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Summary A 29-year-old chemistry student took
50 ml of a 1 % potassium cyanide solution ( 500 mg) in
an attempted suicide He became comatose, mydria-
tic, and was admitted to hospital in an apneic state.
He woke up after 7 h and developed Parkinsonism in
the following weeks This regressed slowly during the
2 months after the poisoning apart from dysarthria,
bradykinesia of the upper limbs, and very brisk mono-
synaptic reflexes At 3 weeks after the intoxication,
computerized tomography was largely normal, and
there was CSF-dense hypodensity in both putamina
after 5 months Sharply delimited signal elevation in
T 2 corresponding to the two putamina was detected
by magnetic resonance imaging 8 weeks and 5 months
after ingestion of the poison.
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The brain (particularly the basal ganglia) is highly
sensitive to cyanides Cyanide salts are rapidly ab-
sorbed, and cyanide radicals inactivate cytochrome
oxidase, the terminal enzyme in the respiratory elec-
tron transport chain which utilizes the oxygen de-
rived from the dissociation of oxyhemoglobin This
finally leads to effective suspension of all cellular
respiration There is no essential difference between
the neurological effects of Na CN, KCN, HCN, and
CNC, and mortality is 95 % The lethal dose of KCN
is 250 mg with oral intake l 33 l, and death mostly oc-
curs in less than 3 min from respiratory paralysis l 4,
44 l.

Because of the rapid onset of action and the cer-
tain effect, cyanide salts are commonly used for pur-
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pose of suicide, and recently, there was a mass homi-
cide-suicide with more than 900 fatalities l 35 l The
use of cyanide for disinfestation of clothes, buildings
or ships, to extract gold and in galvanization, for
cleaning of silver as well as an intermediate product
in the chemical industry repeatedly leads to fatal acci-
dents at work l 39 zit nach 36 l Jacobs l 22 l counted
104 occupational medical incipient and actual intoxi-
cations over a period of 16 years in a cyanide plant.
Hydrocyanic acid gas and toxic organic cyanide also
develop during the burning of polyurethane foam,
with death of firemen from suffocation l 1 l Rarer oc-
currences are intoxication by hydrocyanic acid occur-
ring in nature, e g , bitter almonds l 17, 32 l, apricot
kernels l 28 l, or from administration of the product
laetrile l 5 l containing amygdaline Amygdaline is a
glucoside which is hydrolysed to isomeric prunasine,
glucose, benzaldehyde, and hydrocyanide.

Cyanide intoxications which have been survived
with a blood cyanide concentration which is other-
wise fatal suggest that there are individual differences
in resistance to the toxin l 14 l In anacidity of the gas-
tric juice, large amounts of cyanide salts are toler-
ated, apart from local erosions l 37 l The famous case
of Grigorji Jefimowitsh Rasputin probably belongs in
this category l 36 l.

The most important antidote against cyanide in-
toxication is the lipid-soluble and therefore rapidly
acting methemoglobin-forming 4-dimethylaminophe-
nol The Fe 3+ atom in methemoglobin is able to bind
cyanide and to render it innocuous l 37, 47 l There is
no reliance on the characteristic smell of hydrocyanic
acid as a warning sign, because many people lack the
olfactory sense for hydrocyanic acid for genetic
reasons l 8 l.

Because of the mostly fatal outcome of cyanide
intoxication, there is little experience so far on cere-
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bral findings obtained with modern imaging tech-
niques Only Braico et al l 5 l, Finelli l 15 l, and Jacobs
l 22 l each published one case which had been investi-
gated using computerized tomography (CCT) Mag-
netic resonance imaging (MRI) investigations after
cyanide intoxication have not yet been published In
contrast to this, the CCT literature on the related car-
bon monoxide intoxication is already substantial l 12,
21, 23, 24, 27, 31, 34, 40, 41 l It hence appears topical
to report on a case surviving KCN intoxication The
patient was investigated clinically as well as by means
of CCT and MRI.

Case Report

A 29-year-old chemistry student swallowed 50 ml of a 1 % KCN
solution with the intention of committing suicide He was dis-
covered in an unconscious state, and gastric lavage and intuba-
tion were carried out in the ambulance The patient was admit-
ted to hospital in a comatose condition, with assisted ventila-
tion The conjunctivae were reddened, and the pupils were
mydriatic and nonreactive Treatment was dimethylamino-
phenol and sodium thiosulfate The patient was responsive
again 7 h after taking the poison, and spontaneous breathing
returned There was a temporary rise in creatine kinase to 322
units/l and in leukocytes to 18,200/mm 3, and two days later,
there was ulcerous reflux esophagitis, and vomiting for several
days At the end of the 1st week, there was transient oculo-
gyria At the beginning of the 3rd week, the patient had a swol-
len tongue, 3 days later, speaking was slowed down and com-
bersome, and swallowing was impeded In the 4th week, there
were overshot trunk movements when standing up from lying
down and sitting positions which had to be counteracted volun-
tarily The patients gait was with a stiff trunk, with deep
kneebending on climbing steps, pressing the body forward In-
creasing hypokinesia, abolishing facial expression, hypersali-
vation, and squeaky, quiet, relatively unmodulated speech
were present On speaking, both angles of the mouth were
drawn to the side, giving the impression of grinning During
eating, food could not be drawn between the teeth with the
tongue and the tongue only reached the teeth when voluntarily
pushed forward Taste was not disturbed Neck and limb rigor
with cogwheel phenomenon and severe bradydiadochokinesia
were observed The patient was no longer able to play the
organ All monosynaptic reflexes were very brisk, and there
were no pathological reflexes Ear, nose, and throat findings
were normal.

The CCT showed narrow ventricles and slight sub-
arachnoid spaces 3 weeks after consumption of the poison
(Fig la) In T 2-weighted MRI, there was a symmetrical signal
elevation in both putamina 8 weeks after the intoxication
(Fig 2) In the course of the 2nd month, there was slow, but
continuous improvement of all symptoms, the patient was re-
ceiving 6 mg biperiden per day at this time At 5 months after
the intoxication, there was still slight slowing of speech, and
pronounced bradydiadochokinesia in the upper limbs The
MRI finding was unchanged However, there was now sym-
metrical hypodensity corresponding to both putamina in the
CCT and markedly wider ventricles and slight subarachnoid
spaces compared to the first investigation (Fig lb) A tremor,
pathological reflexes, muscle atrophy, disorders of sensitivity,
or intellectual deficits had not occurred at any time.

Fig 1 a Computerized tomography (CCT) 3 weeks after intox-
ication Still no abnormalities in the basal ganglia b, c Hori-
zontal and coronal section CCT 5 months after intoxication.
CSF-dense putamina Relatively wide ventricels and pro-
nounced subarachnoid spaces

Discussion

In the present case, there was no doubt that severe
cyanide poisoning had been present, since coma, my-
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Fig 2 a-c Magnetic resonance imaging (MRI) Coronal sections 2 months after ingestion of poison In T 2 weighting, there is sym-
metrically arranged signal elevation which corresponds to the putamina d MRI Horizontal section Signal reduction in T 1 weight-
ing These results had not altered 3 months later

driasis, and apnea were already present on com-
mencement of intensive therapy The degree of se-
verity was much the same as in Finelli's case of the
same age of calcium cyanide intoxication l 15 l Like
ours, Finelli's patient recovered rapidly and also pre-
sented the symptoms: brisk monosynaptic reflexes,
bradydiadochokinesia of a hand, little objective evi-
dence for organic brain damage, or physical disability
after 4 months After 16 years, he was completely
normal mentally and only had slightly dysarthric
speech and a slight athetoid movement disorder of
the left upper limb The left hand was clumsy in rapid
pursuit movements, the gait was normal The case
presented bilateral lesions in the globus pallidus and
a lesion in a cerebellar hemisphere in contrast to the
present case The other patient investigated by CCT
l 5, 22 l involved laetrile intoxication in an 11-month-
old baby which died 7 h after the intoxication In the
CCT, the baby had a ventricular dilatation, but in-
farct-like lesions in the lateral putamina and fresh

hemorrhages in the cerebellum were revealed at
autopsy Jacobs' patient l 22 l with occupational medi-
cal hydrocyanic acid intoxication had a normal CCT
after 3 days and did not develop any neurological
signs Without using CCT, Uitti et al l 45 l described
in great detail an 18-year-old male patient with se-
vere KCN intoxication who had major features of
Parkinsonism However, unlike idiopathic Parkin-
son's disease, the pathological disorder mainly in-
volved the globus pallidus and putamen This patient
also had difficulty in expressing himself in the first
weeks He spoke slowly and hesitantly, had a wild-
eyed staring appearance, infrequent blinking, and re-
duced facial expression He tended to fall backwards
easily After 4 months, the patient developed gener-
alized rigidity and bradykinesia, intermittent resting
and postural tremor in the arms, unstable posture,
anteropulsion and retropulsion He died 19 months
later after an overdose of imipramine and alcohol.
Postmortem examination revealed major destructive
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changes in the globus pallidus and putamen The au-
thors concluded that this was the first clinical patho-
logical report of Parkinsonism resulting from cyanide
poisoning However, Schwab and England l 43 l re-
ported Parkinsonism after cyanide intoxication as
early as 1968 As has been known for a long time,
Parkinsonism also occurs after carbon monoxide
poisoning l 23, 26, 38, 43 l and after manganese intox-
ication l 9, 43 l.

It is noteworthy that in the cases of methanol in-
toxication reported by McLean et al l 29 l and Aqui-
lonius et al l 2, 3 l, there were bilateral putamen le-
sions on CCT The case we have described is thus the
first case of cyanide intoxication with Parkinsonism
and exclusive lesions of both putamina which has
been investigated by CCT and MRI In terms of the
symptomatology, the cases known so far have akin-
esia, bradydiadochokinesia of the upper limbs, and
dysarthria in common The two latter symptoms can
evidently last longest The CCT only becomes posi-
tive after a few weeks, as proved by the case of
Braico et al l 5 l and our own case Only our case had
an unequivocally positive result on MRI after 8
weeks, as no MRI investigations had previously been
carried out.

Human pathological brain findings in cyanide in-
toxication are few and far between l 36 l Schmorl's
case l 42 l, which was examined histologically by Edel-
mann l 13 l, displayed bilateral necroses in the globus
pallidus which led the author to imply parallels to
carbon monoxide intoxication, Salvarsan intoxica-
tion, and Wilson's disease Ule and Pribillas' case
l 46 l also had elective parenchymal necroses in the
globus pallidus on both sides but also in both putamina.
The case of cyanide intoxication following treatment
with sodium nitroprusside described by Kim et al.
l 25 l presented bilateral pallidum malacia On the
other hand, pertinent animal experimental literature,
which describes brain findings in dogs l 18, 30 l, cats
l 16 l, and rhesus monkeys l 6, 19, 20 l with very similar
findings to those in humans, is more abundant.

In the cases reported in the literature and our own
case, which have been investigated histologically and/
or with CCT or MRI, as the main finding only the
putamen was affected in two cases, putamen and
globus pallidus in two cases, and only the globus pal-
lidus in two cases Accordingly, these two nuclei are
likely to be especially vulnerable to cyanides It can-
not be decided whether the lesion of only one nuclear
area or of both nuclear areas reflects the concentra-
tion of the poison, the symptomatology, or the prog-
nosis, in view of the small number of cases which can
be reviewed and the varying standard of detail in the
case reports Intoxication with poisons which result
in functional or morphologial elimination of specific

nuclear areas of the brain are experiments of nature.
They can be used for the study of clinical manifesta-
tions of functional loss With modern imaging tech-
niques, the pathomorphology can be well-recognized
even while the patient is alive, and the course can be
followed and related to clinical manifestations The
effects in humans of the functional loss of the pu-
tamina, which are regarded as resonators for a major
proportion of the activity of the cerebral cortex, and
damage which leads to dedifferentiation of motor ac-
tivity and disturbance of fine movements l 10, 11 l can
be studied in detail This can be compared for exam-
ple with the effects of related poisons (carbon mono-
xide, manganese, methanol) The common deno-
minator for these relationships is likely to be the
cytotoxic hypoxydosis which these poisons cause in
connection with the high iron content and the major
oxygen requirement of the structure As a rule, the
histopathology in cases which have died quickly is
characterized by circulation-dependent findings in
the tissue besides the topospecific cytotoxic effects of
the poison, i e , multifarious lesions This impedes
pathogenetic discrimination l 6, 7 l In view of the rar-
ity of survivors of cyanide intoxication, CCT and
MRI should become a valuable aid in diagnosis of the
localization of the lesion and an important tool in re-
search on brain damage of toxic origin.
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