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fistulae (AVF) of the internal max-
illary artery (IMA) are rare. We
present the angiographic findings
and management of six AVF of the
IMA, selected from 147 patients
with facial vascular malformations.
The fistula was thought to be con-
genital in all six in view of a life-long
history, with no recorded trauma.
Our analysis included angioarchi-
tecture, treatment modality, embolic
material, treatment results and fol-
low-up. All patients had angiogra-
phy showing an AVF originating
from the IMA and draining to the
jugular vein. Five patients

with detachable balloons; a combi-
nation of Guglielmi detachable coils
and N-acetyl-2-cyanoacrylate
(NBCA) was used in one child. We
successfully closed the AVF in all
cases, without procedure-related
complications, except for delayed
transient facial numbness in one
patient. No recurrence was observed
on follow-up of 5 months to 7 years
(mean 44 months).
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Introduction

Facial arteriovenous fistulae (AVF) on the external
carotid artery (ECA) are rare, and mainly traumatic [1,
2, 3]. Congenital fistula on the internal maxillary artery
(IMA) are even less common, a review of the literature
revealing only 15 cases [3, 4, 5, 6, 7, 8, 9]. They are
usually single-hole fistulae, and have been treated by
surgery or balloon embolization. We present our expe-
rience in the management of six congenital AVF of the
IMA, and review the literature.

Materials and methods

We identified six patients with congenital AVF of the IMA from
our facial vascular malformation database of 147 patients, and
reviewed the clinical and imaging data. There were two males and
four females with ages ranging from 6 to 40 years (mean 22 years);
two were 6-year-old boys. They were treated at our institution
between 1995 and 2002. All had a life-long history of symptoms

related to the AVF. Common presentations were a bruit in four
and a pulsatile mass, also in four. One child had high-output
congestive heart failure. One patient had headache without neu-
rologic symptoms and one facial pain. No patient had a history of
trauma or evidence of a connective tissue disorder.

Our analysis included angioarchitecture, treatment modality,
embolic materials, treatment results and follow-up. Angiography
was available in all patients, who then underwent endovascular
treatment. Embolization was transarterial, under general anesthe-
sia, with puncture of the femoral arteries. We used coaxial catheter
systems with a variety of guiding catheters and microcatheters. A
selective IMA angiogram was performed to localize the fistula
precisely. In five patients we used detachable balloons as the only
material. We combined fibered Guglielmi detachable coils (GDC)
and liquid embolic material, N-acetyl-2-cyanoacrylate (NBCA) in
one patient.

Results

The angioarchitecture and treatment results are pre-
sented in Table 1. All patients had complete cerebral
angiography as well as selective ECA and IMA
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Table 1 Clinical features, angioarchitecture and results of treatment

Patient Age Presentation Main venous Embolic agent Immediate  Complications Follow-up
No. (years)/sex drainage angiographic
result Clinical Angiographic
1 19/F Swelling, tinnitus, Internal jugular vein Single balloon Cure No 7 years  No
headache
2 40/F Oain, swelling External jugular vein Balloon and coil  Cure No 7 years 18 months
3 33/F Swelling External jugular vein Single balloon Cure No 4 years 50 months
4 6/M Thrill, swelling  Internal jugular vein Coil and N-acetyl- Cure No 3years No
2-cyanoacrylate
5 6/M Right heart Internal jugular vein Single balloon Cure No 6 months No
overload,
bruit
6 30/F Thrill, bruit Internal jugular vein Two balloons Cure Transient facial 5 months 3 months

numbness

Fig. 1a-d Case 6. A 30-year-
old woman presented with a
thrill and a bruit. An arterio-
venous fistula (AVF) on the
right internal maxillary artery
(IMA) was occluded by
detachable balloons. Lateral
projections of IMA in a early
and b late phases show a high-
flow AVF on an inferior
branch. Note focal narrowing
at the U-shaped AV connec-
tion, suggesting that this is the
site of the fistula. Antegrade
flow to the distal IMA is
reduced. Venous drainage is
into the internal jugular vein via
maxillary vein. ¢ Lateral plain
film shows two balloons in the
fistula. d Lateral projection of
IMA injection after treatment
shows complete obliteration of
fistula and increased flow to the
distal branches of the IMA

r

injections. The fistula lay at an inferior branch of the
IMA near the origin of the middle meningeal artery in
all patients. The fistulous segment was U-shaped in four,
the inferiorly originating branch giving off the fistula,
which drained upward into the maxillary and then the
jugular veins (Fig. 1). The site of the fistula was shown
as a focal narrowing, connected to a dilated draining
vein. In one child the fistula was short and just drained

inferiorly into the internal jugular vein (Fig. 2), but
again focal narrowing was seen at the abnormal arte-
riovenous communication. In another patient the fistula
drained directly into a large venous sac in the parotid
region, with focal narrowing at the fistula site. This
patient also had an ipsilateral facial vascular malfor-
mation, fed mainly by the occipital, facial, and posterior
auricular arteries.
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Fig. 2a—c Case 4. A 6-year-old boy presented with a pulsating
mass and a thrill. An AVF on the right IMA was embolized with a
combination of Guglielmi detachable coils (GDC) and N-acetyl-2-
cyanoacrylate (NBCA). a Lateral projection of IMA injection
shows a single-hole AVF as focal narrowing. Venous drainage is
into the internal jugular vein. A vortex GDC was placed coaxially
in the fistula via the microcatheter, and detached after confirmation
of proper positioning. b. Embolization was then carried out with
2.5 cc NBCA and 0.5 cc Lipiodol, with tantalum powder. ¢ Lateral
postembolization angiogram shows complete closure of the fistula
and preservation of the normal vessels

The proximal ECA and IMA were markedly wider
than the narrow lumen of the internal carotid artery and
the distal branches of the IMA beyond the fistula. The
main venous drainage of the fistula was to the internal
jugular vein in four patients and the external in two.

In five patients, a detachable balloon was inflated
with contrast medium and detached in or just proximal
to the fistula. A single balloon was deposited in four
patients (Fig. 3), and two were placed in the fistula in
one (Fig. 1). In one patient, the proximal ECA was
embolized by coils to stabilize the balloon and to oblit-
erate collateral flow via the facial artery. In one child
with very short-segment AVF we embolized with fibered
vortex GDC followed by a small amount of NBCA
(Fig. 2), because a balloon appeared unstable in this
fistula.

All AVF were all angiographically occluded imme-
diately after the embolization and the presenting symp-
toms were ameliorated in all patients. No immediate
procedure-related complications were observed, but the
patient with two balloons in the fistula developed tran-
sient facial numbness 1 day after the procedure which
had resolved 3 weeks later.

No clinical evidence of recurrent fistula was docu-
mented on follow-up ranging from 5 to 84 months
(mean 44 months) after treatment. Angiographic follow-
up in three patients from 3-50 months after treatment
also showed no recurrence.

Discussion

Congenital facial AVF represent less than 1.5% of vas-
cular lesions of the face [10]. There are 35 patients re-
ported to have congenital AVF involving the ECA, 15
whom were described or illustrated as having IMA
fistulae [3, 4, 5, 6, 7, 8, 9]. The clinical features, treatment
and results in these cases are summarized in Table 2.
Common presentations of our cases were a bruit and
a pulsating mass, both in two thirds of the patients. This
is similar to reported cases [7], in which a bruit (83%)
and a pulsatile mass (67%) were common. Neurologic
symptoms are rare with these AVF. One patient is re-
ported as presenting with a diminished level of con-
sciousness and an ataxic gait [9], and as showing
reversible abnormal signal in the brain stem and cere-
bellum on MRI. It was suggested that these deficits were
due to venous congestion of the inferior petrosal sinus
and basilar plexus and increased pressure in the jugular
vein. Unilateral pulsatile headache has been reported in
a patient with an enlarged middle meningeal artery
supplying collateral flow to the fistula after incomplete
surgical ligation of the proximal ECA [7]. One of our
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Fig. 3a-d Case 1. A 19-year-
old girl presented with a pulsa-
tile mass, tinnitus and head-
ache. Lateral IMA injections in
a early and b late phases show a
high-flow AVF draining to a
number of large veins in the
infratemporal fossa, some of
which appear dysplastic, thence
to the right internal jugular and
facial veins, as well as to the
superior ophthalmic vein.

¢ Anteroposterior plain film
after detachment of a balloon in
the fistula the latter to be
medial to the mandibular
condyle. d Postembolization
anteroposterior external carotid
angiogram shows complete
closure of the fistula

Table 2 Summary of previously reported cases

Y

Series Age (years))  Symptoms Treatment Embolic  Result Follow-up
sex material

Girevendulis et al., 1980 [6] 4/F Pulsatile mass Surgery Unknown

Gabrielsen et al., 1994 [5] 1.10/M Pulsatile mass, thrill and bruit  Surgery Cured 14 months
5/M Pulsatile mass Surgery Cure 8 years
45/M Pulsatile mass, tinnitus Endovascular ~ Balloon Cure 6 months
34/F Pulsatile mass, tinnitus Endovascular  Balloon Cured 9 months

Berenstein et al., 1986 [3] 19/F Endovascular ~ Balloon Cure

Kawakami et al., 1987 [8] 2/F Pulsatile mass, bruit, thrill Endovascular ~ Balloon Cure 1 year

Halbach et al., 1988 [7] 20/F Pain Endovascular ~ Balloon Cure 9 years
22/F Pulsatile mass, Bruit Endovascular ~ Balloon Cure 10 years
33/M Pain, bruit Endovascular ~ Balloon Cure 7 years
18/M Bruit, pulsatile mass Endovascular ~ Balloon Cure 4 years
19/M Bruit, pulsatile mass Endovascular ~ Balloon Cure 1 year
47/F Headaches, mass, bruit Endovascular  Balloon Cure 2 months

Cluzel et al., 1992 [4] 9/? Endovascular ~ Balloon Cure

Horiuchi et al., 2001 [9] 27/M Diminished level of Endovascular  Coil Cure

consciousness, ataxic gait

patients presented with headache, and ECA injections
showed an AVF with drainage toward the cavernous
sinus via facial and ophthalmic veins, as well as into the
internal jugular vein (Fig. 3). It is not certain, however,
whether the headache was related to increased pressure
in the cavernous sinus.

We treated four of our patients as adults, although
their fistula had been diagnosed earlier. While the nat-

ural history of congenital AVF of the IMA is not
known, our experience suggests that its is usually benign,
so treatment can be delayed if the fistula is well toler-
ated. However, we treated one child with congestive
heart failure due to volume overload, which is rare with
congenital ECA-jugular AVF [11]. There are no reports
of, and we have not seen spontaneous thrombosis of a
facial AVF.
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We thought all the AVF reported here to be con-
genital, in view of a life-long history and absence of
trauma or connective tissue disorders. All the patients
showed a very large common carotid artery and proxi-
mal IMA and very narrow proximal internal carotid
artery, findings which support the suggested congenital
or at least long-standing nature of the AVF.

The fistulae shared several common features: an ori-
gin inferiorly from the proximal IMA, medial to the
mandible near the parotid gland, and drainage into the
jugular vein via the maxillary vein. These are similar to
the observations in other reports [5]. ECA fistulae occur
where the branches of the artery are close to adjacent
veins [12]. Persistence of embryonic communications
during the development of arteries and veins from the
common capillary plexus in the human fetus might be
the basis for congenital AVF, and the head and neck are
thought to be a common site for persistence of these
abnormal arteriovenous connections [13, 14]. A concept
of segmental identity and vulnerability has been sug-
gested to explain why certain conditions involve specific
areas of the vascular tree and spare others [15]. The
memory of the evolutionary steps and their chronology
is imprinted on the arterial anatomy and thus potentially
readable. One can thus postulate that, since the age of
each arterial segment is different, its resistance to time
and stimuli can be variable. The IMA has a complex
embryonic origin from the hyostapedial and ventral
pharyngeal arteries, and various annexations and
regressions are involved during its development. Thus,
various anatomical variants of the ECA system can
develop from deviations from this program [16].

Halbach et al. [7] described absent angiographic
demonstration of the branches of the IMA distal to the
fistula before treatment, and restoration of antegrade
flow after occlusion of the fistula. Gabrielsen et al. [5],
however, observed antegrade flow to the distal IMA
before treatment in their four cases. We also showed
narrow vessels with maintained antegrade flow to the
distal IMA on IMA injection in all six patients. Selective
catheterization of the IMA with improved digital sub-
traction angiography may explain this discrepancy.
Selective angiography is mandatory for complete
assessment of the vascular anatomy and angioarchitec-
ture of the lesion before endovascular treatment.

Endovascular treatment is considered the first-line
approach to AVF in the head and neck [5, 7, 17, 18]. It
has several advantages over surgery: precise localization
and selective occlusion of the fistula, sparing the sur-
rounding arteries, veins, parotid gland and the facial
nerve, and no facial scars or risk of bleeding during
surgery. In the literature, 12 (ten adults and two chil-
dren) of 15 patients with AVF of the IMA have
undergone endovascular treatment [3, 4, 5, 7, 8]. The
others, all children, 22 months—5 years of age, were
treated surgically [5, 6]. Although direct surgical ligation

of the fistula may be possible when it is superficial, ad-
vances in embolic materials and catheter technology
make it possible to treat childhood AVF safely and
efficiently [19, 20]. We successfully treated two children
by the endovascular approach, with no procedure-re-
lated morbidity. We believe it to be the first-line treat-
ment for congenital AVF on the IMA in both children
and adults.

The goal of treatment is occlusion of fistula the itself,
and we should avoid proximal ligation or distal embo-
lization. A patent AVF with occluded proximal vessels
can recruit retrograde collateral flow. We preferred
detachable balloons as the primary embolic material, as
in 11 (92%) of 12 published cases. They are usually the
best choice in large AVF since they can be positioned
with precision [12, 18]. The high-flow aids in guiding the
balloon to the site of the fistula. Balloons can be placed
directly at the site of the abnormal arteriovenous com-
munication, and be deflated and repositioned before
detachment when thought to be improperly placed [12].
In cases of incomplete occlusion by balloon, other em-
bolic material can be used to supplement closure. One
with a recurrent AVF on the IMA after migration of a
detached balloon was then treated by coils [7]. These can
be also used when the fistula cannot be reached with a
flow-directed balloon. The electrolytic detachable system
enables use of coils in treatment of AVF. They can be
placed and repositioned several times until an ideal po-
sition has been achieved, and there is a wide variety of
sizes to fit the fistula. The risk of coil displacement or
migration can be avoided or at least reduced by using a
detachable system. However, the high flow of the AVF
and the large size of the fistulous channel may preclude
safe positioning of coils. Coils also have less space-filling
capacity than balloons, which may result in incomplete
occlusion if the fistula cannot be densely packed [21].
For this situation, NBCA can be used in combination
with coils. We embolized combining a GDC and NBCA
in one child. Although NBCA is not usually the primary
embolic material for wide-channel fistulae, it can be used
to occlude the proximal ECA for protection of a balloon
detached in the fistula [17].

No procedure-related morbidity or mortality devel-
oped with endovascular treatment of 18 AVF of the
IMA, including our cases. One of our patients had
transient facial numbness after double-balloon; we
thought this transient cranial nerve deficit might have
resulted from the mass effect of the balloon or from
ongoing venous thrombosis.

Including our cases, clinical follow-up (2 months—
10 years, mean 41 months) after endovascular treat-
ment is reported in 15 of 18 cases. One AVF recurred
within weeks of balloon embolization, but no late
recurrence was observed. Balloon migration within
weeks of embolization is generally due to premature
deflation or trauma [22, 23, 24, 25]. The AVF on the
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IMA have a unique site near the lateral pterygoid migration. However, the absence of late recurrences
muscle and deep to the mandibular ramus, so that indicates stability of occlusion once the fistula has been
motion of the mandible could be a reason for balloon obliterated by thrombosis.

TerBrugge K (1999) Spontaneous ver-
tebrovertebral arteriovenous fistulae:
clinical features, angioarchitecture and
management of twelve patients. Inter-
ventional Neuroradiology 5: 219-224
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