Am J Nucl Med Mol Imaging 2014;4(5):448-458
www.ajnmmi.us /ISSN:2160-8407/ajnmmiO000820

Original Article

Feasibility of simultaneous PET/MR in diet-induced
atherosclerotic minipig: a pilot study

for translational imaging

Sune F Pedersen?, Trine P Ludvigsen?, Helle H Johannesen?, Johan Léfgren3, Rasmus S Ripal, Adam E
Hansen®, Anders J Ettrup?®, Berit @ Christoffersen®, Henrik D Pedersen®, Lisbeth H Olsen?, Liselotte
Hgjgaard?, Andreas Kjeer*

1Cluster for Molecular Imaging, University of Copenhagen; Department of Clinical Physiology, Nuclear Medicine

& PET, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; 2Department of Veterinary Disease
Biology, University of Copenhagen, Frederiksberg, Denmark; *Department of Clinical Physiology, Nuclear Medicine
& PET, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; “Neurobiology Research Unit, Rigshos-
pitalet, University of Copenhagen, Copenhagen, Denmark; °Diabetes Pharmacology, Novo Nordisk A/S, Malav,
Denmark

Received May 18, 2014; Accepted May 22, 2014; Epub August 15, 2014; Published August 30, 2014

Abstract: Novel hybrid 18-fluoro-deoxy-D-glucose (*¥F-FDG) based positron emission tomography (PET) and magnetic
resonance imaging (MRI) has shown promise for characterization of atherosclerotic plaques clinically. The purpose
of this study was to evaluate the method in a pre-clinical model of diet-induced atherosclerosis, based on the Gottin-
gen minipig. Using 8F-FDG PET/MRI the goal was to develop and create a new imaging method in an in vivo animal
model for translational studies of atherosclerosis. We used a strategy of multisequence MRI for optimal anatomical
imaging of the abdominal aortas of the pigs (n=4): T1-weighted turbo spin-echo (T1-TSE), T2-weighted turbo spin-
echo (T2-TSE) and proton density imaging with and without fat saturation. ¥F-FDG PET emission data were collected
from a single bed position of the abdominal aorta in 3D mode for either 10 (n=4) or 10 and 20 minutes (n=2) to
measure glycolysis as given by standardized uptake values (SUV). Ex vivo en face evaluation of aortas from an
atherosclerotic animal illustrated plaque distribution macroscopically, compared to a lean control animal. Although
T2-TSE weighted imaging was most consistent, no one MRI sequence was preferable and superior to another for
visualization and identification of the abdominal aorta. We found poor correlation between SUVs obtained from 10
and 20 minutes of reconstructed PET emission data. This can most likely be ascribed to intestinal movement. In
conclusion multisequence MRI is recommended for optimal imaging of the abdominal aorta using MRI. Furthermore
we found that 10 minutes of PET emission data seems adequate. This is the first study to demonstrate that the
method of ¥F-FDG PET/MRI is feasible in minipig models of atherosclerosis, and therefore relevant in larger pro-
spective studies. Perspectives of the method include correlation to e.g. aortic immunohistochemistry findings and a
range of genomic and proteomic analyses.
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Introduction

Atherosclerosis is a highly prevalent silent dis-
ease which usually lies dormant for decades
until an advanced disease stage is reached
through atheroma formation in the arteries [1].
At a later stage sudden disease onset such as
stroke and myocardial infarction is precipitated
by rupture of complicated atheroma (plaque)
[2]. There is a need for non-invasive methods

for atherosclerotic plaque detection to identify
patients at risk. Positron emission tomography
(PET) using 18-fluorodeoxyglucose (*¥F-FDG)
has been evaluated as a tool for detection of
plaque inflammation and vulnerability by glyco-
lytic activity in high-risk patients [3-5].
Furthermore clinical as well as pre-clinical stud-
ies indicate that crucial components in plaque
composition can be characterized using mag-
netic resonance imaging (MRI) and that this cor-
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related with histology [6, 7]. Recent work pro-
vided evidence that imaging is central in
monitoring longitudinal drug effect; e.g. in stud-
ies evaluating the anti-inflammatory effect of
statins in relation to atherosclerosis [8] or
attenuated atherogenesis in the dal-PLAQUE
study [9]. Pig models of atherosclerosis are
well-described [10-12] and provide an impor-
tant translational potential, also in relation to
evaluation of drug effect [13]. Furthermore it
has been established that porcine models
develop accelerated atherosclerotic disease
with pathological characteristics highly compa-
rable to human atherosclerosis [10, 11]. Multi-
modality imaging in a translational research
model of human atherosclerosis potentiates
improved diagnostics in relation to human dis-
ease as well as pre-clinical in vivo assessments
e.g. in relation to early drug development
(Ludvigsen TP et al; unpublished data).

Recently a whole-body integrated PET/MR sys-
tem was introduced; the Siemens Biograph
mMR, which allows simultaneous PET and MR
imaging [14]. This integrated solution offers
true isocentric acquisition of PET/MR signals
thereby ameliorating the alignment of animals
in a sequential PET/MR setup. In a recent vas-
cular imaging study a head-to head comparison
of *8F-FDG PET/MR and PET/CT was performed.
Although a small but significant systematic bias
towards lower standardized uptake values
(SUVs) was found for the PET/MR system com-
pared to PET/CT, it was concluded that vascular
imaging by PET/MR was feasible [15].

The aim of this pilot study was to develop and
evaluate 8F-FDG PET/MR-imaging of the
abdominal aorta in normal and atherosclerotic
Gottingen minipigs.

Materials and methods
Animals and study design

Animals included in the study (n=4) were male
castrated Gottingen  minipigs  (Ellegaard
Gottingen Minipigs A/S, Dalmose, Denmark),
housed at University of Copenhagen, Denmark.
Three of the animals were fed a high-fat, high-
cholesterol diet, containing 1 or 2% cholesterol
(5B4L,TestDiet®, St. Louis, Missouri, US) and
one lean control animal was fed standard mini-
pig diet (Mini-pig diet, Special diet services,
Essex, UK) (Ludvigsen TP et al; unpublished
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data). The examined animals were part of other
experiments, not further described here.
Animals had IV access established in the auric-
ular or jugular vein, either at the day of PET/MR
acquisition or within one week preceding the
imaging procedures. Animals were fasted over-
night and anesthetized prior to the imaging pro-
cedure using an IM dose of a mixture of tileta-
min and zolazepam (0.81 mg/kg of both
tiletamin and zolazepam (Zoletil 50 Vet, Che-
mVet, Silkeborg, Denmark)), with added ket-
amine (0.81 mg/kg) (Ketaminol Vet (100 mg/
ml), Intervet, Skovlunde,Denmark), xylazine
(0.84 mg/kg) (Rompun Vet (20 mg/ml) Bayer,
Lyngby, Denmark) and buthorphanol (0.16 mg/
kg) (Torbugesic (10 mg/ml) Scanvet, Freden-
sborg, Denmark). Animals were maintained in
anesthesia by intramuscular dosing of 1/3 of
the induction dose every 45-60 minutes
throughout the procedures. In three animals, a
colostomy bag (Coloplast®) was placed sur-
rounding the preputium to avoid urine spill and
in one animal, a temporary transcutaneous
suprapubic catheter was inserted [16]. Animals
were intubated and breathing spontaneously
with O, supplement during imaging procedures.
Exclusion criteria were fever and generalized
malaise immediately prior to experimental pro-
cedures as well as blood glucose >200 mg/dL
(11.1 mmol/L) at the time of *¥F-FDG adminis-
tration [17]. The study was approved by the
Animal Experiments Inspectorate, Ministry of
Justice, Denmark.

8F.FDG PET imaging

BF-FDG PET images were acquired using a
hybrid PET/MR scanner (Biograph mMR,
Siemens AG, Erlangen, Germany). Immediately
preceding injection of *F-FDG (252-424 MBq)
blood glucose was measured, see Table 1.
Subsequent to ¥F-FDG administration the ani-
mals were placed in the scanner in the lateral
position for PET/MR imaging. To allow distribu-
tion and uptake of 8F-FDG, PET acquisition
was started one hour post-injection. Emission
data were collected from a single bed position
of the abdominal aorta for 10 minutes in 3D
mode for all animals. Additionally, animals in
substudy B had emission data collected for 20
minutes in 3D mode for comparison of scan-
ning times. Reconstruction of PET images was
performed on the mMR console using vendor
supplied attenuation correction (Dixon-based)
and 3D OSEM with 6 iterations, 21 subsets,
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Table 1. Background characteristics of animals in the study

Sub- Animal Weight Age Blood glucose Group Note Atherogenic TC 8F-FDG/
study ID (kg) (weeks)  (mmol/L)* diettime  mmol/L* MBq
A 1 60 55 6.3 Obese 41 weeks 314 398
A 2 27 54 7 Lean control 3.8 424
B 3 27 38 7.7 Obese Statin treated 12 weeks 13.8 396
B 4 25 38 10.7 Obese Statin treated 12 weeks 71 252

Transcutaneous urethral catheter

*Measured immediately preceding injection of **F-FDG. *Evaluated one week + examination time. **F-FDG = **F-fluorodeoxyglucose, MBg = Megabequerel, TC = Total

cholesterol.

Table 2. *®F-FDG-uptake: Results and descriptive statistics

(ROIs) were drawn in free hand on cor-

responding axial MR images. The ROIs
were drawn to encompass the entire

Animal Diet Mean SUV__ * Mean SUV__* n (slices)
1 High-fat diet  0.83 + 0.06 1.43 £0.09 6

2 Normal chow  0.95 + 0.07 1.18 + 0.07

3 High-fat diet ~ 0.99 + 0.03 1.37 £ 0.08

4 High-fat diet  0.47 + 0.04 0.89 + 0.04

vessel wall and lumen starting from
6 the left renal artery and proceeding
4 caudally towards the aortic bifurcature
5 yielding consecutive transaxial slices

*Mean + SEM. SUV = Standardized uptake value.

image matrix 512, a zoom factor of 2 and 2 mm
Gaussian post-reconstruction filter. This result-
ed in a reconstructed voxel size of 0.7 x 0.7 x
2.0 mmé.

MR imaging

MR acquisition was initiated as soon as the ani-
mals were placed in the scanner and continued
throughout the PET procedure. The segment of
interest in the abdominal aorta was identified
on a coronal T1-weighted turbo spin-echo
(TA1-TSE) sequence. In order to evaluate optimal
sequencing for high resolution anatomical
imaging, two animals (1 and 2) received axial
T1-TSE, T2-weighted turbo spin echo (T2-TSE)
and proton density weighted imaging without
fat saturation. Two other animals (3 and 4)
received T1-TSE, T2-TSE and proton density
weighted imaging with fat saturation. All
sequences were triggered by electrocardio-
gram: an ECG-unit was integrated in the
MR-modality, and electrodes tape-fixated on
the thorax of the animals for ECG trigging of MR
sequences. Sufficient quality of the ECG for rec-
ognition of the R-segment was assured prior to
the scan. Receiving-coils were placed at the
flank of the animals in the abdominal region.

PET quantification
PET and MR images were automatically co-reg-

istered using the mMR console. For image anal-
ysis of in vivo PET data, regions of interest
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of 2 mm thickness using Mirada soft-
ware (Mirada Medical, Oxford, UK).
Four to six slices were measured
depending on the size of the animal. Quan-
tification of ROIs was performed using the SUV
of which mean and maximum SUV values were
obtained (SUVmean, SuUvV

max)'

En face processing of vessels

Subsequent to sacrifice of the animal, the aorta
was opened ventrally, excised above the trun-
cus coeliacus, pinned out, immersion fixated in
10% buffered formalin for minimum 24 hours,
and stained using Sudan IV for visualization of
lipids and plaque (Figure 5).

Statistical analysis

Data are presented either as raw data plotted
with an inserted line representing the median
value or as mean + SEM. Analyses were per-
formed using SPSS 20 (IBM Corporation,
Armonk, New York, USA) and graphical illustra-
tions in Graphpad Prism 5 (Graphpad software
Inc, La Jolla, CA, US). Normal distribution
assumptions were tested using the Kolmogorov-
Smirnov test. To compare in vivo PET emission
times (10 and 20 minutes) from the same ani-
mal, a two-tailed paired t-test was applied with
P<0.05 considered statistical significant.

Results

In Table 1, background characteristics on ani-
mals included in the study is presented and
results from the 8F-FDG PET is seen in Table 2.
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Pig 1

Pig 3

Pig 4

Proton density

Figure 1. Representative in vivo magnetic resonance imaging of a. abdominalis in 3 different pigs illustrating how
choice of MRI-sequence affects image quality. In this regard pig 2 were identical in quality to pig 1 and was omitted
from the figure. Left panels are T1-weighted images, middle panels are T2-weighted images and right panels are
proton density weighted images. Image A to C are without fat saturation and image D to | is with fat saturation. (A-C)
Pig 1 imaged after 41 weeks of high-fat diet, (D-F) pig 3 imaged after 12 weeks of high-fat diet and statin treatment
and finally (G-I) pig 4 imaged after 12 weeks of high-fat diet and statin treatment. Red arrows indicate the abdominal
aorta and inserted in the bottom left corner of each image a magnified view is provided.

In Figure 1, representative MRI images are
illustrated whereas Figure 2 shows combined
PET/MR imaging and ROl placement. In Figures
3 and 4, results from SUV___ and SUV__ are
plotted, with data presented with lines at medi-
an values.

MR imaging of abdominal aorta

MR imaging was performed prior to and
throughout the PET procedure for visualization
of the abdominal aorta which subsequently
was identified on transaxial slices in T1-, T2 and
proton density-weighted images, as shown in
Figure 1. The image quality was variable
depending on both individual factors as well as
the applied image sequence. Image acquisi-
tions without fat-saturation are illustrated in
Figure 1A-C, whereas Figure 1D-l illustrate
acquisitions using fat-saturation. Nonfat-
saturated images display a characteristic cres-
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cent-shaped artifact particularly dominant at
the ventral part of each kidney as well as ves-
sel, seen in the magnified insert (Figure 1A-C).
From visual inspection, T2- and proton density-
weighted images for pig 1 (Figure 1B and 1C)
and 3 (Figure 1E and 1F) are comparable and
of better quality than T1l-weighted images
(Figure 1A and 1D) from both animals. However
for pig 4 (Figure 1G-l) only the T2-weighted
image (Figure 1H) was of sufficient quality to
identify the abdominal aorta. Apparently, the
crescent-shaped artifacts are less pronounced
when using fat-saturation; however ROIs were
drawn on the most satisfactory sequence as
illustrated in Figure 2.

Detection of glycolytic activity in the abdominal
aorta by **F-FDG PET

18F-FDG PET scans demonstrated glycolytic
activity, expressed as SUV-values, localized to
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Transaxial PET

Pig 3

Pig 4

Coronal PD/PET

Transaxial PD/PET

—_

Figure 2. Representative in vivo combined PET/MR and PET images of a. abdominalis illustrating 8F-FDG uptake (A)
Left to right: *8F-FDG PET and proton density (PD) weighted images combined with PET; the coronal projection shows
a. renalis sinistra fusing with a. abdominalis (green arrow) and the green lines are the image plane for the transaxial
slice seen far right with the ROI drawn to encompass lumen and wall of the vessel of pig 3. (B) T2-weighted image
combined with PET; transaxial projection with ROl as in figure A (far right) of pig 4. Intensity bars indicate SUV-values.
18F-FDG = 18-fluorodeoxyglucose, PET = Positron emission tomography, ROIs = Regions of interest, SUV = Standard-

ized uptake value.

the abdominal aorta of the animals fed an ath-
erogenic diet as well as the animals fed normal
chow (see Table 2). Importantly, *8F-FDG uptake
was seen to be heterogeneously distributed in
the abdominal aorta as determined transaxially
on a slice by slice basis (see Figure 3).
Furthermore Figure 3 shows that catheteriza-
tion, and thereby bladder voiding, looks to influ-
ence the SUV values obtained in the a. abdomi-
nalis region. We also calculated coefficients of
variation (CV%) of the obtained SUV-values
from both 10 and 20 minutes of PET emission
data from the animals in substudy B. Pig 3
showed SUV___: (10 minutes; CV=6.5% and 20

mean”

minutes; CV=6.6%) and SUV__: (10 minutes;

max”

CVv=11.7% and 20 minutes; CV=6.3%), whereas
pig 4 showed SUV___: (10 minutes; CV=20.6%

mean”

and 20 minutes; CV=14.1%) and SUV__: (10

max”
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minutes; CV=42.9% and 20 minutes; CV=
55.0%). Finally the SUV-values from the associ-
ated 10 and 20 minutes of PET emission data
reconstructed dataset were illustrated and
tested using a two-tailed paired t-test for com-
parison of the agreement between short and
long reconstruction time. Except from the first
animal (p=0.2034; see Figure 4A) there was a
tendency of poor agreement of SUV-values
between shorter (10 minutes) versus longer
(20 minutes) emission time (p<0.05; Figure 4B,
p=0.0712; Figure 4C and p=0.0944; Figure
4D).

Discussion

PET/MR imaging in Gottingen minipigs can
reveal atherosclerosis and a new method for in
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Figure 3. 8F-FDG uptake in consecutive 2 mm thick transaxial voxels from
ROIs of aorta abdominalis caudal to arteria renalis sinistra of pigs either
on high-fat diet (n=3) or receiving normal chow (n=1). PET scans were ob-
tained either without bladder voiding or catheterized (pig 4). A: 8F-FDG
uptake measured as mean standardized uptake value (SUV___ ). B: **F-FDG
uptake measured as maximum standardized uptake value (SUV, ). Lines
indicate median value. 8F-FDG = 18-fluorodeoxyglucose, PET = Positron
emission tomography, ROIs = Regions of interest, SUV = Standardized up-
take value. Catheterized = a transcutaneous catheter was placed in the

bladder of the animal.

vivo assessment of atherosclerosis in an highly
relevant translational model has hereby been
developed. Increased glycolysis in the wall of
arteries is a recognized feature primarily
ascribed to activated macrophages in clinical
as well as pre-clinical atherosclerosis, and has
been demonstrated extensively using both in
vitro models as well as in vivo techniques. Cell
studies of atherosclerosis demonstrated how
macrophage activation as well as hypoxia is
responsible for an increase in glycolysis mea-
sured by uptake of actual *8F-FDG or an in vitro
analogue to *®F-FDG; tritiated 2-deoxy-D-glu-
cose (®H-2dG) [18, 19]. Clinically assessment of
glycolysis has been used to study atherosclero-
sis in vivo using *8F-FDG PET [5, 20, 21] sup-
ported by autoradiography of clinical speci-
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mens [5]. Pre-clinically the
feasibility of ®F-FDG PET for
evaluation of atherosclerosis in
vivo has been confirmed using
both mouse [22, 23] and rabbit
models [6, 24, 25]. Important
limitations of these studies
include the limited size and bio-
logical similarity of the cardio-
vascular systems of mice and
rabbits with that of humans, as
well as the limited possibilities
for repeated imaging based
evaluations. By using a Gotting-
en minipig model of atheroscle-
rosis, consecutive repetitive PET
imaging can be performed to
attain valuable information on
disease status, progression and
response to therapeutical inter-
vention. When evaluating the
minipig model we learned that
lesions are rare in thoracic aorta
and patchy at best in the arcus,
whereas the abdominal aorta is
globally affected. Generally the
pig abdominal aorta including
bifurcations is more susceptible
to develop atherosclerosis, com-
pared to the thoracic aorta,
which is comparable to human
disease [11]. Therefore the
abdominal aorta was the natural
choice for the purpose of this
investigation.

PET has been applied in cardio-

vascular research because it
offers quantifiable non-invasive imaging of cel-
lular and molecular targets with an unsur-
passed sensitivity both clinically and pre-clini-
cally. *®F-FDG is the most widely available
validated PET tracer in nuclear medicine, and it
is extensively used in the clinic [26]. In this pilot
study we have demonstrated the feasibility of
in vivo *8F-FDG PET/MR imaging for anatomical
visualization and measurement of glycolysis in
the abdominal aorta in a Goéttingen minipig
model of atherosclerosis. We observed that the
non-fat-saturated MRI sequences of the
abdominal aorta displayed marked crescent-
shaped artefacts of the vessel wall, as well as
at the delineation of the kidneys in T1, T2 and
PD-weighted imaging. When subsequently
applying fat-saturation, the artefacts became
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Figure 4. *®F-FDG uptake calculated from consecutive 2 mm thick transaxial voxels from ROIs of aorta abdominalis
caudal to arteria renalis sinistra from pigs 3 (Aand B, SUV,__ /SUV__)and 4 (Cand D, SUV__ /SUV__ ) with recon-
struction of either 10 or 20 minutes of PET emission data. PET scans were obtained either without bladder voiding
or catheterized (pig 4). Data was tested using a two-tailed paired t-test. *8F-FDG = 18-fluorodeoxyglucose, PET =
Positron emission tomography, ROIs = Regions of interest, SUV = Standardized uptake value. Lines indicate median

values.

less pronounced, however image contrast now
declined compared to that of the non-fat-satu-
rated images. In addition, the consistency of
image quality in terms of identification of the
abdominal aorta varied somewhat between
animals even when using the same MR-
sequence. Overall the most consistent images
were obtained using T2-weighted sequences.

The in vivo detection of glycolysis displayed nor-
mal physiological uptake of ®F-FDG in the
intestinal wall, as well as excretion by the kid-
neys in every animal. *¥F-FDG uptake in con-
secutive segments of the abdominal aorta
demonstrated a heterogeneous pattern of gly-
colysis along the course of the vessel which is
in agreement with previous reports [3, 27].
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Furthermore we observed that SUV values were
less pronounced in the abdominal aorta of the
animal with the transcutaneous bladder cathe-
ter. This suggests that bladder voiding is essen-
tial, as the close proximity of the vessel to the
bladder means the *¥F-FDG signal from the ves-
sel could be influenced by spillover from the
bladder [28]. Finally, when comparing recon-
struction of 10 and 20 minutes of PET emission
data we found some inconsistency in the
obtained SUV values. However, intestinal motil-
ity as well as displacement of the abdominal
aorta even with slight increases in bladder vol-
ume (not applicable to the catheterized animal)
during the additional 10 minutes of PET acqui-
sition could cause image matrix shift. This phe-
nomenon particularly affects small structures,
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Atherogenic diet

a. thoracalis a. abd.

Pig 1

Control
a. thoracalis

a. abd.

Pig 2

Figure 5. Aortas ex vivo from the obese atherogenic diet-fed pig (A, pig 1) and a lean pig from the control group
(B, pig 2). After removal, the entire aorta was opened ventrally, excised above the truncus coeliacus, pinned out,
immersion fixated in 10% buffered formalin for minimum 24 hours, and stained with a lipophilic staining (Sudan
IV). Besides overall increased lipophilic staining in the obese animal (red lesions) (A), raised lesions are observed
especially in the abdominal part of the aorta (right segment on each picture).

resulting in change in SUV values of a magni-
tude comparable to what we are observing in
this study [29]. Use of antispasmodic (e.g.
butylscopolamine) to avoid intestinal motility
was deliberately deselected in these studies
after observing tachycardia in anesthetized
pigs upon intravenous administration in unre-
lated experiments.

Endogenous blood glucose levels are important
for standardization of 8F-FDG PET imaging
[29]. Therefore animal inclusion should follow
pre-determined criteria prior to *8F-FDG admin-
istration subject to exclusion on non-compli-
ance. Xylazine, one of the added components
in the applied anesthetic is an a,-adrenergic
receptor agonists known to induce transient
hypoinsulinemia in several species [30-32].
This could lead to an undesired increase in
blood glucose level which, theoretically, could
be proportional to the time the animal needs to
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be anesthetized. When considering the body of
work using 8F-FDG PET data with a post-injec-
tion scanning time of one hour, this could be
considered acceptable. However a very recent
clinical study concluded that as much as 2.5
hours of 8F-FDG distribution prior to the PET
procedure was desirable, as was a blood glu-
cose target of <7.0 mmol/L [33]. Taken togeth-
er, either an alternative strategy for anesthesia
should be pursued, or additional studies should
be performed to determine maximum accept-
able tracer distribution time using the current
anesthesia regime. This should be in regard to
the effect of xylazine on blood glucose levels,
as well as to what can be considered accept-
able in regard to animal welfare.

The recent clinical dal-PLAQUE study used *&F-
FDG PET to determine that treatment with a
modulator of cholesteryl ester transfer protein
(dalcetrapib) led to a significant reduction in
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BF-FDG uptake in the most-diseased-segment
of the carotid arteries of patients receiving dal-
cetrapib when compared to a placebo group
[9]. Another recent clinical study demonstrated
how a protein kinase inhibitor reduced vascular
inflammation in the most inflamed vascular
regions using 8F-FDG PET as a primary end-
point [34]. Accordingly PET seems to be a very
promising technique for monitoring noninvasive
in vivo longitudinal developments in disease in
response to any desired interventional regime.
However further studies are warranted prior to
a larger prospective setup.

This pilot study was primarily focused on the
feasibility of PET/MR imaging of a minipig
model of atherosclerosis using a methodologi-
cal and practical approach. Therefore, the
included animals came from less well defined
groups than would be the case in an actual pro-
spective setup which can be observed from
consulting the background animal characteris-
tics (Table 1). This means that any deductions
to anything other than the observed imaging
parameters are at readers’ discretion.

Secondly; statin treatment has been observed
clinically as well as pre-clinically to cause reduc-
tion in plaque *8F-FDG uptake [27, 35] and even
plaque regression, which could have influenced
our PET/MR observations in substudy B by an
unknown magnitude. Thirdly; although pre-
scan blood glucose levels were considered in
accordance with clinical criteria, they varied
substantially to that of the natural levels of the
minipigs and therefore 8F-FDG PET data should
be interpreted with care.

Conclusion

This study is the first to demonstrate the feasi-
bility of a novel imaging approach in relation to
atherosclerosis using combined PET/MR in a
Gottingen minipig model. We found that multi-
sequence MR imaging should be recommend-
ed for optimal visualization and identification of
the abdominal aorta. Furthermore collection
and reconstruction of 10 minutes of PET emis-
sion data should be sufficient for larger pro-
spective studies, however further studies
including more animals are warranted. This
model implies that lesions found with PET/MR
can be correlated to histology, immunohisto-
chemistry, gene-expression and other relevant
markers for selected relevant artery regions.
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We recommend that future prospective studies
should include more animals in well-defined
groups, multimodal MR-imaging and a mini-
mum of 10 minutes of PET emission data
collection.
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