
Received: 27 October 1999 Abstract The case of a 9-year-old
girl with a right parietal arteriove-
nous malformation (AVM) of the
brain obliterated after gamma knife
(GK) radiosurgery with subsequent
regrowth in a different site is report-
ed. As far as we know, this is the
first reported case of regrowth of an
AVM in a different location after ra-
diosurgery in a child. This situation

has to be considered within the con-
text of causes of unsuccessful treat-
ment of AVMs with radiosurgery and
justifies angiographic monitoring of
pediatric patients until they reach
adulthood.
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Recurrence in a different location 
of a cerebral arteriovenous malformation 
in a child after radiosurgery

Introduction

Radiosurgery with the gamma knife is a safe and effec-
tive procedure for the treatment of an arteriovenous mal-
formation (AVM). In approximately 80% of patients
obliteration is attained by this means, depending on dif-
ferent features such as volume, localization and angioar-
chitecture [1, 8, 10]. Recanalization of an AVM nidus af-
ter prior sterotactic radiosurgery, incomplete nidus rec-
ognition on angiography and radioresistance are factors
associated with incomplete obliteration of AVM.

We describe the appearance of a new AVM nidus in a
pediatric patient after obliteration of a previous AVM in
the periphery following radiosurgery with the gamma
knife. In our opinion, this situation is a new cause that
should be considered along with the factors already
known to be associated with nonachievement of cure of
AVM after radiosurgery, especially in the infant popula-
tion.

Case report

A 9-year-old girl without previous illness was admitted to the hos-
pital because of sudden epileptic seizures. Her neurological exam-
ination on admission was normal. A CT scan and MRI showed a
right parietal lesion. Angiography demonstrated an AVM located

on the right parietal convexity and fed by branches of the right
middle cerebral artery, with venous drainage through superficial
convexity veins to the superior sagittal sinus (Fig. 1).

First radiosurgical procedure

On 18 February 1994 the patient was treated using a 201-source
cobalt-60 gamma knife type B (Elekta Instruments, Stockholm,
Sweden). The treatment isodose, the dose to the AVM margin, and
the maximum dose were jointly determined by a medical physi-
cist, a radiation oncologist and a neurosurgeon. The volume as-
sumed for calculation of the treatment isodose was 2.7 ml. Two
isocenters were used, the maximum dose was 33.3 Gy, the nidus
of the AVM was exposed to a 25-Gy dose at 75%. The patient was
followed up by neurological examination and MRI every 6
months. Two years later, the AVM treated appeared to be occluded
on MRI, but there were signs suggestive of another AVM. An an-
giography was performed and confirmed occlusion of the original
AVM, but a new malformation was observed. This new AVM was
also fed by branches of the right middle cerebral artery; it had a
deeper and more medial location than the previous AVM and ex-
tended to the lateral ventricle (Fig. 2).

Second radiosurgical procedure

On 16 1996 April a new treatment with radiosurgery was per-
formed. The volume used as a basis for the treatment isodose at
the time was 4.5 ml. The maximum dose was 38 Gy, and the dose
to the AVM margin was 19 Gy at 50%; six isocenters were used in
that occasion. Nine months later, the patient suffered headache and
epileptic seizures, and edema was observed surrounding the region
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treated. For this reason steroids were added to the anticonvulsive
therapy and she improved.

The patient still takes anticonvulsive therapy, but she has re-
mained symptom free during the last year and the latest MRI
shows no sign of AVM. An angiography will be done in 1 year.

Discussion

Stereotactic radiosurgery is an effective therapy for se-
lected AVMs. Current reports on AVM series treated ra-
diosurgically give obliteration rates of 70–95% after 3
years of follow-up or more [3, 4, 11]. It is generally ac-
cepted that angiography is the procedure of choice to
evaluate AVMs obliteration in adults [5]. Kader et al. [6]
have reported recurrence of AVMs in children after suc-
cessful surgery followed by angiographic evidence of
obliteration, and Kondziolka et al. [7] have reported an-
other two cases.

Regrowth of childhood AVMs may be related to the
development of an original abnormal vasculature; it has
been postulated that an AVM arises from a fistula be-
tween a primitive artery and a large vein overlying the
developing cerebral cortex [2, 9]. The reduced resistance
to blood flow in such fistulas may cause the abnormal ar-

teries to dilate. Immature vessels left in the surgical bed
may be angiographically invisible while still retaining
the ability to regrow and form a new AVM in the same
location. Recanalization of thrombosed vessels, which
can occur after radiosurgery or embolization, may also
play a part in the local regrowth of AVM [4]. In our pa-
tient, the AVM regrowth in the periphery of the previous
malformation occurred after radiosurgery without preop-
erative embolization. We consider that the redistribution
of blood flow after progressive occlusion of the AVM
may act by way of immature vessels surrounding the
malformation giving rise to another AVM.

This is the first case of a pediatric patient reported to
have been treated solely by radiosurgery with regrowth
of an AVM in the periphery. Repeat angiography at the
beginning of adult life has to be considered for success-
ful and consistent exclusion of any recurrence of AVMs
successfully treated by radiosurgery in pediatric patients.
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Fig. 1 Anteroposterior (left)
and lateral (right) right internal
carotid stereotactic angiogram
demonstrating the parietal arte-
riovenous malformation (AVM)

Fig. 2 Anteroposterior (left)
and lateral (right) right internal
carotid stereotactic angiogram
after radiosurgery confirming
obliteration of first nidus and
showing another AVM located
medial to the first
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