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Childhood posterior fossa
pial-dural arteriovenous fistula treated
by endovascular occlusion

Abstract Posterior fossadura arte-
riovenous fistulae in children are
rare lesions that are difficult to treat
effectively. We report a case of a
2-year-old girl with such afistula,
who presented clinically with pro-
gressive neurological deficit. The
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and clinical cure.

Introduction

Posterior fossa dura arteriovenous fistulae are uncom-
mon in children, and treatment protocols have therefore
not been clearly defined. Surgery, endovascular occlu-
sion and a combination of the two have al been used in
the past. This report details the successful treatment of a
patient in whom endovascular occlusion alone was used.

Case report

A 2-year-old girl presented to our unit with a history of progres-
sive unsteadiness in walking. She had previously been seen in a
paediatric outpatient clinic at the age of 1, after her mother had
noticed that her head was suggestively large. At the later visit her
developmental milestones were found to be normal. She was able
to utter simple words and to walk without support. Her head cir-
cumference was 48 cm, which was on the 97th percentile for her
age. Ultrasonography of the brain was normal. During follow-up
clinic visits it was noted that the patient’s head circumference was
following the 97th percentile curve.

lesion was treated by endovascular
occlusion, resulting in radiological

When the patient was18 months of age, her mother noticed that
her daughter became unsteady while walking, and this prompted
her to seek medical attention. Clinical examination at this stage
confirmed the patient’s ataxia during walking but did not reveal
any other neurological deficit. An MRI was performed, which re-
vealed a dilated and tortuous left transverse sinus associated with
a suspected venous aneurysm (Fig. 1). Some degree of hydroceph-
alus was aso present, the nature of which was thought to be ob-
structive.

Cerebral angiography was carried out under general anaesthe-
sia, which demonstrated the following:

1. There was a complex intracranial fistula with several feeders
going directly and separately into a common ovoid varix mea-
suring 14 mmx40 mm (Fig. 2a, b). The feeders derived from
the right and left vertebral artery, the right and left internal ca-
rotid arteries via the posterior communicating arteries, and
both thyro-cervical trunks via meningeal branches (Fig. 3).

2. The varix was drained by several draining veins with a course
running posteriorly to the venous sinuses (Fig. 2a, b). There
was evidence of underperfusion of the brain parenchyma ow-
ing to marked shunting of blood to the fistula.

3. Retrograde filling of the major venous sinuses and abnormally
dilated deep veins were observed (Fig. 4).
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Fig. 1 Axia T2-weighted MR image shows a dilated left trans-
verse sinus and suspected venous aneurysm (arrowhead)

While the patient was still under the same anaesthetic a
4-F catheter was placed in the left vertebral artery, followed by
introduction of a microcatheter into the ovoid varix. The
venous pressure measured in the varix was 50/30 mmHg. Eleven
GDC-18 (Target Therapeutics, Fremont, Calif.) microcoils (two
14 mm/30 cm, two 12 mm/30 cm, two 10 mm/30 cm, one
9 mm/30 cm, two 8 mm/30 cm, and two 7 mm/30 cm) were de-
tached inside the varix. Near-complete occlusion was achieved
with the microcoils (Fig. 5). The microcatheter was pulled out
slightly so that the tip was situated just at the entrance of the varix.
Enbucrylate glue, 1.9 ml of 25% (Histoacryl, B/Braun, Melsun-
gen, Germany) in lipiodol, was then introduced under real-time
digital subtraction fluoroscopy. This achieved complete occlusion
of the varix. After embolization, four-vessel cerebral angiography
revealed that the fistulae no longer filled, the normal vessels were
al patent, and the brain perfusion had improved considerably
(Fig. 6a, b).

Total anesthesia time was around 8 h. After the procedure the
patient was transferred to our intensive care unit (ICU), where she
was extubated the same evening. Her stay in the ICU was compli-
cated by a generalized tonic—clonic seizure that required tempo-
rary re-intubation and management with appropriate anticonvul-
sants. Following this, the patient made an excellent recovery.
Three years of follow-up visits after discharge from the hospital
revealed complete resolution of her neurological symptoms. She
has normal mobility and cognitive function, is attending a normal
school, and achieves above average academic results.

Repeat cerebral angiography 1 year after the embolization pro-
cedure revealed that the fistulae remained occluded and the feed-
ers and collaterals found previously had atrophied (Fig. 7a, b).
Follow-up CT scans of the brain revealed resolution of the hydro-
cephalus.

Discussion

Though dural arteriovenous fistulae (DAVF) of the pos-
terior fossa related to the sigmoid/transverse sinus or the
tentorial incisura are not infrequently encountered in
adults, DAVF in the posterior fossa are much less com-
mon in children. Adult variants of DAVF in this region
are thought to be acquired lesions secondary to thrombo-
sis of one of the large venous sinuses, with subsequent

enlargement of primitive dural arteriovenous connec-
tions leading to fistula formation. In contrast to this, pos-
terior fossa DAVF in children are likely to be congenital
[1].

According to Newton and Cronqvist, intracranial arte-
riovenous malformations can be classified into three
types, pure pial, pial—dural and pure dural [9]. Mixed pi-
al—dural malformations derive their blood supply from
the cerebral or cerebellar arteries as well as from menin-
geal branches of vessels that supply the head and neck
region. In our patient, feeders from both internal carotid
and vertebral arteries as well as meningeal feeders origi-
nating from both thyro-cervical trunks supplied the ve-
nous varix. It seems reasonable therefore to name this
malformation a pial—dural arteriovenous fistula.

One variant of an arteriovenous fistulain the posterior
fossa in childhood is the vein of Galen aneurysm
(VOGA). A true VOGA results from fistulous connec-
tions between the vein of Galen and branches of the deep
cerebral arteries such as the choroidal, pericallosal and
posterior cerebral arteries. A secondary VOGA is a
pathologic dilatation of the vein of Galen resulting from
drainage of an adjacent dural or parenchymous vascular
malformation into this deep central vein [5].

Other childhood DAVF do not involve the vein of
Galen, but rather the dura and/or the large venous sinus-
es. Their arterial supply is likely to come from one or
more of the following: branches of the external carotid,
such as the occipital arteries, meningeal branches of the
vertebral arteries, and dural branches of the internal ca-
rotid artery. Only a few of these have been described in
the literature, and their treatment is still controversial. It
is sometimes difficult to determine from individual case
reports whether these fistulae are purely dura or
pial—dural, as the arteriogram report often describes
feeders that are clearly not ‘dural.’

Morita et a. reported three such fistulae in children
[7]. Two of their cases were treated with a combination
of surgery and embolization. One patient subsequently
died. The third case was kept under observation only.
These authors also reviewed the literature on another 18
cases. They reported a historical mortality of 38% and an
anatomical cure in only 9%. They noted that these le-
sions were often enormous and commonly had a large
associated venous lake. Symptoms and signs varied ac-
cording to age, but commonly included a crania bruit,
cardiac manifestations, dilated scalp veins, macrocepha-
lus, hydrocephalus, and delayed neurological develop-
ment.

The natural history of a DAVF is unpredictable. In
adults, various factors that predispose to a possible ag-
gressive neurological course have been identified [2, 4].
Although there is no anatomical location of these fistulae
in which they can definitely be said not to have such an
aggressive course, Awad et al. concluded that lesions
with leptomeningeal venous drainage or variceal or an-
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Fig. 2a,b DSA (digital subtraction angiography) of the left verte-
bral artery. a Anteroposterior view shows an ovoid varix (large ar-
rowhead) and dilated draining veins (small arrowheads). b Lateral
view with landmarking shows the ovoid varix (arrowhead)

Fig. 3 DSA (lateral view) of the right thyro-cervical trunk injec-
tion (with landmarking) shows the supply to the fistula

Fig. 4 DSA (anteroposterior view) of the left vertebral artery
shows retrograde filling of the deep cerebral veins (small arrow-
heads) and the superior sagittal sinus (large arrowhead)

Fig. 5 DSA (anteroposterior view) of left vertebral artery with
landmarking after detachment of 11 GDC coails

Fig. 6a, b DSA with landmarking immediately after treatment.
a Anteroposterior view of the left vertebral arteriogram shows re-
turn of the normal distribution of the posterior circulation. Note
the completely embolized fistula (arrowhead). b Lateral view of
the right vertebral arteriogram

Fig. 7a,b DSA with landmarking 1 year after treatment. a An-
teroposterior view of the left vertebral arteriogram shows com-
plete occlusion of the fistula. b Lateral view of the left vertebral
arteriogram shows atrophy of the feeders (arrowhead)
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eurysmal venous dilatation, lesions draining into the vein
of Galen, and lesions around the tentorial incisura had a
particularly aggressive neurological course; lesions of
the cavernous, sigmoid or transverse sinuses were least
likely to behave aggressively.

Because posterior fossa DAVF in childhood are rare,
with only alimited number of cases reported, the natural
history of these lesions is not well known. Their course
is, however, likely to be dynamic and progressive, with
the development of cardiac and neurological manifesta-
tions [10]. Because of this, these lesions usually require
attention and treatment. Treatment options include surgi-
cal resection or endovascular obliteration through either
the transarterial or the transvenous route. A combination
of these methods may be employed. The difficulty in
treating these lesions is highlighted in a case report by
Albright et al., detailing a posterior fossa DAVF in a
23-month-old child. Despite preoperative embolization
and subsequent surgical excision, the fistula had re-cana-
lized 10 months after surgery [1].

Complicated DAVF in adults have been successfully
treated with combination therapy [3]. The aim of surgi-
cal therapy can vary. First, it can be used to expose and
obliterate arterial feeders. Secondly, structures such as
Veins or venous sinuses can be exposed to allow emboli-
zation to be performed through these routes. Lastly, the
fistulaitself can be considered for resection. In children,

massive blood loss during surgery is of major concern,
and endovascular methods are therefore preferred.

Though arterial embolization may have some role in
the management of these lesions, for example by im-
proving cardiac manifestations or limiting blood loss
during surgery, this is generally not curative and may in
fact lead to a troublesome collateral supply. Emboliza-
tion of the venous side of the fistula is said to offer the
best chance of permanent cure, and once the venous side
has been occluded the arterial supply will regress sponta-
neously [8]. Various routes can be chosen to reach the
site of planned embolization, as demonstrated in a case
report by Komiyama et a., who used a transumbilical
route to embolize atorcular DAVF in a neonate [6].

Conclusion

A peediatric posterior fossa DAVF is a rare lesion that
requires careful analysis of the haemodynamic aspects of
the fistula before occlusion of the lesion. Though combi-
nation treatment may be required in some cases, occlu-
sion of the venous side of the fistula is an effective pri-
mary mode of treatment. Once the venous sack had been
obliterated through an arterial route, our patient with
presumed congenital pial—dural arteriovenous fistula
achieved aradiological and clinical cure.
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