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In this new feature of The Journal of Nuclear Cardiology we will summarize Kkey articles that
were published in the Journal in the previous year. In the first article of this 2-part series we
concentrated on publications dealing with cardiac positron emission tomography, computed
tomography, and neuronal imaging. This review will focus on myocardial perfusion imaging
summarizing advances in the field including in diagnosis, prognosis, appropriateness, and safety
of testing. (J Nucl Cardiol 2015;22:714-9.)
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PROGNOSTIC VALUE OF MYOCARDIAL
PERFUSION IMAGING (MPI)

There are extensive prognostic data on the value of
MPI including its important role in risk stratification.’
However, the data in very elderly patients are limited.
Katsikis et al® from Onassis Cardiac Surgery Center,
Athens, Greece evaluated the prognostic value of
treadmill exercise MPI in 247 patients older than
80 years who underwent testing at their institution.
The patients exercised for 5 + 2 minutes achieving a
peak heart rate of 124 + 19 beats/min. The exercise
duration was less than 3 minutes in 9 patients. The test
was terminated due to fatigue or dyspnea in 64%, angina
in 15%, hemodynamic abnormalities in 3%, and
achievement of maximum predicted heart rate in 17%.
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A low summed stress score (SSS, <3) was present in
41%, intermediate SSS*'? in 30%, and high SSS (>12)
in 28% of patients. After a median follow-up of 7 years
there were 48 deaths (17 cardiac deaths), 8 non-fatal
myocardial infarctions (Mls), and 21 late coronary
revascularizations (>3 months after MPI). There were
significant differences in the Kaplan—Meier survival
curves for all outcomes according to SSS categories. For
example, patients in the low SSS category had an annual
cardiac mortality rate of 0.9% compared to 5% for those
with high SSS. This study extends the prognostic data
available for MPI to octogenarians. Risk stratification
with MPI can be useful in this patient population when it
is deemed meaningful due to the limited life expectancy
in this cohort.

An important aspect of risk stratification with MPI is
the low cardiac risk associated with normal MPI. Rozan-
ski et al® evaluated how coronary artery disease (CAD)
risk factors influenced long-term risk in more than 12000
patients with normal exercise MPI. During a follow-up
time of 11.2 + 4.5 years, 8.6% of the patients died
(annualized mortality rate of 0.8%/year). Smoking,
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hypertension, diabetes, and decreasing exercise duration
were associated with worse outcomes. Further, these risk
factors were synergistically associated with outcomes
such that patients without any of these factors who
exercised >9 minutes had a annualized mortality of 0.2%
per year and this increased stepwise to 1.6%/year in those
with 2-3 risk factors who exercised <6 minutes. Thus,
while a normal exercise MPI conferred a low long-term
mortality risk, this population can be further risk stratified
based on the presence of clinical risk factors and exercise
capacity. Acampa et al* also evaluated the effect of
diabetes status on cardiac risk in patients with normal
stress MPL. They studied 260 patients with diabetes who
were propensity-matched to 260 without diabetes all with
normal perfusion on imaging. During a median follow-up
of 53 months, 18 events (11 cardiac deaths and 7 non-
fatal MIs) occurred in the diabetes group compared to
6 events (2 cardiac deaths and 4 MIs) in the non-diabetes
group. Both diabetes status and post-stress left ventricular
ejection fraction (LVEF) <45% were independent pre-
dictors of events. While non-diabetic patients with normal
LVEF remained at low risk for the length of follow-up,
patients with diabetes and LVEF <45% achieved a risk
level >3% in 12 months (Figure 1). Thus, the ‘warranty
period’ of a normal stress MPI varies according to
diabetes status and post-stress LVEF. The same group
performed a meta-analysis of 14 studies recruiting more
than 13000 patients with diabetes and showed that the
negative predictive value for cardiac death and non-fatal
MI for a normal MPI is 95% with a corresponding
annualized event rate after a negative test of 1.6%”.

In another large study of almost 15000 patients
(3654 with diabetes), Padala et al® evaluated the impact
of the level of exercise achieved during exercise MPI on
cardiovascular outcomes in diabetic patients. In patients
with significant perfusion defect (SSS > 8), inability to
achieve >5 METs predicted cardiac events better than
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Figure 1. Estimated time (mean with 95% confidence inter-
vals, CI) from stress MPI to reach a defined level of risk for
cardiac death or nonfatal MI in a propensity score-matched
cohort of diabetic and non-diabetic patients stratified by post-
stress LVEF. Reproduced with permission from Acampa et al*.
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diabetes status. Further, diabetic patients who achieved
more than 10 METs had a very low event rate. After risk
factor adjustment, 1-MET increment in exercise ca-
pacity was associated with 12% decrease in cardiac
events in the diabetes group.

LEFT VENTRICULAR DYSSYNCHRONY

Phase analysis of gated MPI has been used to assess
for LV mechanical dyssynchrony.”® Several studies
evaluated the additive prognostic value of LV dyssyn-
chrony by MPI on top of traditional parameters. Zafrir
et al’ studied 787 patients who underwent gated MPI
with phase analysis at their institution. During a median
follow-up of 19 months, 55 patients died and 45 had
cardiac events (26 cardiac death, 16 heart failure
hospitalization, 2 patients with sustained ventricular
tachycardia and one with ventricular fibrillation). In
multivariate analysis, low LVEF (<50%), NYHA class
and diabetes were the independent predictors of cardiac
events while NYHA class and phase standard deviation
(SD) were the independent predictors of cardiac deaths.
Cardiac death occurred in 7.8% of patients with abnor-
mal phase SD (>40°) and in 1.9% of patients with
normal SD (P < 0.001). Thus, phase analysis by MPI
can be used for the prediction of cardiac death on top of
other more traditional prognostic indicators.

Hage et al'” studied the association of LV me-
chanical dyssynchrony by phase analysis and cardiac
sympathetic denervation (MIBG) with potential sudden
cardiac death events as a substudy of ADMIRE-HF
(AdreView Myocardial Imaging for Risk Evaluation in
Heart Failure). ADMIRE-HF studied 964 patients with
symptomatic heart failure and reduced LVEF (<35%).
During a median follow-up of 17 months, 92 patients
experienced adjudicated potential sudden cardiac death
events (23 with sudden cardiac death, 5 fatal MI, 7
resuscitated cardiac arrest, 46 with appropriate cardiac
defibrillator therapy, and 11 with sustained ventricular
tachycardia). Propensity score matching was used to
assemble a cohort of 85 patients without potential
sudden cardiac death events who were well-balanced in
21 measured baseline characteristics to those with
events. Patients who experienced potential events had
significantly wider phase SD than matched control
patients (62.3 = 2.4° vs 55.5+2.3° P =0.03) and
were more likely to have a phase SD > 60° (53% vs
35%, P = 0.03). Thus, in ADMIRE-HF LV mechanical
dyssynchrony by phase analysis of gated SPECT MPI
was independently associated with potential sudden
cardiac death events.

Goldberg et al'' evaluated the prognostic value of
LV mechanical dyssynchrony in 324 patients with non-
ischemic cardiomyopathy with mildly decreased systolic
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function (LVEF 35%-50%) and narrow or intermediate
QRS duration (WRS <150 ms). During a mean follow-
up time of 4.6 years, 86 (26%) patients died. On multi-
variate analysis, age, diabetes status, and phase SD were
independent predictors of all-cause mortality. Impor-
tantly, phase SD remained an independent predictor of
death in the patients with narrow QRS (<120 ms).
Therefore, phase SD may be a useful prognostic marker
in this population that is generally considered at lower
risk of events compared to patients with ischemic
cardiomyopathy and severe LV systolic dysfunction. In
a separate study Aggarwal et al'” evaluated the prog-
nostic value of LV dyssynchrony in 828 patients with
end-stage renal disease being evaluated for renal trans-
plantation. During a mean follow-up of 5 years, 35% of
the patients died. Parameters on phase analysis indica-
tive of dyssynchrony (phase SD and bandwidth) were
larger in patient who died than those who survived. In a
multivariate model adjusting for demographics, co-
morbidities, abnormal perfusion, and LVEF, a phase
bandwidth above the median (>56°) was independently
associated with mortality (HR 1.34, P = 0.01). A wide
phase bandwidth was associated with mortality in the
subset of patients with abnormal perfusion but not in
those with normal perfusion. This study showed that
phase analysis provides prognostic data beyond tradi-
tional MPI parameters in patients with end stage renal
disease being evaluated for renal transplantation, espe-
cially in those with abnormal perfusion pattern on
imaging.
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Huang et al'’ studied the relationship between
stress-induced LV dyssynchrony and the extent of CAD
on coronary angiography. Patients with multi-vessel
CAD had more global dyssynchrony than those without
CAD on angiography. Further, in patients with multi-
vessel disease there was significantly more dyssyn-
chrony on the stress images than rest images indicating
the possibility of myocardial stunning. Specifically,
patients with significant LAD disease had more global
dyssynchrony as well as territorial dyssynchrony in the
LAD region at stress than at rest (Figure 2) indicating
that LAD stenosis has an important impact on dyssyn-
chrony. This study suggested that the territorial
assessment of LV synchrony may assist in the diagnosis
of multi-vessel CAD as an indicator of myocardial
stunning.

Zhang et al'* used phase analysis to assess the effect
of right ventricular apical vs septal pacing on LV
synchrony. Phase analysis by MPI was performed at
1 week and 6 months after pacemaker placement in
39 patients with complete atrioventricular block who
were randomized to receive right ventricular apical vs.
septal pacing. There were no significant differences in
LV dyssynchrony parameters between the 2 groups at
1 week after pacemaker placement. At 6 months, phase
SD was significantly lower in the patients that received
septal vs apical pacing (18.65 +9.14° vs 28.67 +
15.33°, P =0.004). While LV synchrony improved
from the 1-week to the 6-month scans in the septal
pacing group, it was unchanged in the apical pacing
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Figure 2. Dyssynchrony assessment for the entire LV (phase standard deviation [SD] and
histogram bandwidth) and coronary territories (phase SD in the territories). This patient had a 100%
stenosis in the mid LAD according to the coronary angiography. The global dyssynchrony
parameters (phase SD and histogram bandwidth) and LAD phase SD deteriorated from rest to early
post-stress. Such deterioration was due to the delayed contraction in the ischemic region. Figure

reproduced from Huang et al'® with permission.
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group (—4.37 = 7.59° vs 6.17 = 15.17°, P = 0.01). The
findings from this small randomized study suggest that
right ventricular septal pacing may result in better LV
mechanical synchrony compared to right ventricular
apical pacing.

INNOVATIONS

Several reports were published in the Journal in
2014 involving advances and innovations in MPL'>?!
Patil et al'® studied 54 patients with high-resolution
Anger SPECT (128 x 128 matrix with 3.2 mm pixel
size) with attenuation correction, noise reduction and
resolution recovery algorithms. The sensitivity of this
innovative software for detection of obstructive CAD by
angiography was 89%, which was equally high in men
and women, obese and non-obese, and in those stressed
with exercise and pharmacologic stress. Image quality
was high and interpretative certainty was an impressive
96%. Mut et al'® used early (15 =5 minutes) post-
exercise conventional gated SPECT MPI to improve the
detection of post-ischemic stunning. Nudi et al'” devel-
oped a novel 7-region segmentation approach in keeping
with the anatomic distribution of the main coronary
vessels and a corresponding ischemia score (Figure 3).
They validated the prognostic value of this approach in
8714 patients with mean follow-up of 31 months. This
novel ischemia score was significantly associated with
I-year and long-term outcomes even after adjusting for
multiple confounding variables. Fransson et al'® devel-
oped an open access software for automated quantitation
of ischemia and infarction by MPI that used voxel-based
image registration of rest and stress images in combi-
nation with regional myocardial function at rest.
Mouden et al*® showed that availability of coronary
artery calcium score to the interpreting physician altered
the diagnostic interpretation in 37% of cases and,
notably, reduced the number of equivocal findings from

Figure 3. Comparison between the standard 20-unit segmen-
tation method (left panel) and the approach of Nudi et al'’
which segments the left ventricular myocardium into 7 regions
(right panel 1, apical; 2, antero-medial and antero-distal; 3,
antero-proximal; 4, septal; 5, postero-lateral; 6, lateral; and 7,
inferior). Figure reproduced from Nudi et al'” with permission.
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21% to 13%. Ather et al®' studied 120 patients using 3
commercially available automated quantitative soft-
wares. They showed significant differences between
the softwares in measuring perfusion defect size and LV
function. For example, there was discordance among the
three softwares in 62% of cases for classification of
perfusion defect size as mild, moderate, or severe
(Figure 4). These findings could have major implica-
tions for patient care.

APPROPRIATENESS AND SAFETY

Appropriate Use Criteria for detection and risk
assessment of stable CAD using MPI and other imaging
modalities were recently published.”” Winchester et al*®
evaluated the role of training, specialty, and practice
location of the ordering clinician on the appropriate use
of MPIL. Out of 582 patients studied ~10% were
considered inappropriate. There was no effect of training
(housestaff vs clinicians), specialty (cardiology vs
others) or practice location (emergency room vs inpa-
tient vs outpatient) on the rate of inappropriate testing.
The majority of inappropriate MPIs were performed in
asymptomatic patients. The most common inappropriate
indications ordered by each group were different sug-
gesting that interventions to reduce inappropriate use of
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Figure 4. A patient with discordant assessment of perfusion
defect with the three softwares. Whereas 4 dimension-
myocardial SPECT (4DM) assessed the reversible perfusion
defect as severe (45%), Emory cardiac toolbox measured it as
moderate (10%), and quantitative perfusion SPECT (QPS) as
mild (7%). Reproduced with permission Ather et al*'.
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MPI may be more successful if tailored to each group
separately.

MPI may show normal perfusion in patients with
CAD. An important concern is whether patients with
significant CAD may be missed with MPI and specifical-
ly whether patients with left main disease or 3-vessel
CAD may have normal perfusion due to balanced
ischemia. Yokota et al** studied the prevalence, loca-
tion, and extent of significant CAD in 256 patients with
normal MPI who had invasive coronary angiography
due to worsening of symptoms. Of these, 93(36%)
patients had significant CAD (>70% stenosis in major
coronary artery or >50% stenosis in left main) on
angiography. The majority of these patients had single
(61%) or 2-vessel (22%) disease while 10% had 3-vessel
CAD and 7% had left main disease. Overall, ‘unpro-
tected’ left main and/or 3-vessel CAD was present in
11% of patients. During a mean follow-up period of
5 years, 6.6% of patients died with no significant
difference between those that had CAD on angiography
vs. those that did not. These data indicate that balanced
ischemia as a cause of false-negative MPI is not
common.

Currently, regadenoson is the most commonly used
pharmacologic stress agent for MPI. Recent reports®>>°
of MI occurring after regadenoson injection raised
concerns regarding the safety of stress testing with
regadenoson. Rosenblatt et al®’ reported 2 cases of
asystole that led to hemodynamic collapse following
regadenoson administration in stable outpatients in the
absence of baseline conduction abnormalities or inter-
fering medications. Further, cases of seizures associated
with regadenoson have been described.”® However, it is
important to note that the absolute risk associated with
regadenoson appears to be small and may not be different
than that associated with other stress agents.”**" Whe-
ther patients who are at high risk of complications with
regadenoson administration can be reliably identified by
screening prior to stress testing is an important topic that
should be comprehensibly addressed.
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