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Positron emission tomography: An additional
prognostic tool in dilated cardiomyopathy?
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Dilated cardiomyopathy (DCM) represents the most
common cardiomyopathy worldwide. It is a heart mus-
cle disorder defined by the presence of dilated and
poorly functioning left or both ventricles. To qualify as
DCM, the extent of myocardial dysfunction should not
be explained exclusively by abnormal loading condi-
tions or ischemic heart disease. DCM can be primary
(genetic, mixed or predominantly familial non-genetic,
or acquired) or secondary (inflammatory, autoimmune,
or thyrotoxic). Nevertheless, in the majority of cases, no
definite cause is found.'”

The prevalence of DCM in the general population is
thought to be ~40 to 50 cases per 100,000 and the
incidence is 6.95/100,000 new cases a year, but this is a
rough estimation since there is a growing evidence that
the course of the illness is asymptomatic and difficult to
recognize for a long period.>* Transplant-free survival
has improved in the last three decades from 55% to 71%
and 87% at 8 years® thanks to early diagnosis, effective
management, and evidence-based integrated therapeutic
approach including multiple drug therapy, implantable
defibrillators, and cardiac resynchronization (CRT)
treatments. Despite this success, DCM remains in most
patients, a progressive disease with large individual
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variability and a poor prognosis. Accordingly, there is a
need for tools able to better stratify risk in the single
patient, to target treatment and assess response.

VENTRICULAR FUNCTION AND
PROGNOSIS IN DCM

Several non-imaging clinical, laboratory, and instru-
mental findings have prognostic significance in DCM
patients. However, non-invasive cardiac imaging is
central for both characterization of disease and assess-
ment of prognosis. The documentation by
echocardiography or cardiac magnetic resonance imag-
ing (CMR) of a dilated left ventricle (LV) with severely
reduced ejection fraction (EF), a restrictive diastolic
filling pattern, and severe mitral regurgitation are all
important indicators of the severity of the disease and
prognostic indicators.® Moreover, a growing importance
as a prognostic indicator has been demonstrated by LV
myocardial tissue characterization by late gadolinium
enhancement (LGE) CMR.”

The prognostic role of impaired right ventricular
(RV) function in DCM is increasingly recognized.
Although the exact prevalence is poorly defined, RV
systolic dysfunction has been reported in as many as
65% of patients® suggesting that DCM is frequently a
biventricular disease. The prognostic impact of RV
impairment has been recently highlighted in a large
study using CMR which is now considered as the gold
standard for RV assessment.” In a prospective series of
250 consecutive DCM patients evaluated by CMR, RV
systolic dysfunction, defined as RVEF <45%, was a
significant independent predictor of the primary end
point of all cause mortality and heart transplantation in a
median follow-up period of 6.8 years (hazard ratio, 3.90;
95% CI 2.16-7.04; P < 0.001). On LGE-CMR, LV
midwall fibrosis was present in 28% of the cohort and
was more prevalent in patients with RV systolic dys-
function, while no patient was observed to have fibrous
replacement of the RV free wall.
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LV MYOCARDIAL BLOOD FLOW AND
METABOLISM IN DCM

The most commonly used imaging risk stratifiers in
DCM describe the severity of LV and RV functional
impairment or of myocardial damage. The extent of
ventricular dysfunction which impacts on the prognosis,
however, is not only the result of primary impairment of
contractile function, irreversible myocardial damage
(such as fibrosis), or of hemodynamic loads but could
also depend on other conditions which characterize the
individual myocardial substrate. Among other mecha-
nisms, variation in myocardial perfusion and
metabolism may play a relevant role in causing pro-
gressive ventricular impairment and adverse prognosis.
Coronary microvascular dysfunction'® and myocardial
metabolic shift toward preferential glucose utilization'"
are some of the recognized underlying pathophysiologic
mechanisms. It is expected that the final outcome as well
as the possible response to treatment will depend on the
interaction of interventions with this complex individual
functional myocardial substrate.

Positron emission tomography (PET) allows an
integrated qualitative and quantitative evaluation of
myocardial perfusion and glucose uptake. The absolute
levels of myocardial blood flow (MBF), measured by
PET at rest and during stress, in the absence of
obstructive coronary disease may express the coronary
microvascular function. Using '>°N-Ammonia as a flow
tracer, regional and global reduction of MBF can be
demonstrated in up to 82% of patients with early stage
DCM,'? predicting the evolution toward progressive
ventricular dysfunction and heart failure."* Myocardial
18-Fluorodeoxyglucose (‘*F-FDG) uptake, either qual-
itatively or quantitatively estimated by PET, describes
the first step of myocardial glucose metabolism, since
the tracer is actively transported and trapped into the
myocardium not undergoing further metabolization.
Using '"F-FDG PET, evidence of increased myocardial
glucose uptake in regions with particularly depressed
MBF can be frequently documented in DCM patients
resembling the ‘‘mismatch’ pattern characteristic of
myocardial ischemia and hibernation in coronary artery
disease."* This ‘‘mismatch’ pattern is related with
adverse outcome in terms of mortality, heart transplan-
tation, and hospitalization'”> suggesting that an
““ischemic’” myocardial metabolism may occur in
DCM and contribute to progressive myocardial dys-
function and adverse outcome.

The cardiomyopathic heart may shift its metabolism
toward higher utilization of glucose even independently
from ischemia. There is direct evidence for a global
chronic cardiac metabolic shift in DCM patients char-
acterized by decreased free fatty acids (FFA) uptake and
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oxidation and increased carbohydrate utilization at rest
as documented by measuring transmyocardial arteriove-
nous differences of oxygen and major metabolites."’
Non-invasive PET studies in non-ischemic cardiomy-
opathy found similar results.'®'” It is hypothesized that
the shift in myocardial substrate utilization, partially
resembling the neonatal metabolic phenotype,'® is a
compensatory response of the severely impaired and
energy-depleted myocardium which optimizes energy
metabolism, by using glucose as a more efficient fuel.
Myocardial metabolic changes at rest could be detri-
mental under stress conditions. At variance with normal
hearts which shift their metabolism from preferential use
of FFA to glucose under stress, cardiomyopathic hearts
cannot further increase glucose uptake'' and rely upon
FFA utilization which is associated with a lower
myocardial mechanical efficiency. This mechanism can
involve not only the whole myocardium but also specific
regions. In DCM patients with left bundle branch block
(LBBB), the highly coordinated and vigorously con-
tracting lateral region tends to become thicker, and its
metabolism shifts to near-maximal glucose utilization,
becoming strongly dependent on this substrate.'” Such
metabolic changes may further promote adverse cardiac
remodeling that ultimately cannot be attenuated or
eventually reversed by CRT.

RV MYOCARDIAL BLOOD FLOW AND
METABOLISM IN DCM

Very few data are available on RV MBF and
metabolism in DCM. This is mainly due to method-
ological difficulties. During heart catheterization, it is
not possible to sample venous blood drained specifically
from the RV. Information that can be gained by PET on
perfusion and glucose metabolism of the LV myocar-
dium is more difficult to be extended to the RV. The
normal RV has a thickness which is comparable with the
spatial resolution of most PET scanners posing the
problem of partial volume effect which causes an
artificial decrease in detected activity. Mielniczuk
et al.?® have recently used 'F-FDG PET scans to
estimate glucose metabolism in the right ventricle and
the relation with RV function in patients with heart
failure (HF). They studied 68 patients with advanced HF
of non-ischemic or ischemic origin. Most of the patients
had LBBB (71%), diabetes was present in 45%, and
some patients had pulmonary hypertension. '*F-FDG
was injected after an oral glucose load or during
euglycemic-hyperinsulinemic clamp in patients with
diabetes. RV and LV FDG uptake were measured as
standardized uptake value (SUV). Relative RV FDG
uptake was determined as the ratio of RVSUV to
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LVSUV without or with correction for partial volume
effect (wall thickness estimated by echocardiography).
RV "8F-FDG uptake was weakly related to increased RV
systolic pressure and not related to LV size, function, or
BE_FDG uptake. However, the authors found an inverse
correlation of RVSUV/LVSUV '®F-FDG uptake with
RVEF. They concluded that, in patients with HF, RV
dysfunction is associated with an increase in RV '°F-
FDG uptake relative to LV, the magnitude of which is
correlated with the severity of RV impairment.

In this issue of the journal, Wang et al used a similar
approach to evaluate RV glucose metabolism in patients
with non-ischemic DCM.?' CMR and '*F-FDG PET/CT
imaging after oral glucose load were performed in 63
consecutive patients. RVSUV and LVSUV '|F-FDG
uptake on the PET images were corrected for partial
volume effect by use of wall thickness measurements
obtained by cardiac MRI. The authors confirmed a
significant inverse correlation between corrected RV
SUV (cRVSUV) values and RVEF (r = —0.571,
P < .001), as well as cRVSUV/cLVSUV values and
RVEF (r = —0.405, P < .001). Over a median period of
follow-up of 804 days, 15 of the patients (23.8%) died or
underwent cardiac transplant, the combined primary end
point of the study. Corrected RVSUYV values >7.01 and
cRVSUV/cLVSUYV values >0.795 were associated with
hazard ratios for clinical end point of 5.4 and 6.4,
respectively, on univariate analysis. On multivariate
analysis, cRVSUV/cLVSUYV values >0.795 remained a
significant, independent predictor of the end point, with
a hazard ratio of 5.0. The study of Wang et al.
demonstrates that increased RV glucose metabolism is
a common feature in patients with idiopathic DCM and
confirms the relationship of RV '"F-FDG uptake with
the severity of RV dysfunction already documented in
HF. Importantly, this study extends previous results by
demonstrating the adverse prognostic role of relative
increase of glucose metabolism in the RV as compared
with the LV underlying the importance of biventricular
functional and metabolic changes in these patients.
Notably, relative increase of RV glucose metabolism
outperformed RVEF as a prognostic indicator in the
multivariate analysis. Metabolic changes occurring since
the earliest stages of DCM in response to different
disease mechanisms could be a more sensitive marker of
an impaired myocardial substrate predisposing to pro-
gressive deterioration than measurements of ventricular
dysfunction alone. In more advanced stages of the
disease, the metabolic pattern could add more informa-
tion than depressed RVEF.

The increased RV '®F-FDG uptake may be part of
the cardiomyopathic process being related to the sub-
strate shift hypothesis. Myocardial metabolic shift to a
more efficient fuel, expressing the adaptation of the
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heart muscle to conditions of lower oxygen availability
due to coronary microvascular dysfunction and/or to
increased wall stress could apply to both heart chambers.
This metabolic alteration has been associated with an
increased expression of glucose metabolism-related
genes and proteins.*>>* Alternatively, it can be hypoth-
esized that the relative increase in RV glucose
metabolism may represent an adaptive or a maladaptive
response of the RV myocardial metabolism to increased
workload secondary to LV dysfunction. Insights into RV
metabolism changes in conditions of RV overload can
be obtained by studies in pulmonary arterial hyperten-
sion (PAH). There is individual variation among PAH
patients in their tendency to develop right heart failure.
Some patients maintain a form of adaptive RV hyper-
trophy characterized by preservation of cardiac output,
ejection fraction, and exercise capacity, while other
patients develop maladaptive RV hypertrophy that refers
to pathologic remodeling of the RV characterized by
myocardial apoptosis, fibrosis, and severe dilatation and
dysfunction. Recent evidence suggests that the variabil-
ity in response to RV afterload may be due to variation
in energy substrate metabolism.** Limited PET studies,
including one previous study by Wang et al., are
available in PAH patients.”>*® These studies demon-
strated that the magnitude of RV glucose uptake was
associated with pressure overload and RV dysfunction
using '®F-FDG PET. In a more recent study, Ohira
et al.”” showed that the ratio of RV glucose over fatty
acid uptake was related with pulmonary artery pressures
and worsening of RV function in PAH. They also
showed a frequent RV perfusion-FDG mismatch pattern
in these patients suggesting the presence of RV hiber-
nation and ischaemia driving the metabolic shift toward
glycolysis. As a matter of fact, in PAH, as in DCM, an
increase in RV glucose metabolism seems to be asso-
ciated with a worse prognosis. Tatebe et al.*® recently
first reported that enhanced RV free wall SUV of '*F-
FDG is a predictor of clinical worsening and mortality in
these patients.

CLINICAL IMPLICATIONS

The study of Wang et al. underlines the usefulness
of using PET to characterize the myocardial functional
substrate and to further stratify prognosis in patients
with DCM besides common evaluation of biventricular
cardiac impairment and myocardial damage as can be
obtained by other methods. The combined assessment of
myocardial blood flow and metabolism is able to
disclose the presence and extent of myocardial func-
tional abnormalities due to microvascular ischemia and/
or metabolic adaptation to increased hemodynamic
loads. The feasibility to image by PET the RV together
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with the LV allows to get information on biventricular
involvement in the disease process. Further studies
would be needed to document whether earlier recogni-
tion of this altered biventricular substrate could help to
better select responders to treatment including cardiac
resynchronization and metabolic modulators® or should
be used to early address patients to cardiac transplan-
tation. The availability of hybrid PET/MR scanners>"
could allow in the future an even more comprehensive
evaluation of DCM patients adding together multiple
prognostic indicators spanning from biventricular func-
tion, to myocardial damage analysis to qualitative and
possibly quantitative evaluation of biventricular flow
and metabolism. The usefulness of such approach should
be evaluated in terms of documented benefits against
increased costs.
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