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We sought to determine effects of radiation field size and dose on the
extent of developing cavernous malformations in long-term survivors of pediatric cancer.The study
involved 34 patients with a history of intracranial germ cell tumors treated with either whole-brain

or reduced-field irradiation and undergoing MRI with a mean follow-up of 18.5 years. A total of 235
cavernous malformation lesions were observed in 32 of 34 patients. The mean number of lesions was
2.3 times as high in the whole-brain group as in the reduced-field group. The number of lesions in
high-dose fields was significantly larger than in low-dose or untreated fields. Radiation field size
and dose were positively associated with the number of cavernous malformations developed. Cavernous

_malformations can be used as a surrogate marker for microvascular injury following intracranial
irradiation in long-term cancer survivors.
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Figure 1: Axial T2*Wl (600/26 ms) MR image
and T2WI (4240/96 ms) MR image obtained in
a 36-year-old man with a history of
intracranial germ cell +tumor at a
follow-up time of 23.7 years after
whole-brain irradiation (total dose of 50
Gy). Four RI-CM lesions showing very low
signal intensity are visible on the T2*WI
image; however, these lesions were poorly
visualized on a conventional T2WI image.
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Figure 2: Difference in the number of
radiation-induced cavernous
malformations between whole-brain and
local irradiation groups demonstrates the
effect of radiation field size on the
extent of cavernous malformations
development. The number of lesions
developing in the large-field irradiation
(whole-brain) group 1is significantly
larger compared with that in the local
irradiation group (P = 0.00296,
Mann-Whitney U test). Bars are SEM.
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Figure 3: Difference in the number of
radiation-induced cavernous
malformations among zones in each group
demonstrates the effect of radiation dose
on the number of cavernous malformations
developed. The number of lesions developed
in the high-dose field (zone 2) is
significantly larger compared with that in
the low-dose (zones 1 and 3 of the
whole-brain group; P < 0.000001) or
untreated fields (zones 1 and 3 of the
local group; P < 0.001); calculated using
Tukey’ s HSD test. Bars are SEM.

Figure 4: Cavernous malformations with
symptomatic hemorrhage. a, axial T2*WI
image acquired 28 years after
extended-local irradiation demonstrates a
cavernous malformation 1in the left
posterior cingulate gyrus showing a
low-signal-intensity focus measuring 2.3
mm in diameter (long arrow). Very small
low-signal-intensities measuring less
than 2 mm were excluded for counting as
cavernous malformations. b-d, 1.5 years
later, MR images including axial T2*WI (b)
and TIWI (c) and CT image (d). These images,
obtained because of sudden onset of severe
headache with vomiting, reveal a new
low-signal-intensity focus (b, short
arrow) and an acute hemorrhagic lesion
located in the splenium of the corpus
callosum with intraventricular rupture
and  subarachnoid  hemorrhage. The
hemorrhagic lesion was interpreted as an
interval appearance of a new cavernous
malformation, followed by hemorrhage,
because of its nidus with little
surrounding edema and its follow-up
imaging features of shrinkage without
enhancement (not shown).
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