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Abstract

embolization.

Spinal dural arteriovenous fistulas are a rare and underdiagnosed pathology. Rapid diagnosis and treatment
are, however, major determining factors for the outcome of the disease. The spontaneous course of this pathology
can result in a substantial degree of morbidity that may be irreversible. Proper interpretation of the MRI imaging, and
particularly the medullar angiography, allow for an appropriate level of therapeutic intervention. In our center, surgery
is recommended in case of embolization contraindication or failure or in patients with recurrence of the fistula following
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Introduction

Spinal dural arteriovenous fistulas (DAVF) have first been identified
in the 80™ [1,2]. They are defined by the presence of an arteriovenous
shunt seated in the spinal dura matter that connects a dural artery with
a radicular vein. Edematous myelopathy is the main manifestation of
spinal DAVFs and is caused by the increased pressure in the arterialized
anterior and/or the posterior spinal vein(s) [3-6]. Spinal DAVFs are a
rare and underdiagnosed pathology. Rapid diagnosis and treatment are,
however, major determining factors for the outcome of the disease. The
spontaneous course of this pathology can result in a substantial degree
of morbidity that may be irreversible.

Clinical Presentation

Spinal DAVFs tend to affect middle aged men, which is suggestive
of an acquired pathology. They manifest clinically as a progressive
myelopathy [1,3]. The symptoms can rapidly become worse, and this
can sometimes take place following a strenuous effort; a change in
position; or occur spontaneously. Contrary to intracranial DAVFs,
hemorrhage is not the way that spinal DAVFs come to light [7]. A delay
in diagnosis occurs often, with an average diagnostic limbo of 10 to 15
months [8,9]. The neurological prognosis depends on the initial clinical
condition and also on an early therapeutic treatment [10]. Spontaneous
course of this pathology can result in irreversible para- or tetraplegia.

Anatomy and Pathophysiology

Vascularization of the spinal cord and its coverings is metameric in
nature. At the medullar level, a distinct median anterior spinal axis (e.g.
anterior spinal artery (ASA)) and two lateral posterior spinal axes (e.g.
posterior spinal arteries (SPA)) run lengthwise along the spinal cord.
In contrast to the radiculo-medullary arteries, the dural arteries are
present on the right and left sides at each level. Some of these continue
on as anterior or posterior radiculo-medullary arteries that vascularize
the spinal cord through the ASA or PSA. There are anastomoses
between radicular arteries in a longitudinal and cross-sectional manner
(Figure 1). They vascularize the medullary coverings and the spinal
nerves at each segment. These arteries arise, from the cervical to the
sacral level, from the vertebral, external carotid (e.g. the ascending
pharyngeal artery, occipital artery), cervical, costo-cervical, intercostal,
lumbar, iliolumbar, and sacral arteries. The medullary venous drainage
is variable and usually occurs along two longitudinal axes that are the
anterior and posterior spinal veins. The radicular exit routes correspond
to the radicular veins, which, like the radiculo-medullary arteries, are
variable and not always present at each level. The intradural trajectory

Figure 1: Thoracic DAVF with arterial feeding from the right T2-T3 intercostal
artery in a 57 years old man presenting with a left C8 neuralgia without
myelopathy.

A: Surgery is preferred to embolization in our institute if a radiculo-medullary
artery arises from the lumbar or intercostal arteries at the level of the fistula
(1) homo and contra laterally and homolaterally at the levels that lie above and
below (Blue stars) because of the presence of dural anastomoses (Red arrows).
B: DAVF draining into the spinal veins with a radicular vein emerging from the
C7-T1 foramen (Blue arrow). The venous ectasia is closed to the emergence of
the left C8 nerve and explain the clinical presentation. The unrestricted venous
drainage of the fistula may explain the absence of congestive myelopathy. Note
the presence of an anterior radiculo-medullary artery at the level of the fistula
(Red Arrow).

C and D: Anterior (Red Arrow) and posterior (Blue Arrow) radiculo-medullary
arteries arise from the arterial feeding of the fistula. The patient was proposed
to surgery because of the risk of embolic material migration in the anterior or the
left posterior spinal arteries during embolization.

of radicular veins is on the order of 1 cm. The dural spinal fistula is
seated at this level [11].

Two types of fistula can have a peri-medullary venous drainage:
spinal DAVE, for which the shunt point is seated in the spinal dura
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matter, and type 5 intracranial fistulas, for which the shunt point is
intracranial [12]. The venous hyper pressure induced by arterialization
of the anterior and/or posterior spinal veins hinders venous return to the
spinal cord, thus resulting in a congestive myelopathy [4]. Thrombosis
of a radicular vein can aggravate the myelopathy by restricting venous
drainage of the fistula. Conversely, if there are enough functional
radicular veins, the fistula may be asymptomatic. This physiopathology
explains the lack of a correlation between the level of the fistula and the
site where the medulla has become compromised.

Imaging-based Diagnosis

By providing a T2 sequence hyper signal of the spinal cord,
medullary MRI usually allows a diagnosis of a dural fistula to be
made [13-15]. The hyper signal most often extends over more than 2
vertebrae and involves the terminal cone for approximately 80% of cases
[16]. As mentioned above, the level of medullar hyper signal does not
provide an indication of the localization of the shunt. The presence of
flow voids and vascular dilation in T2 sequence is highly suggestive of
DAVFE. In the absence of draining vein dilation, injection of gadolinium
may be useful to achieve an enhanced contrast of the perimedullary
spaces needed to make a diagnosis [15]. Medullary angio MRI can
allow the level of the fistula to be localized and thus guide the medullar
angiography [17].

An extended medullary hyper signal without vascular dilation
can also reveal a DAVF when the venous drainage of the fistula is
particularly restricted. These fistulas impact the most at the neurological
level, since the pressure in the draining vein is generally very high. The
presence of a spinal or intracranial DAVF is a counter indication for a
lumbar puncture due to the risk of hemorrhaging stemming from the
presence of dilated perimedullary vessels and the risk of altering the
venous drainage of the DAVF associated with change in the pressure of
the cerebrospinal fluid [18,19]. In light of this, medullar angiography
is systematically considered in our institute in case of medullary hyper
signal that extends over more than two vertebrae, even in the absence
of vascular dilations.

Medullar angiography is the gold standard in the management
of spinal DAVF (Figures 1 and 2). It allows a definitive diagnosis to
be made, and to perform a pre-therapeutic assessment. Each artery
that can feed a spinal artery should be catheterized. Spinal DAVFs
are usually seated at the lower thoracic or upper lumbar level [5,8].
Angiography is hence initiated by catheterization of the intercostal and
then the lumbar arteries. A venous return is probed for systematically
following injection of the anterior spinal artery (ASA). A selective
injection is hence performed on the intercostal or lumbar artery that
feeds the Adamkiewicz artery. The non-visualization of the venous
return of the spinal cord is highly suggestive of arteriovenous shunt,
and the examination must be performed as thoroughly as possible.
The examination is completed by selective injection of the medial and
lateral sacral arteries, as well as the ascending and deep cervical arteries.
Lastly, if the examination is negative, a full cerebral arteriography is
performed to rule out a type 5 intracranial dural fistula.

Once the dural fistula has been identified, the intercostal or lumbar
arteries are selectively injected contra laterally at the same level and
homolaterally at the levels that lie above and below. An anterior or
posterior radiculo-medullary artery is probed for on these axes and the
axis pertaining to the fistula. We have previously observed the presence
of arterial anastomoses between the radicular arteries in the longitudinal
and cross-sectional planes. Opening of an anastomosis and migration of
a liquid embolus in the anterior or posterior radiculo-medullary artery
could lead to medullary ischemia. In our institute, if such an anatomical

Figure 2: Lumbar DAVF with arterial feeding from the right L1 lumbar artery in a
57 years old man with progressive myelopathy.

A: Selective angiogram of the right L1 lumbar artery with arterialization of the
draining vein of the DAVF (white arrow). Note the presence of a posterior
radiculo-medullary artery arising from the same arterial feeding (black arrow).
B: Because of the presence of a posterior radiculo-medullary artery at the level
of the DAVF, surgery has been preferred to embolization in this case. Thus, a
coil has been implanted in the lumbar artery downstream of the DAVF to guide
the surgical procedure (black arrow).

C: Post operative angiogram of the L1 lumbar artery. The fistula is cured and the
posterior radiculo medullary artery has been respected during surgery (arrow)
D: Peri operative view of the fistula. Once the primary venous collector of the
fistula has been identified (black arrow), the arachnoid mater (arrow head) and
the roots are dissected as close as possible to the site where the dural vein
emerges (black arrow). The dura mater is suspended (white arrow).

E: Per operative view of the fistula. We can see the cauda equina nerves roots
(white arrows), the dilated perimedullary veins (black arrow) and the radicular
vein corresponding to the primary venous collector of the fistula (black head
arrow).

F: The draining vein has been occluded by a clip (white arrow) and by coagulation
(black arrow)

feature is detected, surgery is preferable to embolization. In this regard,
a coil is systematically implanted in the intercostal artery at the level of
the fistula to guide the surgical procedure (Figure 2).

Therapeutic Treatment

Endovascular treatment

In our center, embolization of spinal dural fistulas is only performed
if there is no anterior or posterior radiculo-medullary artery at the
level of the fistula or homolaterally at the levels that lie above and
below (Figure 2). This is systematically verified by taking angiographic
pictures with apnea and under a general anesthetic. A selective 3
dimensional computed tomography with injection of the feeding artery
is systematically performed in our institute. These technical settings
allow the sensitivity of the examination to be increased compared to
what can generally be achieved under local anesthetic, particularly in
terms of detecting small caliber posterior radiculo-medullary arteries.
The embolic agent that is used is a liquid embolus. The aim is for the
embolic agent to spread from the afferent artery to at least 1 cm of the
origin of the primary venous collector of the fistula (e.g. the radicular
vein), while avoiding its migration into the spinal vein. If the primary
venous collector is not occluded, it is highly likely that the dural fistula
will recur by being reinjected through the anastomoses with the
radicular arteries of the above and below or contralateral levels. Two
types of liquid emboli can be used: Glue or Onyx. The cure rate with
Glue varies from 44 to 100%, depending on the series [20-23]. Dilution
of the Glue is an important factor in determining the outcome for the
treatment. It is diluted with Lipiodol®, which gives it its radio-opacity.
The more the Glue is concentrated, the faster it will polymerize; thus
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increasing the risk of it not reaching the primary venous collector
and of proximally occluding the afferent artery. Conversely, too low a
concentration can result in poor penetration of the Glue in the primary
venous collector, and distal migration in the spinal vein. Based on
our experience, the ideal dilution appears to be 1/3 Glue with 2/3 of
Lipiodol® when the flow of the fistula is high, and 1/4 Glue with 3/4 of
Lipiodol® when the flow of the fistula is weaker. Ethylene vinyl alcohol
copolymer (Onyx®) has been used recently to treat medullary DAVFs
[24,25]. This embolic agent has the advantage of being more likely than
Glue to reach the primary venous collector. In light of its capacity to
open anastomoses, there must be a high level of certainty regarding the
absence of radiculo-medullary arteries at the level of the fistula or at
the homolateral levels that lie above and below. In our center it is used
rarely since some radiculo-medullary arteries, and posterior ones in
particular, are sometimes not visible by conventional angiography.

Surgical treatment

A surgical approach is recommended in case embolization is
contraindicated, has failed or in patient with recurrence of DAVF after
embolization [26,27]. The success rate of surgery is higher than that
of embolization (98% vs 46%) [28]. The patient is placed in a prone
position and the level of the fistula is found by using a coil that is
implanted in the corresponding intercostal artery upon performance
of the angiographic assessment. The procedure is performed using a
surgical microscope. The shunt is intradural, and most often seated on
the posterior external side of the spinal dura mater at the level of the
lower part of the vertebral pedicle. It can be seen extradurally as an
arterial mass emanating from the radicular artery. After opening the
middle of the dura mater, the intradural vein can be seen in respect to
the shunt. It is most often dilated and arterialized. Intravenous injection
of indocyanine green allows early injection and hence arterialization of
the vein to be seen by fluorescence imaging with a surgical microscope.
Once the primary venous collector of the fistula has been identified,
the arachnoid mater and the roots are dissected as close as possible to
the site where the dural vein emerges (Figure 2). The vein is occluded
either by a clip or by coagulation. After the exclusion, the absence of
arterialization of the vein is verified by a new test with indocyanine
green.

The dura mater is then closed up again in a fully sealed manner and
suspended in order to avoid an extradural hematoma.

Post-embolization or post-operative treatment

There is no consensus and there are no set procedures for the post-
embolization or post-operative treatment of spinal DAVFs. In our
center, medullar angiography is routinely performed to verify healing of
the DAVF in the 48 hours following surgery. If there is no improvement
of the clinical disability within 6 weeks, or if a clinical deterioration
occurs during the follow up, a medullar MR and a conventional DSA
should be performed. A residual fistula, or more rarely a second fistula
should be scrutinized [21].

In our experience, a curative anticoagulation is systematically
prescribed for the four weeks following the intervention. A medullar
MR is performed when curative anticoagulation is stopped to ensure
the regression of venous dilatations. This measure is based on clinical
experience and pathophysiological considerations. A significant
number of patients exhibit a secondary worsening of symptoms after
experiencing an initial improvement. The sudden reduction in flow in
the dilated spinal veins can lead to thrombosis of the spinal veins or the
radicular venous outlets. Angiography confirms the absence of a fistula
recurrence, and whether the venous return of the ASA is either slowed

or all together absent. Angiography can also reveal stagnation of one or
more spinal veins with a lack or paucity of radicular exit routes linked
with thrombosis of radicular veins. Medullary venous insufficiency can
lead to irreversible venous congestive myelopathy. In case of recurrence
of the symptoms, pan-medullary arteriography should be performed,
preferably under general anesthesia, so as to rule out a recurrence of the
initial DAVF or a new fistula. Venous insufficiency post-exclusion of a
DAVF remains a diagnosis by elimination.

Conclusions

Spinal DAVFs are rare but also often underdiagnosed. Early
diagnosis and treatment are, however, major prognostic factors. Proper
interpretation of the MRI imaging, and particularly the medullar
angiography, allow for an appropriate level of therapeutic intervention.
In our center, surgery is recommended in case of embolization
contraindication or failure or in patients with recurrence of the
fistula following embolization. In case of recurrence of the symptoms,
medullar angiography should be performed to rule out a recurrence of
the DAVE a new fistula, or a medullary venous insufficiency.
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