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Abstract: Hybrid scanners such as PET/CT have in the past emerged as a valuable modality in clinical routine as 
well as an important research tool. Recently, the newly developed fully integrated PET/MR scanners were introduced 
to the market, raising high expectations especially due to the excellent soft tissue contrast and functional imag-
ing capabilities of MRI. In this issue of the American Journal of Nuclear Medicine and Molecular Imaging, initial 
experiences using a hybrid PET/MR scanner for carotid artery imaging in a group of patients with increased risk for 
atherosclerosis are described. This represents a proof-of-principle study, which could stimulate future applications 
of this powerful modality in atherosclerotic plaque imaging.
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Hybrid imaging with combined nuclear medi-
cine/radiological techniques is of increasing 
relevance in the field of molecular imaging. The 
combination of positron emission tomography 
(PET) and computed tomography (CT) in a sin-
gle scanner (PET/CT) has entered the market in 
2000 and rapidly replaced standalone PET 
nearly completely, as it proved to be an 
extremely powerful modality in clinical routine 
as well as for research applications. The next 
logical step was the combination of PET and 
magnetic resonance imaging (MRI), as MRI is 
superior to CT in many aspects and does not 
expose the patient to ionizing radiation. With 
the introduction of the recently available fully 
integrated PET/MR scanners for clinical use, 
imaging experts are now evaluating the general 
technical feasibility and potential of those new 
hybrid scanners for a variety of indications and 
disease entities and are comparing them to the 
conventional PET/CT. Furthermore, the imaging 
community is looking for distinct applications 
of hybrid PET/MR, which yield an incremental 
diagnostic value both over standalone PET and 
MR scanners as well as over hybrid PET/CT 
scanners. As PET/MR has the advantage of a 
lower radiation exposure of the patients com-
pared to PET/CT [1], it might be of special inter-
est in non-oncological applications, like cardio-

vascular imaging. In this respect, imaging of 
atherosclerosis might benefit from hybrid PET/
MR, as delineation of the vessel wall and ath-
erosclerotic plaques is in general superior in 
MRI compared to CT [2].

In the 2013 4th issue of the American Journal 
of Nuclear Medicine and Molecular Imaging, 
Ripa et al. evaluated the feasibility of a fully 
integrated hybrid PET/MR system for imaging 
the carotid arteries in a small group of HIV posi-
tive patients with the radiotracer 18F-fluorode- 
oxyglucose (18F-FDG) [3]. Additionally, these 
patients were scanned on a PET/CT scanner 
and the obtained standardized uptake values 
(SUV) of both modalities were compared. With 
PET/MR it was feasible to image the carotid 
arteries with PET and MRI simultaneously in all 
patients. The SUVs obtained by PET/MR and 
PET/CT showed a good correlation, however, 
PET/MR demonstrated slightly but significantly 
lower SUVs. The authors concluded that simul-
taneous PET/MR can be used to image the 
carotid artery in patients without large athero-
sclerotic plaques and that 18F-FDG quantifica-
tion by PET/MR is comparable to PET/CT. 

The present publication by Ripa et al. nicely 
illustrates the technical capabilities and the ini-
tial experiences using the newly available inte-
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grated PET/MR scanners to image the carotid 
arteries in patients with increased risk of ath-
erosclerosis [3]. As the authors stated, PET/MR 
is – also based on our own experience – feasi-
ble in a clinical setting for this indication mean-
ing that high-quality images comparable to con-
ventional PET/CT can be acquired [4] although 
the limits of PET’s spatial resolution might be 
reached. As published before – e.g. in the field 
of oncology - the obtained SUVs show a good 
correlation within tracer kinetic limits between 
PET/MR and PET/CT [5]. Corresponding to data 
reported from other groups, the SUVs derived 
from PET/MR were slightly lower compared to 
PET/CT [6, 7]. Due to the higher soft tissue con-
trast of MR this technique facilitates to differ-
entiate between the carotid artery wall and the 
lumen and thus allows for an even more 
detailed analyses as compared to PET/CT. This 
publication should be seen as stimulus for fur-
ther, more elaborate work-up of patients with 
overt atherosclerosis using PET/MR. 

While the present work focused on the evalua-
tion of the general feasibility of PET/MR for 
carotid imaging in patients with no overt ath-
erosclerosis, one might speculate whether 
PET/MR has the capability to characterize pres-
ent atherosclerotic lesions and differentiate 
culprit from non-culprit lesions. PET/MR seems 
to be very promising for this application due to 
several reasons. While PET imaging might be 
used for initial detailed characterization of the 
functional status of the plaque, MR imaging is 
useful for repetitive morphological follow-up as 
it does not use ionizing radiation and as it 
allows to image both the lumen and the wall of 
the artery. This would enable a non-invasive 
evaluation of new drugs in clinical trials or the 
monitoring of individual therapies for specific 
lesions. In patients with overt atherosclerosis 
MR does not only allow for diagnosing luminal 
stenoses or ruptured plaques, also a detailed 
analysis of precursors of plaque rupture is pos-
sible. Based on a recent publication by several 
experts in this field, the luminal stenosis alone 
is not sufficient to characterize plaque vulnera-
bility [8, 9]. In these publications 5 minor and 5 
major characteristics for the vulnerability of a 
plaque were defined. The major criteria include 
- besides severe stenosis - a thin cap with a 
large lipid core, endothelial denudation with 
superficial platelet aggregation, fissured/
injured plaque and active inflammation. 
Interestingly, PET/MR seems to represent the 

ideal modality to image these characteristics 
with sufficient accuracy [10-12]. On the one 
hand, the described morphological features of 
plaque vulnerability can be nicely imaged by 
MRI [12]. On the other hand biological features 
of plaque vulnerability can be visualized by PET, 
as e.g. inflamed plaques are known to show an 
increased uptake of 18F-FDG which is thought 
to be predominantly related to macrophage 
infiltration [10, 13]. Thus PET/MR allows for a 
multiparametric characterization of plaque 
morphology and biology in a one-stop-shop 
approach and should facilitate the identifica-
tion of high-risk plaques in patients with ath-
erosclerotic disease. 

Other potential tracers for the identification of 
plaque inflammation/vulnerability are tracers 
that target somatostatin receptors (such as 
68Ga-DOTATATE), especially those targeting the 
subtype 2 which is known to be overexpressed 
on activated macrophages [14]. In a pilot study 
by Li et al. there was a stronger association of 
68Ga-DOTATATE uptake with cardiovascular risk 
factors when compared to 18F-FDG uptake [15]. 
Furthermore, there are more promising agents 
under investigation in preclinical models [16, 
17], which might add important information in 
the characterization of plaques such as agents 
targeting the integrin αVβ3 [18-20]. These trac-
ers are thought to target both inflammation and 
neoangiogenesis in atherosclerotic lesions 
[21]. In a study from our institution, it was 
shown that a lipid-lowering diet intervention 
caused a significant reduction of 18F-galacto-
RGD uptake in atherosclerotic lesions in hyper-
cholesterolemic LDLR-/- ApoB100/100 mice indi-
cating that this tracer might not only be valuable 
for inflammation imaging but also for therapy 
monitoring and investigation of new drugs [18].

These studies and the present study by Ripa et 
al. show that now further clinical studies with 
PET/MR on imaging of atherosclerosis – espe-
cially in patients with known plaques – are jus-
tified and warranted. The newly available hybrid 
PET/MR scanners might prove to be extremely 
valuable for this research field, as they allow for 
multiparametric profiling of plaque morphology 
and biology and thus potentially vulnerability in 
one imaging session. As a perspective, this new 
combined imaging modality might pave the way 
for a more widespread use of hybrid imaging of 
plaque vulnerability and translation from exper-
imental application to clinical routine.
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