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Summary: We describe MR changes that occurred 3 and 6
weeks after a suicide attempt with cyanide. The toxicity of
cyanide causes damage, primarily to the basal ganglia, and
those changes were visible as altered signal intensity on the
first MR images. Extensive areas of hemorrhagic necrosis
were seen 6 weeks later. Our case shows pseudolaminar
necrosis along the central cerebral cortex 3 weeks after
cyanide poisoning, showing that the sensorimotor cortex is
also a site for toxic necrosis because of its high oxygen
dependency.

Acute cyanide poisoning is usually the result of
attempted suicide, which, because of the high doses,
is often lethal within minutes or leads to a very poor
prognosis after delayed and inadequate treatment.
The primary long-term neurologic consequence is
pseudoparkinsonism with extrapyramidal symptoms.
The toxicity of cyanide is based on the inactivation of
cytochrome oxidase, a terminal enzyme in the cellular
respiration chain. Thus, acute cyanide poisoning af-
fects the cerebral structures with the highest oxygen
requirement, such as the basal ganglia, the cerebral
cortex, and the sensorimotor cortex (1). As a result,
the anoxic encephalopathy shows hemorrhagic necro-
sis, mainly in the striatum, and pseudolaminar necro-
sis in the cortex.

Case Report
A 35-year-old female laboratory assistant took an unknown

quantity of cyanide with suicidal intent. Ten minutes later, she
was found in a comatose condition with stable cardiovascular
function and was immediately given emergency treatment in an
intensive care unit. Under controlled respiration, antidote ther-
apy was instigated with dimethyl aminophenol and sodium
thiosulphate, which resulted in a linkage with cyanide, and
anti-edema treatment was administered. After withdrawing the
sedatives and removing the patient from the respirator, the
patient exhibited pronounced agitation and a picture of aki-
netic mutism.

The spontaneous motor symptoms resolved completely, and
the upper extremities showed choreathetotic movement pat-
terns in response to external stimulation. Against parkinson-

ism, a dopamine agonist (amantadine sulfate) was initially IV
administered and was later replaced by orally administered
medication. The treatment was centered on intensive physio-,
logo-, and ergotherapy. During the 4-week period of hospital-
ization, the clinical picture improved considerably. The patient
could eat, communicate within limits, and walk short distances
with aid. The patient was then transferred to a rehabilitation
center for further therapy.

Three weeks after her attempted suicide, only the fluid-
attenuated inverse recovery image showed discrete bilaterally
hyperintense alterations high in the frontoparietal region.
These exhibited marked contrast enhancement. The changes
were consistent with a picture of pseudolaminar necrosis along
the sensorimotor cortex.

On the unenhanced images, the basal ganglia appeared
hardly changed. Only the T2-weighted and fluid-attenuated
inversion recovery images showed discrete areas with hyperin-
tensity in the lentiform nuclei and the caudate nuclei bilater-
ally. However, after administering contrast agent, enhance-
ment again occurred.

Six weeks after the acute cyanide poisoning, areas of hem-
orrhagic necrosis with hyperintense signal changes could be
seen on the T2-weighted and fluid-attenuated inversion recov-
ery images in the region of the striatum and the globus pallidus.
The unenhanced T1-weighted studies also showed hyperin-
tense signal in the basal ganglia and linear changes along the
sensorimotor cortex, consistent with hemorrhage.

Discussion

Cyanide poisoning can occur by inhalation, inges-
tion, or dermal absorption. Chronic intoxication oc-
curs with occupational exposure (metal industry, min-
ing, jewelry manufacture, inhaling smoke). The
results usually present as ataxia and optic neuropa-
thies. Acute cyanide intoxication is most often the
result of attempted suicide, and the mortality rate is
95% because of the high doses taken. The mean
lethal dose for oral ingestion of potassium cyanide is
250 mg, or 3 mg/kg of body weight (2); however, there
is a certain individual range of resistance to the toxin,
because higher doses are tolerated, particularly in
anacidity (eg, chronic gastric disorders) (3).

Cyanide blocks the trivalent iron in the cellular
respiration enzymes. The respiration chain is blocked
at the level of cytochrome oxidase (cytochrome aa3),
a terminal enzyme of the respiratory electron trans-
port chain. Thus, the oxygen released by oxyhemoglo-
bin cleavage can no longer be bound. This blocks cell
respiration and leads to respiratory arrest within a
few minutes (4). In addition to cyanide, carbon mon-
oxide and manganese are also considered to be respi-
ratory toxins. Manganese accumulates in mitochon-
dria, and carbon monoxide binds to cytochrome and
hemoglobin. These toxins lead to structural damage
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and parkinsonism by the same mechanism as that of
cyanide (5, 6).

Cyanide exhibits a particular affinity for structures
with a high oxygen requirement and therefore leads
to hemorrhagic necrosis, especially in the basal gan-
glia. Because of their high degree of oxygen depen-
dency, however, the cerebellar and sensorimotor cor-

tex can also be affected. In this case, the damage is
attributable to the direct toxic action and is not the
result of cerebral hypoxia as part of the acute intox-
ication process. Although the hippocampus is a highly
oxygen-dependent structure, it is spared in all the
cases cited in the literature (5, 6–10). In their exper-
iments on experimental cyanide encephalopathy, Le-

FIG 1. Follow-up MR images obtained 3 weeks after cyanide poisoning.
A, Fluid-attenuated inversion recovery (9000/110 [TR/TE]) image. Discrete hyperintense linear signals can be seen along the

sensorimotor cortex.
B, T1-weighted (550/14) image obtained before the administration of contrast agent.
C, T1-weighted (715/17) image obtained after the administration of contrast agent. Massive contrast enhancement can be seen along

the central region, consistent with pseudolaminar necrosis.
D, Fluid-attenuated inversion recovery (9000/110) image. Discrete hyperintense signals can be seen in the caudate nuclei bilaterally.
E, Unenhanced T1-weighted (550/14) image shows hyperintense signals in the caudate nuclei bilaterally, consistent with hemorrhage.
F, T1-weighted (715/17) image obtained after administration of contrast agent. Massive contrast enhancement can be seen in the

lentiform nuclei and the caudate nuclei bilaterally.
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vine and Stypulkowski (11) stated that the hippocam-
pus is less affected than the striatum as a site of injury.

In our case, the MR imaging studies performed 3
weeks after the attempted suicide showed marked
structural damage in the region of the basal ganglia
(Fig 1). The second follow-up MR imaging examina-
tion, performed 6 weeks after the acute intoxication,
showed hemorrhagic necrosis in the striatum and glo-
bus pallidus (Fig 2). These MR changes have also
been shown in the few cases described to date in the
literature (5, 7–10). The earliest MR imaging studies

quoted in the case reports published to date were
performed 2 weeks after acute cyanide poisoning.
These also described changes in the region of the
basal ganglia similar to those described in the article
by Rosenow et al (7).

Rosenberg et al (8) described one case in which the
MR images showed no abnormal changes 6 months
after acute cyanide poisoning. Only 12 months later
did a further follow-up MR imaging examination
show the typical bilateral basal ganglia lesions de-
scribed above. We have shown both hemorrhagic

FIG 2. Follow-up MR images obtained 6 weeks after cyanide poisoning.
A and B, T2-weighted (2660/90) images. The hyperintense signal changes in the basal ganglia are considerably more pronounced.
C and D, T1-weighted (550/14) unenhanced images. Hemorrhagic necrosis can be seen in the sensorimotor cortex (C) and the basal

ganglia (D).
E and F, T1-weighted (715/17) images obtained after administration of contrast agent. Pronounced contrast enhancement can be

seen along the central cortex (E ) and the basal ganglia (F ).
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basal ganglia necrosis and similar signal intensity
changes along the cerebral cortex after acute cyanide
poisoning. Because the sensorimotor cortex is an-
other oxygen-dependent and cyanide-sensitive struc-
ture, direct toxin effects cause so-called pseudolami-
nar necrosis. This is a further typical change seen on
MR images after acute cyanide poisoning.

Conclusion
In the rare case that a patient survives acute cya-

nide intoxication because of immediate and effective
intensive care, diagnostic imaging should be per-
formed as soon as possible. MR imaging is the
method of choice for depicting the extent and struc-
ture of lesions in the cyanide-sensitive regions of the
brain. The MR finding of pseudolaminar necrosis
along the cerebral cortex, which to our knowledge has
not been previously reported, as well as hemorrhagic
necrosis in the basal ganglia, are typical following
acute cyanide intoxication.

References
1. Heiss WD, Würker M. Value of functional imaging in Parkinson’s

disease and related movement disorders [in German]. Nervenarzt

1999;70[suppl 1]:S2–S10
2. Moeschlin S. Klinik und Therapie der Vergiftungen. 6th ed. Stuttgart:

Georg Thieme Verlag; 1980:252–256
3. Quadbeck G, Ule G. Die toxischen Stoffgruppen. II. Zyanwasser-

stoff und Zyanide. In: Berlet H, Noetzel N, Quadbeck G, Scholz W,
Schmitt HP, Ule G, Ule VG, eds. Pathologie des Nervensystems II.
Berlin: Springer-Verlag; 1983:291–299

4. Henschler D. Wichtige Gifte und Vergiftungen. In: Forth W, Hen-
schler D, Rummel W, eds. Allgemeine und spezielle Pharmakologie
und Toxikologie. 5th ed. Wissenschaftsverlag: Mannheim 1987:751–
752

5. Borgohain R, Singh AK, Radhakrishna H, Rao VC, Mohandas S.
Delayed onset generalised dystonia after cyanide poisoning. Clin
Neurol Neurosurg 1995;97:213–215

6. Kamei S, Takasu T, Mori N, Yoshihashi K, Shikata E. Serial
imaging of bilateral striatal necrosis associated with acidaemia in
adults. Neuroradiology 1996;38(5):437–440

7. Rosenow F, Herholz K, Lanfermann H, et al. Neurological se-
quelae of cyanide intoxication: the patterns of clinical, magnetic
resonance imaging and positron emission tomography findings.
Ann Neurol 1995;38:825–828

8. Rosenberg NL, Myers JA, Martin WR. Cyanide-induced parkin-
sonism: clinical, MRI, and 6-fluorodopa PET studies. Neurology
1989;39:142–144

9. Feldman J, Feldman M. Sequelae of attempted suicide by cyanide
ingestion: a case report. Int J Psychiatry Med 1990;20:173–179

10. Messing B, Storch B. Computer tomography and magnetic reso-
nance imaging in cyanide poisoning. Eur Arch Psychiatry Neurol Sci
1988;237:139–143

11. Levine S, Stypulkowski W. Experimental cyanide encephalopathy.
Arch Pathol 1959;67:306–323

AJNR: 23, September 2002 ACUTE CYANIDE INTOXICATION 1401


