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Abstract
In this review, we describe the pathophysiology, diagnosis, and treatment of spinal dorsal
intradural arteriovenous fistulas (DI-AVFs), focusing on novel research areas. DI-AVFs com-
pose the most common subgroup of spinal arteriovenous lesions and most commonly involve
the thoracic spine, followed by lumbar and sacral segments. The pathogenesis underlying DI-
AVFs is an area of emerging understanding, thought to be attributable to venous congestion
and hypertension that precipitate ascending myelopathy. Patients with DI-AVFs typically
present with motor, sensory, or urinary dysfunction, although a wide swath of other less
common symptoms has been reported. DI-AVFs can be subdivided by spinal region, which in
turn is associated with 4 distinct clinical phenotypes: craniocervical junction (CCJ), subaxial
cervical, thoracic, and lumbosacral. Patients with CCJ and lumbosacral DI-AVFs have partic-
ularly interesting presentations and treatment considerations. High-value diagnostic findings
onMRI include flow voids, missing-piece sign, and T2-weighted intramedullary hyperintensity.
However, digital subtraction angiography is the gold standard for diagnosis and localization of
DI-AVFs and for definitive treatment planning. Surgical disconnection of DI-AVFs is almost
universally curative and frontline treatment, especially for CCJ and lumbosacral DI-AVFs.
Endovascular techniques evolve in promising ways, such as improved visualization, distal access,
and liquid embolic techniques. The pathophysiology of DI-AVFs is better understood using
newly identified radiologic diagnostic markers. Despite new techniques and devices introduced
in the endovascular field, surgery remains the gold-standard treatment for DI-AVFs.

Introduction
Arteriovenous shunting lesions are the most common vascular disorders of the spinal cord but
are nonetheless rare, with an overall incidence of 1 or 2 cases per million per year.1 The Spetzler
et al.2 spinal vascular classification grouped spinal arteriovenous shunts primarily into arte-
riovenous malformations (AVMs) and fistulas (AVFs), with discrete subtypes for both AVMs
and AVFs (Figure 1).3 It is well known that AVMs are congenital in nature, but the patho-
genesis of AVFs is debatable, and current evidence more likely supports an acquired etiology.4

Based on a large experience with 155 spinal vascular malformations from Bicêtre, a genetics-
based classification was proposed in which focal lesions of the nerve root and filum terminale
were generally not genetically associated.5 Spinal AVFs were dichotomized by Kim and
Spetzler3 as intradural or extradural (Figure 1). Within the intradural group, dorsal intradural
AVFs (DI-AVFs) were the most prevalent, accounting for 60%–70% of all spinal vascular
lesions.6,7 Herein, we review the natural history, pathophysiology, diagnosis, and management
of spinal DI-AVFs, with particular attention to differential aspects of care influenced by their
neuroanatomic location, which includes craniocervical junction (CCJ) DI-AVFs (C1-C2, fo-
ramen magnum region, and the marginal sinus), subaxial cervical DI-AVFs (C3-C8), thoracic
DI-AVFs, and lumbosacral DI-AVFs. Because CCJ AVFs represent the rostral extreme of the
same stereotypical anatomy found in more caudal locations, they are included in this review,
although they are not classically part of the Spetzler classification.
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Methods
The literature was searched on PubMed for articles in English
evaluating the natural history, imaging, and management of
spinal DI-AVFs from inception through February 2022. Search
strategies were created using a combination of keywords and
standardized index terms that included “arteriovenous fistula,”
“spine,” “dorsal,” “shunt,” “dural,” “imaging,” “angiography,”
“MRI,” “endovascular,” “clipping,” and “conservative.” The vast
majority of articles published about spinal DI-AVFs are of a
retrospective nature, with concerns about selection and publi-
cation bias among the available evidence, as demonstrated in
previousmeta-analyses.8,9 Although very fewmulticenter cohort
studies have been published recently,10,11 an updated systematic
review compatible with Preferred Reporting Items for System-
atic Reviews and Meta-Analysis criteria was expected to be as-
sociated with several limitations. Therefore, the decision was
made for a narrative review of the available evidence, which was
summarized under 3 categories: natural history and patho-
physiology, diagnosis and management, and areas in need of
research.

Natural History and Pathophysiology
Natural History and Presentation
Patients with DI-AVFs are predominantly male and generally
receive the diagnosis in their seventh or eighth decade of
life.6,7 Delayed diagnosis of DI-AVFs is common because they
are frequently underdiagnosed or misdiagnosed as other in-
flammatory, degenerative, or oncologic spine disorders in
about 22% of patients.12,13 Once diagnosed, DI-AVFs are
disproportionately found to involve the thoracic spine, fol-
lowed by the lumbar, sacral, and cervical regions.4,13,14 Large
DI-AVFs may uncommonly involve multiple spinal levels or
regions, and rare instances of multiple concomitant DI-AVFs
have been reported.15 Most patients who present with DI-
AVFs have gradual symptomatic progression over periods as
long as 10 years, although about 10% demonstrate acute
neurologic changes, and there are infrequent cases of in-
cidental diagnosis.7,12,16,17

Patients withDI-AVFs typically present with a wide spectrum of
myelopathic symptoms arising from increased pressure within
the spinal venous drainage or spinal cord dysfunction, very
rarely from spinal cord compression. Radiculopathy is less
common (5%–10%).13 Predictably, symptoms are influenced
by the level of the arteriovenous shunt location and the extent of
associated secondary spinal cord changes. Common index
symptoms include motor weakness, sensory deficits, bowel and

bladder dysfunction, neuropathic pain, and reflex abnormalities;
rare presentations include respiratory failure or spinal sub-
arachnoid hemorrhage (SAH).18 Spinal cord infarction is also
an underlying cause of presenting symptoms of DI-AVFs.
Zalewski et al.19 identified DI-AVFs as the most common cause
of spinal cord infarction, accounting for 30% of 280 patients.

CCJ and Subaxial Cervical DI-AVFs
Cervical DI-AVFs account for only 2%–2.5% of all DI-
AVFs.17 In women, the prevalence of CCJ DI-AVFs is higher
compared with that of subaxial cervical and thoracic DI-AVFs,
which predominantly affect men.6,15 Patients with cervical DI-
AVFs are diagnosed in their 50s, but cases with younger
presenting ages have been reported for CCJ lesions.20 Patients
with CCJ DI-AVFs often present with intracranial hyperten-
sion and SAH thought to be attributable to very common
cortical reflux from the spinal shunt, with an incidence of SAH
of 43% reported in a previous systematic review.21,22 SAH
associated with CCJ DI-AVFs is predominantly mildly
symptomatic at presentation, with Hunt and Hess grades of
I-II in approximately 80% of patients presenting with SAH of
CCJ DI-AVFs.22 In a few case series and systematic reviews
that included a cumulative sample of different types of CCJ
arteriovenous shunts,22-24 factors such as the presence of
varix, intracranial drainage, aneurysmal dilation of the feeder
artery, and specific feeders (e.g., anterior spinal artery) were
reported to be significantly associated with the hemorrhagic
presentation of CCJ arteriovenous shunts. Nevertheless,
analysis of the association of these factors with the hemor-
rhagic presentation of only CCJ DI-AVFs is not available.
More caudal presentations of CCJ DI-AVFs with thoracic
myelopathy have also been reported.15 This feature of CCJ
DI-AVFs often prompts earlier diagnosis, resulting in a
younger (aged in the 50s) patient population compared with
that for DI-AVFs overall. However, because of the relative
rarity of CCJ DI-AVFs, many investigators have not reported
them discretely from other cervical DI-AVFs or from overall
CCJ arteriovenous shunts.

Thoracic and Lumbosacral DI-AVFs
Thoracic and lumbar levels are the most common sites of DI-
AVFs. Lumbosacral DI-AVFs have the highest female preva-
lence among all DI-AVFs.6,15 Patients with thoracic and
lumbosacral DI-AVFs often present with motor and sensory
symptoms and rarely present with SAH.25 Patients with thoracic
lesions also exhibit hyperreflexia because of long tract dysfunc-
tion.26 However, hyporeflexia is commonly observed in patients
with lumbosacral DI-AVFs, particularly of the Achilles tendon
reflex, possibly due to conus and epiconus syndromes.6,13

Glossary
3D = 3 dimensional; AI = artificial intelligence; AVF = arteriovenous fistula; AVM = arteriovenous malformation; CCJ =
craniocervical junction; DI-AVF = dorsal intradural arteriovenous fistula; DSA = digital subtraction angiography; ICG-VA =
indocyanine green videoangiography; MRA = magnetic resonance angiography; n-BCA = N-butyl cyanoacrylate.
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Micturition disorders and sphincter disturbances have been
reported in patients with lower thoracic and lumbosacral DI-
AVFs, and those with thoracic lesions have a worse course. The
thoracic segment is commonly divided into upper, middle, and
lower segments. Because of the different internal diameters and
variations in the vasculature of the thoracic spinal canal over the
3 segments, they can be associated with different outcomes.
Midthoracic segments of the spinal cord are vulnerable, and
patients with AVFs in this region may have worse outcomes,
particularly in the wake of spinal hemorrhage due to their weak
vasculature and the relatively small size of the spinal cord at these
levels compared with upper and lower thoracic levels.14,27

Lumbosacral DI-AVFs, particularly sacral lesions, constitute a
unique entity among spinal arteriovenous shunts because of their
unique anatomy and the presenting symptoms they cause.20,28

Some investigators have reported that patients with lumbosa-
cral DI-AVFs have more severe disability on presentation,20

whereas others have found that the severity of disability at
presentation did not correlate with fistula level, T2 signal
changes, or clinical presentation.13 Table 1 summarizes the
reported literature on the epidemiologic and clinical charac-
teristics and presenting symptoms of DI-AVFs by the involved
spine region.4,6,7,10,12,15-18,20,21,25,26,28-34 Figure 2 demonstrates
the prevalence of DI-AVFs over spinal regions35; data are for 59
cases, obtained as part of a retrospective analysis of 146 sur-
gically managed intramedullary spinal cord cavernous malfor-
mations treated at our institution.4,6,7,10,12,15-18,20,21,26,28-34

Pathogenesis and Pathophysiology
The pathogenesis of DI-AVFs is incompletely understood,
with contemporary theories focusing on venous hyperten-
sion as the proximal driver of ascending myelopathy.4,14,36

Perimedullary veins are valveless, so in the presence of an
arteriovenous shunt, arterial pressure is transmitted to the
venous plexus, which leads to arterialization of the draining
veins (Figure 3, A and B) and subsequently to progressive
worsening of the arteriovenous shunt and venous congestion
in the spinal cord. Mounting venous pressure precipitates
edema and a congested state that reduces arterial perfusion
and leads to hypoxia, myelopathy, and, potentially, cord in-
farction.37 Although the pathology is focal, the continuous
vasculature of the spinal cord transmits this hypertensive state
to multiple spinal segments above and below the lesion, which
may compromise the whole spinal cord. The flowchart in
Figure 3C summarizes the pathophysiologic cascade of spinal
DI-AVFs, which is relatively conserved across spinal regions.

The origin of the shunting lesion observed in DI-AVFs is
debatable, with no definitive evidence regarding an acquired,
congenital, or multifactorial mechanism. Various iatrogenic
causes of DI-AVF formation include diskectomy, lam-
inectomy, and interbody fusion.29,34 In tandem, genetic dis-
eases associated with spinal AVMs have been implicated that
include hereditary hemorrhagic telangiectasia, Cobb syn-
drome, Klippel-Trénaunay syndrome, and Parkes Weber
syndrome.5 Nevertheless, no strong evidence is available on
the genetic origin of spinal DI-AVFs. Therefore, the acquired
origin of spinal DI-AVFs is more widely accepted, supported
by their presentation at late life stages.

The shunt of the DI-AVF forms between the radiculomeningeal
artery (the feeder artery) that passes along with the nerve root
sleeve and the radiculomedullary vein. The main supplying ar-
tery differs by spinal region and level of vertebra.

Figure 1 Classification of Spinal Vascular Shunts

Kim and Spetzler’s 2006 modified classification of spinal
vascular shunts categorizes lesions as AVMs or AVFs with
distinct subtypes based on variations in their anatomy,
pathophysiology, and management.3 AVF = arteriovenous
fistula; AVM = arteriovenous malformation; CM-AVM =
conus medullaris AVM; DI-AVF = dorsal intradural AVF; ED-
AVF = extradural AVF; El-AVM = extradural-intradural AVM;
Spi-AVM = intramedullary AVM; VI-AVF = ventral intradural
AVF. Used with permission from Barrow Neurological In-
stitute, Phoenix, AZ.
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CCJ and Cervical DI-AVFs
In CCJ AVFs, the dural vessels around the vertebral artery cuff
are the corollary of the nerve root sleeve and associated ar-
teries; these vessels include branches of the posterior men-
ingeal artery or the neuromeningeal trunk of the ascending
pharyngeal artery.21 The veins in this region include the
marginal or occipital sinus or both.24,38 In the rest of the
cervical spine, DI-AVFs follow the pattern of the nerve root
dural supply (radiculomeningeal artery) and the intradural
radiculomedullary vein. Cervical DI-AVFs are often supplied
by small, tortuous branches of dural arteries in this region,
including the posterior meningeal artery or other branches of
the vertebral arteries.

Thoracic and Upper Lumbar DI-AVFs
Fistulas at the thoracic and upper lumbar levels receive
feeders from intercostal arteries, which may also give rise to
the artery of Adamkiewicz.6,36,39 Upper and middle tho-
racic spinal segments are supplied by posterior spinal

arteries, which are pairs. Segments between T9 and L2 are
commonly supplied by branches of the artery of Adam-
kiewicz, which is single. Identification of the artery of
Adamkiewicz is particularly critical for treatment planning.
Apart from the treatment of DI-AVF, preservation of the
spinal vasculature is crucial. Devastating outcomes related
to iatrogenic occlusion of the artery of Adamkiewicz can
occur after endovascular embolization of lower thoracic levels,
and microsurgical clipping was therefore recommended in
published series.40,41

Lumbosacral DI-AVFs
Middle or lateral sacral arteries and, less frequently, iliolumbar
arteries are suppliers of lumbosacral DI-AVFs.6,28 These small
arteries play a crucial role in the selection of microsurgery vs
endovascular treatment. In some lumbosacral DI-AVF cases,
endovascular access to the tiny feeders might not be feasible,
and microsurgical resection would be the sole curative
treatment.

Table 1 Literature Summary of the Epidemiologic and Clinical Characteristics and Presenting Symptoms of Spinal
DI-AVFs by Spine Regiona

Characteristic CCJ (C1-C2) Subaxial cervical (C3-C8) Thoracic (T1-T12) Lumbosacral (L1-S3)

Prevalence, % 2.521 2.515 686 4–2716,28,33

Age, y 56.5–6710,15,18 36–7615 62.76 55–66.84,6

Female sex, % 26–3410,18 Predominantly male15 6.36 44.46

Iatrogenic NA C7; 5 y after anterior fusion of
C5-6 and C6-7 fusion29

NA L5; 7.4 y after anterior
L4-5 interbody fusion and
L5-S1 diskectomy34

Presenting symptoms

Motor, % 2118 5015 8026 80–10012

Sensory, % 1010,18 5015 9026 77–9012

Pain, % 3010,18 (head and neck pain) Scarcely reported15,20 7026 3.77 (back pain)

Sphincter dysfunction, % 0 720 4026 7012

Hyperreflexia, % NR NR 53.16 (patellar)
43.86 (Achilles)

27.86 (patellar)
11.16 (Achilles)

Hyporeflexia, % NR NR 12.56 (patellar)
12.56 (Achilles)

44.46 (patellar)
72.26 (Achilles)

SAH % 30–4910,18 4320

Few cases at C5 and C815,30
020

Cases at T7-T931
Multiple cases25

ICH % 1015 NR 0 0

Other, % Tinnitus, 918

Intramedullary hemorrhage, 7.210

Brainstem dysfunction, 618

Stroke, 518

CN palsy, 318

Seizures, 118

NA 2 cases with chest
pain32

NA

Asymptomatic/subacute, % 8–5010,18,20 5020

7 cases17
2026

7 cases17
6 cases17

Abbreviations: CCJ = craniocervical junction; CN = cranial nerve; DI-AVF = dorsal intradural arteriovenous fistula; ICH = intracranial hemorrhage, NA = not
available; NR = not reported; SAH = subarachnoid hemorrhage.
a Values are percentage unless otherwise indicated.

Neurology.org/N Neurology | Volume 101, Number 12 | September 19, 2023 527

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


Diagnosis and Management
Clinical and Radiographic Diagnosis
Although swift diagnosis improves the likelihood of faster
treatment and better symptom resolution after treatment,
spinal DI-AVFs are frequently missed because of their rarity
and heterogeneous pattern of presentation. Classic features
include ascending motor paresis and sensory loss with uri-
nary dysfunction, but essentially any symptom localizing to
the spinal cord may be associated with a DI-AVF. A com-
mon misdiagnosis is autoimmune disease, such as transverse
myelitis42 or neuromyelitis optica. These patients may be
mistakenly referred for biopsy. In this setting, the history of
symptomatic worsening of motor functions or acute onset
motor disabilities (e.g., paraplegia) after corticosteroid
therapy is relatively specific for DI-AVF and should prompt
dedicated vascular imaging in patients with suspected AV
shunt.43 Catastrophic results can be avoided by appropriate
diagnosis.

Various imaging modalities that are useful include CT, MRI,
magnetic resonance angiography (MRA), and digital sub-
traction angiography (DSA). A dilated draining vein is com-
monly identified on multidetector CT images of patients with
DI-AVFs, but this finding has a low specificity and requires
higher-resolution follow-up studies.44,45

MRI
MRI should be the initial diagnostic tool used on suspicion of
spinal DI-AVF. Key features on MRI include spinal cord
edema, T2-hyperintensity in the spinal cord, intramedullary
enhancement, flow voids, and prominent perimedullary
vessels.16,28,44-46 The MRI finding with perhaps the highest
specificity is the recently described missing-piece sign, in
which contrast enhancement is absent over more than 2 spinal
segments, which indirectly highlights the uneven venous
drainage pattern induced by the DI-AVF.47 Other reports
have identified similar, less rigidly definedMRI features of DI-
AVFs, such as patchy or diffuse enhancement of the spinal
cord.48 MRI can be used to distinguish DI-AVFs from mimics
such as myelitis.49 Table 2 summarizes the most common
radiologic signs of MRI compatible with spinal DI-AVFs and
the differential diagnosis.

MRA
Although there are few MRI signs of high diagnostic value
for DI-AVFs, further radiologic investigation is required to
detect the exact location of the fistulous connection before
treatment. Thus, selective catheterization of all feeders
of spinal levels might be required before the procedure,
which is associated with a high amount of radiation. New
3-dimensional (3D) MRA techniques were introduced that
showed high fistula detection rates of up to approximately
90% in previous imaging studies,13,50-52 such as 3D time-of-
flight MRA, different flip-angle evolutions, 3D phase-cycled
fast imaging employing steady-state acquisition, and a 3D

Figure 2 DI-AVFs Prevalence by Spinal Region

Prevalence of DI-AVFs over spinal regions. The artist’s illustration demon-
strates the prevalence of spinal DI-AVFs over the spinal cord (red highlight)
segments based on an institutional series of 59 patients. Datawere obtained
as part of a retrospective analysis of 146 surgically managed intramedullary
spinal cord cavernousmalformations treated at our institution.35 The figure
shows the distribution of the dorsal dural fistulas by the 4 spinal regions: (1)
craniocervical junction (n = 13 patients, 22%), (2) subaxial cervical (n = 2
patients, 3%), (3) thoracic (n = 33 patients, 55.9%), and (4) lumbosacral (n = 11
patients, 19%). DI-AVF = dorsal intradural arteriovenous fistula; L = spinal
level; O/C = occipital-cervical. Used with permission from Barrow Neuro-
logical Institute, Phoenix, AZ.
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constructive interference steady-state technique. To facili-
tate identifying the precise fistula location and decrease
DSA attempts, 3D MRA should be performed before DSA,
which is used for confirmative fistula localization and
treatment planning.

DSA
DSA is the gold standard of diagnostic imaging for suspected
DI-AVFs. In addition, it is important for treatment planning as
the optimal way to visualize the access pathway and spinal
vasculature. Although multiple scan attempts might be needed,
several studies reported an absolute diagnostic efficacy of DSA
for DI-AVFs.4,6,7,10,12,15-18,20,21,26,28-34

Understanding the vascular anatomy of the spinal cord is
crucial to making the right radiographic diagnosis. Selective
angiography can help achieve optimal visualization of the
dural shunt, given the variations of feeders by spine region
(e.g., internal iliac arteries for lumbosacral DI-AVFs).53 DI-
AVFs are differentiated from other vascular lesions by arte-
riovenous shunting in the presence of an arterialized draining
vein with retrograde intradural drainage. Typically, the vein is
located adjacent to the ipsilateral corresponding pedicle.
Identification of venous reflux is the critical factor dis-
tinguishing a DI-AVF from an extradural AVF and other
spinal shunts, with major implications for treatment path-
ways.7 Figure 3D delineates a protocol for diagnosis of

Figure 3 Pathophysiologic Cascade and a Proposed Diagnosis Protocol of DI-AVFs

(A and B) Three-dimensional figures illustrate the arterialized vein (A, axial view; B, posterior view). (C) Flowchart of the pathophysiologic cascade of spinal DI-
AVFs. (D) A proposed diagnosis protocol of DI-AVFs based on our institutional experience and evidence in the neurosurgery literature. 3D = 3 dimensional;
CISS = constructive interference in steady state; DI-AVF = dorsal intradural arteriovenous fistula; DSA = digital subtraction angiography; MRA = magnetic
resonance angiography; PC-FIESTA =phase-cycled fast imaging employing steady-state acquisition. Usedwith permission fromBarrowNeurological Institute,
Phoenix, AZ.
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DI-AVFs based on our institutional experience and a review of
evidence in the neurosurgery literature.46

Treatment Paradigms
Three major clinical pathways have been defined for DI-
AVFs, each with variations based on institutional protocols.
Conservative management is seldom recommended for pa-
tients with symptomatic lesions. For DI-AVFs that require
treatment, the treatment options include microsurgical oc-
clusion and endovascular embolization.7,12,13,15,17,28

Conservative Management
Given the potential for neurologic decline in patients with a
treatable lesion, there is sparse evidence in support of con-
servative management for DI-AVFs. Observation may be
appropriate for patients with asymptomatic lesions that were
identified incidentally and for patients with lesions that re-
solve spontaneously after presentation. Shimizu et al.17 de-
scribed 20 cases of asymptomatic DI-AVFs that were
observed: 4 (20%) became symptomatic and were sub-
sequently recommended for treatment, 1 spontaneously in-
voluted, and the rest were clinically quiescent over a median
follow-up of 1.5 years (follow-up available for 10 of 20 cases).
Although anecdotal, this finding provides some evidence in
support of observing patients who are averse to intervention
or who are poor surgical candidates for unrelated medical
reasons. Notably, the midthoracic location was associated
with lower rates of spontaneous recovery and an unfavorable
clinical course, with higher rates of subsequent treatment.
The patients in this subgroup may benefit from a more ag-
gressive posture toward early intervention.6,13,14 These find-
ings helped motivate the development of treatment criteria
for DI-AVFs described by Yu et al.,14 which includes age older
than 28 years at onset, initial modified Aminoff and Logue
disability scale score greater than 3 (e.g., severe symptoms),

and midthoracic localization. Sato et al., in a small case series,
compared the characteristics of 8 patients with thoracic DI-
AVFs, which were symptomatic at presentation, with 2
asymptomatic DI-AVFs.54 The authors noted that patients
with asymptomatic fistulas were 10 years younger than those
with symptomatic lesions. In addition, no signs of spinal cord
edema were observed on MRI of asymptomatic DI-AVFs,
unlike the symptomatic lesions. However, the authors dem-
onstrated early signs of venous hypertension in asymptomatic
fistulas represented by the radicular venous outflow from
arterialized perimedullary veins to the extradural venous
plexus. Although observation might be appropriate for
asymptomatic DI-AVFs, particularly in patients with several
comorbidities, many conservatively treated asymptomatic DI-
AVFs might become symptomatic in later stages due to an
increase in intravenous pressure and associated pathologic
mechanisms over the time of observation. Therefore, early
treatment of asymptomatic DI-AVFs in young patients to
avoid delayed progression might be substantial. Nevertheless,
the current literature evidence is unfortunately insufficient to
answer this question, and further longitudinal studies on
asymptomatic DI-AVFs are warranted.

Microsurgical Treatment
Based on strong evidence in the literature, microsurgical clip
occlusion of DI-AVFs has consistently demonstrated the
highest rates of treatment efficacy and safety, and it is corre-
spondingly considered the contemporary standard of care.55

It is particularly preferred for CCJ and lumbosacral locations,
which are more prone to treatment failure and higher rates of
procedural complications than thoracic or subaxial cervical
lesions.11,15,21,28

Microsurgical clip occlusion of DI-AVFs is a simple process that
relies on precise anatomical localization with preoperative DSA.

Table 2 Radiologic Signs CompatibleWith Dorsal Intradural Arteriovenous Fistula, Definitions, andDifferential Diagnosis

MRI, radiologic sign Definition Differential diagnosis

T1 weight

Central hypointensity On one or more spinal segments Differential diagnosis should be made based
on both T1- and T2-weighted imaging

Enlarged spinal cord Consequence of long-term effects of venous congestion

Enlarged intradural vessels Consequence of long-term effects of venous hypertension

T2 weight

Central hyperintensity On one or more spinal segment Transverse myelitis, MS, and NMOSD

Flow void Intradural, perimedullary, tortuous, low-signal intensities dorsal to
the spinal cord compatible with tortuous perimedullary veins

Disk herniation

Intramedullary enhancement Consequence of long-term effects of venous congestion Intramedullary tumors, MS, spinal stenosis, and
infarction

Missing piece sign Absence of contrast enhancement over more than 2 spinal
segments

High specificity to DI-AVF

Abbreviations: DI-AVF = dorsal intradural arteriovenous fistula; DSA = digital subtraction angiography;MRA =magnetic resonance angiography;MS =multiple
sclerosis; NMOSD = neuromyelitis optica spectrum disorder.
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Routine neurosurgical techniques are used for soft tissue ex-
posure, wide laminectomy at the level, midline durotomy,
arachnoid dissection to the arterialized draining vein, and clip
occlusion. The proximal segment of the arterialized vein is
carefully isolated and clip ligated, yielding a change in the color
of blood on indocyanine green videoangiography (ICG-VA)
from bright red to dark purple. Thus, our experience, sup-
ported by evidence in the literature, showed that ICG-VA
may be used both to demonstrate the fistula and to confirm its
obliteration.56,57 If there is concern that critical spinal perfusion
may depend in part on the target vessel, a period of trial clipping
with neurophysiologic monitoring may provide guidance before
permanent cauterization and division of the draining vein.

Surgical treatment of lumbosacral DI-AVFs typically yields fa-
vorable neurologic outcomes.6,58 Motor symptoms frequently
resolve the earliest and most reliably, with most patients re-
covering completely.27,58 Sensory symptoms improve in a more
delayed fashion and are less likely to fully resolve after treatment,
whereas micturition dysfunction lags and has the lowest proba-
bility of long-term recovery among common presenting symp-
toms. Postoperative radiographic changes may be difficult to
interpret, and they are often poorly correlated with clinical find-
ings. There is evidence that the persistence of intramedullary
hyperintensity on T2-weighted MRI sequences is concerning for
residual or recurrent fistula, particularly in the absence of clinical
improvement.28,48,59,60,e1 DSA remains the gold standard di-
agnostic imaging modality for ruling out residual or recurrent AV
shunting; however, intraoperative ICG-VA is reported to have a
100% negative predictive value for demonstrating fistula obliter-
ation and is an accepted practice for initial confirmation of
treatment success.57 Figure 4 shows pre-, intra-, and postoperative
images of a previously published case of a male patient in his early
40s who was admitted with progressive weakness and paresthesia
of the lower limbs, particularly on the right side; a thoracic DI-
AVF was diagnosed, which was managed microsurgically.e2,e3

Endovascular Embolization
Endovascular embolization gained popularity as a new treat-
ment for spinal arteriovenous shunts over the past decade,
particularly for lesions that are difficult to reach by surgery,
such as ventral spinal AVFs.8 Endovascular embolization also
offers an alternative strategy to treat DI-AVFs that may be
preferable for certain lesions or specific patients, although
resection is still considered the definitive treatment. The goal
of any treatment for DI-AVFs is to occlude or interrupt the
flow within the proximal segment of the arterialized intradural
vein, which may be difficult to achieve using current embo-
lization techniques—particularly in the more anatomically
challenging CCJ and sacral lesions.10,e4

Liquid embolic agents (e.g., Onyx [Medtronic, plc, Dublin,
Ireland] and N-butyl cyanoacrylate [n-BCA, Trufill, Cordis
Neurovascular, Baar, Switzerland]), as demonstrated widely in
the neurointerventional literature, are relatively safe, although
they do carry some risk of thromboembolic ischemia.e5,e6 Few
case series reported a substantial efficacy of anticoagulants such

as heparin and vitamin K anticoagulants for the management of
ischemic events (e.g., venous thrombosis) after the emboliza-
tion of spinal DI-AVFs using liquid agents. The authors high-
lighted the importance of prophylactic anticoagulation before
embolization.e7-e9 Nevertheless, there are durability concerns
about these agents and the predisposition of embolized DI-
AVFs to recur.28 Prior series have reported a wide range of
treatment failure rates, with the need for follow-up surgical
intervention in 7.7%–64.3% of patients.28,e7,e10 The adhesive
agent n-BCA has been used to interrupt DI-AVFs with good
clinical and angiographic outcomes, which is promising.
Gioppo et al.28 reported a reduction in intramedullary en-
hancement in 91%, gait improvement in 73%, and an ischemic
complication rate of 10% in 10 patients with DI-AVFs
embolized with n-BCA. These authors preferred the superior
efficacy of n-BCA over other liquid embolic agents because of
its adhesive character, sclerosing function, and ability to pen-
etrate through the nidus with custom dilution.21,28,e4

Sasamori et al.e4 compared treatment outcomes for a cohort
of 50 patients with 50 DI-AVFs, treated either with n-BCA
embolization or surgical disconnection. The authors reported
obliteration of DI-AVFs in 22 of 31 patients (71%) in the
embolization group compared with 18 of 19 patients (95%) in
the surgical group. Additional treatments for recurrent or
incompletely occluded lesions were required for 9 of 31 pa-
tients (29%) with embolized fistulas compared with only 1 of
19 patients (5%) with surgically clipped lesions. Gross et al.e3

found similar results and noted no significant difference in
complication rates between microsurgery and embolization
groups. They concluded that embolization might initially be
used safely as a less invasive treatment modality for DI-AVFs.
Nevertheless, there was still a high rate (46%, 13 of 28) of
microsurgical bailout.

Clinical improvement in motor function has been reported in
80%–90% of patients who received embolization for DI-
AVFs, whereas only 20%–50% have reported modest im-
provement in micturition.28,e3 Symptomatic relapse after
embolization has been reported to be low (0%–6%) in many
series,28,e3,e11 but high (up to 90%) in others.21,e10 In the absence
of uniform evidence, expert consensus links this discrepancy to
the variety of embolization materials in use and varying treat-
ment protocols and fistula locations.

Despite rapid improvement in endovascular embolization mate-
rials and techniques, the available evidence shows that radio-
graphic recurrence is common in embolizedfistulas.28,e3,e6,e7,e10,e12

Lee et al.e12 reported that 8 (22%) of 37 patients with DI-AVFs
that were embolized using n-BCA had radiographic recurrence at
a median follow-up of 2 years (IQR 10.5–42months). Embolized
DI-AVFs present a particular challenge in follow-up assessment,
given the increased ambiguity in determining whether a persistent
clinical syndrome is referrable to active shunting, treatment
complications, or severe disease despite successful treatment—a
question that generally requires repeat MRI and DSA for de-
finitive discrimination.28,e10
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With these considerations in mind, it is well accepted that mi-
crosurgery remains the first-line treatment for most patients
withDI-AVFs, given its overall advantages in terms of treatment
efficacy, durability, and safety. Nevertheless, as demonstrated in
previous literature,e3 we believe that approximately 80% of
spinal DI-AVFs can be candidates for embolization, which
might be attempted during the diagnostic angiography. Based
on our experience, we observed that complete obliteration of
the fistulous connection can be achieved in approximately half
of DI-AVFs, mainly with occlusion of the draining vein. Fur-
thermore, if occlusion of the draining vein could not be ach-
ieved, our practice is to not consider angiographic
nonopacification as adequate occlusion, and because of the high
recurrence rate of DI-AVFs, surgical disconnection should be
performed. Although we observed higher obliteration rates us-
ing specific embolization agents, thismight differ significantly by

the agent characteristics and the experience of the neuro-
interventionalist with that agent. Finally, when the complication
rate is thought to be comparable between the 2 treatment
modalities (embolization vs microsurgery) for a specific case,
embolization might be attempted during the diagnostic DSA;
however, an option for the definitive treatment should be made
for the modality associated with the higher obliteration rate
(microsurgery). Figure 5 illustrates a previously published case
of a patient with a cervical DI-AVF that was embolized using
n-BCA, resulting in an uncomplicated postintervention course
and demonstrated fistula obliteration.e3

Effect of Fistula Location on Treatment Outcomes
Despite the fact that microsurgical and endovascular ap-
proaches to DI-AVFs are similar regardless of fistula location,
posttreatment outcomes appear to show distinct differences

Figure 5 Endovascular Disconnection of a Cervical DI-AVF

Endovascular disconnection of a cer-
vical DI-AVF.e3 (A) Opacification of the
corresponding fistula, the anterior spi-
nal artery, and the bilateral vertebral
arteries was detected via super-
selective anteroposterior angiography
after catheterization of the radicular
feeder of the cervical lesion. (B) The
microcatheter was adjusted into an-
other branch of the radicular feeder,
where a second superselective ante-
roposterior angiogram demonstrated
opacification of only the fistula and no
pial branches. (C) An anteroposterior
unsubtracted angiogram demon-
strated embolization of the fistula with
n-butyl cyanoacrylate after an un-
complicated procedure, with penetra-
tionof thedrainingvein. (D) A follow-up
anteroposterior angiogramperformed
by injecting the right subclavian artery
showed no residual arteriovenous
shunting. DI-AVF = dorsal intradural
arteriovenous fistula. Used with per-
mission from Barrow Neurological In-
stitute, Phoenix, AZ.

Figure 4 Microsurgical Disconnection of a Thoracic DI-AVF

Microsurgical disconnection of a thoracic DI-
AVF.e2 (A) A left DI-AVF at T7 was detected and
diagnosed using DSA. (B) The posterior spinal
artery and arterialized draining vein in the left
lateral recess were exposed. (C) The shunt was
confirmed via intraoperative ICG-VA. (D) The fis-
tulous connection was clipped, and cauterization
and division of the arterialized vein were sub-
sequently performed. (E) Complete obliteration
of the arteriovenous shunt was demonstrated on
the second ICG-VA. (F) Fistula obliteration with no
residual was confirmed via postoperative DSA.
DI-AVF = dorsal intradural arteriovenous fistula;
DSA = digital subtraction angiography; ICG-VA =
indocyanine green videoangiography. Used with
permission from Barrow Neurological Institute,
Phoenix, AZ.
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by lesion level because of multiple factors, including variable
arterial supply and clinical presentation. Takai et al.10 exam-
ined a multi-institutional cohort of 97 patients with CCJ
DI-AVFs and found that endovascular treatment (n = 19)
compared with microsurgical treatment (n = 78) was corre-
lated with higher rates of ischemic complications (26% vs
7.7%; p = 0.04) and retreatment (63% vs 2.6%; p < 0.001) (at
a median 23-month follow-up). Cenzato et al.27 reported a
significant (p = 0.004) association of midthoracic DI-AVFs
with worse posttreatment clinical outcomes at 3-year follow-
up compared with outcomes for lower thoracic (T9-T12) and
lumbosacral lesions independent of applied treatment
(endovascular or surgical), linking this to their weak vascu-
larization. Lee et al.e12 found that cervical DI-AVFs are as-
sociated with the highest rate of incomplete occlusion after
endovascular treatment, followed by thoracic and lumbosacral
lesions (p = 0.04). However, clinical outcomes were not
correlated with fistula location. Furthermore, fistulas with
multiple feeders were significantly associated with higher rates
of incomplete occlusion (73.7%, 14 of 24; p < 0.001).

Appropriate treatment should be selected on the basis of both
the patient’s clinical status and the anatomic characteristics of
the fistula. Regardless of spine level, from a neurosurgical
perspective, microsurgery remains the preferred initial treat-
ment for cervical and midthoracic DI-AVFs and lesions with
multiple feeders. Endovascular techniques have the advantage
of simultaneous diagnosis and management during a single
intervention. Thus, they may be a viable alternative for pa-
tients with lower thoracic and lumbar DI-AVFs that do not
involve critical spinal cord arterial supply.

Areas in Need of Research
DI-AVFs are an important niche for future study because of
their common prevalence among spinal AVMs, unique patho-
physiology, difficult and delayed diagnosis, and morbid conse-
quences. More investigation into the presentation (identifying
more specific presentation symptoms), natural history (un-
derstanding the molecular basis of the AV shunt to possibly halt
the fistulous connection at earlier stages), treatment (inventing
new minimally invasive techniques), and outcomes of patients
with DI-AVFs should facilitate more rapid diagnosis and more
appropriate treatment before neurologic progression. Addi-
tional research results should also increase the awareness of DI-
AVFs among frontline clinicians and should improve diagnostic
accuracy in common imaging modalities such as CT and MRI.
Artificial intelligence (AI) still demonstrates promise in the di-
agnosis of cerebrovascular lesions, with comparable accuracy to
the DSA reading of cerebral aneurysms, AVMs, and dural AVFs
by 2 independent neuroradiologists, as demonstrated in a recent
publication.e13 AI-based DSA imaging might also help reduce
the need for multiple DSA attempts to obtain 3D DSA imaging
and reduce the consequential radiation to which patients would
be exposed. The increasing utilization of AI in the diagnostic
radiology paradigm may be particularly helpful in alerting ra-
diologists to subtle indications of disease, thereby increasing the

probability of correctly diagnosing these rare lesions when they
are captured on routine imaging studies.

Many patients with DI-AVFs require long-term rehabilitation
for persistent neurologic deficits, whether referable to disease
progression, treatment, or both.e14 In addition to an acceler-
ated diagnostic pipeline, better rehabilitation modalities and
wider, more long-term access to rehabilitation medicine
would substantially affect functional and quality-of-life out-
comes for patients with DI-AVF. In particular, neuro-
stimulation and assistive robotics may help address deficits in
pain, sensorimotor, and autonomic domains.e14 Assistive ro-
botics, in addition to their high patient satisfaction and patient
acceptance rates, have demonstrated efficiency in decreasing
errors in task performance and application of repeated
movements related to human nature or lack of experience
among rehabilitation assistants, as reported among patients
with traumatic brain injury.e15 Therefore, further imple-
mentation of these devices in rehabilitation might reflect
positively on the outcomes of patients with neurologic injury.

From the perspective of basic science, understanding the
disease mechanisms underlying the development and pro-
gression of DI-AVFs at a cellular level remains incomplete,
and further research may facilitate the development of adju-
vant medical interventions with the potential to reverse these
pathophysiologic changes in the spinal cord.e16 Other treat-
ments can also be imagined that would target and repair
dysfunctional pathways, such as those coordinating urinary
function—perhaps the most common and frustrating source
of disease and treatment morbidity for patients with DI-AVF.

Finally, as discussed earlier, current evidence supports the as-
sociation of endovascular embolization with high rates of
treatment failure, often requiring a shift to microsurgical treat-
ment.28,e3,e7,e10 Improvements in endovascular techniques
would make embolization a more attractive treatment option,
with a lower risk of complications or treatment failure than that
reported with contemporary modalities and currently available
embolization agents. For example, relatively recent studies have
reported much sharper imaging using radiographic microscopes
with high-definition zoom mode and high resolution.e17-e19

Such techniques and devices like high-definition microangio-
graphic fluoroscopy may improve visualization of DI-AVFs,
their microscopic feeders, and deployed embolization materials,
leading in turn to better obliteration rates.e18,e20 Similarly, the
use of small microballoons is one area of recent technologic
development that is anticipated to markedly enhance the
endovascular management of lesions with small feeders, which
are commonly encountered in DI-AVFs.e21 Initial experiences
with microballoons, such as Scepter mini balloons, are being
published; microballoons have demonstrated promise in ar-
resting flowwithin distal and small vessels and have a high safety
profile.e21-e23 Nevertheless, further studies are needed to iden-
tify the benefits and uses of these devices and explore more
techniques and interventions useful for the management of DI-
AVFs and other neurovascular disorders.

Neurology.org/N Neurology | Volume 101, Number 12 | September 19, 2023 533

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


Spinal DI-AVFs cause venous hypertension, venous congestion,
and ascending myelopathy, but their pathogenesis is not well
known. Thoracic segments are the segments that are most
commonly involved, and they are associated with worse out-
comes. CCJ and sacral DI-AVFs are unique subtypes represent-
ing themost cranial and caudal extensions of the same pathology.
ValuableMRI findings have been described, butDSA remains the
gold standard for diagnosing DI-AVFs. Based on published lit-
erature, expert consensus is that microsurgical disconnection is
the most effective and durable treatment and should be consid-
ered the first-line treatment for most patients. Endovascular
techniques continue to evolve and offer an alternative to micro-
surgical treatment in select patients.
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