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R angiography (MRA) has recently emerged as an al-

ternative imaging technique to digital subtraction an-
giography (DSA) for depiction of the spinal cord arteries, in
particular the Adamkiewicz artery (AKA)'®; however, be-
cause of the similar spatial course and close vascular anat-
omy of the spinal cord arteries and veins, separation of
these vessels is rather difficult. To the best of our knowl-
edge, no validation of the use of MRA for imaging the spinal
cord arteries and veins has been provided. This case report
describes a postmortem validation of the localization of the
AKA and the anterior radiculomedullary vein by using pre-
operative contrast-enhanced MR angiography (CE-MRA)
in a patient who underwent open thoracoabdominal aortic
aneurysm (TAAA) repair.

Case Report

A 72-year-old woman was admitted to our hospital and scheduled for
open surgical repair of a Crawford type III TAAA. Preoperative CE-
MRA was performed to identify the segmental artery from which the
AKA derived. Two consecutive dynamic phase CE-MRA scans (Fig 1),
40 seconds each, were acquired by using a 3D spoiled gradient-echo
sequence with centrally ordered k-space filling, the start of which was
synchronized with the arrival of 0.3 mmol/kg dose gadolinium con-
trast agent in the lower aorta.' Voxel sizes were 0.8 X 0.8 X 1.2 mm at
acquisition. Both phases were transferred to an image-processing
workstation for multiplanar reformation (MPR). The AKA arose
from the left 8th thoracic segmental artery (SA) according to the first-
phase angiogram. The anterior median vein drained to the epidural
space of the left 12th thoracic segmental vein according to the second-
phase angiogram (Fig 1). The first-phase angiogram selectively de-
picted the arteries (anterior cord surface). The second-phase angio-
gram depicted the arteries (anterior cord surface) and veins (anterior
and posterior cord surface; Figs 1 and 2). A curved MPR of the pos-
terior cord surface showed the posterior median vein and 2 posterior
radiculomedullary veins (Fig 3). The largest radiculomedullary vein
draining the thoracolumbar cord is called the great radiculomedul-
lary vein, and in this case it was located on the posterior cord surface
(Fig 3). The following day the patient underwent surgery. Recon-
struction of the aorta was performed from the 9th thoracic segmental
artery down to the aortic bifurcation with reattachment of the renal
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MR Angiography of the Adamkiewicz Artery and
Anterior Radiculomedullary Vein: Postmortem

SUMMARY: Spinal cord arteries and veins are difficult to visualize and distinguish by MR angiographic
techniques because of their small sizes, similar spatial course, and close vascular anatomy. Contrast-
enhanced MR angiography was demonstrated to dynamically resolve the Adamkiewicz artery from the
anterior radiculomedullary vein in the thoracolumbar spinal cord. The location of the Adamkiewicz
artery and the anterior radiculomedullary vein could be validated in the postmortem specimen of a
thoracoabdominal aortic aneurysm patient.

Fig 1. Coronal curved multiplanar reformation of the first dynamic phase of the CE-MRA
examination (A), postmortem spinal cord specimens (B and C), and the second dynamic
phase (D) of the anterior spinal cord surface. In the first (ie, arterial) dynamic phase (4) only
the anterior spinal artery (ASA) (white arrowheads) and the AKA (white arrow) are
depicted. The AKA derived from the left 8th thoracic segmental artery (SA) according to the
CE-MRA (A) in agreement with the postmortem specimen (B). On the anterior cord surface
of the postmortem specimens (B and C) both the ASA (white arrowheads) and anterior
median vein (AMV) (black arrowheads) are visualized. Furthermore, the anterior radicu-
lomedullary vein (black arrows) could be identified. This vein entered the epidural space at
the left 12th thoracic vertebral level (C). Note the close anatomical relation (B and C)
between the ASA (white arrowheads) and the AMV (black arrowheads), which explains that
these vessels are not spatially resolved in the second-phase image (D). The second
dynamic phase (D) shows a diminished signal intensity of the AKA (white arrow). In
contrast to the first-phase angiogram (A), the anterior radiculomedullary vein (black arrows)
is visualized and localized in the second-phase angiogram (D) and was in agreement with
the postmortem specimen (C). In the midline the combination of the ASA (white arrow-
heads) and AMV (black arrowheads) are visualized. Note the strong enhancement of the
epidural venous plexus (asterisk) in the second phase (D).

and visceral arteries. No postoperative neurologic complications oc-
curred. Unfortunately, the patient died of pulmonary complications 2
weeks after surgery. At autopsy, the spinal cord was exposed to un-

AJNR Am J Neuroradiol 27:1573-75 | Aug 2006 | www.ajnr.org 1573

o
>
w
m
-
m
o
o
=~
—



Fig 2. Axial section of the first (A) and second (B) dynamic phase of the CE-MRA
examination. In both phases a cross-section at the 10th thoracic vertebral level shows the
aorta and the intra- and extradural vessels. In the first phase (A) there is only enhancement
on the midline of the anterior side of the spinal cord. This enhancement corresponds with
the cross-section of the ASA (white arrow). The second phase (B) shows enhancement in
the midline of both the anterior (white arrow) and posterior surface (black arrow) of the
spinal cord. As there usually is only one vessel running along the midline of the posterior
surface, the posterior median vein (black arrow), there must also be venous enhancement
on the anterior surface. Therefore both the ASA and AMV are displayed on the midline of
the anterior surface of the spinal cord in the second phase (B). Because of their close
anatomic relation, no separation can be achieved between the ASA and AMV in the second
phase (B). Again note the strong enhancement of the epidural venous plexus (black
arrowheads) in the second phase (B).

ravel the course and origin of the AKA and the anterior radiculomed-
ullary vein. The AKA was found at the left T8 vertebral level and the
anterior radiculomedullary vein at the left T12 vertebral level both in
agreement with the preoperative CE-MRA (Fig 1).

Discussion

The major challenge in spinal CE-MRA is to selectively depict
the very small arteries of the spinal cord. This is difficult to
realize because (1) spinal cord arteries and veins are spatially
close and have very small calibers that may only (partly) fill in
one imaging voxel, (2) spinal cord veins are usually thicker but
have a similar configuration that easily may lead to misinter-
pretation between arteries and veins, and (3) the AKA may
originate from a strongly variable craniocaudal location (T5-
L2). So far, several MR angiography techniques have been at-
tempted. Blood flow—dependent techniques such as 3D phase
contrast angiography’™' and 3D CE time-of-flight imag-
ing'>'? were the first techniques to be used. These flow-depen-
dent techniques are unfortunately not able to fulfill all 3 re-
quirements. Two-phase MR imaging featuring rapid contrast
medium injection with a high-speed sophisticated acquisition
sequence seems to be more capable of simultaneously provid-
ing the necessary features.®'*"'” The spinal CE-MRA proto-
col used here offers (1) sufficient spatial resolution and (2)
effective temporal resolution and (3) covers a large field of
view, to overcome these conflicting requirements, respec-
tively. Nevertheless, validation of this technique is necessary.
The obvious validation technique is DSA. DSA catheterization
can be performed only by specialists and is not without risks in
TAAA patients,18 has a variable and limited sensitivity,lg’19
and is hampered by the occlusion of orifices of possibly many
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Fig 3. Coronal curved multiplanar reformation of the second dynamic phase of the CE-MRA
examination of the posterior spinal cord surface. The posterior median vein (black
arrowheads), as well as 2 draining posterior radiculomedullary veins (thoracic vertebral
levels 9 and 11), are displayed (black arrows). The great radiculomedullary vein, which is
defined as the largest of the radiculomedullary veins, entered the epidural space at the
level of the 11th thoracic segmental vein on the right side.

segmental arteries, which explains why spinal DSA is not per-
formed in the work-up of our TAAA patients. CE-MRA is an
attractive alternative imaging technique to localize the impor-
tant AKA before TAAA surgery.”®

The current postmortem specimen provided the opportu-
nity to validate the location of the AKA and the anterior ra-
diculomedullary vein as obtained by preoperative CE-MRA.
This case demonstrated that CE-MRA is an imaging technique
that is able to depict the AKA and anterior spinal artery (ASA)
correctly and temporarily separate these arteries from the in-
tradural veins in a TAAA patient.
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