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Association between left ventricular mechanical
dyssynchrony with myocardial perfusion

and functional parameters in patients with left
bundle branch block
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MD, Sebastian Lehner, MD,* Andrei Todica,* Alexander Haug, MD,*
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Objective. To identify predictors of left ventricular mechanical dyssynchrony (LVMD) in
patients with known left bundle branch block (LBBB) using gated single-photon emission
computed tomography (SPECT) phase analysis.

Methods. 81 patients (74% male, 70 + 10 years) with LBBB and suspected or known
coronary artery disease underwent ECG-gated myocardial perfusion SPECT. LV perfusion
and functional parameters were measured, and phase analysis was performed to quantify LV-
dyssynchrony.

Results. 35/81 patients (42%) had prior myocardial infarction (MI), and the mean left
ventricular ejection fraction (LVEF) was 49% + 16%. LVMD was present in 58/81 (72%)
patients. The summed thickening score (STS) (P < .001; odds ratio 1.22) emerged as inde-
pendent predictor for the presence of LVMD in a multivariate regression model. In addition,
prior MI, low LVEF, summed stress score, summed rest score, summed motion score, and LAD
rest extent were identified as predictors of LVMD in a univariate model. Clinical baseline
characteristics, cardiac risk factors, and QRS duration (P = .051) had no influence on the
presence of LVMD.

Conclusion. In patients with LBBB, the occurrence of LVMD as assessed by gated SPECT
phase analysis is mainly influenced by reduced myocardial contractility as expressed by the
STS. Proper discrimination between LVMD arising from known electrical conduction delay as
opposed to areas of MI causing reduced regional contractility seems to be mandatory for
therapy planning in patients with LVMD. (J Nucl Cardiol 2013;20:253-61.)
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INTRODUCTION

Previous studies identified left ventricular mechan-
ical dyssynchrony (LVMD) as independent predictor for a
favorable response to cardiac resynchronization therapy'
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and also for all-cause death in patients with advanced
coronary artery disease (CAD) and reduced LV function
not undergoing cardiac resynchronization therapy.”
LVMD can be evaluated by ECG gated single-
photon emission computed tomography (SPECT)
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myocardial perfusion imaging (MPI), a technique
enabling the assessment of both perfusion and LV
functional parameters with low inter- and intraobserver
variability in a single investigation.'”* Furthermore,
SPECT MPI allows the quantification of mechanical
dyssynchrony through phase analysis, based on the
Fourier phase histogram of the left ventricle, in which
the parameters bandwidth and standard deviation (SD)
have been identified as valid markers of LVMD.'

In a recent study of a patient population with
severely reduced ejection fraction (<35%), Samad et al’
showed that LVMD was relatively common, and was
independently predicted by declining left ventricular
ejection fraction (LVEF), the severity and extent of
myocardial scaring, as well as by an increased QRS
duration. But also patients with left bundle branch block
(LBBB) and normal LVEF can present with LVMD,°
indicating that a long QRS duration reflecting electrical
dyssynchrony, is not necessarily associated with the
presence of LVMD.

Up to now there is an incomplete understanding of
the underlying interactions between electrical dyssyn-
chrony, perfusion defects, wall motion abnormalities,
and the appearance of LVMD, which ultimately leads to
deterioration of LVEF and heart failure. Thus, we aimed
in the present study at identifying predictors of mechan-
ical dyssynchrony in a cohort of patients with known
electrical dyssynchrony and both normal and reduced
LVEF.

MATERIAL AND METHODS

Study Population

We identified consecutive patients with LBBB (QRS
duration > 120 ms) and suspected or known CAD, who were
referred to the Department of Nuclear Medicine of the
University of Munich for MPI. We excluded patients with
implanted cardiac resynchronization therapy (CRT) devices
and those in whom ECG triggering failed because of the
presence of severe arrhythmia arising from any other cause.
Patients with known CAD received medical therapy according
to current guidelines.” Relevant comorbid medical conditions
including diabetes mellitus, hypertension, familiar predisposi-
tion, smoking, and high cholesterol were recorded.

Image Acquisition

A one-day stress/rest SPECT MPI protocol was per-
formed in all patients as described previously.® All patients
were stressed pharmacologically (0.56 mg of dipyridamole per
kilogram of body weight over 4 minutes). ECG-gated
[*°™Tc]sestamibi SPECT at stress and after rest was performed
according to German guidelines. Beginning at 45 minutes after
tracer injection, gated emission images were acquired using a
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triple-headed camera system (Philips (formerly Picker) Prism
3000 XP, Cleveland, Ohio) equipped with a low-energy, high-
resolution parallel-hole collimator operating in continuous
rotation around 360°. An electrocardiogram R-wave detector
provided gating to acquire 12 emission frames per cardiac
cycle. Further analysis was carried out using the QPS- and
QGS® 2010-processing software including the Phase Analysis
plug-in  (Cedars-Sinai Medical Center, Los Angeles,
California).

Image Analysis and Quantification

SPECT images were evaluated by consensus of two
experienced observers. The amount of resting perfusion defect
was quantitatively expressed with the summed rest score (SRS)
and after myocardial stress by the summed stress score (SSS).
The difference of SSS and SRS is defined as the summed
difference score (SDS). Furthermore, we measured the per-
centage of perfusion deficit at rest in the left anterior
descending artery (LAD) territory (LAD Rest Extent). From
the ECG-gated SPECT images, we acquired the summed
motion score (SMS) and the summed thickening score (STS).9
The LVEF was derived from gated SPECT; an ejection
fraction of <35% was defined as severely reduced.

Phase Analysis

LV phase analysis was performed upon the ECG-gated
resting SPECT dataset also using the QGS 2010 software.
Measurement of phase data allows for the description of
uniformity and coincidence of the onset of wall thickening
throughout the cardiac cycle, which is related to LV
(dys-)synchrony."'®'? To this end, histogram bandwidth
(95% interval) and SD were analyzed, on the basis of their
proven relevance to LV dyssynchrony.'""'? Phase analysis was
defined as abnormal when the histogram bandwidth and/or the
SD exceeded the abnormality threshold values for men
(bandwidth: 33.4°; SD: 8.1°) and women (bandwidth: 28.8°;
SD: 6.8°) as derived from a normal database of 50 patients
(threshold = mean + 1.96 x SD for each parameter).

Statistical Analysis

We performed a descriptive analysis for patients’ age,
sex, cardiac risk factors, variables of CAD, and functional
cardiac parameters, as well as phase histogram parameters.
Categorical variables were described as percentages, mean,
and SD were calculated for continuous variables. We divided
the entire cohort according to the presence of LV mechanical
dyssync’s t test or Mann-Whitney-Wilcoxon rank-sum test
when appropriate to compare the two patient groups.

In a second step, we tested simple logistic regression
models to identify univariate predictors for the presence of
LVMD. Finally, to identify independent predictors of LVMD,
we calculated a multivariate regression model, which included
the variables age, risk factors as described (more than one),
known CAD, known myocardial infarction (MI), QRS
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Table 1. Baseline characteristics
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ALL (n = 81) No LVMD (n = 23) LVMD (n = 58) P value
Age (years) 70.1 £ 9.6 688 +11.2 70.7 + 89 43
Male gender (n) 60 (74%) 17 (74%) 43 (74%) .98
Diabetes (n) 19 (24%) 6 (26%) 13 (22%) .73
Hypertension (n) 54 (67%) 15 (65%) 39 (67%) .86
Fam. history (n) 14 (17%) 2 (9%) 12 (21%) .20
Smoking (n) 5 (6%) 2 (9%) 3 (5%) .55
High cholesterol (n) 26 (32%) 9 (39%) 17 (29%) .39
Known CAD (n) 60 (74%) 14 (61%) 46 (79%) .09
Prior MI (n) 35 (42%) 5 (22%) 30 (52%) .01
LAD stent (n) 9 (11%) 2 (9%) 7 (12%) .66
LAD bypass (n) 8 (10%) 2 (9%) 6 (10%) .82
LAD stenosis > 75% (n) 18 (22%) 6 (26%) 12 (21%) .31
QRS duration (ms) 158 + 24 150 + 18 162 + 26 .56
LVEF (%)* 495 + 16.1 63.3+11.0 44.1 + 14.5 <.001
SSS 8.3 +84 40+ 39 99 +9.2 .004
SRS 4.7 +7.7 1.4+23 6.0 + 8.6 .024
SDS 33+25 2,6 +2.0 3.6 +2.7 .136
SMS 17.5 + 14.8 7.8 +8.3 21.4 + 15.0 <.001
LAD rest extent 95+ 15.0 3.2+45 17.7 £ 119 .008
STS 12.0 £ 10.0 39+45 15.2 £ 9.8 <.001
Phase bandwidth (°) 53 + 39 21.9+53 64.6 + 40.3 <.001
Phase SD (°) 14 + 12 53+1.5 17.7 £+ 11.9 <.001
Phase mean (°)* 151 + 20 150 + 24 152 + 19 .79
Phase entropy* 45 + 14 28 +7 51 £ 10 <.001

* Normally distributed.

Table 2. Phase bandwidth and phase SD in patients with LVEF <35% and >35% as well as patients with

and without prior Ml

LVEF < 35% (n = 15) LVEF = 35% (n = 606) P value
Phase bandwidth (°) 108.8 + 58.0 308 + 16.7 <.001
Phase SD (°) 30.2+17.4 10.6 + 5.1 <.001

Prior MI (n = 36) No prior MI (n = 40) P value
Phase bandwidth (°) 71.8 + 48.3 38.0+21.8 <.001
Phase SD (°) 19.8 + 14.2 100 + 6.4 <.001
duration, LVEF, SRS, SDS, STS, and SMS selected by relying RESULTS

on a backward elimination algorithm. The variables risk
factors and known CAD were described dichotomously. A
two-sided P value of .05 or lower was regarded as statistically
significant. IBM SPSS Statistics (Version 19.0, SPSS Inc.) was
used for all calculations. Further, we assessed the correlation
matrix of the estimated odds-ratios of the full model. Multi-
collinearity was considered as present when the correlation
between to estimates was higher than +0.8.

We excluded four patients in whom ECG triggering
failed because of absolute arrhythmia. The final study
cohort consisted of 81 patients (74% male;
70.1 = 9.6 years old) with LBBB (mean QRS duration
158 + 24 ms, LVEF 49.5% =+ 16.1%). 60 of the 81
patients (74%) had known CAD, 35/81 (42%) had prior
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Figure 1. Box plots showing the extent of the dyssynchrony reflected by the phase analysis
parameters bandwidth (A) and phase SD (B) for patients with and without prior MI and patients

with LVEF <35% and >35%.

MI, and 41/81 (51%) had two or more out of five cardiac
risk factors (diabetes mellitus, familiar predisposition,
hypertension, smoking, or high cholesterol). The base-
line characteristics and other clinical variables are given
in Table 1.

58 of the 81 (72%) patients had LVMD as assessed
by gated SPECT phase analysis according to the criteria
defined in the Methods section. There were significant
differences between patients with and without LVMD

for Phase SD, Phase bandwidth, LVEF, SRS, SSS, SMS,
and STS. Neither age, gender, known CAD, and stent
implantation, nor more than one cardiac risk factor were
significantly different between the two groups (Table 1).
However, patients with LVMD more frequently had
prior MI. The QRS duration was not predictive for
LVMD in this selected group of patients with QRS
duration >120 ms. Significantly higher phase bandwidth
and SD were detected in patients with LVEF <35% as
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Table 3. Regression models

Odds 95% ClI odds
P ratio ratio
Univariate regression model

Age A4 1.02 0.97-1.07
Gender .98 0.99 0.33-2.97
>2 risk .86 0.92 0.35-2.41
factors

Known MI .02 3.86 1.26-11.78
LVEF <.001 0.90 0.84-0.94
SRS .034 1.18 1.01-1.37
SSS 011 1.15 1.03-1.29
SDS 13 1.19 0.95-1.48
SMS .001 1.11 1.04-1.17
STS <.001 1.22 1.10-1.35
LAD rest .041 1.09 1.00-1.19
extent

QRS .051 1.02 1.00-1.05

Multivariate regression model

Known MI .61 1.48 0.32-6.64
SSS .53 1.10 0.82-1.48
SRS .54 0.94 0.76-1.16
LAD rest .67 1.02 0.93-1.13
extent

SMS .24 0.93 0.83-1.05
LVEF 31 0.95 0.85-1.05
QRS .15 1.02 0.99-1.06
STS <.001 1.22 1.10-1.35

compared to patients with LVEF >35% and also in
patients with prior MI compared to those without
(Table 2; Figure 1).

In the univariate regression model, LVEF, SRS,
SSS, STS, SMS, rest extent of scar in the LAD perfusion
territory, and known MI were identified as predictors of
LVMD in this patient cohort with known LBBB,
whereas age, gender, or the presence of cardiac risk
factors were not predictive of LVMD. QRS duration
tended to be significant (P = .051) (Table 3). In the
multivariate binary regression model (using backward
elimination) including the predictive variables of the
univariate models and also QRS duration, only the STS
(P < .001) was identified as being significantly associ-
ated with the presence of LVMD. Neither QRS duration
(P = .15), nor the gated SPECT parameters showed
statistical significance in this model (Table 3). The
correlation matrix of the estimated odds-ratios of the full
model showed multicollinearity (correlation higher than
+0.8) in the case of SRS and SSS (correlation =
—0.853).
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DISCUSSION

In a cohort of 81 consecutive patients with LBBB
investigated by means of ECG gated SPECT MPI
including phase analysis, only global wall thickening, as
expressed by the STS, was identified as independent
predictor for the appearance of LVMD. In addition,
univariate analysis showed also significant correlation
between the appearance of LVMD and perfusion
parameters like SRS and SSS. This is to the best of
our knowledge the first study investigating a patient
cohort with individual LBBB extending over a broad
range of LVEF (mean 49.5%, min. 18%, and max. 90%)
using gated SPECT phase analysis for the assessment of
LVMD. In a recent publication, Samad et al® reported
results from 260 patients with LV dysfunction
(LVEF < 35%) investigated with gated SPECT phase
analysis. In their cohort, not only the summed resting
perfusion score (SRS), but also African-American race,
male gender, QRS, and LVEF were independent pre-
dictors for LVMD, defined as SD > 43°. Several factors
may contribute to the findings with variances. First, the
mean QRS duration in the present study was much
longer in comparison with the study of Samad et al
(158 + 24 vs 119 £ 34 ms), where only 99 of 260 (38%)
had a LBBB. Second, the LVEF proved not to be an
independent predictor of LVMD in the multivariate
analysis of the present cohort, which also included, in
contrast to the study by Samad et al, patients with mildly
reduced or normal LVEF. It is well known that the
extent of LVEF is strongly associated with scar burden
and regional wall thickening, which necessarily lowered
the discriminatory power between these variables in the
multivariate analysis.

Further discrepancies between studies can arise
from the nature of the phase analysis algorithm; QGS®
computes endocardial and epicardial surfaces using
count-profile and thickening information derived from
the assumption of myocardial mass conservation, in
conjunction with count increases caused by partial-
volume effects."* Hence, a delayed regional onset of
wall motion can be caused by electrical conduction
problems as well as by the presence of (non- or less
contractile) regional scar areas, with consequent reduced
wall thickening and motion. Therefore, those variables
frequently associated with myocardial scar burden (SRS,
STS, and LVEF), all tend to be covariant, i.e., influenced
by the extent of LVMD, leading to statistical signifi-
cance of STS but not LVEF in our patient cohort, when
analyzed using the multivariate regression model.

The issue of covariance makes it important to
consider the implications of our results for further
therapy decisions. If LVMD is present in a LBBB
patient, then additional global and regional information
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Figure 2. Patient with A unsuspicious perfusion (SRS = 2) but abnormal phase analysis histogram
and bull’s eye (B).

about the ventricular viability might be essential for While electrical dysfunction is frequently associated
discrimination between LVMD caused by electrical with dyssynchronous but viable myocardial regions (see
dysfunction in viable myocardium and by scar burden. Figure 2), scar tissue may in other cases also result in
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Figure 3. Patient with A large perfusion defect at rest (SRS = 33) and abnormal phase analysis
histogram and bull’s eye (B).

dyssynchronous wall contraction (see Figure 3). The was demonstrated by our group in a previous feasibility
latter cause will, in most of patients, lead to poor study using '*F-FDG PET/CT with 3D image fusion. In
response to application of resynchronization therapy, as the said study of 14 CRT patients, the seven non-responders
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had higher global scar burden and a higher incidence of
LV lead placement within scar tissue as compared with
responders.'”> A strong influence of the amount of scar
tissue on LVMD was also described by Samad et al
(Pearson correlation coefficient = 0.85, P < .001).

Furthermore, it is of importance to understand the
role of myocardial thickening in the context of the
presence of LVMD. Even if the global thickening score
and the Fourier phase measurements can be related, this
relationship is not bidirectional: while dyssynchrony
will lead to reduced apparent thickening when compar-
ing the myocardial thickness at end-diastole and end-
systole (which is how a software package such as QGS
evaluates thickening), myocardial thickening can also be
reduced by synchronous decreased contraction, where
the decrease in thickening is not caused by a time shift
of the local myocardial thickness curve but solely by a
reduction in amplitude. Thus, we belive it is an
interesting result that thickening is an independent
predictor for dyssynchrony, indicating that the preva-
lence of dyssynchrony-induced thickening defects may
be significantly higher than that of synchronous con-
traction defects.

A number of previous reports have focused on the
assessment of dyssynchrony, particularly since the pres-
ent inclusion criteria are known to fail in the prediction of
response to CRT in at least a third of cases.'®'” Besides
gated SPECT, LVMD can also be assessed by other
imaging methods, including echocardiography tissue
Doppler imaging or MRI. However, comparisons
between studies using different methods must be made
with caution. For example, the parameters obtained from
echocardiography, such as the temporal delay for septal to
posterior wall motion, are not identical indicators of
LVMD to those obtained from other methods. Indeed, the
report of the PROSPECT trial noted that no single
echocardiographic measure of dyssynchrony could then
be recommended for patient selection for cardiac resyn-
chronization therapy (CRT).? This discouraging result
may have reflected the high intra- and interobserver
variability given by echocardiographic techniques.?' In
contrast, MPI by gated SPECT, as in the present study,
offers a semi-automatic, largely non-subjective procedure
for detecting LVMD on the basis of phase analysis,” while
giving additional information about LV perfusion and
function, notably the LVEF, end-systolic, and end-dia-
stolic volumes, and wall motion and thickening, all of
which can inform the therapeutic decision.

Our determination of the presence or the absence of
LVMD was based on gender-specific thresholds that
were calculated using a normal patient cohort consisting
of 50 low-risk patients (32 females and 18 males). This
ensured that our thresholds matched the phase analysis
algorithm we used, as opposed to abnormality thresholds
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derived with other dyssynchrony assessment tools. Thus,
it is possible that patients with only slightly abnormal
phase bandwidth and SD did not fulfill our criteria for
presence of LVMD, resulting in LBBB patients without
mechanical dyssynchrony.

Even as the present results emphasize the covari-
ance of wall thickening and the extent of LVMD, further
studies will be needed to investigate the interplay of
local viability, dyssynchrony, and CRT lead position for
an optimized resynchronization therapy in LBBB
patients fulfilling standard eligibility criteria for CRT.

Several other limitations have to be mentioned. First,
gated SPECT phase analysis is very nearly, but not totally,
observer-independent. Owing to partial volume effects
and the interaction of the user, especially for patients with
large myocardial infarct sizes, accurate placement of the
cardiac contour can be difficult, which can influence the
phase histograms. Second, we chose 12-frame gating,
whereas most other gated SPECT studies have used only
eight gates. Since there is evidence that there is no
significant difference between phase parameters calcu-
lated using 8- or 16-frame datasets,”> we had no reason to
believe that using 12 frames would be problematic as long
as adequate counts were acquired. Third, there is no
interventional subgroup in this study to verify that
symptomatic patients with only mildly abnormal LVEF
and LVMD would benefit from CRT. Fourth, the dis-
criminatory power of the multivariate analysis is lowered,
as there is a collinearity between SSS and SRS, and the
presence of LVMD is also associated with scar burden and
LVEF in the univariate analysis.

CONCLUSIONS

In patients with LBBB, the occurrence of LVMD as
assessed by gated SPECT phase analysis is mainly
influenced by reduced myocardial contractility as
expressed by the STS. As a consequence, careful
discrimination between LVMD arising from known
electrical conduction delay as opposed to areas of MI
causing reduced regional contractility seems to be
mandatory for therapy planning in patients with LVMD.
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