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Objective. 82Rb PET protocols enable determination of left ventricular asynchrony (LVAS)
at rest and stress, along with myocardial blood flow (MBF). We hypothesized that in patients
with resting LVAS, MBF differs between those with stress-induced LVAS improvement and
those with stress-induced LVAS deterioration.

Methods. We retrospectively analyzed 82Rb rest/regadenoson stress PET studies of 195
patients evaluated for known or suspected coronary artery disease. MBF was computed from
first-pass data; function and relative perfusion were computed from myocardial equilibrium
data. LVAS was defined as phase contraction bandwidth (BW) above 82Rb gender-specific
normal limits, with changes defined as BW moving into or out of normal ranges.

Results. Among the 195 patients, 64 had LVAS at rest, of whom 13 reverted to normal and
51 continued to have LVAS with stress. Patients who did not improve had lower stress MBF
(1.04 ± 0.69 vs 1.58 ± 0.67, p 5 .02) and coronary flow reserve (1.94 ± 1.16 vs 3.04 ± 1.22,
p 5 .01) than those who did improve. ROC analysis indicated that the parameter most strongly
associated with improvement in asynchrony for patients with resting LVAS was reduction in
MBF heterogeneity (ROC area (accuracy) 5 84%, sensitivity 5 92%, and specificity 5 67%).

Conclusion. LVAS is highly correlated with MBF and CVR, with stress-induced
improvement in synchronicity most strongly associated with improved MBF homogeneity. (J
Nucl Cardiol 2017;24:43–52.)
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Abbreviations

CFR Coronary flow reserve

CRT Cardiac resynchronization therapy

CVR Coronary vascular resistance

EDV End-diastolic volume

EF Ejection fraction

ESV End-systolic volume

LV Left ventricle

LVAS Left ventricular asynchrony

MBF Myocardial blood flow

OSEM Ordered subset expectation maximization

INTRODUCTION

Left ventricular (LV) contractility is the most

important known predictor of patient survival in various

types of heart disease including coronary disease,

cardiomyopathy, and valvular dysfunction.1 Reduced
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LV function may be due to intrinsic myocardial dys-

function and to LV conduction abnormalities, which

create asynchrony of cardiac contraction.2,3 Pacemaker

therapies that re-coordinate the pattern of cardiac

contraction, known as cardiac resynchronization therapy

(CRT), increase left ventricular contractility, improve

prognosis, and reduce adverse cardiac events in heart

failure.4 Despite widely accepted criteria for implanta-

tion, however, which include ejection fraction (EF),

QRS duration, and symptomatic level of heart failure,

only about two-thirds of patients demonstrate a clinical

response to CRT,5 possibly related to the degree of

myocardial scarring.6 This has led to further efforts to

find non-invasive parameters that will offer improved

predictive value for identifying patients who likely will

respond to CRT. Echocardiography has failed to signif-

icantly help refine patient selection,7 partly due to lack

of reproducibility and operator dependence.8

Phase analysis enables quantification of LV asyn-

chrony (LVAS) from gated SPECT myocardial perfusion

data9 and predicts response to CRT.10 LVAS measure-

ments are typically performed using resting SPECT

myocardial perfusion studies, which are acquired under

similar physiologic conditions to studies acquired 30-

60 min post stress.11 Previous work has established the

normal range for these parameters, documented their

reproducibility, and suggested that they can be used as

predictors of response to CRT.12 Phase analysis also can

be performed using myocardial perfusion images derived

from cardiac positron tomography.13,14 82Rb gated PET is

unique in that stress perfusion images are acquired during

pharmacologic stimulation, enabling measurement of

asynchrony, along with myocardial blood flow (MBF),

coronary flow reserve (CFR), and coronary vascular

resistance (CVR) under stress conditions.15,16

The purpose of our investigation was to determine

whether stress-induced changes in asynchrony are

accompanied by changes in measured blood flow pat-

terns; if so, that would suggest that rest/stress PET

protocols potentially could be used to guide selection of

the most appropriate medical intervention for patients

with resting asynchrony.

MATERIALS AND METHODS

Study Population

This was a retrospective investigation of 195 consecutive

patients (113 males, 82 females, age 69 ± 12 years) referred for

rest/regadenoson stress 82Rb gated PET/CT myocardial perfu-

sion imaging to evaluate known or suspected coronary disease.

PET/CT studies were performed between 1/1/2010 and 6/30/

2011. The Institutional Review Board approved this retrospec-

tive study, and the requirement to obtain informed consent was

waived. All data were handled in compliance with the Health

Insurance Portability and Accountability Act of 1996.

Data Acquisition

Pharmacologic stress testing with regadenoson was per-

formed according to standard protocols including patient

preparation, duration of fasting, abstention from caffeine, and

withholding of cardiac medications.17,18 Blood pressure, heart

rate, and cardiac rhythm were monitored and recorded

throughout imaging. At rest, 0.94-1.22 GBq (35-45 mCi) of
82Rb was infused over 20-30 seconds from a strontium-

rubidium generator (Bracco Diagnostics Inc.), which measured

the delivered activity using a beta probe.18 Initial quality

control checks were performed immediately during the first-

pass data acquisition phase by having the supervising cardi-

ologist monitor the beta probe readout of count rate changes

during injection; only data for which count rates were

consistent with an effectively delivered bolus of injected

activity were analyzed. At peak pharmacologic stress, when

hemodynamic steady state was achieved, an activity similar to

that used for rest imaging was infused.

PET/CT studies were performed on a GE Discovery VCT

64 PET/CT (General Electric), a 24-slice LYSO system with a

14 cm field of view and 64-slice CT unit. Data were acquired

in gated list mode, in 2D mode to minimize interference from

cascade gammas. CT scan transmission data were used to

correct for attenuation using the manufacturer’s iterative

reconstruction software, which also corrected for scatter and

random events. Data were reconstructed by OSEM (20 subsets;

2 iterations; z-axis filter = ‘‘standard’’; post-filter = 2.57 mm

FWHM), as recommended by the manufacturer.

Image Processing

All computations in this study were performed using

Emory Cardiac Toolbox algorithms (Emory University).19 For

MBF determinations, first-pass data were rebinned into 20 3-

sec frames, 5 12-sec frames, and 7 30-sec frames. Semi-

automated algorithms generated the longitudinal axis of the

transaxial slices, the limits of the LV myocardium, and the LV

epicardial and endocardial borders, which were adjusted when

necessary. Algorithms automatically identified right ventricu-

lar and LV blood pools on dynamic first-pass PET data,

isolated the standard 17 AHA/ACC LV myocardial segments,

and generated LV myocardial count time-activity curves

(Fig. 1). Factor analysis was used to correct for spillover.20

Using a two-compartment model for 82Rb kinetics,21 a partial

volume correction, and the Yoshida extraction fraction cor-

rection specific to 82Rb,22 rest and stress MBF values for each

of the 17 myocardial segments were calculated. Because of

potential variability due to proximity to the outflow tract,23

segments 1-3 were excluded from the blood flow analysis.

Global MBF values at rest and stress were calculated as the

mean of regional MBFs of the 14 remaining segments. Resting

MBFs were adjusted for resting cardiac work,24 according to

the formula15:

44 Van Tosh et al Journal of Nuclear Cardiology�
Relationships between LVAS and MBF January/February 2017



Resting MBF corrected for rate� pressure product

¼ Resting MBF� 10;000=ððheart rate at restÞ
� ðsystolic blood pressure at restÞÞ: ð1Þ

CFR was computed as follows15:

CFR ¼ Stress MBF=

Resting MBF corrected for rate pressure product:
ð2Þ

Minimal CVR was computed as mean arterial pressure

divided by MBF, using the following formula16:

CVR ¼ 0:33� ðð2� diastolic pressure)

þ systolic pressureÞ=MBF: ð3Þ

Based on previous studies,15,25 the upper normal limit for

CVR was taken to be 141 mmHg/mL/gm/min at rest and

111 mmHg/mL/gm/min with pharmacologic stress. Hetero-

geneity of regional MBF was computed as the ratio of standard

deviation (SD) to mean MBF values among the 14 segments

(%SD MBF/mean MBF).

LV end-diastolic volume (EDV), end-systolic volume

(ESV), and EF were determined from equilibrium gated

myocardial perfusion data that were rebinned from the original

data at a cinematic frame rate of 8 frames/R-R interval.19 The

relative myocardial perfusion indices summed stress score

(SSS), summed rest score (SRS), and summed difference score

(SDS) were obtained from polar coordinate maps using normal

limits specific to 82Rb PET studies.

Asynchrony Parameters

We quantified LVAS severity using phase bandwidth

(BW),9 the time span during which 95% of myocardial pixels

reached maximum counts due to partial volume effects.26 BW

is expressed in units of degrees, such that a full 360� spans the
R-R interval, an approach that has been applied both to SPECT

and PET data.27 Previous studies using 82Rb PET established

gender-specific normal limits for rest BW (males:

50.8� ± 18.7�, females: 44.4� ± 44.9�) and stress BW (males:

38.1� ± 13.3�, females: 32.0� ± 13.5�).13

We categorized severity of asynchrony as follows:

No LVAS at rest and no LVAS during stress = NO

LVAS

No LVAS during rest and LVAS during stress =

STRESS-ONLY LVAS

LVAS during rest but no LVAS during stress = REST-

ONLY LVAS

LVAS during both rest and stress = REST&STRESS

LVAS (Fig. 2).

Statistical Analysis

Statistical analyses were performed using commercially

available software (‘‘Medcalc,’’ Version 7.5.0.0., Medcalc

Software, Inc., Mariakerke, Belgium). The values are reported

as means ± one standard deviation. Continuous variables were

tested by the Kolmogorov-Smirnov test to determine if they

were normally distributed. The paired or unpaired t test, as

appropriate, was used to compare values between groups for

continuous variables that were normally distributed; otherwise,

the Wilcoxon test was used. Frequencies and percentages were

used to characterize categorical variables. Chi-squared analysis

of proportions was used to compare ratios between groups.

Linear regression was used to analyze relationships between

continuous variables. ROC analysis identified the parameters

mostly strongly associated with improvement and with wors-

ening of asynchrony with stress.

For all tests, probability (p)\ .05 was defined as statis-

tically significant.

RESULTS

Patient Population

The mean age of the 195 patients was

69 ± 12 years, and 58% were male. There was a high

prevalence (53%) of coronary artery disease (CAD);

28% had a history of MI, 32% had a previous PCI, and

22% had CABG. There also was a high prevalence of

coronary risk factors (Table 1).

Prevalence of Asynchrony

At rest, 131 patients (66%) had normal BW and 64

(34%) had asynchrony. With stress, 33% (42/131) of the

patients with normal BW at rest increased their BW

abnormally, i.e., developed asynchrony (STRESS-

ONLY LVAS) (Fig. 3). Among the 64 patients with

abnormal BW at rest, BW normalized during stress

in 13 (19%) and remained abnormal during stress

Figure 1. Example of first-pass bolus transit curves for rest
(top) and stress (bottom).
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Figure 2. Example of asynchrony category REST&STRESS LVAS. (A) End-diastolic myocardial
perfusion rest images and superimposed computed LV outlines along with resting function
computations. (B) Phase histogram at rest. (C) Stress end-diastolic images and computations. (D)
Stress phase histogram. From rest to stress, ejection fraction decreased (42% ? 21%), phase
bandwidth increased (95� ? 213�), perfusion worsened (SRS = 12 ? SSS = 28), coronary
vascular resistance increased (101 ? 167 mmHg/mL/g/min), myocardial blood flow decreased
(0.74 ? 0.53 mL/g/min), and coronary flow reserve was abnormally low (0.93).

Table 1. Characteristics for patients grouped by asynchrony category

All
(N 5 195)

NO LVAS
(N 5 89)

STRESS-ONLY
LVAS (N 5 42)

REST-ONLY
LVAS (N 5 13)

REST&STRESS
LVAS (N 5 51)

Rest BW 92 ± 55� 50 ± 17� 82 ± 19�� 111 ± 25�� 167 ± 43���

Stress BW 77 ± 53� 41 ± 11� 98 ± 48�� 48 ± 10� 112 ± 53���

DBW -14 ± 42� -10 ± 15� ?16 ± 47�� -64 ± 23�� -35 ± 51���

Age (years) 69 ± 12 70 ± 12 70 ± 12 56 ± 10* 70 ± 12�

Gender (percent male) 58% 44% 50% 92%* 80%*

BMI (kg/m2) 30.1 ± 7.6 30.2 ± 7.9 28.9 ± 5.2 34.6 ± 10.3 29.9 ± 7.9

Diabetes mellitus 31% 34% 26% 42% 29%

High blood pressure 82% 83% 74% 83% 85%

History of smoking 32% 30% 34% 64% 25%�

Cholesterol 77% 78% 74% 100% 73%

Angina 37% 36% 38% 36% 40%

CAD 53% 54% 57% 55% 46%

History of MI 28% 22% 38% 36% 27%

History of PCI 32% 31% 31% 36% 31%

History of CABG 22% 18% 29% 27% 21%

History of CHF 18% 16% 19% 18% 19%

Abnormal (ischemic)

stress ECG

4% 7% 0% 0% 4%

BW, phase bandwidth; D, change from rest to stress; BMI, body mass index; CAD, coronary artery disease; MI, myocardial
infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; ECG, electrogradiogram
* p\ .05 vs NO LVAS; � p\ .0001 vs NO LVAS; � p\ .05 for REST&STRESS LVAS vs REST-ONLY LVAS
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(REST&STRESS LVAS) in 51 (81%) (Table 1).

Patients belonging to REST-ONLY LVAS were

younger, which consisted of a larger percent of smokers

(Table 1), and had a greater heart rate response to

regadenoson (Table 2) than patients with REST&

STRESS LVAS. For all patients, QRS duration was

somewhat prolonged at 111 ± 31 ms (Table 2).

Relationship Between LVAS, LV Volumes,
Ejection Fraction, and Relative Perfusion

Relative perfusion scores were higher and EFs were

lower, for patients with REST&STRESS LVAS than for

those with REST-ONLY LVAS (Table 3). The extent of

myocardial infarction/scarring, represented by SRS, and

ischemia, represented by SDS, was greater in patients

with stress LVAS but similar for patients without stress

LVAS (NO LVAS and REST-ONLY LVAS categories)

(Table 3). DBW correlated with DEF (r = -0.17,

p = .02), rest BW correlated with rest EF (r = -0.69,

p\ .0001), and stress BW correlated with stress EF

(r = -0.77, p\ .0001) (Fig. 4), although correlations

were not significant below stress EF\ 40%.

Relationship Between MBF and LVAS

MBFs at rest and stress were consistent with what

has been reported previously for patients with a high

prevalence of coronary disease.28 Rest MBF was higher

and rest CVR lower for patient with NO LVAS

compared to all other categories (Table 4). Stress MBF

was abnormally low for patients with abnormally wide

stress BW (both the STRESS-ONLY LVAS and

REST&STRESS LVAS groups) (Table 4). Among
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Figure 3. Phase bandwidth (BW) value from rest to stress for each left ventricular asynchrony
(LVAS) category. (A) NO LVAS, with normal rest BW and normal stress BW. (B) STRESS-ONLY
LVAS category, with normal rest BW and abnormally high stress BW. (C) REST-ONLY LVAS
category, with abnormally high rest BW and normal stress BW. (D) REST&STRESS LVAS
category, with abnormally high rest BW and abnormally high stress BW.
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patients with LVAS at rest, those with improvement of

LVAS (REST-ONLY LVAS) had higher values of CFR,

stress MBF, stress EF, and DEF and lower values of

stress CVR, stress MBF heterogeneity, and change in

MBF heterogeneity than patients whose asynchrony did

not improve (Table 4). ROC analysis indicated that the

parameter most strongly associated with improvement in

asynchrony for patient with resting LVAS was reduction

in MBF heterogeneity (DMBF%SD\ 2%, ROC area

(accuracy) = 84%, sensitivity = 92%, and specificity =

67%).

Among all patients, the parameter most strongly

associated with worsening in LVAS was stress

EF\ 55% (ROC area = 90%, sensitivity = 94%, and

specificity = 68%). Abnormally low stress MBF\
1.28 mL/g/min and abnormally high stress

Table 2. Hemodynamic characteristics by asynchrony category

All
(N 5 195)

NO LVAS
(N 5 89)

STRESS-ONLY
LVAS

(N 5 42)

REST-ONLY
LVAS

(N 5 13)
REST&STRESS
LVAS (N 5 51)

Rest systolic BP (mmHg) 136 ± 21 133 ± 18 140 ± 25 128 ± 19 141 ± 22

Stress systolic BP(mmHg) 133 ± 19 133 ± 18 135 ± 21 123 ± 17 137 ± 18

D systolic BP (mmHg) -3 ± 14 0 ± 13 -5 ± 12 -5 ± 10 -5 ± 17

Rest diastolic BP (mmHg) 70 ± 13 70 ± 13 70 ± 14 72 ± 11 70 ± 13

Stress diastolic BP (mmHg) 71 ± 11 71 ± 12 71 ± 18 72 ± 9 72 ± 9

D diastolic BP (mmHg) ?1 ± 15 ?1 ± 15 ?1 ± 17 0 ± 10 ?2 ± 15

Rest heart rate (beats/minute) 70 ± 12 68 ± 11 71 ± 13 72 ± 10 73 ± 13*

Stress heart rate Beats/minute 91 ± 15 92 ± 15 88 ± 15 95 ± 14 88 ± 16

D heart rate (beats/minute) 30 ± 22 36 ± 23 26 ± 24* 32 ± 12 22 ± 16��

Rest MAP (mmHg) 92 ± 12 91 ± 11 93 ± 14 90 ± 12 94 ± 12

Stress MAP (mmHg) 92 ± 10 91 ± 12 92 ± 10 89 ± 9 93 ± 9

Rest RPP (103 mmHg/min) 9.6 ± 2.0 9.1 ± 1.7 9.8 ± 2.4 9.1 ± 1.5 10.4 ± 2.4*

Stress RPP (103 mmHg/min) 12.0 ± 2.7 12.2 ± 2.7 11.6 ± 2.3 11.8 ± 2.9 12.0 ± 3.0

QRS duration (msec) 111 ± 31 102 ± 21 118 ± 39* 101 ± 8 123 ± 40*

LBBB 10% 2% 19%* 8% 16%*

BP, blood pressure; MAP, mean arterial pressure; RPP, rate-pressure product
* p\ .05 vs NO LVAS; � p\ .0001 vs NO LVAS; � p\ .05 for REST&STRESS LVAS vs REST-ONLY LVAS

Table 3. Function and perfusion indices by asynchrony category

All
(N 5 195)

NO LVAS
(N 5 89)

STRESS-ONLY
LVAS (N 5 42)

REST-ONLY LVAS
(N 5 13)

REST&STRESS
LVAS (N 5 51)

Stress EDV(mL) 109 ± 55 78 ± 29 117 ± 55� 114 ± 30� 153 ± 63��

Rest EDV (mL) 101 ± 50 73 ± 27 111 ± 47� 103 ± 33* 139 ± 59��

DEDV (mL) ?9 ± 20 6 ± 11 7 ± 29 11 ± 19 14 ± 21*

Stress ESV (mL) 52 ± 49 24 ± 15 60 ± 46� 44 ± 16� 94 ± 61��

Rest ESV (mL) 51 ± 44 26 ± 14 58 ± 41� 50 ± 17� 87 ± 56��

DESV (mL) ?1 ± 14 -2 ± 7 ?2 ± 18 -7 ± 9 ?7 ± 17*�

Stress EF 59 ± 17% 71 ± 10% 53 ± 14%� 62 ± 11%* 42 ± 15%��

Rest EF 56 ± 16% 66 ± 11% 51 ± 15%� 52 ± 8%� 41 ± 14%��

DEF ?4 ± 9% ?5 ± 9% ?2 ± 8%* ?10 ± 8% ?1 ± 9%*�

SSS 10 ± 11 6 ± 7 11 ± 10* 4 ± 6 17 ± 11�

SRS 5 ± 7 2 ± 5 5 ± 7* 2 ± 4 10 ± 9�

SDS 5 ± 7 3 ± 6 6 ± 8* 2 ± 5 7 ± 7�

EDV, end-diastolic volume; ESV, end-systolic volume; EF, ejection fraction; SSS, summed stress score; SRS, summed rest score;
SDS, summed difference score
* p\ .05 vs NO LVAS; � p\ .0001 vs NO LVAS; � p\ .05 for REST&STRESS LVAS vs REST-ONLY LVAS
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CVR[ 75 mmHg/mL/g/min also predicted worsening

in LVAS (ROC area = 80%), but significantly less

strongly than stress EF (p = .004). QRS dura-

tion[ 100 ms was a significant predictor of worsening

LVAS (ROC area = 63%), but was less strongly asso-

ciated than other variables (p\ .0001).

Rest BW correlated with rest MBF (r = -0.51,

p\ .0001), and stress BW correlated with stress MBF

(r = -0.64, p\ .0001) (Fig. 4). Correlations also were

significant for SSS vs stress BW (r = 0.56, p\ .0001)

and stress CVR vs stress BW (r = 0.60, p\ .0001)

(Fig. 4).

DISCUSSION

LVAS has been recognized as a significant contrib-

utor to heart failure.4 Factors associated with the

presence of asynchrony include QRS duration, intra-

ventricular conduction delay (LBBB), and LV ejection

fraction; extent of myocardial infarction or scarring and

LV volume or remodeling are other factors predictive of

patients’ response to resynchronization therapy.7,8

Although asynchrony is closely linked to QRS dura-

tion[ 120 ms, and especially[ 150 ms, in a heart

failure population Perry et al demonstrated that as many

as 65% of patients with a normal QRS may have

asynchrony by echocardiographic criteria.29 Also, there

has been some concern that echocardiographic mea-

surements of asynchrony have limited reproducibility.7,8

Asynchrony data using gated myocardial perfusion

imaging have now become available and yield param-

eters such as LV bandwidth and standard deviation,

which appear consistent and reproducible and useful in

predicting response to CRT.11 In our study, we evalu-

ated an unselected, general population of cardiac

patients for the presence of asynchrony using PET

myocardial perfusion imaging. Our population had a

high prevalence of known CAD, but less than 20% had
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Figure 4. Linear regression lines vs stress phase bandwidth (BW) for (A) stress ejection fraction
(EF), (B) stress myocardial blood flow (MBF), (C) perfusion summed stress score, and (D) stress
coronary vascular resistance (CVR).
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previously diagnosed CHF. Despite a mean QRS dura-

tion of 111 ms and a normal average LV ejection

fraction (56%), there was a high prevalence of asyn-

chrony at rest (34%), defined as an abnormal BW.

Most studies have evaluated LV asynchrony solely

during resting conditions,7 but PET permits quantifica-

tion of wall motion and myocardial perfusion at rest and

directly during pharmacologic stress. We observed that

the presence of LV asynchrony was complex, in that it

could vary between rest and pharmacologic stress. One-

third of patients with normal BW and no asynchrony at

rest prolonged their bandwidth to the abnormal range

with pharmacologic stress. Conversely, 20% of patients

with asynchrony at rest normalized their BW during

stress. Worsening asynchrony from rest to stress was

predicted by a lower stress LV ejection fraction (\55%),

analogous to the association of abnormal resting LVEF

and resting asynchrony noted in other studies.4

Since PET is capable of quantifying absolute MBF,

we also determined relationships between asynchrony

status, rest and stress MBF, and coronary resistance. To

our knowledge, these associations have not been previ-

ously reported. Patients with resting asynchrony had

lower rest and stress MBF and higher CVR than those

without asynchrony. CVR relationships were driven by

both the lower MBF and higher mean arterial pressure in

patients with LVAS. In patients with abnormal BW at rest

whose LVAS normalized with stress, stress MBF was

higher and stress CVR lower than those whose LVAS

remained abnormal with stress. Patients whose asyn-

chrony worsened from rest to stress, or remained

abnormal at both rest and stress, had lower stress MBF

(\1.28 mL/g/min) and more elevated CVR ([75 mmHg/

mL/g/min). Worsening in LVAS was most strongly

predicted by stress EF\ 55% (ROC area = 90%). In this

population with a lower prevalence of CHF and relatively

narrow QRS duration, the QRS remained a significant

predictor of directional change in LVAS, but was

significantly less strong than other variables.

Previous studies have shown that phase BW

decreases on stress for patients with normal rest/stress

perfusion studies.13 We found that worsening asyn-

chrony is associated with perfusion defect size

(manifested by SSS), similar to what others have

reported.30 We also found even stronger associations

with stress CVR (Fig. 4).

In normal subjects, CVR decreases with pharmaco-

logic stress,25 but in patients with CAD, CVR is

abnormally increased during pharmacologic stress due

to obstruction in conductive (epicardial) or resistance

vessels (microvascular disease).15,25 As suggested by

Schelbert et al,31 CVR represents integrated capacitance

of the coronary system, from epicardial vessels to the

vascular endothelium. Increased CVR could result in

abnormal MBF distribution and adversely affect syn-

chronicity, consistent with our observation that a strong

predictor of stress-induced improved synchrony is

improved MBF homogeneity. This is also consistent

with the literature reporting that when CRT improves

synchrony, distributions of glucose metabolism and

oxygen consumption become more homogenous.31-33

18F-FDG PET viability studies have shown that

patient improvement on CRT depends not only on

reduction in asynchrony but also on the amount of viable

Table 4. Blood flow measurements by asynchrony category

All
(N 5 195)

NO LVAS
(N 5 89)

STRESS-ONLY
LVAS (N 5 42)

REST-ONLY
LVAS (N 5 13)

REST&STRESS
LVAS (N 5 51)

MBF at rest (mL/g/min) 0.86 ± 0.54 1.08 ± 0.59 0.74 ± 0.39* 0.53 ± 0.10* 0.62 ± 0.43�

MBF at stress (mL/g/min) 1.65 ± 0.95 2.13 ± 0.98 1.40 ± 0.67� 1.58 ± 0.67 1.04 ± 0.69��

DMBF (mL/g/min) 0.79 ± 0.70 1.05 ± 0.72 0.66 ± 0.55* 1.05 ± 0.65 0.43 ± 0.57��

MBF%SD at rest 29 ± 10% 25 ± 6% 29 ± 8%* 30 ± 6%* 35 ± 11%�

MBF%SD at stress 33 ± 12% 29 ± 8% 33 ± 12% 26 ± 8% 39 ± 13%��

DMBF%SD 3 ± 8% ?4 ± 7% ?4 ± 9% -4 ± 5% ?5 ± 7%�

CFR 2.12 ± 1.00 2.19 ± 0.90 2.07 ± 0.84 3.04 ± 1.22* 1.94 ± 1.16�

CVR at rest (mmHg/

mL/g/min)

147 ± 81 107 ± 56 161 ± 90* 178 ± 46� 196 ± 84�

CVR at stress (mmHg/

mL/g/min)

76 ± 47 52 ± 30 84 ± 51* 67 ± 31 114 ± 49��

DCVR (mmHg/mL/g/min) -70 ± 66 -54 ± 46 -77 ± 76 -111 ± 50* -81 ± 83*

MBF, myocardial blood flow; SD, standard deviation; MBF%SD, MBF heterogeneity; CFR, coronary flow reserve; CVR, coronary
vascular resistance
* p\ .05 vs NO LVAS; � p\ .0001 vs NO LVAS; � p\ .05 for REST&STRESS LVAS vs REST-ONLY LVAS
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myocardium.34,35 Our findings of significantly higher

SRS values in patients with LVAS at rest and stress are

consistent with 18F-FDG PET studies reporting higher

myocardial scar burden in non-responders vs responders

of CRT.36

82Rb PET protocols have the advantage of produc-

ing not only relative SRS scar burden measurement, but

also absolute quantification of regional and global CVR,

MBF, and CFR. It is plausible that documenting stress-

induced improved asynchrony accompanied by

improved MBF homogeneity predicts favorable

response to CRT, while worsening asynchrony with

increased CVR indicates that revascularization would be

necessary to effect functional LV improvement. How,

specifically, MBF produces changes in LV asynchrony

should be the subject of further investigation.

NEW KNOWLEDGE GAINED

Our findings establish that there are significant

relationships betweenMBF and LVAS, with spontaneous

reduction in asynchrony during stress beingmost strongly

associated with reduced MBF regional heterogeneity.

CONCLUSION

We found a high prevalence of asynchrony in a

general patient population with coronary disease, refer-

red for evaluation of CAD and not specifically selected

for the presence of clinical heart failure. By evaluating

asynchrony both at rest and with pharmacologic stress,

we noted that some patients improved their level of

asynchrony while others worsened; patients who did not

improve had lower stress MBF and lower CFR than

those who did improve, with improvement most strongly

associated with improved MBF homogeneity.
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