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Ventricular asynchrony: A shift to the right?
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Evaluation of ventricular function has been a focus
of nuclear medicine since 1971, when Zaret et al
demonstrated that abnormalities of left ventricular (LV)
wall motion and ejection fraction (EF) could be deter-
mined by injection of Tc-99m human serum albumen
and acquiring images at end-diastole and end-systole.'
Multi-gated equilibrium radionuclide ventriculography
(RNV) and first-pass imaging further refined character-
ization of LV asynergy and performance.”’ Clinical
trials soon showed that noninvasively determined LVEF
was a strong predictor of survival in a broad range of
heart diseases.*> Further work demonstrated that syn-
chronicity of LV contraction could be derived from
RNV by Fourier analysis of pixel by pixel labeled RBC
time-activity curves, assigning a phase to each pixel
(percent of the R-R interval from 0°-360°) to identify
time of maximum contraction.® Synchronicity has
important effects on LV performance: patients with
inter- or intra-ventricular asynchrony have lower LVEF
relative to normal control subjects.” Mechanisms for
reduced ventricular performance resulting from
dyssynchrony remain unclear, but Sweeney et al sug-
gested early-contracting segments stretch and deform
later-contracting ones, and vice versa, expending energy
in the process, resulting in lower rate of pressure rise,
lower developed pressure, prolonged ejection, and
reduced EF.® The most ubiquitous methods to measure
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asynchrony are by tissue doppler echocardiographic
techniques, which use low frequency signals to measure
myocardial wall deformation, and calculate strain, strain
rate, delay in contraction of opposing LV walls (four
basal LV segments on 4-chamber view), and dispersion
of time to peak systolic contraction.’

Cardiac resynchronization therapies (CRT) were
designed to improve LV synchronicity through opti-
mally timed pacing (as determined by echo) of right
ventricle (RV) and LV lateral walls. CRT promotes
reverse remodeling, with improved EF and survival in
heart failure patients.10 However, clinical response to
CRT (defined hemodynamically or as decrease in
NYHA CHF class) occurs in only two-thirds of patients,
prompting efforts to identify variables that would
prospectively predict a positive CRT response. Multi-
center studies (‘‘Prospect’”” and ‘‘Rething’’ trials)
demonstrated large variability in performance of echo
parameters, and their failure to predict CRT
response,' "' which fostered the development of nuclear
cardiology methods for dyssynchrony assessment.

One nuclear approach to quantifying asynchrony
used gated myocardial perfusion imaging (GMPI)
SPECT data.'®> Because of partial volume effects,
myocardial wall thickening varies linearly with systolic
counts,'* so that onset of mechanical contraction (OMC)
in each LV myocardial pixel was defined as increase of
systolic counts from baseline. Fourier analysis generated
curves of OMC phase per pixel, plotted as frequency
histograms, the standard deviation (SD) and bandwidth
(BW) of which were quantified. A slightly different
approach that imposes constant myocardial mass con-
straints was developed for Quantitative Gated SPECT
(QGS) software,'> the BW and SD measurements of
which successfully separated normal patients from those
with LBBB.'® Correlations between phase parameters
from GMPI SPECT and tissue Doppler were modest,

79


http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-015-0383-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-015-0383-1&amp;domain=pdf

80 Tosh et al
Ventricular asynchrony

partly because GMPI phase is a global measurement,
while TDE represents single points and parameters.'’
GMPI phase SD and BW have the advantage of being
highly reproducible and repeatable.'®'® Single center
studies indicated GMPI phase parameters can help
identify patients likely to respond to CRT, with GMPI
SPECT providing additional information on location and
extent of myocardial infarction/scarring, which together
with location of the LV pacing lead predicts CRT
response with positive predictive value of 96%.%°

Evaluation of RV function has been more difficult
than the LV because of RV anatomy. The RV is pyra-
midal in shape, with an inlet, a main body, and outflow
tract, so that borders are difficult to outline. Also, RV
wall thickness typically is a third of that of the LV,
exacerbating nuclear imaging difficulties. Nonetheless,
quantifying RV systolic function is important, as it
predicts outcome in valvular and ischemic heart dis-
ease.”! Using first-pass RNV, Brent et al showed that
patients with pulmonary hypertension had diminished
RVEF both at rest and in response to exercise.”> SPECT
RNV RVEF and volumes are strongly correlated with
those determined by MR in patients with pulmonary
hypertension and Tetralogy of Fallot.”*

2D echocardiography is frequently used to evaluate
RV function, via change in sectional RV area from the
four chamber view, and by measuring velocity of the tri-
cuspid annulus. However, RV 2D echo measurements
correlate only modestly with other methods.>* 3D
echocardiography has been more effective, and has been
successfully used to establish normal values for RVEF
and volumes.” In patients with varying degrees of pul-
monary hypertension, RV dyssynchrony parameters are
strong and independent predictors of outcomes. Tissue
Doppler imaging has been used to evaluate RV asyn-
chrony, with speckle tracking used to measure time to
peak systolic strain for the RV free wall, or four segments
in the mid to basal RV on four chamber view.”°

In patients with pulmonary hypertension, scintig-
raphy has shown a D-shape septum and increased RV
uptake of perfusion tracers, which correlates with pul-
monary artery pressure,”’ and that resting RV
myocardial blood flow by N-13 PET was half that of the
LV.?® Moreover, RV glucose uptake was 70% of the
LV, making N-13 an attractive isotope for RV functional
measurements.

In this issue, Wang et al have made an important
contribution to evaluation of RV function,?’ constituting
the first study analyzing RV asynchrony in pulmonary
hypertension patients using F-18-FDG PET. This study
evaluated whether FDG PET RV asynchrony parameters
correlate with those derived from speckle tracking
echocardiography and with clinical and hemodynamic
predictors of outcome.

Journal of Nuclear Cardiology®
January/February 2017

Methodologically, the authors repositioned the
Emory Toolbox Synchtool’s circular region of interest to
encompass the septum, RV free wall, and diaphragmatic
wall. A phase polar coordinate map was constructed, in
which the septum was represented on the right-most
area, and the RV free wall and diaphragmatic walls in
anterior and inferior locations. Phase SD and BW, and
the time delay from onset of RV free wall contraction to
that of the septum, were calculated. Echo speckle
tracking was then used to determine the same time
delay, and these two methods were then compared.

There were several important findings from their
data. First, there was excellent correspondence between
the order of onset of contraction in the septum and free
wall determined by PET phase measurements versus
speckle tracking. Also, there was significant correlation
between phase delay on PET and speckle tracking. This
finding provides independent support for the validity of
the RV nuclear phase measurements. There were also
significant correlations between RV phase SD and BW
and RVEF, C.I., BNP, and time on the 6 min walk test.
Interestingly, there was no correlation between dyssyn-
chrony parameters and RV hemodynamics, which was
ascribed to heterogeneity of the population.

This investigation represents a logical next step in
evaluating asynchrony by nuclear techniques by
exploring the feasibility of extending asynchrony anal-
ysis to the RV by FDG PET. While this study provides
convincing echocardiographic data that supports the
approach, more work needs to be done before these
methods can be considered well-validated. Repro-
ducibility of these RV techniques needs to be
established, including inter- and intra-observer repro-
ducibility, as has been done for LV parameters.'®'® The
longer half-life of F-18, relative to other PET tracers, is
well suited to performing two acquisitions from a single
injection. Also, correlations in this study between the
time differential of RV septal to free wall contraction for
PET versus echo is significant, but moderate at best. It is
acknowledged that this may be due in part to PET
measuring the phase onset of mechanical contraction,
while echo speckle tracking measures time to peak
strain, somewhat different parameters. In a larger sense,
the free wall to septal delay measurement is a single
plane radial strain parameter, while nuclear dyssyn-
chrony measurements reflect global dispersion of
contraction phase. The next step in the validation pro-
cess would be to compare asynchrony by tomographic
FDG PET against 3D echo asynchrony parameters.

A further concern is that the Synchtool uses a cir-
cular region of interest developed to define the short axis
LV. However, the RV is not circular, which may
introduce distortion and inaccuracy. The septal phase
obtained from the RV should be compared to that of the
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LV, as these should be identical; such an analysis would
serve as processing quality control.

RV asynchrony offers important prognostic infor-
mation in patients with pulmonary hypertension, and the
current study indicates that FDG PET RV asynchrony
correlates with RVEF and other predictors of prognosis
in pulmonary hypertension. Future studies are needed to
determine whether FDG PET RV asynchrony offers
incremental prognostic information in this group. LV
asynchrony is recognized as an important component of
LV dysfunction, while the contribution of RV asyn-
chrony to left-sided heart failure has been less explored.
The current study has focused on RV asynchrony in
pulmonary hypertension, because RV hypertrophy
results in count rates approaching that of the LV, making
asynchrony analysis more feasible. However, patients
with left-sided CHF may also have pulmonary hyper-
tension, RV hypertrophy, and increased RV:LV count
ratios. In addition, such patients may often undergo PET
FDG studies for viability determination, or scar quanti-
tation, before CRT implementation. Those clinical
circumstances may offer an ideal opportunity to assess
whether RV asynchrony can be quantified by PET FDG
in a general heart failure population, and determine if
these measurements have a role in the evaluation for
CRT.
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