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COnventional angiography has been used as a primary
imaging technique for the localization of the shunt of
spinal dural arteriovenous fistulas (SDAVFs) and perimed-
ullary spinal cord simple arteriovenous fistula (SCAVFs).
Multidetector CT (MDCT) angiography is an imaging tech-
nique that can provide extended thin-section scanning
range with high-resolution and high-contrast images.'
There have been few preliminary reports in the diagnosis of
SDAVFs by using MDCT angiography.>> We present our
preliminary experience in diagnosing type I and type IVA
spinal vascular malformations in 2 cases with similar spinal
MR imaging abnormalities, in which we used MDCT
angiography.

Technique

CT Angiography

Two patients were referred for CT angiography (CTA) for evaluation
of spinal vascular malformations, which were suspected on the basis
of combined findings from spinal MR imaging and a radiculomy-
elopathy. Spinal CTA was performed with a 16-detector row helical
scanner. The patients were placed in the supine position and were
requested to hold their breath during the scanning period; the volume
covered extended from the first thoracic spine down to the fifth sa-
crum region. The scan delay was set by an automatic bolus-tracking
technique after the start of a bolus injection of 120 mL of nonionic
contrast medium, followed by 30 mL of normal saline at a flow rate of
4 mL/s. A circular region of interest in the ascending aorta was mea-
sured 3 times per second. When the attenuation value reached a
threshold of 100 HU in 3 consecutive sampling points, scanning be-
gan. The acquisition protocol was as follows: gantry speed per rota-
tion, 0.5 seconds; collimation, 16 X 0.75 mm; table increment, 36
mm/s; 120 kVp; and 120 effective mAs. The total imaging time was 16
seconds. Sections were reconstructed with a 0.75-mm section thick-
ness at 0.4-mm intervals; approximately 1200 reconstructed sections
were obtained. Resultant voxel dimensions were nearly isotropic at
0.5 X 0.5 X 0.75 mm.
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Multidetector CT Angiography in Diagnosing Type
| and Type IVA Spinal Vascular Malformations

SUMMARY: Multidetector CT (MDCT) angiography is an imaging technique that can provide high-
resolution and high-contrast images; however, published reports of MDCT angiography in the evalu-
ation of spinal vascular malformations are limited. We present 2 cases in which MDCT angiography led
to diagnosis of a type | (spinal dural arteriovenous fistula) in one and type IVA (perimedullary spinal cord
simple arteriovenous fistula fed by a single arterial feeder) spinal vascular malformation, both con-
firmed by conventional angiography. MDCT angiography can localize the feeding vessel and the fistula,
thus greatly reducing the amount of time required for conventional angiography.

Image Processing and Evaluation

Source images obtained with this MDCT angiographic technique
were transferred to a workstation with manufacturer-provided soft-
ware that allows generation of 2D multiplanar reformation (MPR),
curved planar reformation (CPR), maximum intensity projection
(MIP), and multiprojection volume reconstruction (MPVR) images.
Volume-rendered images of the entire aorta were routinely gener-
ated. A 2-mm-thick transversely oriented thin-slab MIP image was
produced, and this transverse slab was then sequentially stepped in-
feriorly on the template of the coronal image. In this fashion, the
bilateral intercostal, lumbar, and iliac arteries were systematically vi-
sualized, which helped confirm their normal anatomic relationships
and identify the spinal vascular malformation.

The level of the dural fistula was indirectly inferred by tracing
an engorged medullary vein from the coronal venous plexus back
to the level of a neural foramen. With use of the MPR and MPVR
options, including oblique coronal and sagittal images, the imaged
portions of the spine were systematically evaluated until the area of
suspected fistula was identified in 3 planes. Finally, a CPR image
was reconstructed. We used a cine-mode display, in which multi-
ple original transverse sections, MIP, and MPR images can be
observed by scrolling the images on the workstation. The worksta-
tion image processing and evaluation lasted approximately 20
minutes.

Results

Case 1

A 22-year-old man experienced numbness in the right lower extrem-
ity for 1 year and dull back pain recently for 2 weeks. Neurologic
examination performed at the time of admission revealed slight mo-
tor weakness and slight hypesthesia in the right lower extremity. On
MR imaging, multiple engorged intradural pial vessels, central hyper-
intense cord on T2-weighted imaging, and cord enhancement on
postcontrast T1-weighted imaging were observed from the lower tho-
racic levels to the upper lumbar levels (Fig 1A). The reconstructed
MPVR and CPR images showed a type A perimedullary SCAVF at the
L2 spine level. It was fed solely from the anterior spinal artery that
arises from the left T8 intercostal artery.

Many engorged outflow drainage veins also were noted (Fig 1B).
Multiple selective catheter angiographic injections were performed,
and only the left T8 intercostal artery injection showed a type A peri-
medullary SCAVF supplied by the mild enlarged anterior spinal artery
(Fig 1C). Selective transarterial glue embolization of the fistula and
proximal drainage veins was performed. The patient’s neurologic
condition was improved after embolization.
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Fig 1. 22-year-old man with intradural perimedullary SCAVF.

A, Sagittal fast spin-echo T2-weighted MR image (left) and postgadolinium T1-weighted image (right) show multiple enlarged pial vessels along the surface of the cord. Intrinsic increased
signal intensity centrally within the spinal cord (left) and abnormal enhanced cord (right) extend from the lower thoracic levels to the conus medullaris.

B, Oblique coronal multiprojection volume-reconstruction images with different plane projections show the fistula (left, white arrowheads [type A, perimedullary SCAVF]) at the lower L2
spine level supplied by the mildly enlarged anterior spinal artery (/arge arrow). Multiple engorged outflow veins draining both cephalic and caudal directions are also noted (small arrows).
Curved planar reformation image (right bottom) delineates the aorta (Ao) and anterior spinal artery feeder from the left T8 intercostal artery.

C, Conventional angiography of the left T8 intercostal artery in early (left) and late (right) phases, anteroposterior view, shows similar depiction of Fig 1B. The posterior spinal artery (black
arrowheads) was also injected via the left T8 intercostal artery but did not supply the fistula.

Case 2 during the past year. Neurologic examination performed at the time
A 55-year-old man experienced a 2-year history of progressive numb- of admission revealed motor weakness and hypesthesia in both lower
ness and weakness in his lower extremities and urinary incontinence extremities. MR imaging of the spine showed multiple engorged flow
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Fig 2. 55-year-old man with SDAVF.

A, Sagittal fast spin-echo T2-weighted MR (left) and postgadolinium T1-weighted images (right) show multiple
enlarged pial vessels along the surface of the cord. Intrinsic increased signal intensity centrally within the spinal
cord (left) and abnormal enhanced cord (right) extend from midthoracic levels to the conus medullaris.

B, Sagittal (upper left) multiplanar reconstruction image shows multiple engorged perimedullary veins (arrows)
along the anterior and posterior surfaces of the spinal cord. Transverse MIP image (upper right) shows the fistula
(large arrows) fed by the radiculomeningeal branch of the left T12 intercostal artery and engorged perimedullary
veins (small arrows). Oblique coronal multiplanar reconstruction image (lower left) reveals the fistula (/arge
arrows) and extensive engorgement of perimedullary veins (small arrows). Curved planar reformation image (lower
right) along the left T12 intercostal artery and SDAVF delineates the aorta (Ao), intercostal artery (/arge white
arrows), fistula (black arrows), and multiple engorged perimedullary veins (small white arrows).

C, Conventional angiography of the left T12 intercostal artery obtained in the arteriovenous phase, anteroposterior

void pial vessels along the surface of the cord, central hyperintense
cord signal intensity on T2-weighted imaging, and cord enhancement
on postcontrast T1-weighted imaging from the midthoracic levels to
the upper lumbar levels (Fig 2A). The reconstructed MIP, MPR, and
CPR images showed a SDAVF fed by the radiculomeningeal branch of
the left T12 intercostal artery (Fig 2B) and confirmed at catheter spi-
nal angiography (Fig 2C). The patient’s neurologic condition was
improved after surgical coagulation of the fistula and a proximal por-
tion of the draining medullary vein.

Discussion

Spinal vascular malformations represent a heterogeneous
group of vascular anomalies. These lesions have been catego-
rized into 4 types in the commonly accepted classification
scheme of Anson and Spetzler”: type I, SDAVFs between a
dural branch of the spinal ramus of a radicular artery and an
intradural medullary vein; type II, intramedullary glomus

view, shows findings similar to those in Fig 28.

malformations; type III, extensive juvenile malformations, of-
ten extending to involve surrounding paraspinous tissues; and
type IV, arteriovenous fistulas (AVFs) between an intradural
extramedullary artery and a dilated perimedullary vein, com-
monly called “perimedullary spinal cord AVFs ” (SCAVFs).
The most common of the 4 types of vascular malformation
is the SDAVF, which is considered to be an acquired lesion.*
SDAVF consists of a vascular shunt that is located in the dura
along the spinal canal near the neural foramen region. The
arterial supply commonly arises from a dural branch of the
radicular artery, with venous drainage to the engorged peri-
medullary veins (coronal venous plexus).”” SDAVF is most
frequently located in the thoracic or lumbar levels, and >90%
of the spinal dural AVFs are located between T1 and $3.%7
Although perimedullary SCAVFs are thought to be rare, some
recent reports have suggested that these lesions are more com-
mon than previously indicated in the literature.®® They are
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most commonly observed in the conus medullaris or cauda
equina, although cervical and thoracic perimedullary SCAVFs
have also been reported.®® Perimedullary SCAVFs have been
further classified into 3 subtypes: simple fistulas fed by a single
arterial branch (type A), intermediate-sized fistulas (type B),
and giant multipediculated fistulas (type C).*

Findings of a SDAVF at conventional spin-echo MR imag-
ing may include central hyperintensity on T2-weighted images
within the lower spinal cord and conus medullaris, gadolin-
ium enhancement within the cord, and multiple vascular flow
voids along the surface of the spinal cord;>” however, these
findings are of minimal assistance in the characterization and
localization of a malformation.

Perimedullary SCAVFs and SDAVFs might have fairly sim-
ilar MR imaging findings as in our 2 cases if there is not a
distinction made between an enlarged anterior spinal artery
feeding the fistula (type IV) and the dural fistula having the
shunt near the root sleeve region (type I).

Spinal MR angiography (MRA) techniques'®'* have been
well studied for increasing the sensitivity and specificity of
suspected SDAVFs. In an early study, Bowen et al'® identified
the dominant vein and corresponding fistula level on an 11-
minute standard 3D contrast-enhanced (CE) MRA in 67%
(6/9) of the reported cases. In a later study, accurate prediction
of Saraf-Lavi et al'' of the correct fistula level increased from
15% for MR imaging alone to 50% for the combined study
(MR imaging and standard 3D CE MRA), and the correct level
*+1 was predicted in 73% for the combined study. More re-
cently, auto-triggered elliptical ordered fast 3D CE MRA tech-
nique combined with a rapid bolus injection and a robust
timing mechanism is a technical advance in spinal MRA for
the evaluation of SDAVFs. The fast 3D method (scan time, <2
minutes) may be advantageous because it can display the ar-
teriovenous shunt, which is not typically seen with the stan-
dard 3D method because of diffuse epidural enhancement.

The arteriovenous shunt was detected in 2 of 3 cases of
SDAVF by Binkert et al'> and in 8 of 9 cases by Farb et al.'” In
the latter study, the number of 3D MRA examinations re-
quired to confidently identify the site before digital subtrac-
tion angiography was as follows: 1 MRA in 4 patients, 2 MRAs
in 4 patients, and 3 MRAs in 1 patient. Luetmer et al'* ob-
tained 2 overlapping acquisitions to prevent the repeated dif-
ficulty of fistulas located outside the image volume. One fistula
occurred outside the imaging volume in the sacrum. Prean-
giographic MRA localization of the fistula was associated with
a dramatic reduction of >50% in fluoroscopy time and vol-
ume of contrast agent.

To obtain substantial arterial visualization on CTA, one
must perform data acquisition while the bolus of intrave-
nously administered contrast medium is filling the vessels to
be imaged. MDCT systems can use 4 rows of detectors and can
provide similar image quality at a speed gain of 3—6 times
greater than that of single-detector CT.! This results in larger
anatomic coverage. Moreover, MDCT scanning can produce
higher spatial resolution than single-detector CT. With these
capabilities, the artery of Adamkiewicz could often be depicted
(68%-90%) on CTA with a 4-detector row helical scan-
ner.'>'® In the study by Yoshioka et al,'” the artery of Adamk-
iewicz was detected more often by 4-detector row CT than by
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MRA in patients with thoracoabdominal aortic aneurysm
(80% versus 66.7%).

Sixteen-detector row spinal CTA” provides a very short
scanning time and more scan length coverage (~55 cm), and
higher spatial resolution (0.5 X 0.5 X 0.75 mm) compared
with 3D CEMRA (36 cm; 1.0 X 1.0 X 1.2 mm)"” in diagnosing
SDAVFs. Farb et al'? reported that repeated double/triple
MRA was required to search for the SDAVF in another region
in more than half of the patien‘[s.13 In contrast, with the
MDCT method, the added imaging volume was easily done in
the craniocaudal direction, with an additional several seconds
of examination. Another advantage of CTA is to allow obser-
vation of enhanced vessels among the bony spine structures.
Even if MRA demonstrates abnormal vessels sufficiently, lo-
calization of the fistula in relation to the spinal cord and bony
structures is not easy because flow-related artifacts and the
signal intensity from the spinal cord, CSF, and bony structures
are usually suppressed and hardly recognized on MRA.

MDCT angiography is feasible and is an alternative tech-
nique in diagnosing SDAVF.*>” Bertrand et al’ reported 1 case
of left T11 SDAVF on CTA with a 16-detector row helical
scanner and confirmed by conventional angiography. Lai et al’
reported a small series of 8 cases of SDAVFs, 7 at the thoracic
level and 1 at the sacral level by using 16-detector row CT.
MDCT angiography was good at detecting the fistula, feeding
artery, and draining veins of the SDAVFs and correlated well
with conventional angiography. One patient with an addi-
tional feeding artery was not identified with CTA. In the newly
developed 64-detector systems, the primary benefits of the
higher spatial and temporal resolutions and isotropic volume
data compared with 16-detector CT systems will be
anticipated.

The search for a SDAVF with conventional angiography is
often tedious and requires selective injections into multiple
bilateral thoracic intercostal, lumbar, and sacral arteries. If no
fistula is found, then cervical and intracranial regions are se-
quentially explored. An exhaustive search for an SDAVF may
include as many as 40 selective injections.'® The ability to pre-
dict the arterial feeder noninvasively by spinal CTA can poten-
tially expedite the subsequent invasive catheter angiography
examination by directing the angiographer to certain spinal
levels initially. When results of preangiographic CTA sug-
gested the location of the SDAVF, selective manual injections
were performed at this level first. If the fistula was identified,
the contralateral segmental artery and the segmental arteries 1
level above and 1 level below the fistula were studied to ensure
complete evaluation of the fistula and the adjacent vascula-
ture. The commonly lengthy conventional angiography ses-
sions could be shortened by more than half of the time."*

The disadvantages of spinal CTA are the use of ionizing
radiation as well as intravenous contrast agent and its inherent
risks. We opted to evaluate the field of view from the thoracic
spine to the sacrum to include >90% of SDAVFs, not includ-
ing the intracranial and cervical spine regions, for minimizing
the radiation dose delivered to the patients. We assessed the
effective dose calculations by application of the CT dosimetry
spreadsheet of the British Imaging Performance Assessment of
CT group."” The average effective dose for our spinal CTA was
9.1 mSv.

The success of spinal CTA of our 2 cases in showing the



SDAVF and type A perimedullary SCAVF is more easily ob-
tained because of a simpler angioarchitecture comprising 1
single arterial feeder and its fistula. MPR, CPR, and MPVR
images in regions of interest may improve identification of
feeding arteries and fistulas. Review of the source images can
also help in identifying the vessels in question. The multiple
arterial feeders of spinal vascular malformations possibly rep-
resent a more diagnostic challenge in MDCT angiography,
and a large series of patients are needed to test in the future.

In common with 3D CE MRA, the temporal resolution of
16-detector-row CTA is not sufficient to distinguish arterial
feeders from draining veins in spinal AVFs, compared with
conventional angiography. Conventional angiography is still
mandatory before embolization to allow extensive character-
ization of the spinal AVFs and identification of macroscopic
additional feeding arteries and to determine whether an ante-
rior spinal artery arises from the same pedicle that supplies the
dural fistula. If the same radicular artery supplies the SDAVF
and anterior spinal artery, it may indicate a contraindication
for endovascular therapy.

In conclusion, MDCT angiography may diagnose type I
and type IVA spinal vascular malformations in 2 cases of sim-
ilar abnormalities on MR imaging. This technique can localize
the supplied vessel and fistula and thus greatly reduce the
amount of time required for conventional angiography; how-
ever, further large studies are required to assess the sensitivity
and specificity of MDCT angiography versus MRA in the di-
agnosis and pretherapeutic evaluation of perimedullary
SCAVFs and SDAVFs.
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