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General introduction



A thoracoabdominal aortic aneurysm
(TAAA) is defined as a dilatation of both the
thoracic and abdominal aorta. The extent of a
TAAA can differ substantially and often
presents without symptoms. Therefore, the
diagnosis of a TAAA is most frequently based
on incidental findings. In patients above 65
years the prevalence of an aortic aneurysm is
approximately 5%!, of which TAAA only
comprise 2-5%2. Although the prevalence is
low, an aortic aneurysms is a potentially fatal
disorder as the aorta may rupture. The chance
of rupture increases with increasing aortic
diameters. When the cross-sectional diameter
of the thoracoabdominal aorta exceeds 6 cm,
surgery is indicated in which the dilated
segment of the aorta is replaced. Unfor-
tunately, TAAA surgery encounters significant
complications, the major of which is spinal
cord ischemia, that may lead to irreversible
spinal cord damage, including paraparesis
and paraplegia. The cause of this complication
is the interruption of the spinal cord blood
supply induced by the aortic cross-clamping
during surgery. Intraoperative maintenance of
spinal cord function is difficult because the
anatomy of the blood supplying trajectories is
highly variable and preoperatively unknown
in TAAA patients. In this thesis we set out to
preoperatively localize the crucial blood
supplying trajectories to the spinal cord in
order to prevent ischemia during TAAA
repair.

Aortic cross-clamping is inevitable when
performing open TAAA repair and is
considered to be the dominant risk factor for
inducing spinal cord ischemia and post-
operative neurologic complications. To reduce
the potentially harmful effects of aortic cross-
clamping several perioperative measures are
undertaken, which include: cooling the

patients’ body?3, cerebrospinal fluid drainage?,
distal aortic perfusion®®, reattachment of
segmental arteries’, and neuromonitoring of
the spinal cord function using motor evoked
potentials®. All these measures have been
proven to contribute to the protection of spinal
cord ischemia. However, they do not provide
exact localization of the spinal cord blood
supplying arteries to avoid interruption of this
crucial supply.

Ideally one would like to visualize the
spinal cord blood supplying trajectories prior
to surgery in order to plan strategies to
preserve spinal cord perfusion or at least to
estimate the risk of spinal cord ischemia. To
achieve this, spinal cord angiography should
depict the blood supplying arteries to the
anterior side of the thoracolumbar spinal cord.
The anterior horns of this part of the spinal
cord namely accommodate the motor
neurons, responsible for motor functions of
the lower extremities. The largest inlet artery
to the thoracolumbar spinal cord, which is
therefore considered to be the most important,
is the great anterior radiculomedullary artery,
also known as the Adamkiewicz artery. The
existence of the Adamkiewicz artery and
thereby the importance for preoperatively
localizing this artery is, however, doubted. A
reason for this doubt is that the Adamkiewicz
artery could only be identified in a limited
number of TAAA patients (detection ratio 43-
86%)?10 using intra-arterial catheter (X-ray)
angiography, also known as digital sub-
traction angiography. The low detection ratio
of catheter angiography, which is regarded as
the standard of reference for depicting spinal
cord arteries, has led to the believe by some
that the Adamkiewicz artery does not exist
(anymore) in TAAA patientsll. Catheter
angiography may be associated with severe




complications (1.2%) including stroke, death,
and 1iatrogenic paraparesis or paraplegia.
Although the percentage of iatrogenic spinal
cord complications is low, it is significant
compared to the occurrence of paraplegia due
to surgery (4% in our institute)®. Therefore,
preoperative localization of the Adamkiewicz
artery - at least using catheter angiography - is
generally not recommended in the pre-
operative work-up. Fortunately, Yamada and
co-workers in 200012 reported for the first time
visualization of the Adamkiewicz artery using
non-invasive magnetic resonance (MR)
angiography. Although the MR angiography
image quality was less than for catheter
angiography, the results of Yamada et all2
offered new possibilities for preoperative
imaging of the blood supply to the thoraco-
lumbar spinal cord.

The Adamkiewicz artery (calibre <1.0
mm)!3 is often the only supplier to the
thoracolumbar spinal cord and has a variable
location between the fifth thoracic and second
lumbar vertebra. For these reasons spinal cord
arteriography is very difficult, in particular
using non-selective contrast administration in
imaging techniques such as computed
tomography (CT) and MR angiography. The
normal anatomic blood supplying trajectory
to the spinal cord runs directly from the
aorta through the segmental artery and
Adamkiewicz artery to the anterior spinal
artery (Figure 1.1). For a detailed description
of the spinal cord circulation the reader is
referred to textbooks!d 14,

In TAAA patients many of the aortic
orifices of the segmental arteries, possibly also
the segmental artery directly connected to the
Adamkiewicz artery, may be occluded by
atherosclerotic plaques. Therefore, the spinal
cord may become dependent on inter-

segmental arterial connections or collateral
circulation (Figure 1.2). Regarding the drain-
age of the spinal cord it is important to
mention that the great anterior radiculo-
medullary vein (calibre 0.5-2.0 mm)13 can
have a very similar spatial (hairpin) con-
figuration compared to the Adamkiewicz
artery. Therefore, it is extremely important to
separate the inlet artery (i.e, Adamkiewicz
artery) from the outlet vein (i.e., great anterior
radiculomedullary vein) when performing
non-selective contrast administered angio-
graphy of the spinal cord. Without clear
differentiation between these two spinal cord
vessels, most likely the outlet vein instead of
the inlet artery will be depicted due to its
larger calibre.

In theory, successful non-invasive spinal
cord angiography, either by MR or CT, would
allow improved preoperative planning in
TAAA surgery considering the potential
interruption of the spinal cord blood supply
by aortic cross-clamping. Preoperative know-
ledge on the location of the Adamkiewicz
artery and its supplying trajectories could
euide the positioning of aortic cross-clamps
such that interruption of the spinal cord blood
supply 1s avoided. Moreover, in case tem-
porary ischemia is signalled by intraoperative
neuromonitoring, selective revascularization
of one or more supplying segmental arteries to
the Adamkiewicz artery would be possible, to
restore the interrupted spinal cord blood
supply.

Non-invasive spinal cord angiography
can have a much broader field of application
than TAAA surgery only. A non-invasive
imaging technique that reliably depicts
normal spinal cord arteries and veins could
also be used to diagnose the presence of
vascular spinal cord pathology. Vascular
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Spinal cord
Vertebral artery

Anterior spinal artery

Aorta

1.

2.

3.

4. Left subclavian artery

5.

6. Great anterior radiculomedullary artery

(Adamkiewicz artery)

Intersegmental collateral

. Segmental artery
. Anastomotic loop to posterior spinal artery

10. Filum terminale artery

VAV 11. Common iliac artery

[oh r N

12 o 12, External iliac artery

;  13, Internal iliac artery
- 14. Iliolumbar artery
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spinal cord abnormalities are usually
diagnosed by catheter angiography as this
provides the best temporal and spatial
resolution to depict the small vessels.
However, even in experienced hands
localization of the wvascular spinal cord
abnormality may involve multiple procedures
on separate occasions, as the abnormality may
be located along the entire vertebral column.
Using a non-invasive technique first would
allow to focus (and therefore shorten) the
subsequent invasive angiographic procedure
or even prevent unnecessary (maultiple)
invasive procedures in case of absence of
abnormal vessels.



T'hesis objectives

1.

To develop a MR angiography technique that is capable to reliably detect the blood supply to
the spinal cord, in particular the Adamkiewicz artery.

To validate the detection of the Adamkiewicz artery as obtained by MR angiography.

. To determine whether a new contrast agent improves the MR visualization of spinal cord

vessels and test for reproducibility of spinal cord MR angiography.

To investigate whether CT or MR angiography is the most sensitive imaging technique to
localize the Adamkiewicz artery in TAAA patients.

To assess whether preoperative detection of the Adamkiewicz artery in combination with

intraoperative motor evoked potentials is capable to localize the blood supplying trajectory to
the spinal cord that is crucial in TAAA patients.

To apply the developed MR angiography technique for the detection of vascular spinal cord
abnormalities in patients suspected thereof.

Thesis outline

In chapter I, the feasibility of depicting the spinal cord supplying arteries in non-vascular
diseased patients with MR angiography, is studied.

In chapter III, two different contrast agents are applied to optimize and assess the
reproducibility of MR angiography in TAAA patients.

In chapter IV, a novel MR angiography approach based on improved temporal resolution is
presented to differentiate spinal cord arteries and veins based on time differences in contrast
enhancement.

In chapter V, the first of two validation studies for the localization of the Adamkiewicz artery

is described. This study compared MR angiography with the standard of reference: catheter
angiography.

In chapter V], the second validation study is presented. A postmortem specimen of a TAAA
patient served to validate the location of the Adamkiewicz artery and the great anterior
radiculomedullary vein as determined by MR angiography.

General introduction
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In chapter VII, a comparative study between CT and MR angiography is described to evaluate
which technique is most sensitive to detect the Adamkiewicz artery in TAAA patients.

In chapter VIII, it is investigated whether it is possible with preoperative MR angiography, in
combination with intraoperative neuromonitoring, to determine the blood supplying

trajectory, among possibly multiple trajectories, to the spinal cord that is most crucial to
preserve spinal cord function.

In chapter IX, spinal cord MR angiography is applied to detect vascular spinal cord
abnormalities prior to catheter angiography:.

In chapter X, the findings of this thesis concerning the detection of the Adamkiewicz artery
with CT and MR angiography arc compared with the existing literature. In addition, the

clinical impact of spinal cord MR angiography is discussed and an outlook for future
developments is provided.

In chapter XI, a summary is provided as well as the conclusions answering the aims that were
set at the beginning of this thesis.
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ABSTRACT

Purpose: To prospectively investigate the
feasibility of magnetic resonance (MR)
angiography for visualization of the spinal
vasculature in patients referred for video-
assisted thoracoscopic surgical treatment of a
thoracic herniated disk and to prospectively
assess the influence of preoperative imaging
of the spinal vasculature on the choice of
surgical approach.

Materials and Methods: Eight patients
(three men and five women; mean age, 58
years; range, 42-83 years) with a thoracic
herniated disk underwent MR angiography of
the thoracoabdominal aorta and posterior
branches. Imaging was performed with three-
dimensional first-pass MR angiography and a
triple dose of gadolinium-based contrast
agent. Images were analyzed by two observers
in consensus to localize the Adamkiewicz
artery (AKA) and its connections to the aorta
and the anterior spinal artery (ASA). This
information was used to determine any
change in surgical approach.

Results: In all eight patients, the AKA, the
ASA, and the connections with the aorta were
identified. The AKA originated between T9
and L2 in all patients and derived from the left
side of the aorta in 75% (six of eight) of the
patients. In three patients in whom the AKA
was observed on the left side, the surgical
approach was changed to the right side to
preserve spinal cord integrity.

Conclusions: Preoperative imaging of the
AKA is feasible with MR angiography. MR
angiography can be used to image the main
feeding arteries of the spinal cord in patients
undergoing thoracoscopic spinal surgery, and
results can be used to change the side of
surgical approach.















































































































































































































































































































































































































































































	Contents
	Chapter I - General introduction
	Chapter II

