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Single photon emission computed tomography
(SPECT) myocardial perfusion imaging (MPI) remains
one of the most commonly ordered tests for the detec-
tion of ischemia and significant coronary artery disease
(CAD)." A coronary artery territory perfused by a sig-
nificantly narrowed vessel has limited coronary flow
reserve; hence, during peak stress, there are less blood
flow and tracer uptake in that region as compared to
normal myocardial. The detection of reversible perfu-
sion defect, therefore, depends on the relative flow
between myocardial territories.” In patients with multi-
vessel disease, the coronary flow reserve is reduced in
all territories leading to what has been described as
balanced ischemia phenomenon.” The latter poses a
challenge as patients with multi-vessel CAD may have
“normal’” MPI and could be miss-diagnosed or more
commonly assumed to have less extensive CAD.’
However, other complementary tools have helped rec-
ognize the presence of high ischemic burden even when
the perfusion images say otherwise. Among them,
transient ischemic dilation (TID),* increased lung uptake
of TI-201,> and left ventricular (LV) stunning (i.e.,
decrease in early post-stress LV ejection fraction [EF]).
These tools, nevertheless, have limitations: the diag-
nostic accuracy of TID is low; T1-201 is rarely used and
has been replaced by Tc-99m; and LV stunning is often
missed or underestimated since imaging with SPECT
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does not occur at peak stress giving enough time for LV
recovery.’

LV mechanical dyssynchrony indices have been
proposed as additional tools to help detect myocardial
stunning and ischemia-induced dyssynchronous con-
traction. The technique was developed by Chen’ almost
a decade ago. It calculates a phase value for each of
sampled regions (>600) that represent the onset of
mechanical contraction. The standard deviation (phase
SD) and 95% bandwidth (histogram bandwidth) repre-
sent the LV dyssynchrony indices: the bigger the
numbers, the greater the dyssychrony. These indices are
derived retrospectively from prior acquired and saved
images, with no additional radiation burden or cost.
They are automated, reproducible with small inter and
intra-observer variability,8 repeatable,9 and have been
validated against two'® and three-dimensional echocar-
diography.'" The initial application of the technique was
in identifying the optimal patients with cardiomyopathy
who would derive most benefit from cardiac resyn-
chronization therapy.'? Since then, the technique proved
not only to be a valuable tool in detecting mechanical
dyssynchrony, but also providing prognostic information
and risk stratifying patients with various co-morbidities
(ischemic,'® non-ischemic cardiomyopathy,'® implant-
able defibrillators, '’ end-stage renal diseasel(””). More
recently, the technique has been used to detect ischemia-
induced myocardial dyssynchrony and multi-vessel
CAD by comparing stress and rest indices'®?’
(Table 1).

The concept of stress-induced changes in LV dys-
synchrony is not new. In patients with normal MPI
undergoing gated positron emission tomography (PET),
LV mechanical dyssynchrony indices were smaller when
derived from peak stress vs rest gated images, irrespective
of the resting LVEF.?! These findings were thought to be
related to stress-induced increased hyperemia leading to
more signal and less noise during phase analysis,*” but also
to improved LV contractility that can occur with vasodi-
lator testing. Similarly, Salimian et al*®> showed that
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Table 1. Potential clinical applications of left
ventricular mechanical dyssynchrony by phase
analysis

Selection of optimal candidates for cardiac
resynchronization therapy
Guiding placement of LV lead at the site of latest
onset mechanical dyssynchrony
Detecting stress-induced global and regional
worsening of LV dyssynchrony as a marker of
myocardial stunning and significant ischemia
Differentiating ischemic vs non-ischemic
cardiomyopathy based on the presence or absence
of stress-induced worsening of LV dyssynchrony
Risk stratification and prognostication in patients with:
Ischemic cardiomyopathy
Non-ischemic cardiomyopathy
Implantable cardiac defibrillators
End-stage renal disease

dobutamine stress amplifies LV synchronicity leading to
lower dyssynchrony indices.

In patients with stress-induced ischemia, there is
initially a supply-demand mismatch that translates into
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perfusion abnormality followed by abnormal myocardial
relaxation, contraction, and LV stunning. Therefore,
stress-induced worsening of LV mechanical dyssyn-
chrony is potentially a reflection of myocardial stunning,
and therefore a potential marker for multi-vessel CAD.
However, optimal detection of stress-induced worsening
of LV dyssynchrony is dependent on the time delay
between peak stress and imaging. Late post-stress
imaging (30-60 minutes), as is the case with Tc-99m
SPECT imaging, often results in recovery of LV stunning
with no residual detectable change in LV dyssynchrony
(stress vs rest) at the time of imaging, even in the pre-
sence of large ischemic burden.?*?> On the other hand,
early post-stress imaging that is more feasible with TI-
201 (5-10 minutes) captures stress-induced changes in
LV dyssynchrony.?® Indeed, dyssynchronous contraction
in the ischemic region during peak stress, leads to dete-
rioration of LV synchrony as opposed to the normal
myocardium that retains its synchrony.”® As a further
validation of their initial findings, Huang et al'® showed
that early post-stress LV mechanical dyssynchrony by
phase analysis of gated T1-201 SPECT MPI is a useful
tool to detect multi-vessel CAD.

In the current study, 144 consecutive patients who
underwent stress/rest T1-201 SPECT MPI and
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Figure 1. Unadjusted Kaplan-Meier survival curves illustrating survival of patients with ischemic
cardiomyopathy undergoing stress/rest Rb82 PET, stratified by tertiles of change in left ventricular
mechanical dyssynchrony index reserve (LVMDR = stress-rest phase SD). There was significant
increase in all-cause mortality among patients with the most worsening of stress phase SD (15% vs
26% vs 31% for the 1st, 2nd, and 3rd tertiles, respectively, log rank P = 0.014). (Reproduced with
permission from AlJaroudi et al. J Nucl Cardiol 2012;19:958-969 [Figure 4]20). Positron emission

tomography (PET).
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Figure 2. Three-dimensional bar diagram plot illustrating incremental increase in mortality among
patients with more significant stress-induced worsening of LV dyssynchrony (stratified by tertiles)
and across different ranges of LVEF, perfusion defect size and LVEF reserve (Reproduced with
permission from AlJaroudi et al, J Nucl Cardiol 2012;19:958-969 [Figure 51%°). LVMDR = stress-

rest phase SD.

subsequent coronary angiography were evaluated.'®
There were 57 patients with no CAD, 32 with 1-vessel
disease, 36 with 2-vessel disease, and 19 with 3-vessel
disease. Patients with multi-vessel CAD had signifi-
cantly more global and regional LV dyssynchrony at
early post-stress imaging as compared to rest. Also,
dysysnchrony assessment correctly classified more
patients with multi-vessel disease as compared to per-
fusion abnormalities and EF changes alone.'® Using
similar concept, Igarashi et al'® showed that patients
with CAD had significantly higher global changes of
phase SD with stress, and were able to differentiate
patients with heart failure as ischemic vs non-ischemic
etiologies.

The ability to detect and quantify regional LV
mechanical dyssynchrony is obviously a leap forward in
the technique of phase analysis and has several advan-
tages and clinical utilities (Table 1). Furthermore, the
measurements of LV dyssynchrony indices were per-
formed in a Core lab by experts who developed the
technique, and in a blinded manner adding more clinical
validity to the results. The study was well designed and

the results are quite compelling and encouraging to
pursue larger prospective validation studies.

There are some limitations to the study, however.
First, the cut-off of phase SD 4.3° as being a significant
change in LV dyssynchrony (z score of 1.65 x the
standard deviation of phase SD between two serial scans
2.6°]) was based on images obtained by Tc-99m.?’ In
the current study, T1-201 was used which has lower
energy, and results in more background noise and poorer
image quality that may lead to higher variation in dys-
synchrony indices on serial scans; however, the authors
did use a prolonged acquisition protocol to increase
count density of the images. Second, although the cor-
relation between change in phase SD and ischemic
burden was statistically significant, it was fair to modest
at best (r = 0.25) with wide scatter resulting in reduced
diagnostic accuracy. For instance, there were several
patients with significant worsening of LV dyssynchrony
yet with no or minimal ischemic burden. Third, there
were no data available on the QRS duration and baseline
EF that do affect LV dyssynchrony indices. Last, sig-
nificant CAD based on the anatomic definition of
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epicardial stenosis >70%, although widely accepted in
the community, does not always translate into ischemia;
conversely, ischemic myocardium can be detected with
less epicardial stenosis depending on the microvascular
bed. Hence, the use of quantitative flow data based on
PET or fractional flow reserve in the catheterization
laboratory would have been a more optimal way to
define significant ischemia and correlate it with the
MPL*®

While TI-201 imaging allows early post-stress
imaging and theoretically more detection of stress-
induced LV dyssynchrony and multi-vessel disease, it is
less commonly used these days. This is in part related to
the lower quality images obtained, high background
noise, and significantly more radiation burden as com-
pared to Tc-99m. With the introduction of PET MPI,
and more recently dynamic PET with coronary flow
reserve assessment, the detection of multi-vessel CAD
has become less challenging.”’ PET MPI provides even
better quality images, lower radiation dose, and the
ability to obtained immediate peak-stress images. The
latter can be used to identify true LV stunning and
worsening of LV dyssynchrony. Our group has recently
showed the clinical utility and prognostic value of LV
mechanical dyssynchrony in patients with ischemic'?
and non-ischemic'* cardiomyopathy undergoing gated
PET. Moreover, worsening of LV dyssynchrony at peak
stress was an independent predictor of mortality and
provided incremental value to the traditional risk factors
in a study of 489 patients with ischemic cardiomyopathy
undergoing rest/stress Rb-82 gated PET?° (Figures 1, 2).
PET imaging, however, is not widely available, and is
significantly more expensive than SPECT imaging.

LV mechanical dyssynchrony by phase analysis has
proved to be a unique tool that provides relevant diag-
nostic and prognostic data. The detection of multi-vessel
disease using stress vs rest changes is yet another
potential application for the technique. It is time to start
reporting it regularly on all clinical studies, have it
integrated in the reports, and build a large multicenter
database.
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