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Abstract

Background: Radiation-induced intracranial aneurysm
(RIICA) is a rare complication. From the literature, 74.1%
of the reported RIICA ruptured with aneurysmal
subarachnoid hemorrhage (SAH), and the mortality rate
was 42.3%. Here, we report a case of repeated SAH due to
a RIICA after surgical clipping.

Case description: A 42-year-old woman presented with
SAH. She had undergone radiotherapy for suprasellar
germinoma 27 years previously. Digital subtraction
angiography (DSA) showed an aneurysm at the anterior
wall of the non-branching site of the left internal carotid
artery and multiple luminal narrowing. The aneurysm was
located within the radiation field, and was not detected
by previous DSA. Surgical clipping was performed, but
bleeding repeated after 3 months. We performed a
second neck clipping and confirmed that the clip had
slipped from the neck of the aneurysm. Thirty-nine days
after the second operation, DSA revealed an enlargement
of residual neck of the aneurysm. Therefore, we
performed an endovascular stent-assisted coil
embolization of the aneurysm. At the end of the
endovascular coiling, the small residual neck of the
aneurysm was still observed. The follow-up DSA obtained
three weeks after the coil embolization demonstrated
enlargement of the residual neck. At 6 months after the
first coil embolization, we performed an additional coil
embolization which achieved complete obliteration of the
aneurysm. Her cranial nerves were intact, and motor and
sensory examinations revealed no deficits. Close follow-
up by imaging is in progress.

Conclusion: A careful annually follow up, with not only
MR imaging but also MR angiography as well, is important
for the patients who had a full response to radiation
therapy for germinoma in childhood. Special attention
must be paid in the treatment of RIICA patients, because
of fragility of arterial wall adjacent to the RIICA and the
radiation-induced severe atherosclerotic change.
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Introduction
Radiation therapy remains important for the disease control

of pediatric intracranial tumors. At present, radiation therapy
is indispensable for intracranial germ cell tumors. Pure
germinoma is highly curable using only radiation therapy.
However, 30-40 Gy of radiation therapy to the whole ventricle
or larger field is necessary to prevent recurrence [1]. The life
expectancy of patients with a brain tumor is increasing,
resulting in delayed complications of radiation therapy
becoming more apparent. Endocrine disorders and cognitive
dysfunction are the most common complications in long-term
survivors [2]. Among patients who received cranial irradiation,
30-50% had an intelligence quotient of less than 70, and 50%
developed an endocrine abnormality [2]. Stroke occurred in
4.9% of patients who had survived treatment for childhood
brain tumors [2]. Thrombo-occlusive changes frequently occur
in cerebral vessels after radiation therapy. In one series, large-
artery vasculopathy appeared in almost 20% of patients
treated with radiotherapy for optic pathway glioma [2]. In
contrast, radiation-induced intracranial aneurysm (RIICA) is a
rare complication. A total of only 71 patients with RIICA were
reported between 1978 and 2016 [3-11]. They were, treated
for primary diseases, including nasopharyngeal carcinoma,
pituitary adenoma, and medulloblastoma [7]. Subsequent
subarachnoid hemorrhage (SAH) often results in severe
disability or death [7,12]. Several patients died of fatal SAH
before surgical intervention [13]. Of the patients, the average
mean time lag between the radiotherapy and the diagnosis of
their RIICA was reported as 12 years [7]. Only 13% of cases of
RIICA were discovered during at follow up or were found
incidentally [7].

We present a case of repeated SAH caused by a rupture of
an RIICA in a patient with suprasellar germinoma treated by
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radiation therapy 27 years previously, indicating a relatively
long lag time between radiation therapy and the diagnosis of
RIICA.

Case Presentation
A 15-year-old woman underwent 45 Gy irradiation in 18

fractions for suprasellar germinoma, under a diagnosis based
on imaging without tissue biopsy. She was treated with
radiation therapy only, resulting in full response. Subsequently,
she suffered cerebral infarctions in the right middle cerebral
artery area 22 years after irradiation. Digital subtraction
angiography (DSA) demonstrated multiple luminal narrowing
and irregularities, but no aneurysm formation (Figure 1a). The
diagnosis was delayed radiation-induced vasculopathy, treated
by administration of argatroban.

Five years later, 27 years after irradiation, she visited our
hospital for severe headache. Her consciousness was alert
without focal neurological deficits. Computed tomography (CT)
revealed no sign of tumor recurrence, but slight SAH in the
anterior interhemispheric fissure. She underwent DSA, which
revealed an aneurysm at the anterior wall of the left
supraclinoid internal carotid artery (ICA), occlusion of the left
anterior cerebral artery, and multiple luminal narrowing and
irregularities (Figure 1b). The aneurysm neck was located on a
non-branching site between the ophthalmic artery and
anterior choroidal artery, which developed within the radiation
field. Based on the finding of saccular aneurysm, neck clipping
of the aneurysm was attempted (Figure 2a). During the
operation, temporary clipping could not be performed

because the clip slipped from the proximal left ICA due to
radiation-induced severe atherosclerotic presence.
Postoperative CT angiography revealed small residual neck of
the aneurysm (Figure 3a). Her postoperative course was
uneventful, and she was discharged home on the 27th
postoperative day.

Figure 1 (a) Digital subtraction angiogram showing no
aneurysm formation. (b) Digital subtraction angiogram
showing an aneurysm (arrow) at the anterior wall of a non-
branching site of the left supraclinoid internal carotid artery,
which was located within the radiation field.

Figure 2 (a) Intraoperative photograph of the first surgery showing neck clipping of the aneurysm and cerebral arteries with
severe atherosclerotic change. (b) Intraoperative photograph of the second surgery showing slipping of the previous clip from
the aneurysm. ICA internal carotid artery

Three months after the surgery, the patient was transferred
to our hospital by ambulance in a comatose condition. CT
demonstrated SAH with left subdural hematoma. DSA showed
enlargement of the residual neck of the aneurysm (Figure 3b).
She underwent hematoma evacuation for the left subdural
hematoma and clipping of the aneurysm. During the surgery,
slipping of the previous clip from the aneurysm was confirmed
(Figure 2b), and new clips were applied. After the operation,
her consciousness improved gradually. Subsequent CT

angiography revealed a small residual part of the medial neck
of the aneurysm.

Thirty-nine days after the second operation, follow-up DSA
demonstrated enlargement of the residual neck of the
aneurysm (Figure 4a). After repeated failure of surgical
clipping, endovascular stent-assisted coil embolization of the
aneurysm was performed. However, at the end of the
endovascular coiling, residual neck was still observed. Follow-
up DSA obtained 3 weeks after the coil embolization
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demonstrated enlargement of the aneurysm. Six months after
the first coil embolization, additional coil embolization for the
residual neck was performed, which achieved complete
occlusion of the aneurysm (Figure 4b). She was fully oriented
without focal neurological deficits assessed at modified Rankin
scale 3. Close follow-up by imaging is in progress.

Figure 3 (a) Computed tomography angiogram after the first
surgical clipping showing the small residual neck of the
aneurysm (arrow). (b) Digital subtraction angiogram
performed 3 months after first surgical clipping showing
enlargement of the residual neck of the left internal carotid
artery aneurysm (arrow).

Figure 4 (a) Digital subtraction angiogram performed 39
days after the second surgical clipping showing enlargement
of the residual neck of the left internal carotid artery
aneurysm (arrow). (b) Digital subtraction angiogram
performed after the second coil embolization showing
obliteration of the aneurysm.

Discussion
RIICA is a rare complication of radiation therapy. In our case,

the aneurysm was localized within the radiation field and
originated from a non-branching site of the ICA. DSA obtained
5 years before SAH demonstrated no aneurysm formation.
These findings suggest that radiation therapy was responsible
for formation of the aneurysm.

RIICA is a life-threatening complication of radiation therapy
[13]. Rupture resulting in aneurysmal SAH occurred in 74.1% of
RIICA cases [11], and the mortality rate was 42.3% [12]. This
high frequency of rupture may be associated with weakening
of the vessel wall by the effects of radiation [7]. Even a small
RIICA is more prone to rupture than other common saccular
aneurysms [7,12].

The present case suggests two important conclusions. First,
careful follow up at least annually, using both magnetic
resonance (MR) imaging and MR angiography, is important to
identify non-ruptured RIICA, because RIICA has a poor
prognosis with high risk of mortality if the aneurysm ruptures
[7,12]. Especially, the patients with germinoma treated by
radiation therapy should be paid special attention because
they could have full response to radiation therapy and be long-
term survivors. Second, treatment for RIICA should aim at
complete occlusion of the aneurysm to avoid regrowth and
recurrent SAH. Once RIICA ruptures, RIICA could dilate rapidly
and undergo repeat bleeding unless RIICA is complete
occluded, even if the residual neck is small. This high
frequency of rupture and rapid enlargement may be
associated with weakening of the vessel wall by the effects of
radiation [7]. In this case, radiation-induced severe
atherosclerotic change caused the clip to slip from the ICA and
neck of the aneurysm. Slipping of clips from RIICA had been
reported previously [4]. Consequently, treatment of RIICA
requires special attention because of radiation-induced severe
atherosclerotic change and the fragility of the arterial wall
adjacent to the RIICA.
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