equalled the
maximum of 30. Nor was there any sign of per-
ceptual diYculties intercurrently on copy of
the Rey figure or block design.

NEUROREHABILITATION

He was given an intensive programme of treat-
ment for six weeks in March-April 1992.
Therapists thought that this improved his
function in terms of motor speed, stamina, gait,
and balance.He was taught strategies to reduce
the impact of his impaired memory and general
slowness.

PSYCHIATRIC SEQUELAE

He was often irritable with aggressive out-
bursts. He impulsively and remorselessly as-
saulted members of his family and menaced
people in the street. He lost his temper with a
neighbour, whom he alleged had poisoned
him. He had mild depressive but no general
persecutory symptoms. His aggression re-
sponded well to 20 mg fluoxetine each
morning.

Discussion
Only one other case has been published which
reports neuropsychological eVects of thallium
poisoning in detail.13 In a case of accidental
consumption, Thompson et al13 carried out
neuropsychological testing seven months and
13 months after poisoning. The test scores
were compared with those of a non-identical
twin who had a similar career background and
who had not been exposed. Both were of above
average general intellect premorbidly. The poi-

soned twin had a selective impairment of non-
verbal IQ (WAIS-R) at 13 months, estimated to
be around 50 IQ points (from very superior to
average). Thompson et al13 thought that this
huge deficit could not be entirely explained by
persiting perceptual-motor eVects or by psy-
chomotor slowness. Memory for new infor-
mation was poor, especially for verbal material.
The patient had a cardiac arrest in intensive
care as a result of the poisoning, but was not
thought to have had appreciable anoxia. An
EEG showed signs of widespread abnormali-
ties. Permanent cognitive impairment was
thought to be a likely outcome.
Steinberg18 noted that there was impairment

on psychological tests in three out of four cases,
but gives very little detail. In one case persisting
impairment on digit span and digit symbol
subtests of the WAIS and on the Bender gestalt
test was noted. Other published reports
occasionally refer to impairment of concentra-
tion and memory and of general intellect after
thallium poisoning but give no details.17

As in the case of Thompson et al,13 a lateral-
ised eVect was found here, but on this occasion
impairment was found in verbal skills (verbal
IQ, memory, and fluency) in this man, whose
premorbid ability was above average but whose
performance on these tests was below average.
Consistent with impaired verbal skills was
greater slowing of the EEG in the left
hemisphere. It is of interest that very poor per-
formance on the digit symbol test was found
here by Thompson et al13 and is one of the few
details noted by Steinberg.18 This test has been
considered to be non-localising,26 but relatively
sensitive to brain injury caused by metals and
other neurotoxins.34

In the present case, persisting cognitive
impairments were found with much lower ini-
tial blood and urine concentrations than
reported by Thompson et al13 (serum 54 750
µg/l; urine 60 000 µg/l), although in their case,
samples were probably taken within one to two
days of consuming a single large dose rather
than as here, after a few weeks of consumption
of repeated lower doses.
On follow up four and a half years after

injury, he had made a good physical recovery,
was independently mobile, independent for self
care, and was able to drive. Nevertheless there
were serious persisting consequences for his
daily life. He had returned to work about a year
after the poisoning, but was made redundant
after two months and was subsequently unsuc-
cessful in obtaining further work. According to
his own account and that of his partner,
aggressive outbursts had impaired family and
social functioning, until treatment with fluoxet-
ine, after which he was no longer violent, but
his temper remained a problem as did a preoc-
cupation with the cause of the poisoning. He
remained dependent on his partner for emo-
tional support, this again being uncharacteris-
tic of his preinjury personality.Given the length
of time between injury and follow up these
personality changes were considered perma-
nent.
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