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Summary

Background. Irradiation to the central nervous system (CNS) in
childhood is known to induce cerebral calcification after a latent
period. Calcification has been generally found to show nil or a reduc-
tion in signal intensity in magnetic resonance (MR) images. How-
ever, we have studied three patients with radiation-induced brain
calcification, who manifested increased signal intensity on TI1-
weighted MR images.

Method. Three girls had each been diagnosed as having a supra-
sellar germ cell tumour and were treated with conventional fractio-
nated radiotherapy in their childhood. In one case, chemotherapy
was given prior to the CNS irradiation.

Findings. All three patients survived their disease, and a follow-up
CT scan revealed calcification in the brain, which has shown an in-
creased signal intensity in the T1-weighted images of MR.

Interpretation. Cerebral calcification may be presented as a high
signal intensity in the T1-weighted MR images. This may be ex-
plained by a surface-relaxation effect by the calcium salt particle,
precipitated in the brain due to radiation-induced mineralising micro-
angiopathy.
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Introduction

Calcium deposition in the brain has been widely
recognized as one of the radiological manifestations
of the late effects of radiation and chemotherapy
in treating childhood CNS neoplasms. Mineralising
micro-angiopathy is believed to play a causative role in
deposition of calcium salt in these patients [10]. The
deposition of calcium has been clearly visible on CT
scan. Recently, magnetic resonance (MR) has become
the standard technique for following up patients with
an intracranial tumour after therapeutic intervention.
The effect of calcium deposition on signal intensity in
MR images has generally been thought to be either no

effect or a reduction in signal intensity [4, 5, 6, 8]. We
have studied three patients in each of whom cranial
MR has demonstrated the unusual characteristic of a
hyper-intense signal present on T1-weighted images in
the area that was clearly calcified on the CT scan.

Case Reports

Case 1

A 15-year-old girl was diagnosed as having a suprasellar germ
cell tumour. She completed a therapeutic course of irradiation
(2000 cGy to the whole brain followed by an additional local irradi-
ation of 3000 cGy). After radiation, the tumour became shrunken,
and hormonal supplementation therapy was administered as an out-
patient. At the age of 32 years, a CT scan revealed symmetrical cal-
cification in the basal ganglia. On MR, the areas of calcification
demonstrated paradoxically increased signal intensity on the T1-
weighted images and decreased signal intensity on the T2-weighted
images. Her mental status was preserved within normal range, and
she continues to work part-time in a publishing company. No extra-
pyramidal sign has been observed.

Case 2

An 11-year-old girl was diagnosed as having a suprasellar tumour.
Obstructive hydrocephalus was treated by bilateral external ven-
tricular drainage followed by a ventriculo-peritoneal shunt. The his-
tological examination on the surgical specimens obtained at open
biopsy revealed the tumour to be a germinoma with syncytiotro-
phoblastic giant cells. CNS irradiation with a dosage of 3000 cGy,
2000 cGy, and 3000 cGy was given to the whole brain, the local
tumour region, and to the whole spine, respectively. The tumour
shrunk and disappeared, and she was followed up as an out-patient.
Calcification in the basal ganglia gradually developed becoming
increasingly apparent on CT scans. At the age of 20 years, the areas
of calcification on CT scan demonstrated a paradoxically increased
signal intensity on T1-weighted MR images and a decreased signal
intensity on T2-weighted images. Her intellectual performance has
become slightly lower than normal, but no extrapyramidal sign has
been observed.
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Fig. 1. Case 1. CT scan showing calcification of basal ganglia and thalami bilaterally. (A) axial section; (B) coronal section. T1-weighted
images of MR showing paradoxical high signal intensity area in basal ganglia and thalami bilaterally (C) axial section; (D) coronal section

Fig. 2. Case 2. (A) CT scan showing calcification of bilateral basal ganglia and thalami bilaterally. T1-weighted images of MR showing
paradoxical high signal intensity area on both sides in red nucleus, substantia nigra, basal ganglia and thalamus (B and C). Calcification in
the midbrain was not visible on CT scan. T2-weighted image of MR showing slightly decreased signal intensity areas in basal ganglia and
thalami bilaterally

Case 3

A 9-year-old girl was diagnosed as having a suprasellar tumour.
The serum and CSF levels of human chorionic gonadotropin (HCG)
and of alpha fetoprotein (AFP) were markedly elevated. The tumour
consisted of fine calcification in an irregularly-shaped gadolinium-
enhanced component on MR. Malignant mixed germ cell tumour
was suspected, and chemotherapy with ifosphamide, cisplatinum,

and etoposide was administered three times before CNS irradiation.
The tumour markedly decreased in size, and both the serum and the
CSF levels of HCG and AFP have decreased to below detectable
levels. CNS irradiation was followed with a dosage of 3000 cGy to
the whole brain, 2400 cGy to the spine, and 3000 cGy to the local
area, in this order. After the irradiation, chemotherapy was again
administered two times with the same regimen. At three years after
the treatment, a CT scan showed a high density area in the basal
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Fig. 3. Case 3. (A) CT scan showing calcification of basal ganglia bilaterally. T1-weighted images of MR also showing paradoxical high signal

intensity area in both basal ganglia (B) axial section; (C) coronal section

ganglia, and MR showed a high signal intensity in the same area on
T1-weighted images.

Discussion

The neurotoxic effects of radiation and chemother-
apy have long been a major concern in the treatment of
childhood CNS neoplasms [9, 11]. Calcification is
known to be one of the most common radiological
manifestations of radiation-related injury to the brain,
since the first report of radiation-induced calcification
in the basal ganglia by Harwood—Nash ez al. [5, 12].
While calcification within the basal ganglia is unusual
before 40 years of age, and is considered to be part of
the normal aging process of the brain [2], after irradi-
ation, mineralising micro-angiopathy is considered to
play a pivotal role in the early development of calcifi-
cation [3]. It has been reported that calcification by
mineralising micro-angiopathy was present within the
walls of precapillaries, venules, and smaller arteries
such as the lenticulostriate artery. Early dystrophic
calcification also developed in the perivascular brain
tissue secondary to the leakage of plasma fluid from
damaged vessels, and regional ischemia has resulted
from the consequent impairment in microcirculation
[10]. Such calcification has been easily detected on CT
scans as marked high density areas. Recently, MR has
become the standard technique for following up a pa-
tient with CNS neoplasms due to its high resolution.
Areas of calcification commonly demonstrate a de-
creased signal on T1-weighted and T2-weighted images,
due to a paucity of mobile protons [4, 5, 6, 8]. How-
ever, in our series, calcification demonstrated an in-
creased signal on T1-weighted sequences. Boyko et al.,
who performed histological examination on lesions

which showed hyperattenuation on CT, and at the
same time, a hyperintense signal on MR [1], demon-
strated that these lesions all showed a strong positive
stain for calcium and a focal weak positive stain by
Perl’s iron stain.

The paradoxically increased signal on T1-weighted
images has been attributed to a surface-relaxation
mechanism associated with particulate calcium, result-
ing in shortening of both T1 and T2 relaxation times.
Dell et al. have reported that calcium salt shortened
the T1-relaxation time of surrounding water [2]. Hen-
kelman et al. have experimentally demonstrated that
calcium hydroxy-apatite suspended in agarose gel had
caused shortening in the Tl-relaxation time under
appropriate conditions [4], and considered that T1-
shortening was directly related to the surface area of
the calcium crystals in the gel. Only in those cases in
whom the surface area of crystals was very large, were
they able to demonstrate that the T1 effect predomi-
nated, yielding a net increase in MR signal intensity.
Even then, they reported, as the calcium concentration
rose above 30—40%, the decrease in proton density and
reduced T2 negated the signal intensity increase from
T1 shortening. The decreased proton density is be-
lieved to be the dominant factor. It is well known that
liquids interact with solids at their interfaces. The
presence of a solid particle in a liquid usually results in
a layer, or layers, of the liquid adhering to the surface
of the solid. In this configuration, the motion of the
liquid molecules is restricted compared with the mo-
tion of free liquid molecules in the ambient solvent.
The rotational and translational frequencies of the
bound layer(s) of water are closer to the Larmor fre-
quency, and therefore the water protons can relax
more quickly than those remote from the crystal sur-
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face. This hypothesis is essentially the same as has been
accepted for the enhanced relativity induced by large
proteins and other macromolecules. In this manner,
brain calcification can cause high signal intensity on
T1-weighted MR images.

All of our cases were girls with a suprasellar germi-
noma. Germinoma is usually seen in childhood, and
radiation with or without chemotherapy has been the
standard treatment. In this type of tumour, whole
brain radiation is usually performed to prevent intra-
cranial dissemination and boost irradiation will be
added to the local brain. This may increase the pos-
sibility of micro-angiopathy in the fine arteries such as
the lenticulostriate artery and the thalamoperforating
arteries. Furthermore, long-term survival after CNS
irradiation is a very important factor for the develop-
ment of calcification. The survival rate of germ cell
tumours is relatively high compared with other intra-
cranial neoplasms which are treated with irradiation.
The 20-year-survival rate for patients with pure ger-
minoma has been reported to be 80.6% [7]. It is par-
ticularly important to recognize that lesions that are
hyperintense on T1-weighted MR images and high
density on CT are not necessarily areas of haemor-
rhage.
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Comments

This triple case-report has illustrations of very good quality. Al-
though the report in itself is not original, it reminds us about hitherto
less well known MR-changes after irradiation, occurring in children,
this is a less frequent phenomenon.
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