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Abstract

Diffusion-weighted MRI (DW-MRI) and "®F-fluorodeoxy-
glucose positron emission tomography (FDG-PET) find-
ings are described in a patient with a thoracic aortic
aneurysm. Both examinations have the ability to non-
invasively assess biological processes associated with
aneurysm instability and therefore to potentially im-
pact clinical decision-making regardless of the vessel
size. Despite similarities between images on both tech-
niques, FDG-PET evaluates glycolysis, while DW-MRI eval-
uates cell density, edema, and perfusion. Longitudinal
studies including larger patient numbers are needed to
investigate the temporal continuum and clinical signifi-
cance of these ﬁndings. Copyright © 2013 Science International Corp.
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Introduction

Atherosclerotic and inflammatory aortic diseases
may cause complications at all ages, including aneu-
rysmal dilatation and rupture, which is the 13th lead-
ing cause of death in the United States [1]. Evidence
that most of these complications result from biologi-
cal processes led to the emergence of imaging tech-
niques with the capacity to evaluate these processes
[2]. Using '8F-fluorodeoxyglucose (FDG) (a glucose
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analog) positron emission tomography (PET) allows
imaging of glycolysis and, therefore, tissue metabo-
lism. FDG uptake in the aortic aneurysm wall is an
important parameter, positively correlated to the
magnitude of inflammatory cell infiltrates, matrix met-
alloprotease activation, and risk of rupture [3]. Diffu-
sion-weighted MRI (DW-MRI), which evaluates the wa-
ter motion within a milieu, has established clinical
value in early stroke detection and cancer staging
[4,5]. DW-MRI has, to our knowledge, never been
evaluated in aortic aneurysms. In this board-approved
report, we present the DW-MRI findings and clinical
outcome in a patient with an FDG-avid aneurysm of
the aortic arch.

Case Presentation

The patient was a 68-year-old male smoker (30
pack/years) with a history of lower limb artery clau-
dication and a saccular aneurysm of the aortic arch,
for which he was included in a large trial aiming to
determine the role of FDG-PET and MRI in aortic
aneurysm rupture-risk assessment (http://www.
fighting-aneurysm.org).

After a nightlong fast, he underwent clinical fol-
low-up showing normal blood cell count and levels
of C-reactive protein and sedimentation rate. There-
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Figure 1. A. Coronal reformatted contrast-enhanced computed tomography (CT) of the chest demonstrates a large aortic arch
aneurysm, with an intraluminal thrombus (ILT) (stars). '®F-Fluorodeoxyglucose positron emission tomography (FDG-PET) (B) and
color intensity maps fused with CT (C) showed FDG uptake on the aneurysm wall (arrows, D). E. Coronal reformats of transverse
diffusion-weighted magnetic resonance images with a diffusion factor value of 800 s/mm? were fused to CT images in a similar
plane and showed restricted diffusion on the aneurysm wall (arrows), but differed from FDG-PET by increased signaling on the
luminal surface of the ILT (arrowheads). The patient died three months later. F. Admission CT showed aortic enlargement and
rupture on thrombus-covered aneurysm wall (open arrow).
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after, combined whole-body (neck to pelvis) com-
puted tomography (CT) and PET (Discovery LS, GE
Healthcare, Milwaukee, WI) was performed 1 h after
injection of 3.7 MBq FDG/kg body weight. PET data
were corrected for attenuation using CT tissue den-
sity values. The patient’s aneurysm was evaluated
the same day in a separate 3T MRI unit (Achieva,
Philips, Best, The Netherlands), using tridirectional
diffusion gradients.

DW-MRI Technique

In short, the principle of DW-MRI is that the signal
change between two opposed gradient pulses of sim-
ilar intensity and duration is related to the movement
(diffusion) of water protons. Because MRI voxel size is
much larger than water molecules, there are several
sources of intravoxel incoherent motion such as
closed spaces, tortuosity, and microvasculature.
Rather than absolute diffusion, DW-MRI therefore re-
fers to an apparent diffusion coefficient (ADC) whereof
the tridimensional components are defined in the
equation: ADC(x,y,z) = In[S2(x,y,2)/S1(x,y,2)]/(b1 — b2);
where b1 and b2 are acquisition-dependent factors,
and S1 and S2 the respective image signal intensity
[5]. Two b-values (0 and 800 s/mm?) were used for
7-mm-thick cross-sections; the other MRI parameters
were: repetition time/echo time: 1300/67 ms; matrix,
144 X 192; number of slices adjusted to the area of
interest; intersection gap, 1.4 mm; and field of view
adjusted to the body size. Both FDG-PET and b = 800
s/mm? diffusion images (where the signal intensity is
inversely proportional to ADC) were matched to CT
images using anatomical landmarks (Osirix, Pixmeo,
Geneva, Switzerland).

Findings on both imaging modalities disclosed an
aortic arch aneurysm containing a large intraluminal
thrombus (ILT). The aneurysm diameter was 69 mm
(65 mm six months earlier) and the aneurysm wall
exhibited diffuse FGD uptake; the maximal standard-
ized FDG uptake value was 4.8 g/mL. On DW-MRI, in a
roughly similar distribution, ADC was strongly re-
duced. There was also an area of restriction at the
luminal surface of the ILT (Fig. 1). The patient was
informed of the increased risks related to such find-
ings and declined any repair despite surgical insis-
tence, but eventually died three months later from
aortic rupture.

Discussion

The case presented illustrates the usefulness of a
local assessment of biological processes in aortic an-
eurysms. Despite the fact that this patient was asymp-
tomatic and his systemic inflammatory blood tests
were normal, there was increased aneurysm glycolysis
(on PET imaging), suggesting a poor outcome. DW-
MRI necessitates no ionizing radiation, and the actual
causes of signaling differ from that of FDG-PET but
similarly address tissue cellularity at high b-values, as
shown. Because DW-MRI has a lower vascular back-
ground signal, beyond just replicating findings from
other modalities, DW-MRI surpasses FDG-PET in the
detection of cellular infiltrates at the luminal surface of
the ILT. The same characteristic was shown previously
using MRI to assess superparamagnetic iron oxide
phagocytosis at the luminal surface of the ILT [6],
which has pivotal implications in aneurysm destabili-
zation through proteases released by inflammatory
cells and conveyed through the thrombus [7]. As ob-
served, aneurysm rupture often occurs on the ILT-
covered area.

The composite nature of DW-MRI signaling may be
another important asset. T2-relaxation and perfusion
effects that are prominent at very low b-values reflect
other important biological processes like edema and
perfusion (angiogenesis) that were not evaluated in
this report. Further investigating the temporal corre-
lations between DW-MRI and FDG-PET signaling, bio-
logical activities, and clinical outcomes may therefore
help elucidate interactions and eventually improve
treatment and clinical decision-making in aortic aneu-
rysms.

Acknowledgments
Alain Nchimi and Natzi Sakalihasan are supported
by the “Fighting Aneurysmal Disease” grant from the

European Union (http://www.fighting-aneurysm.org).

Conflict of interest

None

Comment on this Article or Ask a Question

Nchimi, A. et al.

Aneurysm Imaging Using PET and MRI


http://www.fighting-aneurysm.org
http://aorta.scienceinternational.org/volume-1-2013/issue-3/60-images-in-aortic-disease/86-198-201

Images in Aortic Disease

201

References

_

.Patel MI, Hardman DT, Fisher CM, Appleberg
M. Current views on the pathogenesis of ab-
dominal aortic aneurysms. J Am Coll Surg.
1995;181:371-382.

. Sakalihasan N, Limet R, Defawe O. Abdominal

aortic aneurysm. Lancet. 2005;365:1577-
1589. 10.1016/50140-6736(05)66459-8

Reeps C, Essler M, Pelisek J, Seidl S, Eckstein

HH, Krause BJ. Increased 18F-fluorodeoxy-

glucose uptake in abdominal aortic aneu-

rysms in positron emission/computed to-
mography is associated with inflammation,
aortic wall instability, and acute symptoms.

J Vasc Surg. 2008;48:417-423. 10.1016/j.jvs.

2008.03.059

4. Padhani AR, Koh DM, Collins DJ. Whole-body

diffusion-weighted MR imaging in cancer: cur-

rent status and research directions. Radiology.
2011;261:700-718. 10.1148/radiol.11110474

.Jacobs MA, Ibrahim TS, Ouwerkerk R. AAPM/

RSNA physics tutorials for residents: MR imag-
ing: brief overview and emerging applications.
Radiographics. 2007;27:1213-1229. 10.1148/rg.
274065115

.Nchimi A, Defawe O, Brisbois D, Broussaud

TKY, Defraigne JO, Magotteaux P, et al. MR
imaging of iron phagocytosis in intraluminal
thrombi of abdominal aortic aneurysms in
humans. Radiology. 2010;254:973-981. 10.
1148/radiol.09090657

.Fontaine V, Jacob MP, Houard X, Rossignol P,

Plissonnier D, Angles-Cano E, et al. Involve-
ment of the mural thrombus as a site of
protease release and activation in human aor-

tic aneurysms. Am J Pathol. 2002;161:1701-
1710. 10.1016/50002-9440(10)64447-1

Cite this article as: Nchimi A, Couvreur
T, Meunier B, Sakalihasan N, Magnetic
Resonance Imaging Findings in a Pos-
itron Emission Tomography-Positive Tho-
racic Aortic Aneurysm. Aorta 2013;1(3):
198-201. DOI: http://dx.doi.org/10.12945/
j.aorta.2013.13-022

Aorta, August 2013

Volume 1, Issue 3: 198-201


http://dx.doi.org/10.1016/S0140-6736%2805%2966459-8
http://dx.doi.org/10.1016/j.jvs.2008.03.059
http://dx.doi.org/10.1016/j.jvs.2008.03.059
http://dx.doi.org/10.1148/radiol.11110474
http://dx.doi.org/10.1148/rg.274065115
http://dx.doi.org/10.1148/rg.274065115
http://dx.doi.org/10.1148/radiol.09090657
http://dx.doi.org/10.1148/radiol.09090657
http://dx.doi.org/10.1016/S0002-9440%2810%2964447-1
http://dx.doi.org/10.12945/j.aorta.2013.13-022
http://dx.doi.org/10.12945/j.aorta.2013.13-022

	Magnetic Resonance Imaging Findings in a Positron Emission Tomography-Positive Thoracic Aortic A ...
	Introduction
	Case Presentation
	DW-MRI Technique
	Discussion
	Acknowledgments
	References


