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Intracranial Vascular Calcifications, Glioblastoma Multiforme, and
Lead Poisoning

Jennifer Gek-Choo Teo, Keith Yu-Ching Goh, Anil Ahuja, Ho-Keung Ng, and Wai-Sang Poon
Summary: A 72-year-man with previous lead poisoning pre-
sented with raised intracranial pressure and localizing neurologic
signs. CT scans showed a high-grade glioma and extensive in-
tracranial calcifications, which proved to be vascular in distribu-
tion on postmortem examination. The latter findings support the
concept of dystrophic calcification following lead-induced cere-
brovascular injury. Lead poisoning should be considered in the
differential diagnosis of unexplained intracranial calcifications.
There is also evidence from previous studies to suggest a caus-
ative relationship between lead poisoning and development of
glioma.

Index terms: Glioblastoma multiforme; Brain, effect of toxic
substances on; Brain, calcifications

The pathogenesis of intracranial calcifica-
tions is diverse, from normal aging to a variety
of pathologic sources (1). The latter group in-
cludes familial, neoplastic, endocrinologic, in-
flammatory, ischemic, and traumatic agents
(2). It has been reported that lead poisoning
may also cause intracranial calcification (3–5).
We describe the computed tomographic (CT)
and pathologic findings in a patient with exten-
sive intracranial vascular calcifications conse-
quent to lead poisoning. A coexistent glioblas-
toma multiforme was also found.

Case Report
A 72-year-old man was admitted with a 3-week history

of headache, drowsiness, and two episodes of generalized
convulsions. He had worked in a metal factory 30 years
earlier, and lead poisoning had been diagnosed at that
time. The exact duration of his lead exposure was not
known, but it had spanned several years. There was no
history of recent lead exposure. He had been in relatively
good health until 5 years previously, when hypertension,
diabetes mellitus, and chronic renal impairment were di-
57
agnosed. Three years later, he suffered a stroke with re-
sidual right-sided hemiplegia.

On admission, his Glasgow Coma Scale score was
10/15 (aphasia, ability to locate painful stimuli, spontane-
ous eye opening). Bilateral papilledema was present with
equal and reactive pupils and dense right-sided hemiple-
gia. Sensory function could not be assessed. The rest of
the examination was normal.

Laboratory investigations showed an elevated blood
lead level of 2.3 mmol/L (recommended level, below 0.48
mmol/L) (6). There was normochromic, normocytic ane-
mia, with a red cell count of 3.25 3 1012/L and a hemo-
globin count of 10 g/dL (no basophilic stippling), and mild
renal impairment with plasma urea 12.7 mmol/L and cre-
atinine 238 mmol/L. Calcium and phosphate levels were
normal.

A noncontrast CT scan of the brain was obtained to
exclude a left-sided supratentorial mass lesion. It showed a
large, poorly defined hypodense lesion with central hyper-
density in the left frontoparietal region (Fig 1A), with left-
to-right midline shift, compression of the left lateral ven-
tricle, dilatation of the right ventricle, and transtentorial
herniation. A more striking finding was extensive symmet-
rical curvilinear and specklike calcifications in the cerebel-
lum (Fig 1B), cerebral cortex, white matter (with accentu-
ation at the gray-white junction), thalamic regions (Fig
1A), and basal ganglia. The calcifications were most
prominent in the cerebellum. The provisional diagnosis
was high-grade glioma with hemorrhage and intracranial
calcifications resulting from previous lead poisoning.

A biopsy was not performed because of the patient’s
age and poor clinical condition. He was treated conserva-
tively with steroids and anticonvulsants. Bronchopneumo-
nia developed, and the patient died 7 weeks after admis-
sion.

On postmortem examination, the brain weighed 1435 g
and showed diffuse edema, more severe in the left cerebral
hemisphere, with transtentorial herniation. Coronal sec-
tioning of the brain revealed a large necrotic tumor with
central hemorrhage in the left frontal and parietal lobes
(Fig 1C), extending into the corpus callosum, basal gan-
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Fig 1. A 72-year-old man with lead poisoning.
A and B, Axial CT scans of the brain. At the level of the midventricular region (A), a tumor is seen in the left frontoparietal region,

with hemorrhage, midline shift, and dilatation of the right ventricle. Multiple specklike and curvilinear calcifications are present in the
cerebral cortex, white matter (with accentuation at the gray-white junction), and thalamic regions. At the level of the posterior fossa (B),
calcifications are seen in the vermis and both cerebellar hemispheres.

C, Coronal section through the brain, viewed posteriorly, shows left frontoparietal tumor with hemorrhage.
D–F, Photomicrographs show white matter with calcification of capillaries and small- to medium-caliber vessels (hematoxylin-eosin,

3100) (D); calcospherites in the walls of the capillaries (hematoxylin-eosin, 3250) (E); and larger vessels with coalescence of
calcospherites forming circumferential deposits (hematoxylin-eosin, 3100) (F).
glia, diencephalon, midbrain, and upper pons. Midline and
lateral Duret hemorrhages were present in the pons. Mi-
croscopic examination confirmed a glioblastoma multi-
forme with marked cellular pleomorphism, endothelial
proliferation, and necrosis.

Intracranial calcifications were not apparent macro-
scopically although there was mild gritty resistance on
slicing the brain. Microscopic examination revealed calci-
fications in the cerebellum, cerebral cortex, gray–white
junction, white matter (Fig 1D), basal ganglia, and tha-
lamic regions. The density of calcifications was greatest in
the cerebellum, where the calcium deposits were concen-
trated within the granular layer, corpus medullare, and
dentate nuclei. The pattern of calcification was striking,
with deposits consisting of small calcospherites in the
walls of the capillaries and in the tunica media of small- to
medium-caliber vessels (Fig 1E). In larger vessels, there
was coalescence of calcospherites to form larger concre-
tions or circumferential deposits (Fig 1F). Calcospherites
were also seen in the perivascular (Virchow-Robin)
spaces. Calcification of brain parenchyma was not
present. This pattern of vascular calcification in the ab-
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sence of parenchymal calcification accounted for the cur-
vilinear and specklike calcifications seen on CT scans.

Analysis of brain tissue by atomic absorption spectro-
photometry showed an abnormally high lead content of
205 mg/g (“normal” range after 30 years of environmental
exposure, 5 to 40 mg/g) (7), indicative of a persistently
elevated total body lead burden. As the left cerebrum was
extensively destroyed by tumor, it was not possible to
identify evidence of old infarct or hemorrhage.

Discussion

Intracranial calcifications can occur both
physiologically and pathologically (1). In el-
derly brains, mild calcification of vessels and
parenchyma is a normal and common inciden-
tal finding in the basal ganglia, pineal gland,
choroid plexus, dura, and habenula (3). Calci-
fication in other brain regions or in patients un-
der age 40 is abnormal. The pathogenesis may
be familial (eg, tuberous sclerosis), neoplastic
(eg, craniopharyngioma), endocrinologic (eg,
abnormal calcium metabolism), inflammatory
(eg, congenital toxoplasmosis), ischemic, or
traumatic (2). Such factors as age, family his-
tory, previous infection, and the pattern and
distribution of calcifications may assist in the
differential diagnosis.
Several authors have suggested that lead poi-

soning may also cause intracranial calcifica-
tion. In 1977, Tonge et al (5) showed a corre-
lation between cerebellar vascular calcifications
and raised bone lead levels in an autopsy series.
In 1986, Reyes et al (3) reported extensive in-
tracranial calcifications detected by CT in three
adults with chronic lead poisoning. The radio-
logic distributions of the calcifications were sim-
ilar to those in our case, but there was no patho-
logic description.
The pathogenesis of intracranial calcification

in lead poisoning is uncertain. Overwhelming
lead toxicity of the central nervous system is
characterized by encephalopathy, with diffuse
cerebral edema affecting mainly the cerebellum
(8, 9). The primary lesion is thought to be vas-
cular injury, a concept supported by demon-
stration of endothelial damage and abnormal
cerebrovascular permeability in lead-poisoned
suckling rats (10–12). Microscopically, a vari-
ety of vascular changes are seen, including
edema, gliosis, neuronal loss, and a perivascu-
lar proteinaceous exudate (10). Tonge et al
postulated that the proteinaceous exudate is in-
completely cleared and undergoes dystrophic
calcification (5). He further demonstrated a pro-
teinaceous matrix within the cerebellar vascular
calcifications in his autopsy series. In our case,
the confinement of the calcifications to within
and around the walls of brain blood vessels
strongly supports the mechanism of dystrophic
calcification following primary lead-induced
vascular injury. The predilection for maximal
cerebellar involvement in lead toxicity of the
central nervous system may account for the
dense concentration of calcifications in this re-
gion.
The relationship between lead poisoning and

gliomas is unclear. A variety of brain insults,
including trauma, multiple sclerosis, and pro-
gressive multifocal leukoencephalopathy, have
been associated with the development of gli-
oma (13). One hypothesis is the dedifferentia-
tion of reactive glia in the setting of local tumor-
producing factors. Oyasu et al (14) found a 9%
frequency of brain tumors, mostly poorly differ-
entiated gliomas, in experimental rats fed high
doses of lead subacetate. Two reports (15, 16)
have described patients with chronic occupa-
tional lead exposure who died of complications
of astrocytoma and glioblastoma. Schreier et al
(17) also reported the findings in two children
with delayed developmental milestones and el-
evated lead levels in whom grade II to III astro-
cytomas developed in the left frontal lobe and
cerebellum. Diffuse astrocytic tumors in the
cerebellum are relatively rare, in contrast to pi-
locytic astrocytomas. Since the cerebellum is
the site of maximal involvement in lead enceph-
alopathy, the association between lead poison-
ing and the development of high-grade gliomas
may be more than incidental. Larger series in
the future may provide more information.
In conclusion, we propose that the extensive

intracranial vascular calcifications in this case
represent dystrophic calcification following pre-
vious lead-induced cerebrovascular injury.
Lead poisoning should be considered in the dif-
ferential diagnosis of unexplained intracranial
calcifications. Concentration of calcifications in
the cerebellum and histologic findings of vascu-
lar calcification are more common in lead poi-
soning. In cases in which lead poisoning is a
consideration, the clinician should inquire spe-
cifically about previous lead exposure (eg, oc-
cupational contact, consumption of illegal
“moonshine” whiskey); measurement of blood
and urine lead levels will confirm or exclude the
diagnosis. The coexistence of glioblastoma and



AJNR: 18, March 1997 LEAD POISONING 579
lead poisoning in our patient is intriguing. There
is ample evidence from previous animal studies
and case reports to suggest a causative rela-
tionship between lead poisoning and glioma de-
velopment. Perhaps these findings will provide
the impetus for future epidemiological studies.
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