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Case Report

De Novo Aneurysm Formation After Stereotactic
Radiosurgery of a Residual Arteriovenous Malformation:
Case Report

Paul P. Huang, Toshifumi Kamiryo, and P Kim Nelson

Summary: We report a case of a 19-year-old woman who
underwent radiosurgical treatment of a residual arterio-
venous malformation. Nine months after treatment, repeat
angiography revealed a de novo paranidal aneurysm that
was treated endovascularly. We postulate that changes in
flow dynamics or vessel integrity after radiosurgery con-
tributed to the formation of her de novo aneurysm.

Stereotactic radiosurgery is a well-established
treatment option for arteriovenous malformations
(AVMs). The potential complications related to ra-
diosurgery are well documented and are predomi-
nately related to radiation effects to the surrounding
brain parenchyma (1, 2). Following treatment,
complete obliteration of a vascular lesion may not
occur for several years. During this latency period,
the patient remains at risk for hemorrhage. Despite
concerns for increased risk of hemorrhage during
the early experience with radiosurgery, subsequent
studies have shown that the hemorrhage rate is
comparable to the natural history of these lesions
(3, 4).

This report describes a patient who underwent a
subtotal resection of a large left hemispheric AVM
followed by gamma knife treatment of her residual
nidus. Nine months after treatment, she developed
increased seizures associated with an episodic post-
ictal hemiparesis. Repeat angiography showed a de
novo paranidal aneurysm arising from a distal an-
terior cerebral artery branch supplying her residual
nidus. This case suggests that, in certain circum-
stances, changes following radiosurgery may pre-
dispose to aneurysm formation in feeding vessels.

Case Report

This 19-year-old right-handed woman presented with a left
frontal intraparenchymal hemorrhage and a right hemiplegia 2
years before the writing of this report. Her workup reveaed a
large left frontoparietal AVM. The patient subsequently un-
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derwent preoperative embolization followed by a microsurgi-
cal resection of her lesion at an outside institution. Her family
declined immediate postoperative angiography.

The patient recovered well and was able to ambulate inde-
pendently with a mildly spastic gait 1 year after her procedure.
A follow-up angiogram was eventually obtained that revealed
asmall residual nidus (Fig 1), and the patient underwent gam-
ma knife treatment of the nidus. The total volume of the lesion
was 0.25 cmS. The margin of the nidus was covered by the
50% isodose line, and 25 Gy were delivered to the margin.

Nine months after her treatment, the patient developed in-
termittant sensory seizures. MR imaging suggested the pres-
ence of a new aneurysm. Repeat angiography revealed a re-
duction in flow to the nidus and confirmed the presence of a
de novo paranidal aneurysm arising from a distal pericallosal
branch vessel supplying the residual nidus (Figs 2 and 3). The
feeding vessel was subsequently embolized and the nidus was
obliterated (Fig 4).

Discussion

Microsurgical resection remains the most effec-
tive treatment for AV Ms of the brain. However, de-
pending on the size and location of the lesion, sur-
gery may carry an unacceptable risk of serious
neurologic sequela. Over the past several years, the
development of endovascular and radiosurgical
techniques have improved our ability to treat le-
sions that were previously considered untreatable.

The advantages and disadvantages of stereotactic
radiosurgery for brain AVMs have been discussed
extensively in the literature (4—6). Complete oblit-
eration of an AVM after radiosurgery is not im-
mediate. During this latency period, the patient re-
mains at risk for hemorrhage. The hemorrhage rate
during this latency is similar to the rate of hemor-
rhage in untreated AVMs (3, 4). However, the pres-
ence of intranidal aneurysms or venous outflow ste-
nosis may increase the near-term risk of
hemorrhage. Radiosurgical treatment of lesions
with these angioarchitectural features may carry a
higher risk of hemorrhage before complete oblit-
eration is achieved.

Three types of aneurysms are associated with ce-
rebral AVMs: flow-related aneurysms, intranidal
aneurysms, and congenital aneurysms. Flow-relat-
ed aneurysms are probably acquired lesions and
typically involve a vascular root supplying the
AV M. They presumably result from increased shear
stress along the vessel wall due to the hyperdynam-
ic flow through the arteriovenous shunt. They
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Fic 1. Arterial phase image (frontal projection) from a digital subtraction angiogram of
the right internal carotid artery acquired at the time of radiosurgical planning. Note the
small residual nidus (curved arrow) of a left posterior frontal AVM. The nidus is supplied
by a posterior internal frontal branch of the left anterior cerebral artery and drains into the
left thalamostriate vein (thin arrow). Owing to a hypoplastic left A1 segment, the AVM was
not well visualized by left internal carotid artery angiography.

Fic 2. Rightinternal carotid artery angiogram (frontal projection) 9 months later disclosing
the interval development of a small paranidal aneurysm (arrowhead)

Fic 3. Superselective digital subtraction angiogram (frontal projection) obtained prior to
embolization of the aneurysm and nidus with N-butyl-cyanoacrylate. The microcatheter tip
is indicated by the curved arrow.

Fic 4. Postembolization right internal carotid artery angiogram (frontal projection) con-

occur in multiple locations in over half of patients
affected.

Intranidal aneurysms occur in 5.5% to 58% of
AVMs (7, 8). They are frequently multiple and usu-
aly less than 4 to 5 mm in size. These aneurysms
typically arise from a feeding artery as it merges
into the nidus. These aneurysms exhibit a thin wall
of 3 to 4 cell layers, scant smooth muscle, and no
elastic fibers. They are associated with an increased
incidence of hemorrhage (8) and may occur in ap-
proximately 40% of patients with intracranial hem-
orrhage related to an AVM.

There are several possible explanations for the
de novo formation of a paranidal aneurysm in our
patient. Potentially, a preferential radiotherapeutic
effect on venular vascular structures within the ni-
dus could have increased venous outflow imped-
ence, thereby increasing intraluminal pressure with-
in the supplying arteries proxima to the AVM
nidus. Increased cerebral vessel diameter within
targeted radiation fields has been demonstrated in
experimental settings (9). The pathogenesis of this
phenomenon has been ascribed to downstream mi-
crovascular occlusion or impaired venous drainage
acting to increase intraluminal pressures within the
upstream microvasculature. It seems reasonable
that a reduction in flow through the nidus could
result in increased intramural pressure in the feed-
ing artery and subsequent aneurysm formation.

Alternatively, a focal vasculopathic effect of the
radiation on the vessel wall could have led to an-

firming occlusion of the aneurysm.

eurysm formation (10). The location of the aneu-
rysm was in close proximity to the treatment mar-
gins. Retrospective review of the treatment plan
showed that the feeding vessel received 20 Gy of
radiation at the site of aneurysm formation. Doses
as low as 5-9 Gy may be sufficient to cause chang-
es in norma vessels (11). Radiation effects to
blood vessels result in intimal hyperplasia and ste-
nosis (9), although these specific structural changes
are not known to increase the risk of aneurysm for-
mation. Finally, formation of the aneurysm in our
patient may have been part of the natural history
of her lesion, independent of her treatment.

It is difficult to know, from a single case report,
what set of factors or circumstances led to aneu-
rysm formation in our patient. We were fortunate
in documenting the progression of these events be-
fore a new rupture. It seems reasonable that chang-
es in flow dynamics and/or vasculopathic effects
after radiation treatment may, in certain circum-
stances, predispose these patients to an increased
risk of rupture. However, it is doubtful that this is
a common occurrence since the overall hemorrhage
rate after treatment is comparable to the hemor-
rhage rate of untreated lesions.
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