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SUMMARY: Spinal DAVSs of the cervical level are rare lesions. The purpose of this study is to describe
the clinical and angiographic characteristics of cervical spinal DAVSs. From a prospectively collected
database including 449 cases of brain and spinal DAVSs, lesions located at the cervical level were
selected. The clinical presentation, angiographic characteristics, and treatment outcome were as-
sessed. Twelve cases of spinal DAVSs were identified at the level of the cervical spinal canal (male to
female ratio = 8:4; mean age = 56.5 years). Five patients (41.7%) presented with hemorrhage
including SAH (n = 4) and cerebellar hemorrhage (n = 1). Coincidental spinal DAVSs with cranial
DAVSs or brain AVMs were noted in 5 cases (41.7%). The spinal DAVS was the symptomatic lesion
in 10 cases and was incidentally discovered during evaluation for SAH from a coincidental lesion in 2
cases. Combined endovascular and surgical resection resulted in symptomatic improvement in 10
patients. In conclusion, DAVSs of the cervical spine are rare lesions which often present with
hemorrhage and are frequently associated with complex coincidental vascular lesions. Combined
endovascular and surgical treatment will result in good outcome.

ABBREVIATIONS: APA = ascending pharyngeal artery; ASA = anterior spinal artery; AVF = arte-
riovenous fistula; AVM = arteriovenous malformation; br = branch; Caud = caudal; Cbll =
cerebellar; CostoCerv = costocervical artery; DAVS = dural arteriovenous shunt; DSA = digital
subtraction angiography; FU = follow-up; hem = hemorrhage; ICA = internal cerebral artery; Lt =
left; min = minimal; NA = not available; n-BCA = n-butyl 2-cyanoacrylate; OA = occipital artery;
PVA = polyvinyl alcohol; Rost = rostral; Rt = right; SCA = superior cerebral artery; SAH =

subarachnoid hemorrhage; SupPetSin = superior petrosal sinus; ThCerv = thyrocervical artery;
Tsin = transverse sinus; VA = vertebral artery

pinal DAVS is a disease in which an abnormal arterio-

venous communication develops between the dural
branch of a radicular artery and a radicular or leptomeningeal
vein along the dura.' It is by far the most common spinal
arteriovenous shunt, typically characterized by presentation
beyond the fourth or fifth decade with male predominance
and venous congestive myelopathy. The most prevalent loca-
tion is along the thoracolumbar spine, with rare occurrence in
the cervical level.> This disproportionate distribution has been
attributed to the differences of venous drainage patterns. The
thoracolumbar cord drains via small-caliber radiculospinal
veins, which may make venous drainage somewhat tenuous
and sensitive to hemodynamic alterations. In contrast, the ve-
nous drainage at the cervical level is more divergent and,
therefore, may be less susceptible to the development of vari-
ous vascular lesions.” Literature regarding cervical spinal
DAVSs is limited to a few case series.”™®

The purpose of this study was to assess the clinical and
angiographic characteristics of cervical spinal DAVSs from a
large prospectively collected single-center data base.
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Materials and Methods

From a prospectively collected data base including 449 cases of brain
(n = 358) and spinal (n = 91) DAVSs, lesions located at the cervical
level were selected. The data base has been collected prospectively
since 1989 by a team of both neuroradiologists and neurosurgeons in
amultidisciplinary clinic. The evaluations included a detailed medical
history, full neurologic examination, and imaging findings.

Cervical spinal DAVS is defined as a communication between a
dural arterial feeder or converging arterial feeders and a radicular or
leptomeningeal vein with an identifiable shunt surgery zone located
between the C1 and C8 spaces. All diagnoses were confirmed with
DSA.

Endovascular treatment was the first choice and was attempted in
all patients with the aim of obliteration of the shunt and the initial
venous segment. The treatment results were confirmed by angiogra-
phy, preferably during the same hospital stay. The patients were fol-
lowed clinically on a regular 3- to 6-month basis. Additional imaging
was performed in any case of delayed recovery or clinical suspicion of
recurrent disease.

The DSA images were evaluated for the feeders, shunt location,
drainage routes, and accompanying angiographic features such as an-
eurysms or other vascular diseases. The age, sex, clinical presentation,
treatment methods, and outcomes were assessed. Institutional review
board approval was obtained with a waiver of informed consent.

Results
The characteristics of the patients are summarized in the On-
line Table. Twelve cases of cervical spinal DAVSs were identi-
fied in 8 men and 4 women. The mean age was 56.5 years with
a range of 3676 years.

The main feeders were the vertebral (n = 10), thyrocervical
(n = 1), and costocervical (n = 1) arteries. Ten cases were



Fig 1. Case 1. Complex spinal dural and pial arteriovenous shunt. A 43-year-old man presented with SAH. A, The superselective anteroposterior view of the C2 dural feeder from the right
vertebral artery reveals a DAVS that drains rostrally (black arrow). B, The superselective anteroposterior view of the anterior spinal artery from the left vertebral artery also reveals a pial
arteriovenous fistula with an aneurysmal sac (white arrow). The rostral venous drainage route of the pial arteriovenous fistula shares the same drainage route of the DAVS (black arrows
in A and B). Surgical resection was performed for both lesions with the patient showing good recovery on 19-month clinical follow-up.

Fig 2. Case 7. Coincidental bilateral spinal DAVS. A 39-year-old man presented with SAH. A, The anteroposterior view of the right VA angiogram shows a small dural shunt with the feeder
from the right C1 dural artery (arrows). Venous drainage is rostral. B, The anteroposterior view of the left VA angiogram also reveals a separate dural shunt from the C2 dural artery, which
also shows rostral venous drainage. Embolization was unsuccessful due to superselection failure; thus, surgical resection was performed for the respective lesions. The patient showed

good recovery on 20-month clinical follow-up.

located at the upper cervical level (C1 through C2). Two cases
were located at the lower cervical level (C8) with feeders aris-
ing from the segmental radicular branches of the costocervical
(case 3) and thyrocervical (case 10) arteries. The main feeder
of the lesion was located on the right side in 10 patients
(83.3%). Five patients (41.7%) presented with SAH (n = 4)
and cerebellar hemorrhage (n = 1). The spinal DAVS was the
symptomatic lesion in 10 cases. In 2 cases, the spinal DAVS
was incidentally discovered during evaluation for SAH from a
coincidental vascular lesion (cases 1 and 2). Venous aneu-
rysms associated with the DAVS were identified in 3 cases
(cases 9, 10, and 11). All sources of hemorrhage were discov-
ered on the initial DSA except in 1 patient (case 10). In this
case, the DAVS associated with a venous aneurysm with the
main feeder from the C8 radicular branch of the right thyro-

cervical trunk was discovered on the second angiogram after
an initial negative finding on cerebral DSA.

The main intradural venous drainage routes were rostral in
6 cases, caudal in 4 cases, and bidirectional in 2 cases. All the
SAHs in the upper cervical spine were associated with a rostral
intracranial venous drainage.

Coincidental vascular lesions associated with the cervical
spinal DAVSs were noted in 5 patients (41.7%). These in-
cluded a spinal pial AVF (Fig 1, case 1), a cerebellar pial AVM
(case 2), an intracranial DAVS (cases 6 and 9), and a coinci-
dental contralateral spinal DAVS and an epidural AVF (Fig 2,
case 7). The intracranial DAVS lesions were not associated
with cortical venous drainage.

Angiographic cure of the lesion was achieved with n-BCA
in 2 patients (16.7%, cases 3 and 11). One patient showed
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spontaneous occlusion of the main vertebral artery feeder;
thus, a small residual feeder from the occipital artery lesion
was then occluded with PVA. However, recanalization was
demonstrated on 2-month follow-up DSA; the recurrence was
then treated by surgery (case 5). No significant complications
were noted related to the embolization procedures. Surgical
resection was performed in 7 patients because of embolization
failure (n = 4; cases 1, 4, 7, and 8) or residual/recurrent shunt
(n = 3; cases 5, 6, and 10). Clinical follow-up showed symp-
tomatic improvement in 10 patients (mean, 15.9 months;
range, 2-53 months).

Discussion

The results of our study revealed some unique distinguishing
features of cervical spinal DAVSs compared with the typical
lesions located in the thoracolumbar area. Five of the 12 pa-
tients (42%) presented with hemorrhage as the initial feature.
In 3 cases, the spinal DAVS was the main lesion responsible for
the hemorrhage. All the SAHs in the upper cervical spine (C1-
C2) were associated with a rostral intracranial venous drain-
age. Hemorrhagic presentation of a thoracolumbar DAVS is
considered extremely rare.” However, previous reports have
shown that cervical spinal DAVSs may be more frequently
associated with hemorrhage.***'° According to a review of
the literature by Aviv et al,* approximately 45% of patients
with cervical DAVSs presented with SAH as their initial symp-
tom. However, many of these patients had DAVSs at the fora-
men magnum level (37%; 15 of 41 reviewed cases), which were
not true cervical spinal DAVSs. The higher flow rate in the
lesions of the cervical area compared with the thoracolumbar
area has been proposed as a mechanism for increased bleeding
tendency.'' Also, due to the anastomosis of medullary and
pontomesencephalic veins, rostral venous flow of the shunt
may drain the shunted flow into the cranium.>*” Thus, the
relatively high flow of shunted blood into the pial veins of the
posterior fossa may be a cause of SAH.

Another distinguishing feature in our series of cervical spi-
nal DAVSs, which has not been elaborated previously, was the
high incidence of association with a coincidental vascular le-
sion in the vicinity of the cervical spinal DAVS. Multiplicity is
known to occur in approximately 6%—8% of brain and
2%-3% of spinal DAVSs."*"** However, in our series, 5 pa-
tients (41.7%) showed an additional complex vascular abnor-
mality associated with a cervical spinal DAVS. Hemorrhagic
presentation was noted in 3 of these patients. The types of
coincidental lesions consisted of a spinal/brain AVM (n = 2)
and a dural/epidural AVF (n = 3). In case 1, the coincidental
spinal pial AVF, which was fed from the anterior spinal artery
axis from the left VA, harbored an aneurysm, which was most
likely the bleeding focus. A brain AVM located in the cerebel-
lum with an associated arterial aneurysm was likely the cause
of hemorrhage in case 2.

An incidental intracranial DAVS (transverse sinus and su-
perior petrosal sinus) was identified in 2 cases, 1 of which
presented with hemorrhage from the spinal DAVS (case 9). In
case 7, 2 discrete coincidental DAVS nidi with feeders from the
right C1 VA and left C2 VA were seen with hemorrhagic pre-
sentation in addition to a separate epidural shunt at the right
C3 level. The hemorrhagic site could not be localized in this
case, and both spinal DAVS lesions were surgically treated.
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The pathogenetic mechanism for these coincidental presenta-
tions is uncertain, but the association of both the pial AVM
and the dural/epidural AVF type of lesion with the spinal
DAVS seems to suggest a hemodynamic relationship. Venous
sump effect from the sinus, induced by a dural shunt, may
have recruited the development of an additional pial shunt."”
Alternatively, hemodynamic alterations including venous hy-
pertension associated with venous thrombosis caused by an
arteriovenous shunt may have provided an environment con-
ducive for the formation of a separate DAVS lesion.

The prevalence of the main fistula feeder originating from
the right-sided vessel of the patient is a prominent finding,
which was also noted in other series.>* Ten of 12 patients
(83.3%) in our series showed the main feeding artery arising
from the right-sided artery (vertebral/costocervical/thyrocer-
vical artery), including 8 cases of the right vertebral artery. The
reason for this persistent right-sided dominance of the cervical
spinal DAVS remains speculative. The different anatomic
courses of the bilateral innominate veins draining the verte-
bral veins and the frequent compression of the left innominate
vein by the aorta causing differences in the upstream venous
pressure may have implications in the right-sided dominance
of cervical spinal DAVS.'® The most important implication of
this finding is the necessity to include the right vertebral ar-
tery—which may be omitted when the contralateral vertebral
artery is dominant— especially in cases of hemorrhagic pre-
sentation.® Our protocol included bilateral vertebral arteries,
especially in cases of hemorrhagic presentation; thus, none of
the cases were missed on the initial DSA except for a patient
who hemorrhaged from a radicular feeder from the right thy-
rocervical artery (case 10). Spinal angiography or high-resolu-
tion MR angiography should be performed in a patient with
SAH and negative findings on cerebral angiography if the pa-
tient shows symptoms referable to the spinal cord.'”'®

Previous reports on the treatment of the cervical spinal
DAVSs have predominantly focused on surgical ligation of the
draining vein due to concerns of recanalization and the diffi-
culty of selecting fine dural feeders.>**®%!° In our experience,
a combined multidisciplinary approach of treatment resulted
in symptomatic improvement in 10 patients (83%) in this se-
ries. In 2 patients, angiographic cure was achieved with liquid
embolic agents only. An initial endovascular attempt for pa-
tients with favorable vascular anatomy may be a safe and ef-
fective strategy. In cases of failure or residual lesion, the patient
may be subsequently treated by surgical resection.>*" For pa-
tients who present with hemorrhagic coincidental vascular le-
sions, the main goal of treatment should always include, first
of all, eradication of the symptomatic lesion.

The angiographic differentiation of spinal DAVSs from ra-
dicular AVMs is a pertinent issue. Even though radicular
AVMs are very rare, composing only 0.6% of the spinal cord
vascular malformations, these lesions should be differentiated
from spinal DAVSs.”? Radicular AVMs are arteriovenous
shunts located on the nerve root and show a conglomerate of
abnormal nidal vessels around the nerve root with relatively
fast flow. Spinal DAVSs will have a shunting zone along the
dura with radicular feeding vessels converging onto the drain-
ing radicular or leptomeningeal vein with relatively slow flow.
Patients with radicular AVMs often present with radicular
pain and only rarely show congestive venous myelopathy.” In



terms of the relationship between spinal and intracranial
DAVSs, the spinal DAVS lesions probably are the embryologic
homolog of the intracranial DAVSs draining into the petrosal
vein or bridging veins of the medulla.'" They represent the
lateral epidural group of DAVSs proposed by Geibprasert et
al."* These lateral epidural shunts are characterized by male
predominance, later age of onset, and the presence of cortical
venous reflux, which has also been shown in our series.'*
However, the frequent association of the multiple coincidental
vascular lesions in the cervical spinal DAVSs seems to be a
feature distinguishing them from the intracranial lateral epi-
dural type of lesion.

Conclusions

Cervical spinal DAVSs are rare lesions with distinguishing fea-
tures, compared with the more common lesions located in the
thoracolumbar area. The lesions are characterized by a high
incidence of hemorrhagic presentation, right-sided location,
and also frequent association with multiple coincidental vas-
cular lesions. Multidisciplinary endovascular and surgical
treatment should be directed to the symptomatic lesion and
will result in good outcome.
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