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Abstract MRI is the primary screening tool for patients
with myelopathy. The decision to obtain additional imaging,
notably spinal angiography, is generally based on initial
MRI findings. This study retrospectively analyzed the yield
of initial MRI in a cohort of patients with angiographically
confirmed vascular malformations. MRI obtained at symp-
tom onset was available in 115 patients with either high-flow
(29 cases) or low-flow (86 cases) vascular malformations.
MRI was classified as “positive” when the report mentioned
a vascular malformation or “negative” when considered
normal or when another diagnosis was suggested. Initial
MRI was positive in 61 patients (53.0%), correctly identi-
fying 28 high-flow (96.6%) but only 33 low-flow (38.4%)
lesions. Flow voids were noted in 96.6% of the high-flow
lesions and 38.4% of the low-flow ones. T2-signal anomalies
(77.4%) and parenchymal enhancement (54.5%) were also
common in low-flow anomalies. Patients with negative MRI
had an average delay of 111 days before angiography and
239 days before therapy; these intervals were 27 and
76 days for those with positive MRIs. In summary, MRI
shows a high yield for high-flow vascular malformations,
i.e., characterized by prominent flow voids on T2-weighted
images, but misdiagnosed over 60% of low-flow lesions.
The percentage of correctly identified anomalies matched
the percentage of observed flow voids in both groups,
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indicating over-reliance on this sign for the diagnosis of
slow-flow lesions. MRI findings in slow-flow vascular
malformation overlap with other conditions, notably trans-
verse myelitis, which was initially misattributed to 40% of
the slow-flow lesions in our cohort.
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Introduction

Spinal vascular malformations (SVMs) represent a
heterogeneous and underdiagnosed group of vascular
lesions currently estimated to account for up to 9% of all
vascular malformations of the central nervous system
[1, 2]. SVMs can be divided into two categories based on
their flow pattern. Low-flow lesions are the most common
(60-80% of all SVMs [3-5]). They include spinal dural
arteriovenous fistulas (SDAVF), acquired epidural arteri-
ovenous fistulas (SEAVF) and low-flow perimedullary
arteriovenous fistulas (PmAVF, Merland Type 1). Patients
with low-flow lesions are typically older men presenting
with progressive myelopathy secondary to spinal venous
hypertension (SVH), with or without superimposed arterial
ischemia [6].

High-flow anomalies include spinal arteriovenous mal-
formation (SAVM) as well as high-flow PmAVFs (Merland
Type II and III), congenital SEAVFs and paraspinal arte-
riovenous fistulas (ParAVF). Generally seen in younger
patients, these lesions may remain asymptomatic or present
with cardiac insufficiency (in small children mostly),
hematomyelia, subarachnoid and/or parenchymal hemor-
rhage, cord compression or, less commonly, SVH. High-
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flow spinal arteriovenous fistulas can be associated with
other vascular anomalies [7], and are not infrequently
diagnosed incidentally during the work-up of complex
vascular syndromes.

Spinal digital subtraction angiography (SpDSA)—the
gold standard imaging modality for the spinal vasculature
[8-10]—plays an essential role in the diagnosis and treat-
ment of SVMs [9, 11]. MRI is the primary screening tool for
patients with myelopathic symptoms and is heavily relied
upon when assessing the need for further investigation with
SpDSA. However, findings specific for SVMs on MRI—
notably the presence of intra- or perimedullary flow voids—
can be absent while intramedullary T2 signal abnormality,
cord expansion and parenchymal enhancement can also be
seen with conditions such as transverse myelitis (TM),
neoplasia or ischemia [12-15]. While favorable SVM
treatment outcomes depend for a large part upon early
recognition, notably when considering low-flow lesions,
accurate diagnosis is often delayed for months or years, even
in patients undergoing multiple MRI studies [10, 16]. The
purpose of this work was to analyze the yield of conven-
tional MRI as a screening tool in a cohort of 115 patients
with SVMs subsequently diagnosed by angiography.

Materials and methods

The charts of patients with angiographically confirmed
SVMs seen at our institution between March 2006 and
November 2016 were reviewed (IRB approved database,
additional permission obtained for publication). Patients
were included in this study when the imaging data and report
of an initial conventional MRI study were available for
analysis; 115 of the 123 reviewed patients satisfied this cri-
terion, 83 men (72.2%) and 32 women (27.3%), with an
average age of 50.6 years (median: 57 years, range 0.2-88).

Conventional magnetic resonance imaging

Conventional MRI was defined as a set of axial and sagittal
T1 and T2-weighted sequences, generally including STIR
and post-gadolinium images as well. An MRI study was
classified as “positive” when the report mentioned an SVM
or when SpDSA was recommended, or “negative” when
the study was either considered normal or a diagnosis other
than SVM was suggested. The time interval between the
initial MRI and either endovascular or surgical treatment—
when performed—was recorded.
The following characteristics recorded:

(a) Extent of medullary T2 hyperintensity: absent, focal
(less than 3 vertebral segment) or extensive (3 or
more vertebral segments),
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(b) Spinal cord expansion: present or absent,

(c) Parenchymal enhancement after gadolinium admin-
istration: present or absent,

(d) Flow voids (dilated intramedullary or perimedullary
vessels): present or absent.

Spinal digital subtraction angiography (SpDSA)

SpDSA was obtained in all patients at our institution.
SVMs were classified as “high-flow” or “low-flow” fol-
lowing the scheme discussed in the introduction. In patients
with multiple SVMs, the lesion with the highest flow pat-
tern—i.e., the most obvious one on non-invasive imag-
ing—was used for analysis.

Results
Overall MRI analysis

Conventional MRI was obtained in various academic and
non-academic settings using different equipment and
techniques. Initial reports were positive in 61 patients
(53.0%) and negative in 54 (47.0%). The reported
diagnoses for these initial studies are listed in Table 1.
The most common MRI finding was parenchymal T2
hyperintensity noted in 79/113 (69.9%) patients,
including 67 patients with extensive involvement
(84.8%) and 12 with focal lesions (15.2%). Spinal cord
expansion was present in 27/113 patients (23.9%). Flow
voids were noted in 61 cases (53.0%), of which 22
(36.7%) had a normal cord appearance; 8 of these 22
(36.4%) were low-flow lesions. Parenchymal enhance-
ment was noted in 50 of the 103 patients who received
gadolinium (48.5%).

Table 1 Reported diagnosis on initial MRI

MRI diagnosis n =115 (%)
Spinal vascular malformation (SMV) 61 (53.0)
Transverse myelitis (TM) 34 (29.6)
Normal 4 (3.5)
Compressive myelopathy 3(2.6)
Epidural mass/hematoma 3 (2.6)
Spinal ischemia 2 (1.7)
Syrinx 2 (1.7)
Myelomalacia 2 (1.7)
Subarachnoid hemorrhage (SAH) 2 (1.7)
Neoplastic 1(0.9)
Traumatic changes 1(0.9)
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Table 2 High-flow and low-flow spinal vascular malformations

Diagnosis Low-flow SVMs High-flow SVMs
n = 86 (74.8%) n =29 (25.2%)

SEAVF 33 (38.4%) 6 (20.7%)

SDAVF 42 (48.8%) -

PmAVF type 1 11 (12.8%) -

PmAVF type II - 9 (31.0%)

PmAVF type I - 5 (17.2%)

SAVM - 8 (27.6%)

ParAVF - 1 (3.4%)

SVM spinal vascular malformation, SEAVF spinal epidural arteri-
ovenous fistula, SDAVF spinal dural arteriovenous fistula, PmAVF
perimedullary arteriovenous fistula, SAVM spinal arteriovenous mal-
formation, ParAVF paravertebral arteriovenous fistula

Angiographic SVM characterization and treatment

The angiographic diagnoses are listed in Table 2. Sixty
SVMs were thoracic in location (52.2%), 35 lumbosacral
(30.4%) and 17 cervical (14.8%). Two were at the cervi-
cothoracic junction (1.7%) and one at the thoracolumbar
junction (0.9%).

The average interval between initial MRI and SpDSA
was 67 days (median 28, range 0-618). A therapeutic
intervention (endovascular or surgical) was performed in
89 patients (77.4%) with an average interval of 155 days
(median 72, range 0-1197) between initial MRI and
treatment.

Patients with an initially negative MRI had an average
delay of 111 days before diagnostic angiography (median
70, range 0-618) and—for those treated—239 days before
therapy (median 160, range 0—1197); these intervals were,
respectively, of 27 days (median 13, range 0-131) and
76 days (median 32, range 0-761) for those with positive
MRIs.

MRI in high-flow and low-flow SVMs

Eighty-six patients (74.9%) had low-flow SVMs, including
68 men (79.1%) and 18 women (20.0%) with an average
age of 57.9 years (median 60.5, range 6-88). Twenty-nine
patients had high-flow SVMs (25.2%), including 15 men
(51.7%) and 14 women (48.3%) with an average age of
29 years (median 21, range 0.2-71). The initial MRI for the
86 patients with low-flow SVMs was positive in 33 cases
(38.4%); in the high-flow group, 28 patients had a positive
initial MRI (96.6%), with only one negative case.

The MRI findings distinguishing the two groups of
SVMs are summarized in Table 3. Flow voids were noted
in 38.4% of the low-flow lesions and 96.6% of the high-
flow ones. T2-signal anomalies were more common with
low-flow SVMs (77.4 vs. 48.3.0%), with a tendency to be

extensive in that group and focal with high-flow lesions.
Parenchymal enhancement was also more common with
low-flow lesions (54.5 vs. 30.8%).

Case illustrations

Two cases have been selected to illustrate low-flow and
high-flow categories based on the analysis of our cohort.

Case 1—2-year-old girl undergoing investigations for a
perirectal and right perineal arteriovenous malformation,
with incidental discovery of a perimedullary arteriovenous
fistula (Merland Type II). The lesion was identified by MRI
(positive MRI), which documented prominent flow voids
and a mildly dilated central canal without parenchymal
signal anomalies, swelling or enhancement (Fig. la).
SpDSA was obtained to characterize the lesion and plan
management (Fig. 1c).

Case 2—73-year-old woman with a 10-month history
of progressive lower extremity weakness with urinary
incontinence and constipation. MRI showed extensive T2
hyperintensity extending from T1 to the conus medullaris,
with cord expansion and diffuse enhancement but no flow
voids (Fig. 2a—e). She was initially diagnosed with TM
(negative MRI), but progression of the leg weakness and
incontinence as well as the new onset of bilateral hand
numbness and truncal ataxia in spite of medical man-
agement led to admission at our institution. At that time,
she was unable to stand-up or walk, and her neurological
exam only showed minimal anti-gravity strength in both
lower extremities (Aminoff-Logue score: 5 + 342 =
10). SpDSA revealed a lumbar SEAVF subsequently
treated endovascularly (Fig. 2f—g). At the 2-month follow-
up visit, the urinary retention and constipation had
improved while the truncal ataxia had resolved; her
strength also improved, allowing her to stand-up and take
a few steps with unaided (Aminoff-Logue score:
4 + 141 = 6). Her lower extremity strength continued to
get better until she was able to walk with the help of a
cane and perform daily activities unaided (Aminoff-
Logue score: 3 4+ 1+1 = 5). She passed away from an
unrelated disease 4 years later.

Discussion

Demographic and angiographic characteristics
of the studied cohort

The studied cohort included 86 low-flow and 29 high-flow
SVMs. Most low-flow lesions were seen in older men
while patients with high-flow lesions were younger and
without gender bent. These demographic characteristics
and the relative distribution of lesions are consistent with
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Table 3 Reported MRI
findings in low-flow and high-
flow spinal vascular

MRI finding

Low-flow SVMs
n = 86 (74.8%)

High-flow SVMs
n =29 (25.2%)

malformations T2 hyperintensity (overall)

T2 hyperintensity (>3 vertebral levels)
T2 hyperintensity (<3 vertebral levels)

Cord expansion

Cord parenchymal enhancement (n = 105%)

Flow voids
Positive initial MRI report
Negative initial MRI report

65 (77.4) 14 (48.3)

62 (95.4) 5(35.7)

3 (4.6) 9 (54.3)

24 (27.9) 3(10.3)

42177 (54.5) 8/26 (30.8)

33 (38.4) 28 (96.6)

33 (38.4) 28 (96.6)
53 (61.6) 1(3.4)

? Only 105 of the 115 patients received gadolinium

Fig. 1 A 2-year-old girl with a perimedullary arteriovenous fistula
(PmAVF Merland Type II) discovered during the work-up of a
congenital vascular syndrome. a MRI, T2-weighted image, sagittal
plane. The lesion is characterized by dilated perimedullary vessels,
notably on the anterior aspect of the cord, appearing as prominent
flow voids (arrows). The central canal is slightly enlarged, but there is
no parenchymal signal anomaly and no enhancement after gadolinium
administration (not shown). Note the presence of a pelvic and perineal
vascular malformation (asterisk). b DSA, right injection, posteroan-
terior projection, early arterial phase, showing a dilated anterior
radiculomedullary artery (artery of Adamkiewicz; black arrow)
supplying a high-flow perimedullary arteriovenous shunt via the
anterior spinal artery (arrowheads); the white arrow points at the
early opacification of a small venous aneurysm located on the venous
side of the shunt, characteristic of a PmAVF Type II. ¢ DSA, right
injection, posteroanterior projection, early venous phase, document-
ing fast opacification of a diffusely enlarged perimedullary venous
system. The venous aneurysm is still visible (white arrow)
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published data [17, 18]; the cohort is, therefore, clinically
representative.

Yield of initial MRI in patients with spinal vascular
malformations

An analysis of initial conventional MRI in 115 patients
with subsequently documented SVMs showed an overall
accuracy rate of 53.0%. The yield of MRI for high-flow
lesions—which are associated with prominent intra- and/or
perimedullary vessels responsible for conspicuous flow
voids on T2-weighted images—was predictably high
(96.6%). The single negative report in that group was also
the only one not mentioning flow voids: the patient pre-
sented with a subarachnoid hemorrhage, which might have
obscured the presence of flow voids on the initial MRI
study.

On the other hand, initial MRIs in patients with low-
flow lesions—by far the most common SVMs—were only
positive in 38.4%. This figure likely represents a consid-
erable underestimation of the actual number of patients
with low-flow lesions and negative MRIs, since a negative
MRI is generally believed to obviate the need for further
evaluation with angiography, therefore decreasing the
prospect of accurate diagnosis for these patients.

The fact that the accuracy rates for both types of SVMs
matched exactly the rates of detection of flow voids (96.6
and 38.4% for high-flow and low-flow lesions, respec-
tively) emphasizes the importance attached to this finding
during image interpretation. However, our review shows
that, contrary to a relatively common assumption, the lack
of flow voids has a low negative predictive value for
patients with low-flow SVMs.

Falsely negative MRIs in patients with SVMs led to
delayed angiographic diagnosis and treatment. The median
time to angiography was 13 days for patients with a posi-
tive. MRI and 70 days for those investigated by
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Fig. 2 A 73-year-old woman with leg weakness and a lumbar spinal
epidural arteriovenous fistula (SEAVF). a Thoracic MRI, TI-
weighted image, sagittal plane. Note diffuse central medullary
hypointensity consistent with severe spinal cord edema. b Thoracic
MRI, T2-weighted image, sagittal plane, confirming the presence of
central cord edema extending from the conus to the C7-T1 level,
without detectable flow voids. ¢ Thoracic MRI, T1-weighted image
after gadolinium injection, sagittal plane, showing diffuse medullary
enhancement, more pronounced at the conus medullaris level, but
without clear perimedullary vascular enhancement. d Lumbar MRI,
T2-weighted image, sagittal plane, documenting edema extension to
the tip of the conus medullaris without identifiable perimedullary flow

angiography in spite of a negative initial report. The
median time interval before endovascular or surgical
treatment was 32 and 160 days, respectively. The extensive
period of time elapsed between angiography and treatment
in some patients was caused by the additional interference
of falsely negative initial spinal angiograms.

This study is based on a cohort of patients with diag-
nosis confirmed by angiography. It, therefore, provides no
information with regard to the number of patients with
undiagnosed SVMs. This population includes patients with
negative MRI and no angiographic evaluation as well as
patients misdiagnosed after a falsely negative spinal
angiogram.

Thirty-four of the 54 patients (63%) with SVMs and
negative initial MRI were initially diagnosed with TM.
Patients with low-flow lesions are particularly at risk to be
misdiagnosed since, based on our findings, their typical
MRI presentation includes a longitudinally extensive
myelopathy (72.1%) with parenchymal enhancement
(54.5%) and no flow voids (61.6%), a set of characteristics
overlapping the diagnostic criteria for TM [19]. Other MRI
findings reported in TM, such as centrally located T2
hyperintensity and cord expansion [13, 20], were also noted
in our patients with low-flow lesions.

voids. e Lumbar MRI, T2-weighted image, T1-weighted image after
gadolinium injection, sagittal plane, confirming the absence of
perimedullary or radiculomedullary enhancement. f DSA, bilateral
L4 trunk injection, posteroanterior projection, arterial phase; an
isolated epidural venous pouch extending over the L3 and L4 levels
(arrowheads) is visible during the arterial phase, with retrograde
opacification of a left L3 radiculomedullary vein (arrows). This
appearance is characteristic of an SEAVF. g DSA, bilateral L4
injection, posteroanterior projection, venous phase; the perimedullary
venous system draining the SEAVF is diffusely congested, with the
absence of normal lumbar or thoracic radiculomedullary veins, a
finding typical of slow-flow arteriovenous fistulas

Role of advanced non-invasive imaging and SpDSA
in evaluation of SVMs

This study only looked at the yield of conventional MRI
studies, which currently constitutes the principal screening
tool for patients presenting with myelopathy. Advanced
MRI techniques, such as time-resolved contrast enhanced
MRA (CE-MRA), have shown significant promises for the
detection of SVMs [21-23], with reported sensitivity rates
ranging between 81% [23] and 100% [22]. However, most
studies involve small samples and do not clearly separate
SVMs into low- and high-flow categories, which present—
as shown in our review—different diagnostic challenges. A
study specifically addressing the role of CE-MRA for the
localization of SDAVFs showed a detection rate of 81%
[23]. That study also reported flow voids as the most
constant anomaly on conventional MRI (seen in all 50
patients with retrievable information, out of a total of 53), a
finding probably indicating that patients who underwent
CE-MRA were selected based on the presence of flow
voids (a group accounting for <40% of the low-flow
lesions in our cohort). The efficacy of CE-MRA for the
detection of low-flow lesions without flow voids on con-
ventional MRI has, to our knowledge, not been addressed.
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The impact of advanced MRI techniques such as CE-
MRA for the screening of patients with myelopathy
remains unclear. A study of 154 patients with SDAVFs
divided into early (1986-1999) and recent (2000-2008)
cohorts showed no difference in the time interval between
symptom onset and diagnosis in spite of the recent intro-
duction of modern imaging [10]. Yet, a wider use of
advanced MRI techniques in patients with suspected vas-
cular myelopathies should increase our ability to detect
low-flow lesions and allow earlier diagnoses if those
patients are not misrouted based on the lack of specificity
of their initial MRI findings.

A weakness of our study, besides the fact that it
specifically analyzed patients with angiographically proven
lesions, lies in the lack of technical homogeneity of the
reviewed MRI data. Studies were performed in various
academic and non-academic settings using different
machines and techniques. This heterogeneity should,
however, have little impact on our findings as conventional
MRI was a well standardized and routinely obtained study
during the time period covered by our review, as opposed
for example to less-standardized complex MRA methods or
to operator-dependent angiography techniques. In addition,
our review analyzed MRI reports rather than actual MRI
studies. However, we believe that, precisely for these
reasons, our cohort is representative of the heterogeneous
imaging data available to neurologists who screen patients
with myelopathy and, therefore, clinically relevant. By
suggesting that initial MRI reports should be considered
with caution, our study re-emphasizes the critical role
played by the clinical presentation in the management of
patients with myelopathies.

Conclusion

The separation of SVMs into high- and low-flow lesions
has important diagnostic implications. In our review, con-
ventional MRI successfully identified 96.6% of the high-
flow SVMs but less than 40% of the low-flow ones. These
observations are based on a cohort of patients with
angiographically proven SVMs. Since patients with a
negative MRI are less likely to undergo angiography, our
statistics likely underestimate the number of patients with
SVMs and negative MRIs who remain misdiagnosed,
notably in the low-flow group.

The rate of SVM identification matched exactly the rate
of observed flow voids on T2-weighted images in both
groups. Over-reliance on this finding for the screening of
patients who would benefit from further imaging (e.g., CE-
MRA or SpDSA) seems to represent a major hurdle for the
diagnosis of low-flow SVMs.
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Neurologists and other clinicians evaluating patients
with myelopathies should be aware that a negative MRI
report and/or the absence of flow voids on MRI do not rule
out a vascular etiology, notably the presence of a low-flow
SVM such as a dural or epidural arteriovenous fistula.
Considering the extremely low risk of complication of
modern SpDSA [24] and the potential for positive treat-
ment outcomes even in paraplegic patients, we agree with
Cosnard’s recommendation that “medullary arteriography
and treatment should be widely indicated, even in elderly
patients with many problems” [15].
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