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Background. Prevalence and prognostic value of diastolic and systolic dyssynchrony in
patients with coronary artery disease (CAD) + heart failure (HF) or CAD alone are not well
understood.

Methods. We included patients with gated single-photon emission computed tomography
(GSPECT) myocardial perfusion imaging (MPI) between 2003 and 2009. Patients had at least
one major epicardial obstruction = 50%. We assessed the association between dyssynchrony
and outcomes, including all-cause and cardiovascular death.

Results. Of the 1294 patients, HF was present in 25%. Median follow-up was 6.7 years
(IQR 4.9-9.3) years with 537 recorded deaths. Patients with CAD + HF had a higher incidence
of dyssynchrony than patients with CAD alone (diastolic BW 28.8% for the HF + CAD vs
14.7% for the CAD alone). Patients with CAD + HF had a lower survival than CAD alone at
10 years (33%; 95% CI 27-40 vs 59; 95% CI 55-62, P < 0.0001). With one exception, HF was
found to have no statistically significant interaction with dyssynchrony measures in unadjusted
and adjusted survival models.

Conclusions. Patients with CAD + HF have a high prevalence of mechanical dyssynchrony
as measured by GSPECT MPI, and a higher mortality than CAD alone. However, clinical
outcomes associated with mechanical dyssynchrony did not differ in patients with and without
HF. (J Nucl Cardiol 2020;27:1622-32.)
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Abbreviations

BW Phase bandwidth

CAD Coronary artery disease

GSPECT Gated single-photon emission com-
puted tomography

LV Left ventricular/ventricle

MPI Myocardial perfusion imaging

SD Standard deviation

See related editorial, pp. 1633-1636

INTRODUCTION

Left ventricular mechanical dyssynchrony (LVMD)
indicates a difference in the timing of mechanical
contraction or relaxation between different segments of
the left ventricle (LV). It is distinct from electrical
dyssynchrony, which is manifested by a prolonged QRS
interval with or without left bundle branch block
(LBBB), yet often associated with it." Systolic LVMD
is well recognized as a risk factor for negative clinical
outcomes in various patient populations®™ and a valu-
able predictor of risk in patients with coronary artery
disease (CAD)® and heart failure with reduced ejection
fraction (HFrEF).””'® In patients with CAD, systolic
LVMD had a stronger association with cardiovascular
death compared to electrical dyssynchrony.®

Diastolic LVMD, which refers to the asynchrony in
LV relaxation, was found to have only a weak relation-
ship with systolic LVMD, suggesting that systolic and
diastolic LVMD processes have different underlying
pathogenic mechanisms, and therefore potentially dif-
ferent prognostic implications.'""'> While methods to
study diastolic LVMD have only recently been outlined,
the prognostic utility and clinical significance remain
mostly unknown. Importantly, it appears that similarly
to systolic LVMD, diastolic LVMD is common among
patients with CAD"'? and patients with heart failure
(HF).'""'* Recent advances in gated single-photon
emission computed tomography (GSPECT) myocardial
perfusion imaging (MPI) imaging now also allow to
measure diastolic LVMD.'>!® In patients with CAD,
both diastolic and systolic LVMD measured by
GSPECT MPI were associated with worse outcomes,
independent of electrical dyssynchrony.'®!’

In our current study, we aimed to examine (1) the
prevalence of diastolic and systolic LVMD in the largest
cohort of patients with CAD and HF; (2) test the
prognostic value of diastolic and systolic LVMD using
the novel GSPECT MPI-based technique in patients
with CAD + HF vs CAD alone; and (3) newly explore
potential differences in prognostic value of diastolic and
systolic dyssynchrony between patients with HFrEF and
heart failure with preserved ejection fraction (HFpEF).
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METHODS

Data Sources

Data were collected from two single-center, observational
registries of patients undergoing cardiovascular procedures and
cardiac imaging: Duke Nuclear Cardiology Databank and
Duke Databank for Cardiovascular Disease (DDCD). Longi-
tudinal records were created for patients who had at least one
major epicardial CAD (> 50% stenosis). Clinical and demo-
graphic data were collected at the time of the procedure and are
electronically linked across the above two registries.

Study Population

Our current analysis included patients who consecutively
underwent GSPECT MPI between years 2003 and 2009 and
had subsequent left heart catheterization to confirm CAD,
which was defined as the > 50% stenosis in at least one
epicardial coronary artery. Heart failure status and symptom
severity were defined by Duke clinical providers. Symptom
severity was assessed with New York Heart Association
(NYHA) classification during the most proximal clinic visit or
at the time of the diagnostic study. If NYHA class was not
assessed, then the patient was labeled as ‘“‘NYHA — none’’
(Table 1). Ejection fraction was measured by GSPECT MPI,
and HFrEF was defined as an EF of < 50% and HFpEF
as > 50%.'® Additional inclusion criteria were (1) presence of
sinus rhythm at the time of imaging; and (2) availability of
ECG results within 60 days before or after imaging. We also
calculated LVMD for a control group of 103 patients. This
control population consisted of patients who had no clinical
history of CAD, had an EF of > 50% on GSPECT MPI
without any evidence of perfusion deficits, had a QRS
duration < 120 ms, and were in normal sinus rhythm. Nota-
bly, we have previously published an analysis using a portion
of these patients in which we were able to demonstrate a high
degree of reproducibility of phase analysis among controls.'’

Stress Testing, GSPECT MPI, and Nuclear
Dyssynchrony Measurement

Patients capable of exercising underwent stress testing on
a treadmill. The Bruce protocol was implemented unless the
referring physician requested an alternative protocol. Patients
who were unable to exercise underwent pharmacologic stress
testing. Duke’s SPECT protocol, which we implemented in our
current analysis, has been previously described.?’*' Multi-
head detectors were used to obtain the images post stress.
GSPECT images were obtained with Myoview (99mTc, 21-
30 mCi; GE Healthcare). We then used a novel research
upgrade of the commercially available software (Emory
Cardiac Toolbox™ v4 with SyncTools™) to post-process
raw stress SPECT data and obtain the dyssynchrony measure-
ments of phase standard deviation (SD) and phase bandwidth
(BW). The new methodology to measure diastolic dyssyn-
chrony has been recently described.">'® In brief, left
ventricular diastolic dyssynchrony was measured via phase
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No history of heart History of heart All patients P
failure (N = 967) failure (N = 327) (N = 1294) value
Demographic characteristics
Age, median (25th, 75th) 63 (55, 71) 67 (58, 75) 64 (55, 72) <0.001
Race 0.005
White 723/961 (75.2%) 218/325 (67.1%) 941/1286 (73.2%)
Black 196/961 (20.4%) 97/325 (29.8%) 293/1286 (22.8%)
Native American 21/961 (2.2%) 6/325 (1.8%) 27/1286 (2.1%)
Other 21/961 (2.2%) 4/325 (1.2%) 25/1286 (1.9%)
Male 696/967 (72.0%) 208/327 (63.6%) 904/1294 (69.9%) 0.004
Clinical history
HF severity <0.001
None 967/967 (100.0%) 95/318 (29.9%) 1062/1285 (82.6%)
| 0/967 (0.0%) 17/318 (5.3%) 17/1285 (1.3%)
11 0/967 (0.0%) 88/318 (27.7%) 88/1285 (6.8%)
I 0/967 (0.0%) 83/318 (26.1%) 83/1285 (6.5%)
\Y 0/967 (0.0%) 35/318 (11.0%) 35/1285 (2.7%)
History of hypertension 725/967 (75.0%) 277/327 (84.7%) 1002/1294 (77.4%) < 0.001
History of peripheral 85/967 (8.8%) 58/327 (17.7%) 143/1294 (11.1%) < 0.001
vascular disease
History of MI 331/967 (34.2%) 126/327 (38.5%) 457/1294 (35.3%) 0.159
History of PCI 389/967 (40.2%) 135/327 (41.3%) 524/1294 (40.5%) 0.736
History of CABG 274/967 (28.3%) 153/327 (46.8%) 427/1294 (33.0%) < 0.001
History of Renal Disease 69/967 (7.1%) 44/327 (13.5%) 113/1294 (8.7%) < 0.001
History of Diabetes 316/967 (32.7%) 161/327 (49.2%) 477/1294 (36.9%) < 0.001
Body mass index in kg/ 28.7 (25.4, 32.9) 29.0 (24.7, 34.0) 28.9 (25.2, 33.1) 0.957
m?, median (25th,
75th)
Functional and structural data
LV Ejection Fraction in %, 63 (54, 70) 54 (38, 67) 61 (50, 69) < 0.001
median (25th, 75th)
EDV in ml, median (25th, 111 (88, 139) 138 (97, 190) 115 (90, 149) < 0.001
75th)
ESV in ml, median (25th, 40 (26, 63) 63 (32, 112) 42 (27, 70) < 0.001
75th)
Left Bundle Branch Block 17/967 (1.8%) 17/327 (5.2%) 34/1294 (2.6%) < 0.001
QRS in ms, median (25th, 92 (84, 102) 98 (88, 120) 93 (85, 106) < 0.001
75th)
Systolic STD DEV, median 24 (16, 37) 34 (20, 49) 26 (17, 41) < 0.001
(25th, 75th)
Systolic Band Width, 58 (40, 90) 86 (49, 154) 61 (42, 107) < 0.001
median (25th, 75th)
Diastolic STD DEV, 30 (20, 42) 39 (23, 54) 31 (21, 45) < 0.001
median (25th, 75th)
Diastolic Band Width, 70 (48, 111) 97 (55, 172) 74 (50, 125) < 0.001

median (25th, 75th)

HF, Heart failure; MI myocardial infarction; PCI, percutaneous coronary interventions; CABG, coronary artery bypass; LV, left
ventricle; EDV, end-diastolic volume, ESV, end-systolic volume, STD DEV, Standard deviation
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analysis. Regional maximal count detection was conducted for
individual temporal frames in the short-axis GPECT images.
Changes in regional counts are proportional to changes in
regional myocardial wall thickening over the cardiac cycle and
are the basis of the phase analysis. After the onset of
mechanical contraction or relaxation, phase angles of the
entire left ventricle were generated, and a phase distribution
was created that provided data on the degree of systolic and
diastolic dyssynchrony. The phase distribution was displayed
in a polar map and histogram'® representing timing of
mechanical contraction/relaxation. Systolic SD and systolic
BW were calculated using phase histograms.

Follow-Up and Outcome Measures

The DDCD follow-up staff facilitated patient follow-up
on an annual basis in order to determine vital status.***
Clinical follow-up was provided till the year 2015, thus
providing information on long-term vital status on most
patients. Deaths and their causes were adjudicated by two
independent data abstractors and a faculty cardiologist using
data from mailed questionnaires, telephone interviews with
family members, death certificates, hospital discharge sum-
maries, and/or matches from a search of the National Death
Index with International Classification of Diseases, Ninth
Revision, (ICD-9) coded cause of death. We used all-cause
mortality and cardiovascular (CV) mortality as co-primary
outcomes for our analysis.

Statistical Analysis

Distributions of baseline clinical characteristics are
described using medians (25th and 75th percentiles) for
continuous variables and percentages for ordinal and categor-
ical variables. Testing for differences included Wilcoxon rank
tests for continuous variables and Chi-Square or Exact tests for
categorical variables. Means and SD are also provided for the
continuous dyssynchrony measures. We provided histograms
to graphically demonstrate the dyssynchrony distributions
between patients with CAD + HF and those with CAD alone,
and we assessed the normality of the dyssynchrony measures
with Shapiro-Wilk testing. Estimates for time to all-cause
death and CV death were obtained via the Kaplan-Meier
method. For that purpose, we classified patients based on
whether or not they have HF. Patients with HF were then sub-
divided into 2 categories: EF > 50% (HFpEF) and EF < 50%
(HFrEF). The cumulative incidence function was used to
estimate CV mortality, accounting for non-CV mortality as a
competing risk. The cut-off for abnormal values was defined as
two standard deviations above or below the mean of the
respective dyssynchrony variable in the control population. We
used Cox proportional hazards regression modeling to examine
the associations between the two dyssynchrony parameters
(phase BW and phase SD) with CV and all-cause death. Cubic
polynomial spline testing was used to examine the linear
relationships between continuous measures and outcomes,
implementing transformations when necessary to satisfy the
linearity assumption.”* Baseline clinical variables that were
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thought to be associated with prognosis were included for
adjustment in multivariable Cox proportional hazards regres-
sion models. Those characteristics included age, gender, race,
history of hypertension, HF, peripheral vascular disease,
cerebrovascular disease, smoking, diabetes, prior myocardial
infarction, chronic obstructive pulmonary disease, and chronic
renal disease (defined as creatinine > 3.0, dialysis, or trans-
plant). Multivariable models were examined to assess
mechanical dyssynchrony measures (phase BW and SD) for
patients with HF and those without HF using interaction terms.
In addition to clinical characteristics, adjustment covariates
included electrical dyssynchrony measured by QRS duration
and presence of a LBBB and LVEF.

All tests were two-sided, and significance was determined
by P < 0.05. Analyses were performed using SAS software
version 9.4 (SAS Institute Inc., Cary, NC). The Duke Univer-
sity Health System institutional review board approved the
study and granted a waiver of consent.

RESULTS

Baseline Characteristics

A total of 1294 patients were included in the
analysis, of them 327 patients had a history of HF while
967 did not (Figure 1). Baseline characteristics of the
study cohort were stratified based on HF status and are
provided in Table 1. Across the population, the median
age was 64 years (IQR 55-72), 69.9% were male, and
73.2% were Caucasian and 22.8% were African Amer-
ican. Patients with HF had a higher incidence of
hypertension, peripheral artery disease, chronic obstruc-
tive pulmonary disease, renal disease, diabetes mellitus,
and LBBB. Further, HF patients had longer QRS
intervals (98 ms [IQR 88-120] vs 92 ms [IQR 84-102],
P < 0.001), higher end-diastolic volumes (138 ml [IQR
97-190] vs 111 ml [IQR 88-139], P < 0.001), and lower
LVEF (54% [IQR 38-67] vs 63% [SD 54-70],
P < 0.001). There were 185 patients with HFpEF and
142 patients with HFrEF. There were 537 deaths in the
study population, of which 298 were CV deaths. The
median length of follow-up was 7.1 years [IQR of 5.0-
9.3].

Mechanical Dyssynchrony Parameters

Prevalence (Figure 1) and distribution (Supplement
Figure 1) of diastolic and systolic dyssynchrony param-
eters in patients with CAD and HF were compared to
those with CAD alone. Also presented is the distribution
of the mechanical dyssynchrony in the control popula-
tion (Supplement Figure 1). Neither diastolic nor
systolic dyssynchrony parameters had a normal distri-
bution in the studied population. Patients with HF had a
greater degree of dyssynchrony regardless of diastolic or
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Duke Databank for Cardiovascular Disease (DDCD)
2003-2009

!

Left Heart Catheterization and GSPECT MPI

Both tests within
6 months

M. ECGwith
normal sinus

rhythm within 60
days

Positive
GSPECT with at
least one vessel
CAD

CAD CAD + HF
Cohort Cohort
(N=967) (N=327)

‘ Follow-up through 2015 ‘

!

Dyssynchrony Analysis

Figure 1. Consort diagram: Study population selection.
Abbreviations: GSPECT, gated single-photon emission com-
puted tomography; MPI, myocardial perfusion imaging; CAD,
coronary artery disease; ECG, electrocardiogram; HF, heart
failure.

systolic parameter (P < 0.001) and patients with
CAD + HFrEF had greater degree of systolic and
diastolic dyssynchrony than CAD + HFpEF. The cut-
off for abnormal mechanical dyssynchrony (two SDs
above mean) was: diastolic BW = 155.8, systolic BW =
134.0, diastolic SD = 51.3, and systolic SD = 46.9. The
number of patients with any diastolic and any systolic
BW above the upper limit of normal was 94 (28.8%) and
100 (30.6%) for the HF + CAD, respectively, vs 142
(14.7%) and 140 (14.5%) for the CAD alone group. The
number of patients with any diastolic and any systolic
SD above the upper limit of normal was 90 (27.5%) and
91 (27.8%) for the HF + CAD group, respectively, vs
130 (13.4%) and 131 (13.6%) for the CAD alone group.
The majority of diastolic and systolic dyssynchrony was
present in patients with HFrEF as opposed to HFpEF
(Figure 2).

Unadjusted Outcomes

Kaplan-Meier event rates for all-cause mortality
and CV mortality were stratified according to HF status
and LVEF (HF with EF > 50% vs HF with EF < 50%)
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Figure 2. Prevalence of diastolic and systolic left ventricular
mechanical dyssynchrony in patients with CAD alone,
CAD + HFpEF, and CAD + HFrEF. Top panel: Bandwidth
dyssynchrony parameter. Bottom panel: Standard deviation
dyssynchrony parameter.

(Figure 3). At 5 years, the Kaplan-Meier mortality
estimate was 20.6% among patients without HF,
27.2% among patients with HF and EF > 50%, and
51.4% among patients with HF and EF < 50% (overall
P < 0.001). For CV death, 5-year event estimates for
patients without HF were 10.8%, for those with HF and
EF > 50% were 16.3%, and for those with HF and
EF < 50% were 38.2%. Unadjusted all-cause mortality
and CV mortality rates indicate an increase in risk
associated with HF, with HFrEF carrying a poorer
prognosis than HFpEF.

Unadjusted and Adjusted Model Results

Adjusted Cox proportional hazard models results
appear in Table 2 for both outcomes (death and CV
death). Results from these prognostic main effects
modeling are adjusted for clinical factors and QRS/
LBBB, and suggest that both HF and dyssynchrony are
independently associated with increased risk (Table 2).
Hazard ratios for dyssynchrony measures provide the
risk associated with a 10-unit increase. For example, an
increase in diastolic BW or systolic BW by 10 was
associated with increased mortality risk or negative
clinical outcome beyond a history of HF (HR 1.034,
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Kaplan-Meier Survival by HF and LVEF
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Figure 3. Kaplan-Meier all-cause survival by heart failure status and left ventricular ejection
fraction. Top panel: All-cause mortality. Bottom panel: Cardiovascular (CV) mortality. All of the

pairwise comparisons are significant (P < 0.001).

95% CI 1.022, 1.046, P < 0.0001) and (HR 1.037, 95%
CI 1.025, 1.049, P < 0.0001), respectively.

Further, we examined unadjusted and two adjusted
models (clinical characteristics + QRS/LBBB and Clin-
ical  characteristics + QRS/LBBB + LVEF) to

determine whether the increased risk associated with
dyssynchrony measures differ significantly for HF vs
non-HF patients (Supplemental Table 1-unadjusted and
Supplemental Table 2-adjusted). Graphical results from
the interaction testing for HF and dyssynchrony appear
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Table 2. Cox proportional hazard models for history of heart failure and dyssynchrony variables

Variables HR* 95% ClI P value Wald X2
Endpoint: all-cause death
Model 1
History of HF 1.355 1.117, 1.6421 0.0020 9.5256
Systolic BW 1.037 1.025, 1.049 < 0.0001 36.4250
Model 2
History of HF 1.364 1.125, 1.654 0.0016 9.9479
Diastolic BW 1.034 1.022, 1.046 < 0.0001 30.6139
Model 3
History of HF 1.361 1.123, 1.1650 0.0017 9.8510
Systolic SD 1.139 1.090, 1.190 < 0.0001 33.7295
Model 4
History of HF 1.350 1.114, 1.638 0.0023 9.3155
Diastolic SD 1.152 1.099, 1.208 < 0.0001 34.6382
Endpoint: CV death
Model 1
History of HF 1.627 1.262, 2.099 0.0002 14.0922
Systolic BW 1.045 1.029, 1.061 < 0.0001 32.2470
Model 2
History of HF 1.649 1.279, 2.126 0.0001 14.9038
Diastolic BW 1.039 1.023, 1.055 < 0.0001 23.6981
Model 3
History of HF 1.638 1.271, 2.112 0.0001 14.5141
Systolic SD 1.175 1.110, 1.243 < 0.0001 31.0811
Model 4
History of HF 1.620 1.256, 2.090 0.0002 13.7934
Diastolic SD 1.195 1.124, 1.269 < 0.0001 329211

*Models adjusted for age, gender, race, hypertension, peripheral vascular disease, cerebrovascular disease, history of smoking,
diabetes, chronic obstructive lung disease, renal disease, history of myocardial infarction, QRS and LBBB. HF and dyssynchrony
measures added to each model (15 degrees of freedom for each model assessed)

HF, heart failure; SD, standard deviation; BW, bandwidth

in Figure 4. With the exception of systolic SD adjusted
for clinical characteristics and QRS/LBBB (P = .0498)
in the Cox survival model, there were no significant
interactions between dyssynchrony parameters and HF.
Following adjustment for clinical variables, QRS/LBBB
and LVEEF, systolic and diastolic dyssynchrony param-
eters no longer provide incremental predictive value for
all-cause and CV death (Supplemental Table 2), without
evidence for interaction between patient with and
without a history of HF.

DISCUSSION

There are several key findings in our analysis of
patients with CAD and clinical HF. First, in this large
prospective cohort of patients with CAD and HF,
diastolic and systolic LVMD were detected in about
30% of the population, which was twice as common in

patients with CAD alone. Second, while the presence of
diastolic and systolic LVMD is associated with worse
clinical outcomes, the presence of HF did not appear to
modify or impact this association.

Prevalence and Significance of Mechanical
Dyssynchrony in Heart Failure

LVMD can be measured with various modalities,
including speckle tracking echocardiography, cardiac
magnetic resonance, and nuclear imaging. GSPECT
MPI has been widely used to diagnose epicardial CAD
and to determine patient prognosis®>*® but more
recently, GSPECT MPI has been used to assess systolic
and diastolic LVMD.?’*” Phase analysis as measured
by GSPECT MPI was significantly correlated to results
obtained from echocardiography (both tissue Doppler
and speckle tracking) for the assessment of both systolic
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Adjusted Dyssynchrony Results without EF (HRs and 95% ClI)

Hazard Ratio (95% CI) Interaction
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—_—
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Figure 4. Adjusted outcomes for systolic and diastolic dyssynchrony parameters for patients with
heart failure and without. Model adjusted for clinical variables and QRS/LBBB.

and diastolic LVMD.">?° In our largest prospective
cohort analysis of patients with CAD and HF, we found
a high incidence of GSPECT MPI-based diastolic and
systolic LVMD. A previous echocardiography-based
analysis indicated comparably high prevalence of dias-
tolic and systolic LVMD among patients with CAD and
HF.'

Myocardial LVMD could represent an early indi-
cator of LV dysfunction in CAD patients preceding any
changes in regional wall motion or overt systolic and
diastolic abnormalities. As an example, tissue Doppler-
based analysis of systolic LVMD in CAD patients found
systolic LVMD to be predictive of impaired exercise
capacity independently of a history of previous myocar-
dial infarction or regional wall abnormality.’'
Preclinical work supports the notion that early stages
of myocardial ischemia are sufficient to cause delayed

subendocardial contraction, well before regional wall
motion abnormalities first appear.®

The concept that systolic LVMD might be an
indicator of early LV dysfunction appears to extend to
diastolic LVMD, since the magnitude of regional
diastolic asynchrony in CAD patients before and after
percutaneous transluminal coronary angioplasty (PTCA)
determined the degree of impaired global diastolic
filling.** Diastolic LVMD appears to be reversible after
restoration of myocardial blood flow following success-
ful PTCA. Reversibility was associated with an
improvement in the rate and timing of global rapid
diastolic filling without a measurable change in systolic
function. Given presumably similar underlying path-
omechanism, systolic and diastolic LVMD are
commonly present at the same time. This is true for
the whole population of CAD patients and patients with
CAD and concomitant HF.
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Conceivably, the culprit of systolic and diastolic
LVMD does not necessarily have to be the result of
epicardial vascular disease but could be driven by
(regional) microvascular dysfunction. Microvascular
dysfunction is now a well-recognized culprit of cardiac
remodeling in HEpEF and HFrEF.** Even in the absence
of epicardial disease, microvascular ischemia which can
result from local inflammation and vascular rarefaction
has been demonstrated in HF.*>~’ Furthermore, ele-
vated filling pressures and abnormal transmural stress
could be central to the pathophysiology of LVMD.*®
Finally, the impact of ischemia on LV mechanical
synchrony of contraction and relaxation frequently
occurs without affecting the conduction system of the
heart (QRS/bundle branch blocks), leading to the so-
called electromechanical dissociation." This might be of
particular importance in patients with HFrEF who are
evaluated for cardiac resynchronization therapy (CRT).
Some evidence now suggests that the lack of response to
CRT in some patients meeting traditional (electrical)
criteria may be due to the absence of LVMD.***°

Increasing degrees of LVMD (systolic or diastolic)
are associated with worse clinical outcomes in patients
with CAD; however, despite the increased risk of death
among patients with concomitant HF, the increased risk
of death associated with dyssynchrony does not differ
for HF vs non-HF patients. This raises the question
whether our findings support the concept that underlying
CAD with resultant macro- and microvascular dysfunc-
tion is the main mechanistic drivers of LVMD. Not
surprisingly, both systolic and diastolic LVMD were
associated with multi-vessel disease and higher class of
angina, which suggests a significant impact of myocar-
dial ischemia on the pathogenesis of mechanical
dyssynchrony in CAD.'® While HFrEF-based analyses
repeatedly indicate a close link between the degree of
systolic dyssynchrony and worse outcomes in HFrEF,
2341 gimilar findings for HFpEF are lacking.** This
means that while systolic LVMD appears to have
predictive value and to serve as a therapeutic target in
patients with HFrEF, its significance in HFpEF appears
to be unclear. Notably, prevalence of diastolic and
systolic dyssynchrony is lower in patients with HFpEF
than HFrEF, indicating not only a diminished signifi-
cance but also much lower prevalence of LVMD in
CAD + HFpEF. It is important to acknowledge that the
vast majority of HF patients had an LVEF > 35%, and
neither systolic nor diastolic LVMD was independent
predictors of adverse outcomes, when adjusted for
LVEF. Whether the diastolic LVMD measures play a
mechanistic or predictive role exclusively in HFrEF
remains to be elucidated in future studies.

Limitations of the current analysis are several and
should be acknowledged. First, only about a quarter of
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patients had HF and thus the performed analyses were
underpowered to fully address the aims of the study.
This is particularly true for the population with reduced
LVEF, and thus results cannot be extrapolated to this
population. Second, the significant interaction between
LVMD and HF was only found for systolic SD and HF
that occurs when LVEF is not used for adjustment.
Given discrepancy with other interaction models, this
relationship warrants additional scrutiny to validate this
singular finding. Third, the registry is based at a single
center. Replication at other sites is required to ascertain
the generalizability of our findings. Fourth, the use of
cardiovascular implantable electronic devices such as
cardiac resynchronization therapy, implantable car-
dioverter-defibrillators, or pacemakers was not
captured. The absence of these data may have led to
unmeasured confounding. Residual confounding may
exist and impact the validity of our results. Finally, we
studied LVMD parameters at one time point only, and
suspect that additional insights could be gained from
serial measurements.

NEW KNOWLEDGE GAINED

— Patients with coronary artery disease and heart failure
have a high prevalence of mechanical dyssynchrony
as measured by GSPECT MPI

— Clinical outcomes associated with mechanical
dyssynchrony do not appear to differ in patients with
and without clinical heart failure

CONCLUSIONS

This is the first study to evaluate the prognostic
value of diastolic and systolic mechanical dyssynchrony
on mortality in patients with CAD and HF. Patients with
CAD and HF have a high prevalence of mechanical
dyssynchrony as measured by GSPECT MPI, and a
higher mortality than CAD alone. However, clinical
outcomes associated with mechanical dyssynchrony do
not appear to differ in patients with and without HF.
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