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ABSTRACT

BACKGROUND  Leftventricular mechanical dyssynchrony (LVMD) can be induced after stress test. However,
no studies have compared the influence of different stress-inducing methods on LVMD parameters.
AIMS The aim of the study was to determine whether there is a difference between exercise and
adenosine triphosphate (ATP) stress tests in terms of changes in LVMD parameters assessed using gated
single-photon emission computed tomography myocardial perfusion imaging (GSPECT MPI).

METHODS  Atotal of 190 patients who underwent ®"Tc-sestamibi GSPECT MPI were consecutively enrolled.
Treadmill exercise and ATP stress tests were performed in 95 patients each. Normal myocardial perfusion
was defined as the summed stress score (SSS) <3 and summed rest score (SRS) <3, myocardial ischemia
as SSS >3 and SRS <3, and myocardial infarction as SSS >3 and SRS >3. Parameters of LVMD, including
phase standard deviation (PSD), phase bandwidth (PBW), skewness, and kurtosis were compared.
Subtraction was made between values during stress and rest phases to acquire APSD, APBW, Askewness,
and Akurtosis.

RESULTS There were no differences in LVMD parameters between the exercise and ATP groups. The same
results were obtained in the normal perfusion, ischemia, and infarction subgroups. Furthermore, no
differences were observed in APSD (median [interquartile range, IQR], 0.25[-2.3 t0 3.1] vs 0.42 (-1.7 to
3.11; P=0.73), APBW (median [IQR], 1 [-7 to 11] vs 1 [-6 to 11]; P = 0.95), Askewness (mean [SD], -0.06
[0.63]vs 0[0.81]; P=0.53), and Akurtosis (median [IQR], -0.47 [-4.2t0 4.3] vs -0.42 [-4.8 t0 5.2]; P=0.73)
between the exercise and ATP stress-inducing methods.

CONCLUSIONS There are no differences between the exercise and ATP stress tests in terms of changes
in LVMD parameters. Thus, the 2 methods can be used alternatively.

INTRODUCTION Left ventricular mechanical
dyssynchrony (LVMD) parameters derived from
gated single-photon emission computed tomog-
raphy myocardial perfusion imaging (GSPECT
MPI) have been widely used in the diagnosis
of various diseases,"? such as coronary artery
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disease (CAD),’ end-stage renal disease,* dilated
cardiomyopathy,” and diabetes mellitus,® as well
as in cardiac resynchronization therapy.”"’ Dif-
ferent stress-inducing methods have been used
to observe changes in LVMD parameters during
stress and rest.""" Hida et al'* and Singh et al®



WHAT'S NEW?

Gated single-photon emission computed tomography myocardial perfusion
imaging (GSPECT MPI) has been widely used in the diagnosis and prognosis
of various diseases, including coronary artery disease, dilated cardiomyopathy,
and end-stage renal disease. Left ventricular mechanical dyssynchrony
(LVMD) parameters derived from GSPECT MPI can provide quantitative
information on the ventricular wall in addition to that on perfusion. Both
exercise and pharmacological stress tests are used to induce changes in
LVMD parameters through their own mechanisms. This is the first study to
compare poststress changes of LVMD parameters between exercise and
adenosine triphosphate stress tests using GSPECT MPI. Our study showed
no difference between these 2 stress-inducing methods with regard to
changes in LVMD parameters.

reported that phase standard deviation (PSD)
and phase bandwidth (PBW) were significantly
higher after exercise treadmill stress test. Chen
et al’ found that dipyridamole stress test could
cause changes in LVMD parameters in the isch-
emic region.

The stress-inducing methods differ in terms of
the underlying mechanisms. Exercise stress test
simulates physiological load, which reflects real
cardiac demand and induces myocardial isch-
emia. Pharmacological stress tests, such as di-
pyridamole and adenosine triphosphate (ATP)
tests, directly dilate coronary arteries and in-
crease myocardial blood flow. Prior studies have
compared different stress-inducing methods
for CAD diagnosis and the results showed high
concordance."”'® However, no studies have com-
pared the influence of different stress-inducing
methods on LVMD parameters. This study aims
to determine whether there is a difference be-
tween exercise and ATP stress tests in terms of
changes in LVMD parameters assessed using
GSPECT MPL

METHODS This retrospective study was ap-
proved by the Institutional Ethical Commit-
tee of the First Affiliated Hospital of Nanjing
Medical University. Patients diagnosed with or
suspected of CAD who underwent both stress
and rest %™Tc-sestamibi GSPECT MPI in our
center were consecutively enrolled from Sep-
tember 2008 to November 2017. Patients who
underwent an ATP stress test were enrolled
first. Then, a group of patients matched for
age, sex, and QRS wave duration who under-
went an exercise stress test over the same peri-
od were selected. Patients with bundle branch
block, permanent pacemaker implantation,
or acute coronary syndrome, as well as those
who did not reach at least 85% of the predict-
ed maximum heart rate during the exercise
test were excluded.

In this study, hypertension was defined as
systolic blood pressure greater than or equal
to 140 mm Hg, diastolic blood pressure greater

than or equal to 90 mm Hg, or the use of antihy-
pertensive drugs. Diabetes was defined as fast-
ing blood glucose level greater than or equal to
7 mmol/1 or the use of antidiabetic medicines.
Smoking was defined as regular consumption of
at least 1 cigarette per day.

Acquisition and processing of gated single-
-photon emission computed tomography
myocardial perfusion imaging GSPECT
MPI was performed using a 2-day stress-rest
protocol. B-Blockers, calcium channel antag-
onists, and nitrates were stopped 2 days be-
fore the test. In the exercise stress test, the pa-
tients underwent symptom-limited multistep
exercise following the standard Bruce pro-
tocol. 99mTc-sestamibi (20-30 mCi) was ad-
ministered intravenously at 85% of the ex-
pected peak heart rate, or when symptoms
such as chest pain or an ST-segment depres-
sion of 0.1 mV or greater occurred. In the ATP
stress test, the patients were administered
with ATP at the dosage of 140 png/kg/min for 5
minutes and %°™Tc-sestamibi was given 3 min-
utes after the beginning of ATP administra-
tion.””?? Acquisition of both stress and rest im-
ages was commenced 30 to 60 minutes after
99mTc-gsestamibi injection.

A Philips CardioMD system (Philips Medical
Systems, Milpitas, California, United States)
was used to acquire scans with 20% energy
windows around 140 keV. A total of 64 projec-
tions (24 s/ projection; total acquisition time,
14 min) were obtained over a 180° circular or-
bit. The GSPECT data were acquired as 8 frames
per cardiac cycle and stored in a 64-64 matrix
with 6.4 mm/ pixel. They were reconstructed
using a manufacturer-provided filtered back-
-projection program with a Butterworth filter
(order, 5; cutoff frequency, 0.66; AutoSPECTPlus,
Philips Medical Systems). No attenuation cor-
rection was applied.

Quantitative analysis of gated single-photon
emission computed tomography myocardi-
al perfusion imaging The total myocardial
perfusion scores during stress and rest were
designated as the summed stress score (SSS)
and the summed rest score (SRS). The sum of
the differences between SSS and SRS was de-
fined as the summed difference score (SDS).
The final results were visually inspected by 2 ex-
perienced readers. Only the consensus readings
were reported and scores were manually correct-
ed if necessary. Normal myocardial perfusion
was defined as SSS <3 and SRS <3, myocardial
ischemia was recognized as SSS >3 and SRS <3,
and myocardial infarction was deemed as SSS
>3 and SRS >3. Left ventricular ejection frac-
tion (LVEF), end-diastolic volume (EDV), and
end-systolic volume (ESV) were acquired. All
reconstructed data were reoriented to generate
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TABLE1 Baseline patient characteristics

Variable EXE (n=95) ATP (n=95) Pvalue
Age, y, mean (SD) 60 (6) 60(7) 0.51
Male sex, n (%) 57 (60) 49 (51.6) 0.31
Hypertension, n (%) 66 (69.5) 60(63.2) 0.44
Diabetes, n (%) 22(23.2) 20(21.0) 0.86
Smoking, n (%) 32(33.7) 31(32.6) 0.88
PCI/CABG, n (%) 30(31.6) 22(23.2) 0.26
SSS, median (IQR) 4(2-7) 4(2-7) 0.54
SRS, median (IQR) 0(0-2) 0(0-1) 0.57
SDS, median (IQR) 3(1-5) 3(1-5) 0.81
Rest LVEF, %, mean (SD) 67.2(9.1) 66.9 (8.3) 0.36
QRS, ms, median (IQR) 80 (80-90) 85 (80-90) 0.8

Abbreviations: ATP, adenosine triphosphate; CABG, coronary artery bypass graft; EXE, exercise; IQR, interquartile range; LVEF, left
ventricular ejection fraction; PCI, percutaneous coronary intervention; SDS, summed difference score; SRS, summed rest score; SSS,

summed stress score

gated short-axis images and then submitted
to phase analysis to calculate LVMD parame-
ters including PSD, PBW, skewness, and kur-
tosis (Emory Cardiac Toolbox, Atlanta, Geor-
gia, United States).""”” Values obtained during
the rest phase were subtracted from values ob-
tained during the stress phase to acquire chang-
es in those parameters, which were defined as
APSD, APBW, Askewness, Akurtosis, ALVEE,
AEDV, and AESV.

Coronary angiography A total of 62 pa-
tients underwent coronary angiography with-
in 3 months after GSPECT MPI. At least 2 or-
thogonal views were obtained and the pro-
jection showing the most severe stenosis was
used for quantitative coronary measurements.
Considering the mean proximal and distal ref-
erence diameters, the percentage lumen reduc-
tion was calculated offline by 2 experienced
investigators. Multivessel CAD was defined as
2 or more main coronary arteries presenting
with stenosis of more than 70%, and single-
-vessel CAD was defined as only 1 main coro-
nary artery presenting with stenosis of more
than 70%.

Statistical analysis Statistical analysis was
performed with the IBM SPSS Statistics soft-
ware, version 18.0 (SPSS Inc., Chicago, Illi-
nois, United States). Normality of distribu-
tion was assessed by the Kolmogorov-Smirnov
test. Continuous data were expressed as mean
(SD) in case of normal distribution or as medi-
an with interquartile range (IQR) if nonnor-
mally distributed. Categorical data were ex-
pressed as number and percentage. Normal-
ly distributed continuous variables were com-
pared by the unpaired t test and nonnormally
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distributed data were compared by the Mann-
Whitney test. Dichotomous data were analyzed
by the x? test or the Fisher exact test when
the total number was less than 40. All tests
were 2-tailed and a P value of less than 0.05
was considered significant.

RESULTS Baseline characteristics Overall,
95 patients who underwent a treadmill exer-
cise stress test and 95 patients who had an ATP
stress test were enrolled. Among them, 80 pa-
tients (42%) had normal myocardial perfusion
(40 patients in each group), 80 (42%) had myo-
cardial ischemia (40 patients in each group)
and 30 (16%) had myocardial infarction (15 pa-
tients in each group). The baseline character-
istics were comparable between the 2 groups
(aBLET). In the subgroups of normal perfusion,
ischemia, and infarction, the baseline charac-
teristics were comparable as well (Supplemen-
tary material, Table S1-S3).

Comparison of left ventricular mechanical
dyssynchrony parameters AllLVMD param-
eters at rest and after stress were comparable be-
tween the exercise and ATP groups (FiGure 1 and 2).
In total, no differences between the 2 groups
were observed in APSD (median [IQR], 0.25 [-2.3
to 3.1] vs 0.42 [-1.7 to 3.1], respectively; P = 0.73),
APBW (median [IQR], 1 [-7 to 11] vs 1 [-6 to 11],
respectively; P = 0.95), Askewness (mean [SD],
-0.06 [0.63] vs 0 [0.81], respectively; P = 0.53),
and Akurtosis (median [IQR], -0.47 [-4.2 to 4.3]
vs —0.42 [-4.8 to 5.2], respectively; P = 0.73). In
a subgroup analysis of patients with normal
perfusion, ischemia, and infarction, there were
also no differences in the above-mentioned pa-
rameters (TABLE2).
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FIGURE1 Comparison of rest left ventricular mechanical dyssynchrony parameters between the exercise (EXE) and adenosine triphosphate (ATP) groups

Abbreviations: PBW, phase bandwidth; PSD, phase standard deviation
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FIGURE 2 Comparison of stress left ventricular mechanical dyssynchrony parameters between the exercise (EXE) and adenosine triphosphate (ATP) groups

Abbreviations: see FIGURE 1
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TABLE2 Changes in left ventricular mechanical dyssynchrony parameters between the exercise and adenosine

triphosphate groups

Variable EXE (n =95) ATP (n=95) Pvalue

Normal perfusion group (n = 80)

APSD, °, mean (SD) 0.35(3.53) 0.41(3.02) 0.94
APBW, °, median (IQR) 1(-8.8t07.5) -2.5(-61t06) 0.84
Askewness, mean (SD) -0.05 (0.65) 0.01(0.85) 0.74
Akurtosis, mean (SD) -0.39(6.89) 0.54 (8.93) 0.6

Ischemia group (n = 80)

APSD, °, mean (SD) 0.53(5.26) 1.66 (4.67) 0.31
APBW, °, median (IQR) 1.5(-8.5t019) 4.5(-41015) 0.77
Askewness, mean (SD) -0.11(0.68) -0.06 (0.74) 0.78
Akurtosis, mean (SD) -1.04 (6.45) -0.2(7.43) 0.59

Infarction group (n =30)

APSD, °, median (IQR) 0.04(-2.3t03.6) -0.8(-2.7t03.7) 0.55
APBW, °, mean (SD) 5.67(9.82) 1.8(19.13) 0.49
Askewness, mean (SD) 0.02 (0.44) 0.17(0.91) 0.58
Akurtosis, mean (SD) 0.32(3.73) 1.86(8.73) 0.54

Abbreviations: A, subtraction of values obtained at rest from values obtained during stress; others, see TABLE 1 and FIGURE 1

TABLE3 Comparison of left ventricular mechanical dyssynchrony parameters in different stages of coronary

artery disease

Variable Single-vessel disease (n =30)

EXE (n = 15) ATP (n=15)

Rest dyssynchrony parameters

Multivessel disease (n =32)

Pvalue EXE (n=19) ATP(n=13) Pvalue

PSD, °, mean (SD) 10.4 (4) 10.1(3.6) 0.8 12.8(6.3) 12(3) 0.69
PBW, °, mean (SD) 41.5(15.7) 39.5(14.5) 0.72 52.1(39.6) 46.6 (8.7) 0.63
Skewness, mean (SD) 4.2(0.7) 4.3(0.7) 0.57 4.1(0.7) 3.8(0.5) 0.19
Kurtosis, mean (SD) 21.9(6.6) 23.3(7.1) 0.57 20.4(6.7) 17.9 (4.7) 0.25
Stress dyssynchrony parameters

PSD, °, mean (SD) 12.8(6.6) 11.1(3.7) 0.38 14.1(5.8) 13.9(6.1) 0.94
PBW, °, mean (SD) 49(23.9) 42.3(13.3) 0.35 51.3(17.5) 49.6 (17.3) 0.83
Skewness, mean (SD) 4(0.6) 4.1(0.7) 0.66 3.9(0.8) 3.7(0.8) 0.47
Kurtosis, mean (SD) 20.1(5.8) 21.2(6.9) 0.63 18.9(6.9) 17 (6.6) 0.44

Abbreviations: see TABLE 1and 2

Among 62 patients who had coronary angi-
ography, 30 had a single diseased vessel and 32
had multiple diseased vessels. In patients with
single-vessel CAD, LVMD parameters showed
no differences between the exercise and ATP
groups. (1A8LE3). The same was observed for pa-
tients with multivessel CAD (TABLE3).

Comparison of other left ventricular func-
tional parameters Both rest and stress EDV,
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ESV, and LVEF were comparable between the ex-
ercise and ATP groups (1asLE4). Overall, there
were no differences in ALVEF (median [IQR],
-2 [-5to 1] vs -1 [-5 to 1], respectively; P = 0.7),
AEDV (median [IQR], 1 [-3 to 6] vs. 2 [-3 to 7],
respectively; P = 0.34), and AESV (median [IQR],
1 [-1 to 4] vs 2 [-1 to 4], respectively; P = 0.61).
The subgroup analysis also revealed no differenc-
esin ALVEF, AEDV, and AESV between the nor-
mal perfusion, ischemia, and infarction groups.



TABLE4 Comparison of other left ventricular functional parameters

Variable EXE (n=95) ATP (n=95) Pvalue
Normal perfusion group (n = 80)

Rest LVEF, %, median (IQR) 66 (63-76) 67 (62.3-72) 0.39
Rest EDV, ml, median (IQR) 78 (66.8-98.5) 80 (65.3-103) 0.96
Rest ESV, ml, median (IQR) 27.5(16.5-35) 25(18.3-37.8) 0.53
Stress LVEF, %, mean (SD) 67.2(9) 65.6 (7.1) 0.36
Stress EDV, ml, mean (SD) 82.5(23.5) 86 (26.1) 0.53
Stress ESV, ml, median (IQR) 28 (18-35.8) 28.5(21-37.8) 0.52
Ischemia group (n = 80)

Rest LVEF, %, mean (SD) 67.6 (8.9) 68.1(8.8) 0.79
Rest EDV, ml, median (IQR) 75 (62.3-90) 68(58.3-92.5) 0.35
Rest ESV, ml, median (IQR) 24.5(17.3-32) 23.5(15.5-32.5) 0.69
Stress LVEF, %, mean (SD) 65.3(8.2) 66.2(9.4) 0.65
Stress EDV, ml, mean (SD) 78.3(19.2) 77.1(25.8) 0.81
Stress ESV, ml, median (IQR) 27.5(19.3-33) 24.5(15.3-35.5) 0.54
Infarction group (n =30)

Rest LVEF, %, mean (SD) 62.7 (10.7) 64.8(10.7) 0.6
Rest EDV, ml, mean (SD) 89 (23) 73.5(23.9) 0.08
Rest ESV, ml, mean (SD) 34.8(16.8) 27.9(15.5) 0.25
Stress LVEF, %, mean (SD) 62.5(10.9) 63.5(10.5) 0.81
Stress EDV, ml, mean (SD) 89.1(25.4) 78.8(28.7) 0.31
Stress ESV, ml, mean (SD) 35.4(19) 30.9(18.5) 0.51

Abbreviations: EDV, end-diastolic volume; ESV, end-systolic volume; others, see TABLE 1

DISCUSSION This is the first study to com-
pare poststress changes in LVMD parameters be-
tween exercise and ATP stress tests assessed us-
ing GSPECT MPI. The main finding of our study
is that there are no significant differences be-
tween the 2 stress-inducing methods for induc-
ing changes in LVMD parameters. The potential
explanation is that the exercise treadmill test
causes increase of oxygen demand in the isch-
emic region and therefore leads to ventricular
contractile dysfunction,”? whereas the ATP stress
test induces changes in blood flow distribution
between normal and stenosed coronary arter-
ies, which increases the demand for oxygen in
the artery with severe stenosis.” This phenom-
enon of “blood steal” results in subendocardial
hypoperfusion, which shares the same mecha-
nism as the exercise treadmill stress.???* As an-
other global parameter of LV function, LVMD de-
teriorates following myocardial ischemia during
both exercise and ATP stress tests.”>'6:25
Changes in LVMD parameters are associat-
ed with myocardial stunning, which lasts from
minutes to days and depends on the duration
and severity of ischemia.?® Therefore, the ac-
quisition time potentially has an impact on

LVMD parameters. The effect of acquisition
time on LVMD parameters has been studied by
Emer et al.” In their study, PSD and PBW tend-
ed to increase over time (from 15 to 45 min) in
the conditions of an exercise stress test. Dif-
ferent results were observed for the exercise
stress test and the dipyridamole stress test using
Thallium-201 GSPECT MPI, in which the images
are acquired 10 minutes after stress. In a study
by Singh et al,” all the groups showed lower
postexercise PSD and PBW values. On the con-
trary, Chen et al,' reported in their study that
in the ischemia group, PSD and PBW values were
significantly higher during dipyridamole stress
than at rest. In this study, stress image was ac-
quired 30 to 60 minutes after *™Tc-sestamibi
injection, and LVMD parameters tended to be
unchanged between stress and rest phases in
the ischemia group. Furthermore, LVMD param-
eters were not different for the 2 stress-inducing
methods. Whether the same results could be
achieved using early stress GSPECE MPI data
requires further study.

Some researchers have compared LV func-
tional parameters obtained during exercise and
pharmacology stress tests using GSPECT MPI.
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Demir et al?’ compared LVEF in dipyridam-
ole and exercise stress tests in 439 patients. In
their study, there was no significant difference
between the 2 methods in terms of ALVEF in
both normal perfusion and ischemia groups.
Ohtaki et al?® assessed the effects of exercise
and ATP stress tests on AESV, AEDV, and ALVEF
in patients with normal scintigraphic findings.
No significant differences in AESV and ALVEF
were found between the 2 groups. In this study,
the same results of AESV, AEDV, and ALVEF were
observed not only in the normal perfusion and
ischemia groups, but also in the infarction group.
The homogeneity of LV functional parameters in
exercise and ATP stress tests further supports
our findings on LVMD parameters.

Cardiac magnetic resonance (CMR) imaging
is the gold standard in the detection and evalu-
ation of myocardial scar extent when using late
gadolinium enhancement. Recent studies indi-
cate that CMR can detect ischemia in patients
with CAD as well as GSPECT MPI.2° Meanwhile,
in a meta-analysis by Lipinski et al*’ there was
no significant difference between vasodilator
and dobutamine stress CMR, which is in line
with our results. However, no study has yet com-
pared these 2 noninvasive imaging tests after
stress. In our opinion, further studies are need-
ed to better assess associations between these 2
functional cardiac imaging tests.

Limitations There are several limitations to our
study. Firstly, data collected retrospectively were
used, which could lead to selection bias. Secondly,
only exercise and ATP stress tests were compared.
Although the underlying mechanism of the ATP
and dipyridamole stress tests is the same, it is
unclear whether the latter would yield the same
results. The same question applies to the dobuta-
mine stress test, which has a different mechanism
compared with the ATP stress-inducing method.
In conclusion, we found no difference between
the exercise and ATP stress tests regarding
changes in LVMD parameters, which indicates
that the 2 methods can be used alternatively.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/kardiologiapolska.

ARTICLE INFORMATION

ACKNOWLEDGMENTS  This study was supported by a grant from the Amer-
ican Heart Association (project no. 17AIREA33700016; to WZ), a new faculty grant
from the Michigan Technological University Institute of Computing and Cybersys-
tems (to WZ), and a grant from the First Affiliated Hospital of Nanjing Medical Uni-
versity (no. JSPH-511C-2018-5; to Z)).

CONFLICT OF INTEREST  None declared.

OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 In-
ternational License (CC BY-NC-ND 4.0), allowing third parties to download ar-
ticles and share them with others, provided the original work is properly cited,
not changed in any way, distributed under the same license, and used for non-
commercial purposes only. For commercial use, please contact the journal office
at kardiologiapolska@ptkardio.pl.

HOW TO CITE Shi), ZhouY, Kata P, et al. Comparison of left ventricular me-
chanical dyssynchrony parameters between exercise and adenosine triphosphate

KARDIOLOGIA POLSKA  2021; 79 (3)

stress tests using gated single-photon emission computed tomography myocar-
dial perfusion imaging. Kardiol Pol. 2021; 79: 294-301. doi:10.33963/KP.15761

REFERENCES

1 Chen), Garcia EV, Folks RD, et al. Onset of left ventricular mechanical contrac-
tion as determined by phase analysis of ECG-gated myocardial perfusion SPECT im-
aging: development of a diagnostic tool for assessment of cardiac mechanical dys-
synchrony. | Nucl Cardiol. 2005; 12: 687-695.

2 Gardia EV, Faber TL, Cooke CD, et al. The increasing role of quantification in
clinical nuclear cardiology: the Emory approach. | Nucl Cardiol. 2007; 14: 420-432.

3 Fudim M, Fathallah M, Shaw LK, et al. The prognostic value of diastolic and
systolic mechanical left ventricular dyssynchrony among patients with coronary
heart disease. JACC Cardiovasc Imaging. 2019; 12: 1215-1226.

4 Aggarwal H, Aljaroudi WA, Mehta S, et al. The prognostic value of left ventricu-
lar mechanical dyssynchrony using gated myocardial perfusion imaging in patients
with end-stage renal disease. ] Nucl Cardiol. 2014; 21: 739-746.

5 Wang C, Tang H, Zhu F, et al. Prognostic value of left-ventricular systolic and
diastolic dyssynchrony measured from gated SPECT MPI in patients with dilated
cardiomyopathy. ] Nucl Cardiol. 2020; 27: 1582-1591.

6 Malik D, Mittal BR, Sood A, et al. Prognostic value of left ventricular mechan-
ical dyssynchrony indices in long-standing type II diabetes mellitus with normal
perfusion and left ventricular systolic functions on SPECT-MPL. | Nucl Cardiol. 2020;
27:1640-1648.

7 Boogers MM, Chen J, Bax ). Role of nuclear imaging in cardiac resynchroniza-
tion therapy. Expert Rev Cardiovasc Ther. 2009; 7: 65-72.

8 Henneman MM, Chen J, Dibbets-Schneider P, et al. Can LV dyssynchrony as as-
sessed with phase analysis on gated myocardial perfusion SPECT predict response
to CRT? ) Nucl Med. 2007; 48: 1104-1111.

9 Sillanmaki S, Gimelli A, Ahmad S, et al. Mechanisms of left ventricular dys-
synchrony: a multinational SPECT study of patients with bundle branch block.
J Nucl Cardiol. 2020 Feb 14. [Epub ahead of print].

10 Wang C, Shi), Ge , et al. Left ventricular systolic and diastolic dyssynchro-
ny to improve cardiac resynchronization therapy response in heart failure patients
with dilated cardiomyopathy. ] Nucl Cardiol. 2020 May 13. [Epub ahead of print].

11 Hung GU, Lee KW, Chen CP, et al. Worsening of left ventricular ejection frac-
tion induced by dipyridamole on TI-201 gated myocardial perfusion imaging pre-
dicts significant coronary artery disease. | Nucl Cardiol. 2006; 13: 225-232.

12 Paul AK, Hasegawa S, Yoshioka ], et al. Characteristics of regional myocardial
stunning after exercise in gated myocardial SPECT. | Nucl Cardiol. 2002; 9: 388-394.

13 Druz RS, Akinboboye OA, Grimson R, et al. Postischemic stunning after ade-
nosine vasodilator stress. | Nucl Cardiol. 2004; 11: 534-541.

14 Hida S, Chikamori T, Tanaka H, et al. Diagnostic value of left ventricular dys-
synchrony after exercise and at rest in the detection of multivessel coronary ar-
tery disease on single-photon emission computed tomography. Circ J. 2012; 76:
1942-1952.

15 Singh H, Patel (D, Sharma P, et al. Does perfusion pattern influ-
ence stress-induced changes in left ventricular mechanical dyssynchrony on
thallium-201-gated SPECT myocardial perfusion imaging? ] Nucl Cardiol. 2015;
22:36-43.

16 Chen CC, Shen TY, Chang MC, et al. Stress-induced myocardial ischemia is
associated with early post-stress left ventricular mechanical dyssynchrony as as-
sessed by phase analysis of 201Tl gated SPECT myocardial perfusion imaging.
Eur | Nucl Med Mol Imaging. 2012; 39: 1904-1909.

17 Gupta NC, Esterbrooks D, Hilleman DE, Mohiuddin SM. Comparison of ad-
enosine and exercise thallium-201 single-photon emission computed tomogra-
phy (SPECT) myocardial perfusion imaging. J Am Coll Cardiol. 1992; 19: 248-257.

18  Suzuki S. Comparison of diagnostic value of coronary artery disease between
ATP-stress and exercise-stress thallium myocardial SPECT images. Kaku Igaku.
1994; 31: 957-967.

19 Zhou Y, Li D, Feng J, et al. Left ventricular dyssynchrony parameters mea-
sured by phase analysis of post-stress and resting gated SPECT myocardial perfu-
sion imaging. World | Nucl Med. 2013; 12: 3-7.

20 Demir H, Tan YZ, Isgoren S, et al. Comparison of exercise and pharmaco-
logical stress gated SPECT in detecting transient left ventricular dysfunction.
Ann Nucl Med. 2008; 22: 403-409.

21 Tanaka H, Chikamori T, Hida S, et al. Comparison of post-exercise and post-
-vasodilator stress myocardial stunning as assessed by electrocardiogram-gated
single-photon emission computed tomography. Circ J. 2005; 69: 1338-1345.

22 Ward RP, Gundeck EL, Lang RM, et al. Overestimation of postischemic
myocardial stunning on gated SPECT imaging: correlation with echocardiogra-
phy. ) Nucl Cardiol. 2006; 13: 514-520.

23 Abidov A, Bax J), Hayes SW, et al. Integration of automatically measured
transient ischemic dilation ratio into interpretation of adenosine stress myocar-
dial perfusion SPECT for detection of severe and extensive CAD. | Nucl Med. 2004;
45:1999-2007.

24 Emmett L, Ng A, Ha L, et al. Comparative assessment of rest and post-stress
left ventricular volumes and left ventricular ejection fraction on gated myocar-
dial perfusion imaging (MPI) and echocardiography in patients with transient


https://doi.org/10.1016/j.nuclcard.2005.06.088
https://doi.org/10.1016/j.nuclcard.2005.06.088
https://doi.org/10.1016/j.nuclcard.2005.06.088
https://doi.org/10.1016/j.nuclcard.2005.06.088
https://doi.org/10.1016/j.nuclcard.2007.06.009
https://doi.org/10.1016/j.nuclcard.2007.06.009
https://doi.org/10.1016/j.jcmg.2018.05.018
https://doi.org/10.1016/j.jcmg.2018.05.018
https://doi.org/10.1016/j.jcmg.2018.05.018
https://doi.org/10.1007/s12350-014-9886-4
https://doi.org/10.1007/s12350-014-9886-4
https://doi.org/10.1007/s12350-014-9886-4
https://doi.org/10.1007/s12350-018-01468-z
https://doi.org/10.1007/s12350-018-01468-z
https://doi.org/10.1007/s12350-018-01468-z
https://doi.org/10.1007/s12350-018-1436-z
https://doi.org/10.1007/s12350-018-1436-z
https://doi.org/10.1007/s12350-018-1436-z
https://doi.org/10.1007/s12350-018-1436-z
https://doi.org/10.1586/14779072.7.1.65
https://doi.org/10.1586/14779072.7.1.65
https://doi.org/10.2967/jnumed.107.039925
https://doi.org/10.2967/jnumed.107.039925
https://doi.org/10.2967/jnumed.107.039925
https://doi.org/10.1007/s12350-020-02054-y
https://doi.org/10.1007/s12350-020-02054-y
https://doi.org/10.1007/s12350-020-02054-y
https://doi.org/10.1007/s12350-020-02132-1
https://doi.org/10.1007/s12350-020-02132-1
https://doi.org/10.1007/s12350-020-02132-1
https://doi.org/10.1007/BF02971247
https://doi.org/10.1007/BF02971247
https://doi.org/10.1007/BF02971247
https://doi.org/10.1067/mnc.2002.123269
https://doi.org/10.1067/mnc.2002.123269
https://doi.org/10.1016/j.nuclcard.2004.05.009
https://doi.org/10.1016/j.nuclcard.2004.05.009
https://doi.org/10.1253/circj.CJ-11-1392
https://doi.org/10.1253/circj.CJ-11-1392
https://doi.org/10.1253/circj.CJ-11-1392
https://doi.org/10.1253/circj.CJ-11-1392
https://doi.org/10.1007/s12350-014-9979-0
https://doi.org/10.1007/s12350-014-9979-0
https://doi.org/10.1007/s12350-014-9979-0
https://doi.org/10.1007/s12350-014-9979-0
https://doi.org/10.1007/s00259-012-2208-7
https://doi.org/10.1007/s00259-012-2208-7
https://doi.org/10.1007/s00259-012-2208-7
https://doi.org/10.1007/s00259-012-2208-7
https://doi.org/10.1016/0735-1097(92)90474-2
https://doi.org/10.1016/0735-1097(92)90474-2
https://doi.org/10.1016/0735-1097(92)90474-2
https://doi.org/10.4103/1450-1147.113931
https://doi.org/10.4103/1450-1147.113931
https://doi.org/10.4103/1450-1147.113931
https://doi.org/10.1007/s12149-008-0119-2
https://doi.org/10.1007/s12149-008-0119-2
https://doi.org/10.1007/s12149-008-0119-2
https://doi.org/10.1253/circj.69.1338
https://doi.org/10.1253/circj.69.1338
https://doi.org/10.1253/circj.69.1338
https://doi.org/10.1016/j.nuclcard.2006.03.009
https://doi.org/10.1016/j.nuclcard.2006.03.009
https://doi.org/10.1016/j.nuclcard.2006.03.009
https://doi.org/10.1007/s12350-012-9571-4
https://doi.org/10.1007/s12350-012-9571-4
https://doi.org/10.1007/s12350-012-9571-4
https://www.doi.org/10.33963/KP.15761

ischaemic dilation on adenosine MPI: myocardial stunning or subendocardial hy-
poperfusion? ] Nucl Cardiol. 2012; 19: 735-742.

25 Huang WS, Huang CH, Lee CL, et al. Relation of early post-stress left ventric-
ular dyssynchrony and the extent of angiographic coronary artery disease. ] Nucl
Cardiol. 2014; 21: 1048-1056.

26  Hale SL, Kloner RA. Acetaminophen and myocardial stunning after transient
ischemia in rabbit hearts. ] Cardiovasc Pharmacol Ther. 2005; 10: 121-129.

27 Emer 0, Karacalioglu AO, Gursoy E, Ince S. Evaluation of variability of phase
indices of the left ventricle in the course of time. Ann Nucl Med. 2014; 28: 903-910.

28 Ohtaki Y, Chikamori T, Igarashi Y, et al. Differential effects comparing exer-
cise and pharmacologic stress on left ventricular function using gated Tc-99m ses-
tamibi SPECT. Ann Nucl Med. 2008; 22: 185-190.

29  Sokolska JM, von Spiczak ], Gotschy A, et al. Cardiac magnetic resonance
imaging to detect ischemia in chronic coronary syndromes: state of the art.
Kardiol Pol. 2019; 77: 1123-1133.

30 Lipinski MJ, McVey CM, Berger JS, et al. Prognostic value of stress cardiac
magnetic resonance imaging in patients with known or suspected coronary ar-
tery disease: a systematic review and meta-analysis. ] Am Coll Cardiol. 2013; 62:
826-838.

ORIGINAL ARTICLE LVMD in different stress-inducing methods

301


https://doi.org/10.1007/s12350-012-9571-4
https://doi.org/10.1007/s12350-012-9571-4
https://doi.org/10.1007/s12350-014-9980-7
https://doi.org/10.1007/s12350-014-9980-7
https://doi.org/10.1007/s12350-014-9980-7
https://doi.org/10.1177/107424840501000206
https://doi.org/10.1177/107424840501000206
https://doi.org/10.1007/s12149-014-0884-z
https://doi.org/10.1007/s12149-014-0884-z
https://doi.org/10.1007/s12149-007-0106-z
https://doi.org/10.1007/s12149-007-0106-z
https://doi.org/10.1007/s12149-007-0106-z
https://doi.org/10.33963/KP.15057
https://doi.org/10.33963/KP.15057
https://doi.org/10.33963/KP.15057
https://doi.org/10.1016/j.jacc.2013.03.080
https://doi.org/10.1016/j.jacc.2013.03.080
https://doi.org/10.1016/j.jacc.2013.03.080
https://doi.org/10.1016/j.jacc.2013.03.080

