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Abstract

In a prospective study pallidal calcifica-
tion was detected in 30 of 1478 (2%) adult
patients, on CT brain scans. In 8 cases
(26%), the calcifications were detected
either years after, or during the course
of, conditions known to cause basal
ganglia calcification, including AIDS in
four cases. Eight patients (three with
AIDS) had disturbances of calcium and
phosphorus metabolism. It was con-
cluded that: a) pallidal calcification is
not uncommon and aetiological factors
may be recognised more often than
previously reported; b) AIDS is emerging
as a significant cause of pallidal cal-
cification in young adults, and c) in
AIDS and other conditions, abnormal
calcium and phosphate metabolism may
act in conjunction with local vascular
changes.

(¥ Neurol Neurosurg Psychiatry 1993;56:622—625)

With the increased availability of CT, the
incidental discovery of pallidal calcifications
has become more frequent. The significance
of such calcifications is unclear, but some
authors claim that those confined to the
pallidum should be considered as “physio-
logical” in subjects over the age of 40 years.!
However, the list of conditions associated
with basal ganglia calcifications, whether
limited to the pallidum or not, is expanding.
The aim of this prospective study was to
assess the prevalence and clinical significance
of pallidal calcification in a population of
patients in our hospital having CT.

Patients and methods

All inpatients and outpatients who had CT of
the brain during a 16 month period were
included in this study.

CT was performed using either a CGR CE
10 000 or a Siemens Somatom Dr. All scans
were assessed by the same neuroradiologist
(MT). Hyperdensity of pallidal areas was
identified visually and measured.

All patients with CT detected pallidal cal-
cifications were interviewed and examined by
one of us (GF); the records were reviewed
with the patients’ informed consent. Certain
conditions (past or present) were systemati-
cally investigated, that is, endocrine and
metabolic diseases, exposure to toxic sub-

stances (including lead), carbon monoxide
poisoning, anoxia, CNS infection and cranial
irradiation. Long term treatments and family
histories were also recorded.

Serum levels of calcium and phosphorus
were measured at least twice. Abnormal levels
prompted further investigations, including
calcium and phosphate excretion, parathor-
mone (PTH) levels (radio-immunological
assay), nephrogenic cyclic AMP (that is
cAMP secreted by the tubule under the influ-
ence of PTH), and another index of PTH
activity, the renal threshold phosphate con-
centration.

Post mortem examination, performed in
two cases (6 and 15), was restricted to the
brain. Gross examinations were made on
coronal sections of the cerebral hemispheres
and on sections of the cerebellum and the
brainstem perpendicular to its axis. Tissue
blocks were embedded in paraffin wax.
Thick slices of each cerebral hemisphere and
the cerebellum/brainstem were embedded in
celloidin. Sections were stained with haema-
toxylin and eosin, the Loyez method for
myelin, Bodian silver impregnation com-
bined with Luxol fast blue, periodic acid
Schiff (PAS), Perl’s method (Prussian blue)
for iron and the Von Kossa method for cal-
cium. Paraffin sections were immunostained
for HIV detection using an indirect method
with immunoalkaline phosphatase and
monoclonal antibodies against p24 and pl7
(DuPont).

Results
Thirty patients (2:03%) with pallidal calcifi-
cations were identified among 1478 patients
who had CT of the brain. There were 20
women and 10 men, with a mean age of 60-3
years (range: 31-90). Only seven of the thirty
patients were under fifty years of age. None
had clinical features indicating basal ganglia
dysfunction, such as a Parkinsonian syn-
drome or dyskinesias of any type. The indica-
tions for CT varied greatly, the most frequent
(n=7) being a suspicion of cerebral
ischaemia. The pallidal calcification was
detected incidentally in all cases. It was bilat-
eral in 25 cases and unilateral in 5; there was
associated calcification of the head of the
caudate nucleus in two instances, and the
dentate nucleus in one case. Skull radio-
graphs, obtained in 26 cases, showed calcifi-
cation in only one.

A condition (past or present) known to be
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Table 1 Cases with a possible cause for the basal ganglia calcifications or disturbances in phosphorus/calcium metabolism
Case Sex, Indication Phospho-calcic metabolism Possible cause for
Numbers age forCT Associated conditions disturbance calctfications
1 F, 61 Diplopia Breast cancer Cancer associated hypercalcaemia  —
2 F, 66 Headache, depression — —_ Ca.rbon'mo.noxidc
intoxication
(at age 36)
3 F, 69 Suspicion of neoplasia Renal failure, hypertension, Secondary hyperparathyroidism —
Search for metastases diabetes
5 F, 86 Internuclear Hypertension, diabetes, ischaemic stroke, Primary hyperparathyroidism Primary hyper PTH
ophthalmoplegia parathyroid adenoma (known for 6 years)
6 M, 41 Behavioural AIDS, glomerulosclerosis with renal Secondary hyperparathyroidism AIDS
disturbances failure, mild intellectual
impairment
7 M, 34 Fever AIDS, pneumocystis carinii pneumonia Isolated hyperphosphatemia AIDS
(metabolic investigation
incomplete)
8 F, 64 Seizures — — Tuberculous meningitis
coma (at age 35)
12 F, 76 Transient ischaemic Ischaemic stroke, osteoporosis, intermittent Hypercalcaemia with —
attacks treatment with calcium, phosphorus hypercalciuria
and calcitonin
15 M, 36 Cerebral toxoplasmosis AIDS, pulmonary tuberculosis, Pseudohypoparathyroidism or AIDS
(follow up) toxoplasmosis of the brain, progressive mild hypoparathyroidism
multifocal leukoencephalopathy
20 M, 55 Intellectual impairment — — Tuberculous meningitis
(at age 36)
29 M, 31 Cerebral toxoplasmosis AIDS, toxoplasmosis of the brain, Secondary hyperparathyroidism AIDS

(follow up)

intellectual impairment, renal
failure

Figure 1 CT scans 7

(36 year old man). Calcifications are small, confined to the pallidal area, bilateral and
symmetrical (the hypodense areas in the left hemisphere are due to toxoplasmosis abscess);
B) Patient 29 (31 year man). Bilateral and asymmetrical calcifications involving the
basal ganglia and the right thalamus. Calctfications were detected in the follow up of
treatment for cerebral toxoplasmosis.
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in two patients with AIDS; A) Patient 15

occasionally associated with basal ganglia cal-
cifications was found in eight cases (table 1).
The patient with primary hyperparathy-
roidism (case 5) had had a parathyroid ade-
noma for 7 years but had persistently
declined surgical treatment. Four patients (6,
7, 15, 29) had the acquired immuno-
deficiency syndrome (AIDS) (table 1). The
calcifications were symmetrical and confined
to the pallidal area in three cases (fig 1A). In
another patient (29), the calcifications were
asymmetrical and diffuse, extending into both
the lenticular and caudate nuclei, the right
thalamus and the hemispheric white matter
(fig 1B). These calcifications developed
within a few months while the patient was
being treated for multiple brain abcesses due
to toxoplasmosis.

Three patients could not be investigated
according to the protocol: one left the area
(case 7), one died shortly after CT (case 19)
and one declined further investigation (case
27). A disturbance of phosphate/calcium
metabolism was found in eight cases (table 1)
which included the four patients with AIDS.
Two patients (6 and 29) had renal failure
with secondary hyperparathyroidism; one
(case 7) had an elevated serum phosphate
level but could not be investigated further; in
the last case (15), we could not distinguish
between mild hypoparathyroidism and
pseudohypoparathyroidism on the basis of the
available data.

Neuropathological investigation of two
AIDS patients revealed similar changes. The
mineral deposits mainly involved the vessel
walls, consisting either of extensive miner-
alisation of thickened arteriolar walls, or of
smaller globular deposits around capillaries.
These deposits appeared dark purple in
sections stained with haematoxylin and eosin,
were PAS-positive, and also stained positively
for iron (Perl’s method) and calcium (von
Kossa’s method). Vascular mineralisation was
bilateral and symmetrical, and predominantly
involved the basal ganglia, especially the
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Figure 2 Pathological changes in two cases with AIDS; A) Patient 15. Globus pallidus.
Dark mineral deposits can be seen in an arteriolar wall and along the capillaries. Note the
presence of large inclusion-bearing oligodentrocytes characteristic of PML (arrows). H&E,
x 100; B) Patient 6. Globus pallidus. Mineralisation of vessel walls and of a focal necrotic
lesion (arrow). H&'E, X 40.

globus pallidus (fig 2A). Mineralisation was
also abundant in the dentate nuclei and was
present, but to a much lesser extent, in the
cerebral white matter. In the basal ganglia,
vascular mineralisation was associated with
mild parenchymal changes including
widening of the perivascular spaces which

contained occasional lipid- or haemosiderin-

laden macrophages, and a few necrotic foci.
In case 6, mineral deposits were observed in
these necrotic lesions (fig 2B).

In case 15, neuropathological examination
also showed limited scar lesions due to toxo-
plasmosis and confirmed severe changes
characteristic of progressive multifocal leuco-
encephalopathy mainly involving the hemi-
spheric white matter, and also extending to
the basal ganglia (fig 2A). A few multinucle-
ated giant cells with cytoplasmic HIV anti-
gens were present. In case 6, minimal
non-specific changes (including granular
ependymitis and slight myelin pallor of the
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hemispheric white matter) were associated
with reactive astrocytosis and microglial pro-
liferation. Multinucleated giant cells were
present but immunostaining for HIV was
negative.

Discussion
Basal ganglia calcification was found in 2% of
1478 patients who had CT of the brain dur-
ing the study period. This prevalence is
higher than in previous studies, in which it
ranged from 0-24%? to 1-64%2 but was gen-
erally below 1%.!**® This discrepancy was not
related to the age of the populations, but may
have been due to differences in the sensitivity
of the CT apparatus used for the study, or to
other differences in the populations studied.
Although BGC has been related to many
pathological conditions (table 2), several
studies led to the conclusion that incidentally
detected BGC has no clinical significance.!3*
A surprising finding in our series was the high
rate of possible causative or predisposing fac-
tors for BGC. However, such results should
be interpreted cautiously since, in most
instances, a definite causal relationship can-
not be demonstrated. For example, it is diffi-
cult to determine the influence of carbon
monoxide poisoning (case 2) which occurred
30 years before the pallidal calcifications were
discovered. However carbon monoxide poi-
soning is a well-established cause of pallidal
vascular calcifications.® AIDS appears to be
an emerging cause of BGC in young adults.
CT detected BGC was first reported in
infants and children in this setting,'® and
rarely in adults.!’ Interestingly, no calcifica-
tion was reported in large-scale neuroradio-
logical studies of adults with AIDS.!?
However, vascular calcifications in the basal
ganglia have been described in neuropatho-
logical studies.!*!* The pathogenesis of vascu-
lar mineralisation in AIDS is wunclear.
Mineralisation of vessel walls as a sequel of
vasculitis with immune complex deposition in
the early stages of HIV infection has been
suggested in both children'® and adults.'”
This mechanism could account for the sym-
metrical pallidal calcifications of three of our
four AIDS cases (fig 2A). In another case
(29), the pattern of calcifications was clearly
different (fig 2B): they were asymmetrical,
involved areas other than basal ganglia, and
developed within treated toxoplasmic lesions.
Another surprising finding was the high
prevalence of disturbances in phosphate/cal-
cium metabolism (8/28 patients). Similar

Table 2 Main conditions associated with symmerrical
basal ganglia calctfications in

Primary and postoperative hypoparathyroidism*®
Pseudo hypoparathyroidism*
Hyperparathyroidism'’

Carbon monoxide poisoning®

CNS infections,'® including AIDS'*
Down’s syndrome?

Systemic lupus erythematosus?
Mitochondrial cytopathy?

Chronic lead exposure

Radiation therapy®

Familial idiopathic cerebral calcifications?




A prospective study of patients with CT detected pallidal calcifications

results have been reported in only two other
studies?'® and were related to hypoparathy-
roidism. In our study, these abnormalities
suggested hypoparathyroidism in only one
case. Their direct responsibility in the onset
of BGC is doubtful, except in the case of pri-
mary hyperparathyroidism.!” The four AIDS
patients in our study also had abnormal
serum phosphate and/or calcium levels. Two
had hyperparathyroidism secondary to renal
failure, a condition not known to cause BGC.
It is possible, however, that these abnormali-
ties acted as cofactors with local inflamma-
tory changes. Such a mechanism (that is the
concurrence of systemic and local factors) has
been suggested by Morgante er al.'®* More-
over, in a study by Muenter and Whisnant,'®
three patients had hypoparathyroidism and a
history of anoxia or encephalitis.

In conclusion, whatever the age of the
patient, CT-detected pallidal calcifications
should not be considered as “physiological”
before a thorough clinical investigation and
calcium/phosphate levels are shown to be
normal. AIDS is a recently identified cause of
BGC and should be borne in mind, particu-
larly in cases involving young adults.
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