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SCOPE OF THE PROBLEM AND CHALLENGES
TO THE CLINICIAN
Dilated cardiomyopathy (DCM) is a heart muscle
disorder that frequently leads to heart failure. It is
defined by the presence of left ventricular (LV) dila-
tation and LV systolic dysfunction in the absence of
abnormal loading conditions or extensive coronary
artery disease (CAD).1 In that regard, the accurate
and reproducible assessment of cardiac dimensions
and function is paramount, but there is also a need
to fully characterise valve function and the presence
and functional consequences of CAD. This is par-
ticularly important because coronary heart disease
is considered the most frequent cause for finding a
dilated, dysfunctional heart in clinical practice.
Also, LV enlargement and dysfunction are late fea-
tures of chronic volume or pressure overload that
are seen in patients with severe valve disease.
Therefore, multimodality cardiac imaging aims to
correctly identify DCM from the wider pool of
patients with reduced ejection fraction (EF).
The prevalence of DCM in the general popula-

tion remains undefined but it is considered to be
the most common cardiomyopathy worldwide,w1

with an estimated incidence of 4.5/100 000/year.w2

A broad spectrum of entities may cause DCM.
Traditionally, familial and genetic causes were
thought to account for a small percentage of cases
but are now increasingly recognised.w3 The other
aetiologies are grouped into non-familial DCM,
that comprises idiopathic DCM when there is no
identifiable cause, and acquired DCM, when ven-
tricular dysfunction is a complication of other dis-
orders that afflict the myocardium. Imaging
modalities may contribute valuable information for
reaching a probable diagnosis of acquired DCM.
The prognosis in patients with DCM and symp-

toms of heart failure is very poor.w4 However, the
clinical course of the disease is not always predict-
able based on these variables. Indeed, EF is consid-
ered an important imaging measurement in DCM,
not only because of its diagnostic and prognostic
relevance but also because most clinical trials
selected patients based on it. Therefore, treatment
strategies are often dependent on EF calculation.
Although it is such an important parameter, EF cal-
culation is still a challenge for cardiovascular
imaging.
Also, most patients who have a clear indication

for implantable cardioverter-defibrillator (ICD)
implantation will never experience an appropriate
discharge, and about one third of patients who
receive cardiac resynchronisation therapy (CRT) do
not improve. In that regard, multimodality imaging

approaches may be necessary to better stratify the
individual risk of the patient.
Ultimately, the last frontier in DCM imaging may

be the individualisation of therapy using multimod-
ality molecular imaging to identify the mechanisms
responsible for the disease in each patient.

MORPHOLOGIC DIAGNOSIS OF DCM
Echocardiography, cardiac magnetic resonance
(CMR), cardiac CT, single photon emission CT
(SPECT), and positron emission tomography (PET)
can be used for anatomic and functional imaging of
the heart and may be valuable tools in the diagnosis
of patients with DCM. Table 1 summarises the
strengths and weaknesses of each imaging modality.
Echocardiography is the cornerstone of diagnos-

tic imaging in DCM because it is accurate, widely
available, and lacks ionising radiation (figure 1).
Diagnostic criteria have relied on the identification
of an EF <45%, in association with an LV end-
diastolic dimension >112% of the predicted value
corrected for age and body surface area.2 The
apical biplane method of summation of discs
(modified Simpson’s rule) is the recommended
method for measuring EF. The role of echocardio-
graphy is also emphasised in current guidelines as
the imaging modality of choice for evaluating
patients with heart failure.w5 w6 However, there are
some difficulties particularly related to wide inter-
and intra-observer measurements variability.w7

Additionally, obtaining images of sufficient quality
for diagnostic purposes may be difficult in patients
with poor acoustic windows. In those cases, ultra-
sonographic contrast for cavity opacification signifi-
cantly improves the accuracy and reproducibility of
EF measurements.3 Nevertheless, contrast echocar-
diography is not able to prevent other classic pit-
falls such as reliance on geometric assumptions and
foreshortening of the LV. Not surprisingly, it lacks
accuracy compared with other imaging modali-
ties.w8 Recently, real-time three dimensional (3D)
echocardiography has emerged and eliminates the
need for geometric modelling and the errors
caused by foreshortened views. In fact, semi-
automated quantification of EF using 3D
echocardiography allows rapid, accurate, and repro-
ducible LV measurements, that are superior to con-
ventional 2D echocardiography.4 However, despite
high correlation to gold standard techniques,
volumes may be underestimated using this modali-
ty.w9 Furthermore, a poor acoustic window con-
tinues to be a limitation and a small angle of data
acquisition may be problematic, particularly in
patients with very large heart chambers.
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In patients with suboptimal echocardiographic
image quality the use of other imaging modalities is
paramount for diagnostic purposes (figure 1). The
accuracy of CMR calculated LV volumes has been
validated both in vitro and in vivo. Therefore, CMR
is considered the gold standard for accurate and
reproducible assessment of ventricular volumes and
EF. Cardiac CT can also assess cardiac structure and
function with excellent correlation with other
imaging modalities.5 However, few studies were per-
formed in patents with DCM and the accuracy is not
unequivocally established. For intermodality com-
parison it is important to bear in mind that CT may
overestimate LV volumes and underestimate EF com-
pared with CMR.w10 ECG gated SPECT ventricular
angiography by myocardial perfusion or by blood
pool techniques provides highly accurate, reprodu-
cible and prognostically validated measurements of
LV volumes and EF.w11 However, SPECT as well as

PET scans are not primarily used to determine LV
function. Additionally, unlike the other imaging
modalities discussed, nuclear techniques do not allow
direct assessment of valvular structure and function.
Also, radiation exposure is a limitation. Furthermore,
all imaging methods that rely on gated acquisitions
may be biased in patients with cardiac arrhythmias,
which are common in DCM. Therefore SPECT and
PET should be used primarily when other modalities
are not available or if information on myocardial
ischaemia and viability is clinically relevant.

AETIOLOGY ASSESSMENT IN DCM
By definition it is critical to exclude valvular
disease and severe CAD in patients with suspected
DCM. Figure 2 provides a proposed diagnostic
algorithm for patients with clinical suspicion of
DCM. Transthoracic echocardiography is the stand-
ard tool for the assessment of valvular heart

Table 1 Comparison of imaging modalities for the evaluation of dilated cardiomyopathy

2D echo 3D echo CMR CT SPECT PET

LV volumes and
function

++ +++ ++++ +++ ++ ++

Valvular disease ++++ (TOE optimal) ++++ (TOE optimal) +++ + − −
Ischaemia/perfusion +++ +++ +++ + +++ ++++
Morphology of the
coronary arteries

− − ++ +++ − −

Imaging fibrosis − (suspected using
speckle tracking)

− ++++ ++ − ++

Myocyte metabolism − − ++ − ++ ++++
Clinical validation of
prognostic tools

++++ ++ +++ + ++ ++

Spatial resolution +++ ++ +++ +++ ++ ++
Temporal resolution ++++ +++ ++ + + +
Limitations Operator dependence,

acoustic window
Operator dependence,
acoustic window

Availability, incompatible
devices, renal failure

Availability, radiation,
renal failure

Availability,
radiation

Availability,
radiation

CMR, cardiac magnetic resonance; echo, echocardiography; PET, positron emission tomography; SPECT, single photon emission CT; TOE, transoesophageal echocardiography.

Figure 1 Clinical examples of imaging modalities that may be used for assessing left ventricular (LV) dimensions and function in patients with
suspected dilated cardiomyopathy. Transthoracic echocardiography assessment of LV ejection fraction is the cornerstone for the diagnosis (A).
Speckle tracking analysis currently provides global and segmental evaluation of LV function (B). However, real-time 3D echocardiography provides
more accurate estimation of LV volumes (C). In patients with a poor acoustic window, single photon emission CT imaging may assess LV function
(D). Nevertheless, when available, cardiac MRI provides highly accurate and reproducible characterisation of LV morphology and function (E).
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disease. Transoesophageal echocardiography may
improve diagnostic accuracy, particularly in patients
with complex disease or in congenital heart
disease. CMR is a reasonable alternative. Although
it has lower temporal resolution for imaging struc-
tures that are thin and highly mobile, CMR pro-
vides qualitative and quantitative measurements of
valve stenosis and regurgitation.6 CT is also emer-
ging as an alternative technique to evaluate cardiac
valve structure and function.w12 However, at
present, valve assessment should not be a routine
clinical indication for CT as it lacks temporal reso-
lution and uses radiation.
In clinical practice, identifying ischaemic aeti-

ology is important because patients with severe
ischaemia may benefit from coronary revascularisa-
tion.7 For assessing CAD as the cause of a dilated,
failing heart the same modalities that are used to
assess morphology and function may be employed.
Nevertheless, complementary information may be
provided by other tests that specifically assess cor-
onary anatomy or ischaemia. Because of the prog-
nostic and therapeutic implications of finding
severe CAD in patients with systolic heart failure,
coronary angiography is recommended in the
assessment of DCM, particularly in patients with
angina.w5 w6 In fact, there is historic evidence that
clinical data and the results of non-invasive tests
may fail to recognise extensive CAD in a significant
proportion of patients.w13 However, developments
in cardiac CT imaging allow detection of significant
stenosis with high negative predictive value. In fact,
CT is feasible, safe and accurate for detecting cor-
onary stenosis in patients with suspected DCM and
may represent an alternative to coronary angio-
graphy, particularly in patients with a low or inter-
mediate likelihood of CAD.8

Imaging can also identify myocardial scar as a sur-
rogate for previous myocardial infarction. Late gado-
linium enhancement (LGE)-CMR is a powerful
technique to distinguish systolic dysfunction related
to CAD from DCM,9 even in patients without previ-
ous clinical suspicion of CAD.10 Thus, LGE-CMR
may be a valid alternative to invasive tests for

detecting CAD in patients who are undergoing CMR
for the assessment of LV function. More recently, it
was recognised that CT contrast agents may be used
to identify infarct.11 However, this modality is less
validated than CMR and increases radiation expos-
ure. Nevertheless, the combination of LGE-CMR for
detection of myocardial scar, with the coronary ana-
tomic details provided by CT angiography, may
effectively and non-invasively exclude CAD as the
cause of DCM in patients with low or intermediate
likelihood of disease. The coronary anatomy infor-
mation provided by CT is incremental because it may
effectively exclude proximal coronary lesions that
may impact prognostic and treatment strategies. In
highly calcified vessels and when there is conflicting
information coming from non-invasive imaging
modalities, invasive coronary angiography should be
performed.
A different approach to evaluating CAD includes

the assessment of ischaemia and viability. It may be
particularly important to distinguish incidental
CAD in DCM from ischaemic cardiomyopathy and
to support decisions regarding revascularisation.
Dobutamine stress echocardiography is able to
detect CAD in DCM patients, but the wall motion
analysis may be troublesome in patients with left
bundle branch block (LBBB).w14 However, the use
of tissue Doppler assessment may increase the sen-
sitivity and specificity of the test.w15 In patients
with a poor acoustic window dobutamine stress
CMR may be a good alternative.12 It may be used
as an add-on feature in patients undergoing
LGE-CMR, increasing the clinical information pro-
vided while minimising the time taken to reach a
clinical decision. SPECT is also able to identify
ischaemia in DCM.w16 However, the performance
of cardiac scintigraphy may be suboptimal, particu-
larly in patients with LBBB. Even though it is not a
routine test in DCM, the integrated diagnostic
information of PET-CT may be very useful in chal-
lenging cases.w17 Indeed the diagnostic capabilities
of hybrid imaging may be further expanded with
future developments and incorporation of other
imaging modalities.

Figure 2 Proposed diagnostic imaging algorithm for the aetiologic evaluation of patients with suspected dilated cardiomyopathy (DCM). CAD,
coronary artery disease; LGE-CME, late gadolinium enhancement-cardiac magnetic resonance.
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The contribution of imaging for establishing the
diagnosis of DCM is not limited to exclusion of CAD
and valvular heart disease. Indeed, the probable diag-
nosis of acquired DCM may be established using
cardiac imaging in the appropriate clinical setting.
Although echocardiography has a prominent role in
the diagnosis of DCM, the role in diagnosing specific
acquired forms of DCM is less impressive, with most
of the findings being unspecific. For this purpose
CMR is the imaging modality of choice because it is
able to characterise tissue abnormalities that previ-
ously could only be identified using histology. CMR
imaging allows characterisation of acute versus
chronic injuries, quantification of intramyocardial
iron deposition, and provides data regarding identifi-
cation, location and pattern of myocardial fibrosis
using LGE. In fact, emerging data suggest that some
forms of DCM have a predilection for particular pat-
terns of myocardial fibrosis and that information may
provide useful insights about the likely cause of
DCM (figure 3).
Myocarditis may be found in a significant propor-

tion of patients with DCM.w18 CMR imaging is cur-
rently considered the most accurate, non-invasive,
diagnostic test for myocarditis. It incorporates the
evaluation of LV function and wall motion abnormal-
ities with myocardial characterisation in terms of
oedema, capillary leakage and necrosis (figure 4).13

Myocardial oedema can be detected and quantified
using T2 weighted CMR and is considered an unspe-
cific marker of acute myocardial injury. Increased
signal on T1 weighted spin-echo images after gado-
linium administration is considered to be associated
with capillary leakage. Additionally, several studies
have shown that the presence of LGE, as a surrogate
for myocardial necrosis, is associated with myocardi-
tis at biopsy. The most common patterns of LGE in
myocarditis include, but are not limited to, an

intramural rim-like pattern and a subepicardial
patchy pattern. Preliminary data, using speckle track-
ing echocardiography in patients with myocarditis,
suggest that longitudinal deformation may be used to
identify wall segments with LGE in CMR
(figure 4).w19 Therefore, this new echocardiographic
technique holds promise for the assessment of
patients with myocarditis.
Infiltrative cardiomyopathies such as amyloidosis,

haemochromatosis and sarcoidosis may present as
DCM and they convey a significantly poorer prog-
nosis.w18 Typical morphological features when
combined with widespread LGE of the subendocar-
dium or a transmural pattern involving the inter-
atrial septum and right ventricle are accurate for
diagnosing cardiac amyloidosis.w20 In sarcoidosis,
the use of LGE-CMR may increase sensitivity for
determining cardiac involvement compared to con-
sensus criteria.14 Many LGE patterns may be recog-
nised in sarcoidosis, but basal and subepicardial
myocardial involvement is typical.15 Additionally,
T2 weighted imaging may localise areas of myocar-
dial inflammation. Unlike the other infiltrative
cardiomyopathies, fibrosis is infrequent in iron
overload cardiomyopathy.w21 Instead, the T2* tech-
nique is able to identify cardiac iron overload.16

In other challenging clinical cases, when echocar-
diography is not able to provide a definitive diag-
nosis, CMR may be helpful for identifying the
dilated phase of hypertrophic cardiomyopathy,
arrhythmogenic right ventricular cardiomyopathy,
and LV non-compaction.

DETERMINING THE PROGNOSIS: LOOKING
BEYOND EF
In routine cardiology practice, critical decision
making over matters such as defibrillator implant-
ation and biventricular pacing treatment of

Figure 3 Schematic representation of possible late gadolinium enhancement (LGE) patterns in cardiac MRI of dilated cardiomyopathy (DCM)
patients and possible aetiologies that should be considered. HCM, hypertrophic cardiomyopathy; RV, right ventricle.
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congestive heart failure is based heavily on EF. It is
considered one of the most powerful predictors of
prognosis in DCM. As previously discussed, there
are some specific advantages and hurdles associated
with each imaging modality that should be consid-
ered when selecting the method to assess EF in
clinical practice. However, several other indexes
may be obtained using multimodality imaging that
may add relevant information for prognostic
purposes.
Transthoracic echocardiography provides several

prognostic tools that should be used routinely in the
assessment of patients with DCM. They include the
assessment of LV morphology,w22 left atrial
volume,w23 and right ventricular function.w24

Similarly, LV diastolic functionw25 and estimation of
pulmonary artery pressurew26 are some important
haemodynamic parameters for assessing prognosis.
In fact, there are a myriad of echocardiographic
parameters that have been shown to predict indi-
vidually the prognosis in DCM. However, finding
those tools that provide incremental risk prediction
when combined is clinically imperative. In that
regard, end-systolic volume index, left atrial volume
index, mitral E wave deceleration time, tricuspid
annular peak systolic excursion, and pulmonary
artery systolic pressure were included in an echocar-
diographic risk score to predict mortality in systolic
heart failure patients.17

Tissue Doppler imaging provides evaluation of
myocardial motion and deformation. One of the
most relevant prognostic parameters is mitral
annulus velocity measured in early diastole, that
provides incremental value to predict cardiac mor-
tality compared with clinical data and standard

echocardiographic measurements.w27 Systolic mitral
annular velocity is also a strong independent echo-
cardiographic predictor of prognosis.w28 However,
speckle tracking does not have angle dependency,
and tissue deformation is easier to evaluate than
using tissue Doppler. Therefore it is promising for
assessing LV function and possibly predicts the
prognosis in DCM. Indirect evidence for prognos-
tic relevance comes from a study of unselected,
consecutive individuals undergoing echocardio-
graphy to investigate LV impairment, that showed
speckle tracking derived global longitudinal strain
may be a superior predictor of all-cause mortality
compared to EF.w29 Importantly, in a mainly non-
ischaemic DCM population, global longitudinal
strain provided risk stratification with greater accur-
acy than EF.18 Recently, a broad number of tissue
deformation parameters have been associated with
heart failure prognosis, including longitudinal and
circumferential strain and strain rate, and radial
strain.w30 Although these measures may reflect dif-
ferent aspects of deformation, future studies should
explore which of them are more closely associated
with clinical outcomes in DCM.
Currently, the use of 3D echocardiography for

predicting prognosis in DCM is not based on large,
prospectively collected data of clinical outcomes.
However, this imaging technique may provide more
accurate and reproducible assessment of cardiac
volumes and function that may lead to changed cat-
egorisation with potential impact in clinical deci-
sions.w31 Also, 3D speckle tracking is an emerging
clinical application of this imaging modality.w32

Stress echocardiography may provide important
information to the clinician because contractile

Figure 4 Imaging in a 42-year-old
man presenting with acute Q fever
myocarditis. T2 weighted cardiac MRI
showed nodular enhancement in the
mid lateral wall, mainly affecting
subepicardium (A, yellow arrows).
After gadolinium, transmural nodular
late enhancement with a central core
of unaffected myocardium was
recognised in the same location (B,
yellow arrows). Speckle tracking strain
analysis showed abnormal systolic
deformation in mid basal lateral wall
(C) in the location of myocardial
inflammation detected by cardiac
magnetic resonance (D, yellow arrow).
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reserve predicts a good response to therapy.w33

Several indexes for the assessment of LV contractile
reserve have been prognostically validated in long
term follow-up and include the wall motion score,
change in EF, end-systolic pressure to volume ratio,
and cardiac power output.w34 Combining the infor-
mation provided by baseline Doppler echocardio-
graphy with stress echocardiography may further
stratify patients into a high risk category when
restrictive filling pattern and no contractile reserve
are simultaneously present.19 Preliminary prognos-
tic data on the use of 3D echocardiography com-
bined with a dobutamine stress test is emerging. In
that regard, an increase in systolic dyssynchrony
index during stress may predict cardiovascular
events.w35 Similarly, 3D speckle tracking may be
used to assess contractile reserve and prognosis.w36

Other modalities may assist in the stratification of
prognosis. The presence of mid wall fibrosis with
LGE-CMR imaging has been shown to be an inde-
pendent predictor of prognosis beyond EF.20 In fact,
LGE-CMR is particularly useful for identifying
arrhythmic outcome and sudden cardiac death.w37

Nevertheless, there is growing evidence that, similar
to echocardiography, CMR may provide morpho-
logic information that is relevant for assessing the
prognosis in DCM. Recently, detection of right ven-
tricular systolic dysfunction in CMR (right ventricu-
lar EF ≤45%) was shown to independently predict
transplant-free survival in DCM patients, with sig-
nificant impact on risk stratification.21

Regional perfusion–metabolism mismatches can
be evaluated with SPECT or PET and can help to
predict the prognosis. Moreover, the combined
results of LGE-CMR and perfusion–metabolism
SPECT warrant accurate prediction of cardiac
events in patients with DCM.w38

GUIDING DEVICE THERAPY
CRT in patients with DCM and electrocardio-
graphic evidence of ventricular dyssynchrony
improves the prognosis. Nevertheless, about one
third of patients do not improve with this
therapy.w39 In small, single centre studies several
echocardiographic parameters of mechanical dys-
synchrony were able to distinguish CRT responders
from non-responders. However, the PROSPECT
trial failed to identify baseline echocardiographic
parameters to predict response to CRT.w40

Furthermore, the EchoCRT study—a randomised
trial to evaluate the effect of CRT in patients with
otherwise class I indication except for a QRS dur-
ation <130 ms and echocardiographic evidence of
LV dyssynchrony—was stopped as it was proving to
be futile.w41 Therefore, cardiac dyssynchrony based
on currently studied echocardiographic parameters
cannot be recommended to predict treatment
response or to exclude patients from conventional
indications for CRT. Recently, a large number of
mechanical dyssynchrony indexes have emerged
based on 3D echocardiography,w42 CMR,w43

CT,w44 SPECT,w45 and PET/CT.w46 They currently
lack the temporal resolution of echocardiography
but may be more reproducible. However, it is still to

Multimodality imaging in dilated
cardiomyopathy: key points

Screening and morphologic diagnosis
▸ Echocardiography is the cornerstone of diagnostic

imaging in dilated cardiomyopathy (DCM).
▸ Ultrasonographic contrast for cavity

opacification improves accuracy and
reproducibility of EF measurements.

▸ 3D echocardiography allows LV measurements that
are more accurate than 2D echocardiography.

▸ Cardiac magnetic resonance (CMR) is the gold
standard for the assessment of ventricular
volumes and EF.

▸ CT and nuclear techniques are limited by the
use of radiation.

Aetiology
▸ By definition it is critical to exclude valvular

disease and severe coronary artery disease
(CAD) in patients with suspected DCM.

▸ Transthoracic echocardiography is the standard
tool for the assessment of valvular disease.

▸ Coronary angiography is recommended when
there is high likelihood of CAD.

▸ The combination of late gadolinium
enhancement (LGE)-CMR and CT angiography
may be used in patients with low or
intermediate likelihood of CAD. They combine
tissue characterisation information with
coronary anatomy detail.

▸ CMR is the imaging modality of choice in the
diagnosis of acquired DCM. It allows
characterisation of acute injuries, quantification of
intramyocardial iron deposition, and identifies
patterns of myocardial fibrosis using LGE.

Prognosis
▸ Transthoracic echocardiography provides several

prognostic tools that should be used routinely in
the assessment of the patients with DCM.

▸ Tissue Doppler and speckle tracking imaging
provide prognostic information beyond EF.

▸ Detection of LV contractile reserve at stress
echocardiography is prognostically relevant.

▸ The identification and extent of myocardial
fibrosis using LGE-CMR predicts sudden cardiac
death or ventricular tachycardia.

Guiding device therapy
▸ Cardiac dyssynchrony based on currently studied

echocardiographic parameters cannot be
recommended to predict treatment response or to
exclude patients from conventional indications for
cardiac resynchronisation therapy (CRT).

▸ CT or CMR may characterise coronary venous
anatomy that may be used for planning LV
lead placement in CRT implantation.

▸ Transthoracic echocardiography may be used to
optimise parameters of CRT treatment,
particularly in non-responders.

▸ CMR may be useful for stratifying the risk of
sudden cardiac death of patients with DCM
and borderline criteria for implantable
cardioverter-defibrillator implantation.
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be determined if any of these modalities will have
an impact on clinical practice.
Notwithstanding, imaging may assist in the

implantation of a CRT device. Namely, coronary
venous anatomy, which is used for planning LV
lead placement, may be depicted non-invasively
using CMRw47 and CT.w48

Imaging may also be used to optimise parameters
of CRT treatment. However, there is no consensus
that it should be used routinely because clinical
results have been mixed.w49–w53 Nevertheless, CRT
optimisation may be particularly attractive in
patients considered to be non-responders. In that
regard, a CRT optimisation programme, that
included echocardiographic assessment of intraven-
tricular dyssynchrony and optimal atrioventricular
(AV) interval, led to an improved prognosis.22

ICD devices are used to prevent sudden cardiac
death in patients with DCM. Although current
guidelines only emphasise the role of EF in the
imaging selection of patients, there is a considerable
proportion of patients who have an ICD implanted
who will never receive appropriate device therapy.
Myocardial fibrosis is considered to be the substrate
basis for re-entry—the principal mechanism of ven-
tricular arrhythmias in DCM. Therefore, the use of
imaging to identify myocardial fibrosis may help to
stratify the risk of sudden death of DCM patients.
Myocardial ultrasonic integrated backscatter
imaging is considered an investigational tool to
assess fibrosis.w54 LGE-CMR is also a useful clinical
tool for identifying myocardial fibrosis. In fact,
finding significant fibrosis (26–75% of wall thick-
ness) using CMR predicts inducible ventricular
tachycardia at electrophysiology testing.w55 Also,
the identification of mid wall fibrosis predicts
sudden cardiac death or ventricular tachycardia.23

The extent of fibrosis may also provide additive

information.w56 Altogether, these findings suggest
that CMR may be useful for stratifying the risk of
sudden cardiac death in patients with DCM and
borderline criteria for ICD. However, in order to
integrate stratification flowcharts for ICD implant-
ation, CMR potential should be further demon-
strated in larger prospective studies.
Given the recent developments in the treatment

of functional mitral regurgitation that include trans-
catheter treatment, there are some additional roles
for imaging that go beyond diagnosis. Indeed trans-
oesophageal echocardiography, particularly using
3D imaging, may offer a valuable contribution in
planning and guiding the procedures.w57

WHERE DO WE GO FROM HERE? THE QUEST
FOR MORE SELECTIVE MOLECULAR IMAGING
TOOLS
Although not readily and widely available, molecu-
lar imaging has the potential to impact future clin-
ical cardiovascular care profoundly, particularly in
the population with DCM. It extracts the most out
of multimodality imaging by incorporating mor-
phologic and tissue characterisation capabilities of
several imaging modalities. Multiple molecular
targets are being developed for use with current
imaging modalities including echocardiography,
CMR, CT, and scintigraphic methods.
The myocardial renin–angiotensin–aldosterone

and the adrenergic systems have been closely linked
to major maladaptive responses that lead to LV
remodelling. However, the differential pathophysio-
logical contribution of these systems in the individ-
ual patient is not clinically available and therefore
the current treatment goals are population based
rather than addressing the specificities of each indi-
vidual patient. In the future this scenario may be
changed by the use of molecular imaging methods.
In fact, myocardial angiotensin converting enzyme
and angiotensin II type 1 receptorsw58 w59 as well as
presynapticw60 and postsynapticw61 cardiac sympa-
thetic function can be monitored using SPECT or
PETradiotracers.
Other possible targets for molecular imaging

in DCM include myocardial apoptosis,w62 w63

fibrosis,w64 and inflammationw65 w66 that may
become useful for monitoring and predicting
cardiac remodelling.

CONCLUSION
In the assessment of DCM, multiple imaging
modalities may contribute toward determining the
diagnosis, prognosis, and approach to treatment.
However, each imaging modality may provide rele-
vant information regarding more than one of these
clinical needs. Therefore, to explore fully the
potential impact of imaging, the strategy should be
individualised according to the specific clinical
needs.
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