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Abstract
Introduction Positron emission tomography (PET) is the
gold standard for non-invasive assessment of myocardial
viability and allows accurate detection of coronary artery
disease by assessment of myocardial perfusion. Magnetic
resonance imaging (MRI) provides high resolution anatom-
ical images that allow accurate evaluation of ventricular
structure and function together with detection of myocardial
infarction.
Objective Potential hybrid PET/MR tomography may po-
tentially facilitate the combination of information from
these imaging modalities in cardiology. Furthermore, the
combination of anatomical MRI images with the high
sensitivity of PET for detecting molecular targets may
extent the application of these modalities to the character-
ization of atherosclerotic plaques and to the evaluation of
angiogenetic or stem cell therapies, for example.
Discussion This article reviews studies using MRI and PET
in parallel to compare their performance in cardiac applica-
tions together with the potential benefits and applications
provided by hybrid PET/MRI systems.
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Introduction

Positron emission tomography (PET) has contributed signif-
icantly to the advances in our understanding of cardiac
physiology and pathophysiology for more than 20 years. In
addition to being a powerful research tool in cardiology,
recent technical development and improved availability
facilitated also its routine clinical use in cardiology. PET is
the most reliable non-invasive tool for the identification of
myocardial viability and also allows accurate assessment of
myocardial perfusion and coronary artery disease (CAD),
which is known to be the leading cause of mortality in adults.
Assessment of myocardial perfusion plays an important role
in the diagnostic work-up of patients with suspected CAD as
well as in the assessment of prognosis and guiding of therapy
in patients with established CAD [1, 2]. Imaging of
myocardial viability with PET has been shown to identify
heart failure patients who are at increased risk of death,
which can be effectively reduced by surgical treatment [3].
Heart failure is also a common condition affecting approx-
imately 2% of the general adult population in Europe with
rapidly increasing prevalence with age pointing to the large
need for diagnostic studies [4].

A few years ago hybrid imaging systems with multi-slice
computed tomography (MSCT) and PET were introduced
and are now considered the imaging modalities-of-choice
for a variety of clinical indications [5]. Although their use is
primarily driven by oncological applications, interest in
cardiac studies is increasing. Hybrid tomographs make it
possible to perform a rapid and comprehensive evaluation
of functional and anatomical severity of CAD by assess-
ment of myocardial perfusion and non-invasive angiogra-
phy. On the one hand, optimal evaluation of haemodynamic
consequences requires integration of anatomical informa-
tion with demonstration of myocardial ischaemia. On the
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other hand, myocardial infarction and sudden cardiac death
result from the rupture of plaques that do not necessitate
significant flow limitations [6]. Several features, such as
severe luminal obstruction, thin fibrous cap, large lipid
core, and the presence of active inflammation are charac-
teristic of vulnerable plaques. Non-invasive imaging of
plaque burden in combination with the features of plaque
vulnerability might, therefore, lead to an improved assessment
of individuals at risk of acute coronary events and help to
refine estimates of the cardiovascular risk in the subclinical
phase of atherosclerosis [6].

Magnetic resonance imaging (MRI) has rapidly devel-
oped into a versatile tool for investigating cardiovascular
diseases. While the current interest in cardiac hybrid PET/
CT technology is mainly based on the creation of
attenuation correction maps, detection of atherosclerotic
plaque burden and non-invasive angiography, MRI has
additional well-established cardiac applications to offer,
including evaluation of cardiac structure, assessment of
ventricular function, and detection of myocardial infarction.
The combination of this technique without ionizing
radiation with PET is attractive in many applications as
summarized in Table 1. In addition to contributing to the
existing applications, combining MRI with its ability to
produce high-resolution anatomical images and PET with
its high sensitivity for the detection of molecular targets
may help to extend these modalities into new applications,
such as atherosclerotic plaque characterization, imaging of
stem cells and evaluation of angiogenesis.

This review summarizes the experience from compara-
tive studies using sequential parallel PET and MRI in
different cardiac applications. Technical difficulties together
with potential benefits of combining information from these
techniques are discussed in present as well as emerging
clinical cardiac applications.

Co-registration and fusion of cardiac MRI and PET

To perform a combined analysis of sequential MRI and
PET studies, images must be aligned accurately in the
spatial domain. However, a particular challenge in cardiac
studies is that the three spatial dimensions must be
supplemented with a time dimension in order to correct
for continuous motion during respiratory and cardiac
cycles. Cardiac gating is routine in MRI and also possible
in PET. Moreover, the integration of respiratory triggering
is achieved using “navigators” (MRI) or list-mode acquis-
itions (PET) [7]. However, variable acquisition times
between PET and MRI cause additional problems for exact
timing of events. MRI scans are typically performed within
few seconds during breath-holds while PET scans have a
minimum duration of 5 min. However, spatial co-registration
is rarely addressed in studies using separate, sequential MRI
and PET scans. In most cases, mapping of the regional
properties, such as wall motion or contrast medium uptake, is
performed according to a simplified, 17 segment model
suggested by the American Heart Association [8]. Thus, it is

Table 1 Inherent characteristics of PET and MRI in their current and emerging applications together with potential benefits of hybrid PET/MRI

Application PET MRI Hybrid PET/MRI

Myocardial
perfusion
imaging

Allows quantification of myocardial
blood flow; accurate method to detect
obstructive CAD and early changes in
vasoreactivity

A potential alternative to nuclear
imaging for diagnosis of CAD in
experienced centres

MRI-based correction for attenuation,
motion, and partial volume correction
for improved quantification of
myocardial blood flow?

Non-invasive
coronary
angiography

– Presently inferior performance, but no
radiation or contrast agents as in
coronary CT angiography

Possibility to combine anatomy (plaque
burden, luminal obstruction) with
haemodynamic consequences
(ischaemia) of CAD

Assessment of
left ventricle
function

Limited by low spatial resolution Most accurate technique to determine
left ventricle function and structure

Combination of left ventricle function
with perfusion, metabolic or
molecular imaging for improved
stratification of heart failure

Assessment of
infarction
and viability

18F-FDG uptake is a gold standard of
viability; prognostic value shown in
several studies

High-resolution delineation of
infarction by Gd-DTPA delayed
enhancement; more studies on
prognostic value expected. Potential
of magnetic resonance spectroscopy?

More detailed risk assessment by
combining glucose uptake
(jeopardized myocardium) and
delayed enhancement (irreversible
scar)

Molecular
imaging

Excellent sensitivity; tracers for many
targets (inflammation, angiogenesis,
sympathetic nervous function,
therapeutic genes or cells etc)

Lower sensitivity than PET; evolving
tracers and imaging techniques for
molecular targets

Exact anatomical localization and
volume correction by MRI for
detection and quantification of
molecular targets by PET
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fair to assume that the synergistic information is not fully
exploited.

Misalignment is mostly caused by significant patient
motion, respiration, and cardiac contraction. The first two
are very challenging, as they are involuntary and can produce
irregular patterns. In their review, Mäkela et al. summarized
the co-registration accuracy for intra- and intermodal cardiac
applications [9]. For alignment of repeated MRI acquisitions
accuracies of 1.5–3.0 mm were reported. Co-registration
accuracy of repeated PET studies was on the order of 1.0–
2.5 mm. Finally, alignment of gated PET with gated MRI
images showed an accuracy of 2.0±1.6 mm [10]. In another
study a misalignment of 2.8±0.5 mm was calculated using
thorax and lung surfaces [11].

From a practical point of view, the alignment issue of
MRI and PET images is similar to the co-registration of
CT and PET or SPECT studies. In this case, correct
alignment of nuclear data and CT is a prerequisite for
successful correction of photon attenuation and thus has
received a lot of attention [12, 13]. Both studies lead to the
conclusion that co-registration of any data not acquired
simultaneously is a major problem in inter- and intra-modal
examinations.

Integrated PET/MR tomographs

In the absence of a prototype suitable for cardiac use, we
can speculate on the use of combinded PET/MR. However,
a few relevant items should be briefly discussed:

– A hybrid PET/MR system could potentially provide
some other benefits in comparison to stand alone
scanners or hybrid PET/CT as summarized for specific
applications in Table 1.

– In a hybrid system, real-time MR-based motion
detection and correction could be applied since cardiac
and respiratory gating can be image-based without
external sensors. This could allow partial-volume

correction and event-based correction of patient motion
during the PET acquisition.

– The lack of exposure to ionizing radiation and iodinated
contrast agents makes hybrid PET/MRI attractive when
compared with PET/CT. Although radiation exposure
from CT when used for attenuation correction can be
limited [14], the radiation dose from coronary CT
angiography (CTA) is >10 mSv in recent clinical trials
has been >10 mSv, which is clearly higher than from
standard radiography or X-ray angiography [15]. More-
over, precise alignment between emission and “trans-
mission” PET images may benefit from repeated,
simultaneously acquired attenuation maps.

– From a practical point of view, advances in CT
technology are likely to result in substantial changes
in hardware in hybrid PET/CT systems while advances
in MRI are frequently based on imaging sequences and
less complex pieces of hardware, such as coils, which
makes upgrading easier and less expensive.

– Both cardiac MRI and PET examinations can be rather
time consuming. Thus, improvements in patient com-
pliance as a result of reduced scan time could be
significant, particularly in patients with dyspnoea due
to heart failure who have difficulty holding their breath
during MRI acquisitions.

– Increased patient throughout based on reduced scan
times is also likely to be cost-effective, but the absolute
hardware costs remain to be seen. In Fig. 1, a
hypothetical hybrid protocol for an extensive cardiac
PET/MRI study is shown in comparison to a
corresponding MRI protocol. Nonetheless, similar inte-
grated protocols appear demanding on both staff and
imaging systems. Irrespectively, such an extended
protocol will be not likely to become an everyday
standard.

– Of note, a hybrid imaging device will require interplay
between different specialties, namely cardiology, radi-
ology and nuclear medicine that remains a matter of
discussion – both from a political perspective as well as
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regarding cross-training issues for the technical and
medical personnel.

Diagnosis of coronary artery disease

Myocardial perfusion imaging

The available evidence indicates that myocardial perfusion
PET provides the most accurate non-invasive means of
diagnosing obstructive CAD with sensitivity and specificity
of about 90% [1]. Recent evidence also indicates the
usefulness of PET for determining prognosis [16, 17]. The
unique feature of PET is that myocardial blood flow (MBF)
and coronary flow reserve (CFR) can be quantified in
absolute terms using tracer kinetic modelling. 13N-labelled
ammonia (NH3) and 15O-labelled water have been well
validated for this purpose in experimental studies using
microspheres as well as in CAD patients [18, 19]. The
potential of the generator-produced potassium analogue
82Rb still remains under investigation [20]. The quantifica-
tion of MBF and CFR is of diagnostic importance
particularly in those patients with extensive multivessel
CAD [1, 21]. It also allows evaluation of very early
changes in coronary vasoreactivity and the progression or
regression of CAD [21].

Dynamic MR imaging of the first-pass signal changes in
the myocardium after injection of a fast bolus of gadolin-
ium diethylenetriamine pentaacetic acid (Gd-DTPA) allows
detection of coronary artery stenoses [22]. A meta-analysis
of single-centre studies including mainly patients with a
high prevalence of disease indicated good sensitivity and
specificity (91% and 81%, respectively) of stress perfusion
MRI in the diagnosis of CAD [23]. Recently, a randomized,
prospective multicentre trial involving 234 patients carried
out in experienced centres demonstrated that diagnostic
accuracy of myocardial perfusion MRI with pharmacolog-
ical stress was comparable to that of SPECT (areas under
the ROC curve 86% and 75%, respectively) for detection of
significant coronary stenosis defined as >50% stenosis [24].
Only a few studies have directly correlated the MRI-derived
flow with quantitative PET data from human subjects. One
study compared 13NH3 PET and MRI, using a pixel-wise
up-slope parameter of the signal intensity curve during
contrast medium passage as a flow index. This study,
performed on 18 healthy subjects and 48 CAD patients,
revealed a good correlation between the number of
pathological segments per patient and high accuracy when
implementing PET as reference (sensitivity 91%, specificity
94%) [25]. However, a similar study showed that MRI
significantly underestimated CFR. The MRI threshold for
pathological CFR was very low as compared to that with

PET (1.3 versus 2.5) [26]. Technical limitations of first-pass
perfusion MRI include difficulty in the direct assessment of
the arterial input function, low extraction of Gd-DTPA in
the presence of high MBF with substantial “roll off” as is
known in SPECT, difficulty in modelling the myocardial
kinetics of Gd-DTPA due to its rapid diffusion into the
extracellular space, and limited spatial coverage of the left
ventricle (LV) (3–5 slices). Currently, more studies are
needed to fully elucidate the potential of MRI perfusion
imaging in detection of CAD in comparison to nuclear
imaging techniques [27].

Coronary angiography and vessel wall imaging

Given the better spatial resolution (approximately 0.4 mm
in CT vs. 0.8 mm in MRI) and, thus, better diagnostic
accuracy, MSCT appears to be the preferred technique for
non-invasive coronary angiography today. However, tech-
nical advances in non-invasive coronary angiography by
MRI have been rapid and it has the potential to become a
valuable diagnostic tool. A multicentre, single-vendor trial
of 3-D coronary MR angiography in 109 patients showed
sensitivity, specificity and negative predictive values of
93%, 58%, and 81% for detection of >50% diameter
stenosis of the proximal and middle segments of coronary
arteries using quantitative coronary angiography as the
reference [28]. Notably, 16% of segments were of non-
diagnostic quality. In addition to evaluating the patency of
the vascular lumen, MRI is capable of directly detecting
atherosclerotic plaques and identifying their structural
components, although the use of intracoronary coils makes
this approach more invasive [29]. Although the small
dimensions of the coronary artery walls make their
evaluation challenging, there are reports indicating the
feasibility of visualization of an increased coronary artery
wall thickness in patients with atherosclerosis using black-
blood pulse sequences [30].

Molecular imaging may provide an opportunity to
enhance contrast in plaque imaging by combining the high
sensitivity of PET to demonstrate accumulation of a
specific contrast agent with MRI characterization of the
morphology of individual plaques. Macrophages are the
target of many molecular imaging approaches in athero-
sclerosis, because inflammation is a key pathophysiological
process throughout the progression of atherosclerosis [31].
Rudd et al. were the first to demonstrate in humans that 18F-
fluorodeoxyglucose (FDG) is accumulated by metabolically
active macrophages in the atherosclerotic carotid artery,
which can be visualized using PET [32]. However, 18F-
FDG is a relatively non-specific marker of metabolic activity
and, thus, there is interest in developing more specific tracers
to target specific macrophage receptors, protease activity,
angiogenesis, and apoptosis, as reviewed elsewhere [33]. In
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addition to providing an essential anatomical reference for
the atherosclerotic wall of small vessels, MRI could provide
a means to perform partial volume corrections of the PET
signal and, thus, facilitate its quantification

Assessment of heart failure

Ventricular function

Determination of LV function in gated PET studies is based
on the use of partial volume effects. As the effective spatial
resolution in clinical cardiac PET scans is approximately 6–
10 mm FWHM (full-width at half-maximum), changes in
wall thickness can be estimated in terms of changes in
regional count rates during cardiac contraction. Using
algorithm-dependent assumptions, such as homogeneous
tracer distribution over the myocardial wall, geometrical
models can be used to estimate endo- and epicardial
borders. This approach has been extensively implemented
and validated in SPECT imaging [34] and has also been
used in comparative MRI and PET studies [35, 36].
However, while being technically feasible, the accuracy of
the assessment of global and regional LV function by PET
is limited by the low resolution of the PET compared to that
of MRI. Here, MRI is clearly the modality-of-choice to
quantitate cardiac function, such as volumes, mass, ejection
fraction and regional wall thickening [37]. Determination of
LV function is essential for the diagnosis of heart failure
and its prognostic value is well established. Therefore, its
combination with any other imaging parameter is likely to
provide incremental information. Moreover, some measures
used for evaluation of heart failure therapies, such as
efficiency of cardiac work, combine PET acquisitions of
myocardial oxidative metabolism by the clearance kinetics

of 11C-acetate with the assessment of ventricular function
that could be ideally done using hybrid PET/MRI tomog-
raphy [38].

Myocardial viability

Ischaemic myocardium that is dysfunctional but viable has
the potential for recovery of contractile function after
revascularization. Evaluation of myocardial glucose utiliza-
tion with 18F-FDG PET is considered as the most reliable
tool to assess myocardial viability [39]. Its quantitative
nature allows assessment of the amount of viable tissue as a
continuum from fully viable, through partially viable in the
areas of non-transmural infarction, to non-viable scar.
Contrast-enhanced MRI appears to be a promising alterna-
tive capable of visualizing transmural distribution of viable
and infarcted myocardium with excellent spatial resolution
[40]. Contrast-enhanced MRI of myocardial infarction is
based on the delayed-enhancement technique using inver-
sion-recovery prepared T1-weighted gradient-echo pulse
sequences after intravenous administration of Gd-DTPA.
Infarcted myocardium appears enhanced relative to normal
myocardium when imaged with a delay (typically 5–20
min) after intravenous injection of the contrast agent due to
different wash-out kinetics [41, 42].

A comparison of delayed-enhancement MRI with 18F-
FDG PET and 13NH3 in 31 patients with ischaemic heart
failure revealed that the location and extent of infarct
scarring as delineated by delayed enhancement correlated
very well with the non-viable segments from PET [43]
(Fig. 2). The main source of difference between the
methods was related to the presence of non-transmural
enhancement in regions that were viable on PET. This can
be explained by the higher spatial resolution of MRI
compared with nuclear imaging methods that makes

Fig. 2 Co-visualization of a delayed-enhancement MR image with
perfusion assessed by 13N-ammonia PET (left MRI, middle fusion
MRI/PET, right PET). The subendocardial enhancement pattern in the

MR image is matched with a reduced 13N-ammonia uptake because of
partial volume effects as well as reduced MBF. Because of the limited
spatial resolution of PET, however, these effects cannot be separated
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delayed-enhancement suitable for the detection of small
areas of subendocardial infarcts. An improved contractile
performance after intervention is commonly considered as
the gold standard for assessing myocardial viability,
although benefits of revascularization do not appear to be
limited to improved function. In an initial study by Kim et
al. in 41 patients with chronic ischaemic heart disease,
dysfunctional segments with less than 25% of delayed
enhancement were likely to recover after complete revas-
cularization [44]. In contrast, segments with more than 50%
of delayed enhancement had a low probability (<10%) of
functional improvement. Comparable positive predictive
values (73%) for functional recovery 6 months after
revascularization were found for the lack of delayed
enhancement (cut-off value less than 50% transmural scar)
and the presence of preserved 18F-FDG uptake (cut-off
value more than 50% of normal myocardium) as assessed
by PET as the reference method to detect viable vs. non-
viable myocardium [45].

A recent meta-analysis of diagnostic studies indicated
that 18F-FDG PET has a higher sensitivity than delayed
enhancement MRI (92% vs. 84%) in predicting functional
recovery upon revascularization, while specificities were
comparable (63%) [39]. The relatively low specificity of
the techniques indicates that a substantial percentage of
segments that are classified as viable by the imaging
techniques do not improve after revascularization. Although
there are limited data on their combined use, adjunctive
PET and MRI markers of viability, such as reduced
diastolic wall thickness, lack of contractile response to
inotropic stimulation with a low dose of dobutamine,
preserved epicardial rim of viable myocardium, and
preserved perfusion have been proposed to help refine the
classification of dysfunctional segments as clinically viable
or non-viable [46, 47].

In addition to improved detection of viability, multi-
modal imaging approaches could contribute to the clarifi-
cation of the complex pathophysiological basis underlying
the LV dysfunction in ischaemic heart failure. An example
is presented in Fig. 3 where the presence of transmural
delayed enhancement is associated with normal 18F-FDG
uptake after experimental ischaemia reperfusion possibly
related to inflammation [48].

Non-invasive detection of viable myocardium in chronic
LV dysfunction associated with CAD has important clinical
implications for the treatment of patients. Although limited
by the lack of large randomized clinical trials, a meta-
analysis of retrospective data has indicated that such
patients are also at substantial risk of death, which can be
effectively reduced by successful revascularization [3].
Furthermore, pre-operative assessment of viability may
identify patients who are at low risk of serious perioperative
complications [49]. The prognostic significance of myocar-
dial scars detected by delayed enhancement is currently
under investigation [50]. Among 159 patients with clinical
suspicion of CAD but without a history of myocardial
infarction, the presence of even small amounts of delayed
enhancement was associated with a high risk of major
adverse clinical events (hazard ratio 8.29 for death, acute
myocardial infarction or unstable angina pectoris, hospital-
ization for heart failure, and life-threatening arrhythmias
requiring defibrillation) and cardiac death (hazard ratio
10.9) during a follow-up period of 16 months [50].

It is important to emphasize that delayed-enhancement
MRI is specific for either acute myocardial infarction or
scar of old infarction, but not for hibernating myocardium.
Plain infarct size carries well-established prognostic value
that is also expected to apply to MRI. However, in contrast,
the prognostic value of PET relies on the relative
comparison of flow and glucose uptake (mismatch), which

Fig. 3 Co-registered 18F-FDG (a) and delayed enhancement MR
image (b) in a rat model of 20 min ischaemia followed by 24 h of
reperfusion. 18F-FDG was administrated under fasting conditions.

Surprisingly, increased 18F-FDG uptake is seen (arrows) in the area of
acute myocardial infarction, as seen on the delayed-enhancement MR
image (arrows) (reproduced with permission from reference [48])
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has been shown experimentally and clinically to reflect
viable, but jeopardized myocardium. Several studies have
indicated that there is an association between PET
“mismatch” and adverse clinical outcome [3]. There is a
need for prospective clinical trials comparing measures of
infarction and either hibernation or stunning obtained with
MRI and PET to obtain prognostic data to better understand
whether they provide complementary clinical value.

Sympathetic nervous system

The sympathetic nervous system plays an important role in
regulating cardiac performance to meet changing circulato-
ry demands by increasing heart rate and the force of cardiac
contraction. Several PET tracers, such as the catecholamine
analogue 11C-labelled meta-hydroxyephedrine (HED) and

beta-adrenoceptor tracers can be used to visualize global
and local defects in myocardial sympathetic innervation
caused by various cardiac diseases such as CAD, heart
failure and arrhythmogenic disorders [51]. A large number
of single-centre studies have indicated that these defects are
related to a worse outcome in patients with heart failure,
and thus innervation imaging might provide prognostic
information as well as guide selection of therapies [52]. The
combination of PET and MRI might facilitate risk stratifi-
cation by allowing immediate combination of innervation
studies with LV function, which is currently the major
prognostic indicator and criterion for therapy selection [4].
Moreover, it might allow focusing the innervation studies
on specific myocardial areas of interest, such as the viable
border zone of myocardial infarction, a potential substrate
of ventricular tachycardia [53].

Fig. 4 Integration of delayed
enhancement MRI, PET perfu-
sion and avb3 integrin expres-
sion images in a patient who had
had reperfused myocardial in-
farction 2 weeks previously. a, d
Four chamber view (a) and two
chamber view (b) show delayed
enhancement (arrows) extend-
ing from the anterior wall to the
apical region. b, e Fusion of
13N-ammonia PET shows se-
verely reduced MBF in the
region of delayed enhancement
(arrows). c, f Focal 18F-RGD
signal colocalized to the infarct-
ed area as seen by delayed-
enhancement MRI. g Polar map
of MBF assessed by 13N-
ammonia indicates severely re-
duced flow in the myocardial
region perfused by the distal left
anterior descending artery. h Co-
registered 18F-RGD signal
corresponding to the regions of
severely reduced 13N-ammonia
flow signal, reflecting the extent
the of αvβ3 expression within
the infarcted area (modified with
permission from reference [56])
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Angiogenesis

Formation of new capillaries from pre-existing vasculature,
known as angiogenesis, occurs in response to ischaemia
and inflammation being part of the healing process after
ischaemic tissue injury. RGD peptides can be radiolabelled
to produce the PET tracer 18F-galacto-RGD that allows
non-invasive imaging of the expression of αvβ3 integrin, a
cell membrane glycoprotein receptor that is highly
expressed in the endothelium of angiogenic vessels [54].
Recent studies have provided evidence that 18F-galacto-
RGD accumulates in chemically injured myocardium and
the uptake can be visualized by PET imaging in the area of
myocardial infarct scar [55]. Since expression of αvβ3

integrin reflects regional myocardial responses to injury,
imaging of its expression might be useful for monitoring
the effectiveness of various therapies aimed at improving
the healing of myocardium after injury. Figure 4 demon-
strates 18F-galacto-RGD imaging of integrin expression in
response to myocardial infarction [56]. In this patient, the
delayed-enhancement MRI signal allowed exact localiza-
tion of the 18F-galacto-RGD uptake in the region of
myocardial infarction.

Cell and gene therapies

Stem cell transplantation is a promising therapeutic option
for heart diseases related to cardiomyocyte death, in
particular acute myocardial infarction and subsequent heart
failure. Direct visualization of stem cells by imaging
methods may provide novel insights into the number of
cells surviving in the heart and help validate novel
regenerative cell therapies non-invasively [57]. Reporter

gene PET imaging has been shown to be feasible for
visualization of the survival of stem cells in experimental
models of myocardial infarction. An example of imaging of
myocardial expression of the reporter gene used to assess
delivery of adenoviral gene therapy after intramyocardial
injection is shown in Fig. 5 [58]. Combined MR imaging
allows localization of the reporter gene expression at high
spatial resolution together with anatomical and functional
characterization of the target myocardium.

Conclusion

We reviewed the studies in which both MRI and PET have
been used in cardiovascular applications. Historically, valida-
tion studies in which the replacement of one imaging modality
with the other represented the majority of the examples.
However, these studies also demonstrated several scenarios
where each modality had unique strengths and that they were
shown to be able to complement each other. Thus, combina-
tion of PETandMRI providing fast imaging protocols without
additional radiation exposure appears to be a very attractive
imaging solution for evaluation of several cardiovascular
diseases. Whether or not the complex technical instrumenta-
tion and the expected high costs will offset the advantages of
combined PET and MRI remains to be seen.
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Fig. 5 a–c Co-registration and fusion display in PET “hot spot”
imaging using 124I-2′-fluoro-2′-deoxy-5-iodo-1-β-D-arabinofuranosy-
luracil (124I-FIAU) as marker of gene expression in a pig model.
Without anatomical reference, the tracer uptake cannot be localized.

For this display, a PET flow tracer study (c) was aligned with the MR
image (a) and the co-registration matrix was subsequently applied to
the FIAU data (b) (reproduced with permission from reference [58])
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