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Abstract

Introduction External brain irradiation in children can
cause cognitive decline, endocrine dysfunctions and second
malignancies. A rare complication is cerebral vasculopathy,
which occurs most often in patients with neurofibromatosis
type 1. Interstitial radiotherapy using transient Iodine-125
implants is a radiotherapy option, called brachytherapy,
offering excellent survival rates, but little is known on
treatment-related morbidity, especially long time vascular
changes.

Patients and methods Thirteen children with low-grade
hypothalamic gliomas, four of them with neurofibromatosis
type 1, were diagnosed and treated at the University Hospital
Freiburg, Germany. They belong to a larger group of 44
children with suprasellar low-grade gliomas, treated with
transient lodine-125 seeds and include those who attended all
routine follow-up examinations in Freiburg. After written
informed consent from the parents or caregivers all patients
underwent magnetic resonance imaging with angiographic
techniques in 2001, 3 to 13 years after treatment.
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Results and discussion Six out of 13 revealed cerebral
vasculopathies, only one of them revealed symptoms of
intermittent cerebral ischemia. Neurofibromatosis type 1
was present in one affected patient. The aetiology of the
cerebral vascular changes is not fully understood so far.
Tumour encasement, surgical damage and brachytherapy
may contribute as a single risk factor or in combination. To
get more information, we recommend MRA for artery
vasculopathy at follow-up in all patients with suprasellar
brain tumours irrespectively to their former treatment or
presence of cerebrovascular symptoms.

Introduction

Treatment strategies for low-grade tumours in childhood are
controversial, since the tumour’s behaviour is unpredictable
and the patient’s prognosis is always unclear. Intervention is
imperative for symptomatic tumours, considering the
child’s age, the tumour’s volume and site. Since the 1990s
of the last century, treatment follows standardized proto-
cols: First-line treatment is surgery, but often complete
tumour resection is not feasible and additional therapeutic
approaches such as radiotherapy and chemotherapy are
recommended, depending on the child’s age and neurofi-
bromatosis type 1 condition [1, 2].

External fractionated radiotherapy prevents tumour progres-
sion, but is known to cause intellectual impairment, secondary
malignancies and endocrine dysfunction, particularly in the
younger child [3]. Cerebral vasculopathy, affecting large and
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small cerebral vessels, has been reported as a rare complica-
tion after external radiotherapy in adults, as in children,
radiated for suprasellar tumours like optic pathway gliomas [4,
5]. These complications became evident by stroke or transient
ischemic attacks months to years after treatment. Children
with neurofibromatosis type 1 (NF1) have an increased risk
for these cerebrovascular complications [6-8].

In recent decades newer radiotherapy techniques have
been applied for unresectable or progressive childhood
brain tumours, one of it is brachytherapy (BT), using
transient radioactive lodine-125 seed implantations. Com-
pared with external radiotherapy, BT has been reported to
achieve equivalent tumour control with fewer side effects
[9-11], but risks for later vasculopathy are unknown so far.

We initiated a retrospective study on children with
symptomatic hypothalamic/chiasmatic low-grade gliomas,
diagnosed before the era of standardized treatment proto-
cols. All had transient lodine-125 implants and were
evaluated via magnetic resonance angiography (MRA)
years after treatment. We focussed on the incidence and
symptoms of cerebral vasculopathy in these patients and
evaluated further risk factors like neurofibromatosis type 1.

Patients and methods

After informed consent of the parents or caregivers, we
analysed data of all 13 paediatric patients with hypothalamic
or chiasmatic low-grade gliomas, who came for their regular
follow-up between January 1 and December 31 in 2001. Four
children had neurofibromatosis type 1. All had been diagnosed
and treated at the University Hospital Freiburg, Germany,
between 1988 and 1999. They represent a subcollective of 44
patients with low-grade gliomas who all had BT and who had
been described elsewhere [12]. Exclusion criteria from the
whole group were: age above 18 years (eight patients),
incomplete or no follow-up data in our institution (3 and 16
patients, respectively), BT less than 6 months before (three
patients) and death of one patient. The final collective can be
viewed as a random sample of all children with low-grade
suprasellar gliomas, treated at our institution with BT.
Patient median age at diagnosis was 54 months (range 11 to
129 months). Tumour symptoms were hydrocephalus, visual
impairment and endocrine dysfunctions such as pubertas
praecox and growth retardation. All had cerebral imaging at
diagnosis: magnetic resonance imaging (MRI) in nine, comput-
erized tomography in four patients. They underwent stereotactic
serial biopsies for histology prior to treatment, which revealed
suprasellar low-grade astrocytoma WHO I° in 12 patients
(pilocytic astrocytoma) and astrocytoma WHO II° in one girl.
Treatment options were chosen individually based on
parameters, such as the clinical symptoms, the child’s age
and the tumour histology, site and volume. All patients

underwent brachytherapy with Iodine-125 implants since
complete tumour resection was not feasible. Four children
had undergone subtotal tumour resection prior to BT, five
patients had two lodine-125 seed implantations and one
patient had adjuvant chemotherapy.

The tumours had a spherical shape of 5 cm in diameter
or less. Low-activity Todine-125 implants (Amersham, Inc.,
model 6,702) were placed stereotactically in the centre of
the tumour and removed after 25 days. Radiation dose was
60 Gy at the tumour’s margin. Dosimetry was done via
STP-4 programme (Stryker-Leibinger, Freiburg, Germany).

Regular follow-up included medical history, complete
neuropediatric examination and laboratory tests for blood
counts, liver enzymes and endocrine parameters. MRI
including T1, T2 and Flair sequences was performed at
regular intervals 3, 6, 12 and 24 months after diagnosis or at
tumour relapses. Additionally, MRA was performed in all
patients at a median interval of 7 years (range 3 to 13 years)
after radiotherapy on a 1.5-T scanner (Magnetic Vision,
Siemens). A 3D-time-of-flight sequence was acquired with
the following parameters: TR 35 ms, TE 7.2 ms, flip angle
20°, field of view 200 mm, matrix 200x512.3 slabs, slab
thickness 48 mm, number of partitions 32, resulting in an
effective slice thickness of 1.5 mm. From the axial source
images, 3D reconstructions were calculated using maximum
intensity projection algorithms. 3D reconstructions and source
images were taken into consideration when evaluating.

Results

In our group of 13 children, vascular pathologies of the circle
of Willis or the large brain arteries were found in six patients
(see Figs. 1, 2, 3). In two patients, one artery was stenotic.
Two patients showed multiple arterial alterations. Aneurysms
were found in two patients, one of them had a stenosis and an
aneurysm at different vessels. Stenoses were most often seen
at the anterior cerebral artery (ACA, four patients); less
frequently in two patients, the posterior cerebral artery (PCA),
internal carotic artery (ICA) and/or medial cerebral artery
(MCA) were involved. One patient died (patient 6). See
Table 1 for patients’ characteristics and vascular changes.

At BT, median age of all children was 54 months (11—
129 months). The children with vascular pathologies were
44 months median age (range 11 to 86 months) compared
with 73 months (range 20 to 129 months) in the non-
affected group. Age difference between any group was not
significant (p=0.41). IR was the only treatment in four of
them (patients 2, 3, 5 and 6), two underwent IR after
subtotal tumour resection (patients 9 and 11). Tumour
encasement was present in two patients (patients 2 and 6).
Both had IR as the only treatment, and arterial damage was
close to cystic parts of the tumours. Radiation doses did not
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Fig. 1 Asymptomatic stenosis of the left ACA, patient 2

differ between the patients with and without vascular
changes. Three patients in both groups had IR twice.
Individual dosimetric calculations at the affected vessels
revealed maximum radiation doses of 40-50 Gy (patient 3),
20-30 Gy (patient 5), 40-50 Gy (patient 9) and 3040 Gy
(patient 11).

Maximum time intervals from interstitial Iodine-125
implants and MRA were 3 to 13 years (median 8 years) in
the whole group. Intervals from BT were 6 to 9 years
(median 7.8 years) in the affected group compared with 3 to
13 years (median 6 years) in the non-affected group.
Differences were non-significant.

Only one patient in the affected group presented with
symptoms of vasculopathy such as severe headaches and
visual TIAs (patient 11). Four children had neurofibroma-
tosis type 1, one of them revealed cerebrovascular
pathology (patient 2).
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Fig. 2 Asymptomatic aneurysm at the left ACA, patient 5
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Fig. 3 Multiple stenoses and aneurysm, symptomatic patient 11

Discussion

We present data on paediatric patients with suprasellar low-
grade gliomas, diagnosed and treated in the 1980s and
1990s of the last century at the University Hospital of
Freiburg. All were treated with transient Iodine-125 seed
implantations to cumulative doses of 60 Gy (brachyther-
apy) to avoid or postpone external radiotherapy. These
patients represent a subcollective of a larger group from all
over Europe, since the University Hospital has a long
experience in brachytherapy [11]. Only those patients who
attended their regular follow-up in our hospital were
included into this study; no other selection criterion was
used. They underwent magnetic resonance angiography in
2001 to screen for cerebrovascular changes, a rare
complication which has been seen in children following
external radiotherapy [4].

All tumours were symptomatic and needed treatment and
histology revealed low-grade gliomas. These tumours have
an excellent prognosis concerning survival rates, visual and
endocrine impairment and tumour progression after total
tumour resection. In opto-chiasmatic midline location
though, complete resection is not feasible and prognosis is
less favourable compared to tumours in cerebellar or
hemispherical locations [13].

We reinvestigated data from the 1980s of the last century
from paediatric patients that underwent brachytherapy to
replace or postpone external brain irradiation. Today,
standardized treatment protocols recommend chemotherapy
for unresectable tumours in children younger than 8 years
or positive for NF1, which offers 10 years of survival rates
at about 80% to 90% [14, 15]. But still today, there is a
group of patients, who do not respond to chemotherapy or
who present with tumour relapses after chemotherapy, so it
is of interest to analyse alternatives, like brachytherapy with
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transient lodine-125 seed implantations in the centre of the
tumour and removed after 25 days. This treatment can be a
valuable option for selected patients and adults with brain
tumours less than 5 cm in diameter, since it offers
equivalent survival rates as surgery and standard radiother-
apy [12], and hopefully, reduces radiotherapy-related side
effects. These sequelac are mostly seen in long-term
paediatric brain tumour survivors after radiotherapy at
doses above 30 Gy, again at higher risk for NF1 patients
[16, 17].

All patients underwent MR imaging with angiographic
techniques to evaluate vascular pathologies like stenoses
and/or aneurysms of the large cerebral arteries. In six out of
13 patients, vascular changes were diagnosed at single or
multiple cerebral arteries. The incidence of vasculopathy in
our sample is even higher than those reported after external
radiotherapy [4, 5]. However, comparisons there are not
possible, since diagnostic methods and patient recruitment
differed between all studies. They diagnosed cerebrovascu-
lar disease based on standard cerebral computerized
tomography or MRI without angiographic techniques,
whereas we performed MRA, which is much more sensitive
for vascular alterations [18]. So we assume that minor
vascular changes may have been overlooked by other
investigators. To avoid overestimation of vascular stenoses,
a well-known risk of this method, we re-evaluated our
affected patients at the following examinations and saw
identical results.

Differences in patient recruitment may explain the higher
prevalence of vascular changes in our study. We screened
all patients for cerebral vasculopathy irrespective of their
symptoms, whereas others investigated only those who
were symptomatic for strokes or transitory ischemic attacks.
Since only one of our patients had clinical symptoms like
transient attacks of cerebral ischemia, we would have
underestimated the rate of vasculopathy to 1/13 instead of
6/13.

We considered additional risk factors for occlusive
arterial vasculopathy in suprasellar brain tumours such as
neurofibromatosis type 1, tumour encasement and surgical
lesions. Neurofibromatosis type 1 is a major risk factor for
radiation-related vascular complications [19] that was
present in one affected patient. Tumour encasement may
be responsible in two children, since MRI revealed cysts
close to the affected vessels. But cysts are frequent
complications of brachytherapy, so we could not separate
tumour from treatment-related cysts.

Four of the affected patients had BT as the only
treatment, two following surgery, so surgical damage
cannot be excluded completely. But since both of them
had vascular alterations at different vessels, close and
distant from the tumour’s site, surgery can contribute but
not fully explain CVD at different vessels. One patient had
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an ischemic thalamic stroke during the operation, but again,
this might not explain the stenoses of ICA, ACA and PCA.

Cerebrovascular sequelae are seen in long-term survivors
of childhood brain tumour, and radiotherapy has a 40 times
risk of developing a stroke compared to their sibling
controls [20]. Arteriostenotic complications after BT have
not been on report yet and early adverse effects of lodine-
125 seeds are rare, late reactions can happen and no
threshold of radiation doses is known. Up to now, these
vascular changes seem to depend on multiple causes; one
may be interstitial radiotherapy with lodine-125 seed
implants. This seems surprising, since radioactive seeds
are located inside the tumour with a sharp decrease at the
margins sparing the surrounding brain tissue [21]. But in
opto-chiasmatic location, the circle of Willis is close and
the vessels’ tolerance to irradiation is uncertain.

So we have to conclude that BT can be one additional
risk factor for cerebral arterial changes. Even major cerebral
vascular stenosis can be asymptomatic in children. In our
patient group, NF1 did not increase the risk for cerebral
vasculopathy.

So tumour management strategies must scrutinize treat-
ment indications since suprasellar tumours often exhibit
benign courses and many do not require any treatment.
Therapeutic interventions must be the target on minimizing
treatment-related complications. For those benign brain
tumours which cause symptoms and call for intervention
surgery, IR and chemotherapy should be considered alone
or in combination and carefully applied in order to achieve
tumour control and preservation of visual function [22]. To
obtain representative data, we recommend a prospective
imaging study with MRI and MRA for all paediatric
patients with brain tumours irrespective of their treatment.
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