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EDITORIAL COMMENT

PET/MR Imaging of Atherosclerosis
Insights Into Atheroma Structure and Biology*
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A

therosclerosis is characterized by biologically

within the atheroma may provide important insights

complex plaques whose erosion or rupture

regarding the underlying atherosclerotic process.

precipitates atherothrombotic events. Tradi-

Positron emission tomography (PET) imaging,
18

F-ﬂuorodeoxyglucose (18F-FDG), has been

tionally, the detection of atherosclerotic disease has

using

relied solely on the identiﬁcation of luminal narrow-

extensively employed to image viability and to

ing, either directly with arteriography or, indirectly,

identify tumor activity. Further, it is increasingly in

through stress testing. More recently, the assessment

use to identify areas of infection and inﬂammation,

of the gross morphological features of plaques has

including inﬂammation associated with sarcoidosis,

become routine through the use of techniques

infected valves, and devices (1,2). The same tendency

including coronary intravascular ultrasound, optical

of

coherence tomography, coronary computed tomogra-

has been leveraged to quantify the accumulation of

phy (CT) arteriography, carotid ultrasound, and mag-

inﬂammatory cells within the atheroma (3). Such

netic resonance imaging (MRI) of the vessel wall.

measures of arterial inﬂammation have been shown

However, these techniques do not fully resolve the

to associate with the subsequent rate of progression

structural complexity of plaque or the biological basis

of the underlying plaque, and also to predict CVD risk

18

F-FDG to accumulate in areas of inﬂammation

of the disease. Approaches to simultaneously derive

above risk scores or extent of coronary artery calciﬁ-

physiological, structural, and biological data would

cation (4). They have also been widely used to assess

be attractive, especially as the options for treating

the efﬁcacy of novel therapies (4).

atherosclerosis become broader and the decision
making becomes more complicated.

Although much work has been done to study
the separate utility of assessment of atheroma

Basic and clinical evidence suggests that an ath-

morphology and inﬂammatory activity, limited data

eroma’s path (towards repair or progression) may be

exist on the value of assessing both types of features

critically swayed by the activity of the inﬂammatory

together. This is due to the fact that the method to

environment within the plaque. Recently, CANTOS

measure biological activity (PET/CT) provides limited

(Canakinumab

Thrombosis

data on plaque characteristics, and requires a sepa-

Outcome Study) has provided additional proof of the

rate acquisition using dedicated MRI or coronary

inﬂammatory hypothesis, by demonstrating that

computed tomography (CT) arteriography scanning.

anti-inﬂammatory approaches substantially reduce

However, with the development of PET/MR, a new

the incidence of cardiovascular disease events.

opportunity has emerged, for simultaneous assess-

Accordingly, assessment of the inﬂammatory activity

ment of structure and biology.
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groups (on top of continued high-fat feedings):

have observed that quantitative values derived from

1) placebo; 2) low-dose of the LTA4H inhibitor; or

PET/CT tend to be different from those derived using

3) high dose of the inhibitor. To assess the impact of

PET/MR (6). Perhaps related to this issue, in the Cal-

BI691751 on atherosclerosis, the animals were imaged

cagno et al. (5) study, the PET assessments of 18 F-FDG

at baseline (just before initiation of therapy), 1 month,

uptake correlated with histological measures of

and 3 months. Multiparametric imaging included

18

F-

inﬂammation more weakly than is typically seen with

FDG PET for assessment of arterial inﬂammation in

PET/CT approaches. Further work is needed to reﬁne

the ascending aorta of the animals. Additionally,

quantitation of vascular activity using this approach.

structural MR data were simultaneously derived to
assess plaque burden (as vessel area). Dynamic

The assessment of coronary plaques remains a
substantial challenge for both MRI and
18

18

F-FDG PET.

contrast enhanced MRI was also performed to assess

In the coronary circulation,

plaque neovascularization and permeability. Blood

hampered by competing uptake by myocardial cells,

biomarkers were measured at each of those intervals.

while MRI assessment of atheroma is hampered by

Furthermore, the animals were sacriﬁced at the

coronary motion. However, multiple approaches are

3-month mark and histopathological assessment was

being used to counter these limitations. Several

performed.

groups are innovating improved methods for MR as-

As expected, LTB4 values were reduced in the an-

F-FDG plaque imaging is

sessments of coronary plaques (7,8). Further, beyond

imals that received the inhibitor. No signiﬁcant dif-

18

ferences were observed in total cholesterol and

coronary PET imaging, including

triglycerides. However, arterial inﬂammation, as
assessed using the

18

F-FDG, several additional tracers are available for

and

18

68

Ga-dotatate (9)

F-NaF (10). PET/MR imaging of the carotids,

F-FDG PET, was modestly low-

where MRI imaging already provides substantial

ered only in the group of rabbits that received the low

value for clinical decision making, is closer to trans-

dose of the LTA4H inhibitor. On the other hand,

lation than it is in the coronary arteries. It is

neither neovascularization or permeability (by dy-

conceivable that the combined structural and bio-

namic contrast-enhanced MRI) nor plaque burden

logical information from simultaneously derived PET/

(vessel wall area, by structural MRI) differed across

MR imaging could more selectively identify a sub-

the 3 groups. On ex vivo analysis, there were no dif-

group of individuals with carotid stenosis for revas-

ferences in macrophage density or total neovessel

cularization versus medical therapy.

count; however, signiﬁcant differences were found in
the number of new vessels in the tunica media.

The options for treatment of atherosclerosis are
growing (with the addition of PCSK9 inhibitors, and

multi-

potentially, anti-inﬂammatory drugs such as canaki-

parametric analysis showed minimal effect of the

numab). With the expanded set of therapies, a more

leukotriene A4 hydrolase inhibitor BI691751 on pla-

personalized approach to treatment of atherosclerosis

que inﬂammation, and no effect on plaque size and

is needed. To meet this need, more sophisticated

neovascularization. Perhaps more signiﬁcantly, it

tools

provided an excellent example of a feasible approach

thrombotic risk, and potentially, to follow the

and the potential value of joint PET and MR assess-

response to therapy. The study by Calcagno et al. (5)

ment of atherosclerosis.

thus offers a timely example of the opportunities

Accordingly,

this

multimodality

and

are

required,

to

better

evaluate

athero-

Although the reported PET/MR vascular imaging

afforded by advanced PET/MR imaging, which pro-

approach is encouraging, several hurdles remain

vides complementary structural and biological mea-

before it could be clinically translated into humans.

surements and a clearer assessment of the underlying

First, quantitation of tracer activity has not been as

atherosclerotic process.

solidly established using PET/MR as it has using PET/
CT. Importantly, for PET/MR, the approach to correct
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