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Background. Left ventricular diastolic dyssynchrony (LVDD) can be assessed by gated
myocardial perfusion single-photon emission computed tomography (GMP-SPECT). LVDD is
an area of interest in subjects who underwent cardiac resynchronization therapy (CRT). The
aim of this post hoc analysis was to assess the role of LVDD in subjects with CRT who were
followed up at 6-month period.

Material & Methods. Left ventricular diastolic dyssynchrony was assessed by GMP-SPECT
at baseline and after CRT procedure in 160 subjects from 10 different cardiological centers.
CRT procedure was performed as per current guidelines. Outcomes were defined as
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improvement in 21 New York Heart Association (NYHA) class, left ventricular ejection frac-
tion (LVEF) by 5%, and reduction in end-systolic volume (ESV) by 15% and 5% points in
Minnesota Living with Heart Failure Questionnaire. LVDD was defined as diastolic phase
standard deviation 240 + 14°.

Results. Improvement in NYHA functional class occurred in 105 (65.6%), LVEF in 74
(46.3%), decrease in ESV in 86 (53.8%), and Minnesota score in 85 (53.1%) cases. Baseline LV
diastolic standard deviation was 53.53° + 20.85 and at follow-up 40.44° + 26.1283; (P < 0.001).
LVDD was not associated with improvement in clinical outcomes at follow-up.

Conclusion. CRT improves both systolic and diastolic dyssynchrony values at 6-month
follow-up. LVDD at baseline is correlated with cardiac functionality at follow-up, but not with
overall favorable clinical outcomes. (J Nucl Cardiol 2019)
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Abbreviations tissue Doppler imaging, which is a safe and cost-viable
MLHFQ Minnesota living with heart failure] method for the assessment of left ventricular diastolic

questionnaire relaxation patterns. Nevertheless, this technique remains
CRT Cardiac resynchronization therapy observer-dependent and requires substantial experience
LVSD Left ventricular systolic dyssynchrony for its interpretation.”'""'? Gated Myocardial Perfusion
LVDD Left ventricular diastolic dyssynchrony Single-Photon Emission Computed Tomography (GMP-
LVSPSD Left ventricular systolic phase standard| SPECT) is another non-invasive technique for the

deviation evaluation of mechanical LVSD and LVDD."*'* Cur-
LVDPSD Left ventricular diastolic phase stan- rently, the phase analysis of GMP-SPECT has received

dard deviation increasing attention, because it provides robust, repro-
ESEI End-systolic eccentricity index ducible, and high inter-observer  correlation
EDEI End-diastolic eccentricity index measurements of mechanical LVDD using automated
GMP- Gated myocardial perfusion single- approach that is correlated with other image meth-
SPECT photon emission computed tomography ods.'>'® The International Atomic Energy Agency

INTRODUCTION

Left ventricular systolic dyssynchrony (LVSD) is an
important pathophysiological condition in subjects with
heart failure due to its correlation with cardiac adverse
events."? Additionally, left ventricular diastolic dyssyn-
chrony (LVDD), a dyssynchronous relaxation pattern,
plays an important role in subjects with heart failure.*
In subjects with acute heart failure, left bundle branch
block can cause LVDD leading to a marked alteration of
left ventricular filling, which could compromise the
hemodynamic function in subjects with heart failure.”*
LVDD is associated with adverse clinical outcomes in
patients with dilated cardiomyopathy.® Furthermore,
LVDD improves in responders but not in non-responders
after cardiac resynchronization therapy (CRT), resulting
in reduction of morbidity and mortality.”® The mechan-
ical dyssynchrony of the left ventricle, the site of latest
mechanical activation site, and the myocardial scarring
are important parameters related to the CRT
response.”'’ Image methods to assess both LVSD and
LVDD, cardiac functionality, and prognosis include

(IAEA) has sponsored a non-randomized multicenter
trial: ‘“Value of the assessment of intraventricular
synchronism by GMP-SPECT in the management of
patients with heart failure undergoing cardiac resyn-
chronization therapy.””'” This novel branch of the
previous study is a post hoc retrospective analysis of
diastolic dyssynchrony values obtained from the IAEA
VISION-CRT study aimed to assess the clinical role of
LVDD quantified by GMP-SPECT in the prediction of
6-month clinical outcomes in subjects with ischemic
cardiomyopathy who underwent CRT.

SUBJECTS AND METHODS

Subject Assessment

This is a collaborative prospective study that involved 10
cardiological centers in eight different countries (Brazil, Chile,
Colombia, Cuba, India, Mexico, Pakistan and Spain). We
included subjects > 18 years old with NYHA functional class
II, III, or ambulatory IV, for at least 4 months before
enrollment, LVEF < 35% independently of ischemic cause,
QRS duration > 120 ms with morphology of left bundle
branch block and in sinus rthythm. We excluded subjects with
any type of arrhythmia that prevented GMP-SPECT acquisi-
tion, comorbidities that limited their life expectative for less
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than one year, women who were pregnant or breastfeeding at
the moment of the enrollment, and subjects whom underwent
coronary artery bypass grafting or percutaneous coronary
intervention in the last 3 months before the CRT implantation.
These subjects were assessed at baseline and at 6-month
follow-up by GMP-SPECT and a complete clinical evaluation
using standardized questionnaires by qualified physicians. We
directly asked for self-reported history of arterial hypertension,
dyslipidemia, smoking, and previously reported myocardial
infarction. Furthermore, we assessed Minnesota Living with
Heart Failure Questionnaire (MLHFQ).'® We evaluate cardiac
functionality through GMP-SPECT including left ventricular
ejection fraction (LVEF), left ventricular end-systolic
(LVESV) and end-diastolic volume (LVEDV), left ventricular
mass (LV Mass), left ventricular systolic phase standard
deviation (LVSPSD), left ventricular diastolic phase standard
deviation (LVDPSD), end-systolic eccentricity index (ESEI),
and end-diastolic eccentricity index (EDEI). At follow-up, we
reported the use of medication and the incidence of cardio-
vascular events, the complications, and deaths. Complete study
design, clinical measurements, and CRT methodology are
published elsewhere.'® The study was approved by the ethics
committee of each center. All subjects where anonymized
during the data analysis. All subjects signed informed consent
and all procedures were done according to the Declaration of
Helsinki.

GMP-SPECT Assessment

Emory University (USA) was the core lab for centralized
GMP-SPECT reconstruction, processing, and phase analysis.
The core lab was blinded as to each patient’s clinical and CRT
information. The GMP-SPECT scans were assessed using 740
to 1100 MBq (20 to 30 mCi) of 99mTe_gestamibi or tetrofosmin
protocols. The patients came to the study without previous use
of caffeine and alcohol and they were instructed to stop
smoking. All the images were acquired in a dual-headed
camera using 180° orbits with a complementary 8 or 16 frames
ECG-gating, according to current guideline.'® All the images
were reconstructed using the OSEM method with three
iterations and ten subsets and filtered by a Butterworth filter,
power 10, using a cut-off frequency of 0.3 cycles/mm.
Reorientation into short-axis images were sent to Emory
Cardiac Toolbox (ECTb4, Atlanta, GA) for automatized
processing of perfusion, function, and phase dyssynchrony
analysis. GMP-SPECT was assessed before CRT implantation
(median days before GMP-SPECT acquisition: 5 [IR: 2 to 16])
and 6-months follow-up.

Clinical Outcomes

Improvement of clinical response was defined as at least
one of the following outcomes at 6-month follow-up: improve-
ment in at least 1 NYHA functional class score; improvement
of LVEF (%) by 5%, reduction of LVESV (mL) by > 15% and
improvement in at least five points in MLHFQ. Absolute
change at follow-up was defined as the difference between
values at follow-up minus the values at baseline. Incident
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events included myocardial infarction, cardiac transplantation,
hospitalization due to any cause related to heart failure, and
CRT complications. Left ventricular diastolic dyssynchrony
(LVDD) was defined as diastolic phase standard deviation
> 40 = 1401420

Statistical Analysis

Paired Student’s ¢ test and Wilcoxon rank sign test was
used to evaluate differences at baseline and follow-up
wherever appropriate. Frequency distribution of categorical
variables is presented as absolute frequency and percentage.
Data are presented as mean (+ SD) or median (interquartile
range) wherever appropriate. Logarithmic transformation was
performed in variables that did not achieve normal distribution.
We seek to evaluate the incidence of events (favorable clinical
outcomes) due to a specific follow-up time, and therefore we
used Poisson regression analysis to estimate the incidence rate
ratio of clinical outcomes as model accorded time. Further-
more, we performed linear regression analysis to assess the
association and variability with absolute changes (A) in
clinical outcomes and the association of LVDD and cardiac
functionality at follow-up. The Akaike information criterion
(AIC) was also calculated for extracting better model and
evaluation of increases in informative capacity of our fitted
models. Statistical analysis was performed using Statistical
Package for Social Sciences Software (SPSS, version 21.0), R
software (Version 3.5.1), and GraphPad Prism (Version 6.0). A
P value < 0.05 was taken as statistically significant.

RESULTS

Study Population

At baseline, we enrolled 198 subjects who under-
went CRT procedure; nevertheless, only 160 subjects
had complete clinical and GMP-SPECT information at
baseline. Twenty patients died before second visit
(Figure 1). There was male predominance (60.6%) with
high prevalence of comorbidities including arterial
hypertension (55.6%), smoking (16.3%), dyslipidemia
(27.5%), and type 2 diabetes (23.8%). At least 30
(18.8%) subjects have had previous history of coronary
artery disease (CAD). Ethnicity was Hispanic predom-
inant (55.6%).

Medication history at follow-up included use of
beta blockers (85.2%), angiotensin II receptor blocker
(ARB) (23.1 %), diuretics (75.6%), ACE inhibitors
(59.4%), aspirin (43.8%), and statins (31.3%). Only 4
(2.5%) subjects were using both ARB and ACE
inhibitors at the same time (Table 1). Predominant
NYHA functional class at baseline was III in 59.1%.

Subjects had reduced LVEF at baseline (25%; IR:
17 to 35.5) with increased LVESV (162 mL; IR: 114 to
243), LVEDV (220 mL; IR: 166 to 316), LV Mass (200
gr; IR: 169 to 243.5), and LVSPSD (58°; IR: 36.2 to
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75.2) (Table 2). There was a statistically significant
change in LVEF, LVESV, LVEDV, LV Mass, LVSPSD,
and LVDPSD at follow-up. ESEI and EDEI did not
shown significant changes at follow-up. As an example,
we chose a patient whose values are portrayed in
Figure 2.

Clinical Outcomes

NYHA functional class improved in 105 (65.6%)
subjects by at least 1 NYHA functional class. There was
an improvement in LVEF by at least > 5% in 74
(46.3%) subjects and decrease in LVESV by at least
15% in 86 (53.8%) subjects. Improvement in Minnesota
score by at least five points occurred in 85 (53.1%)
cases. Totally, there was a favorable clinical outcome in
132 (82.5%) subjects, in which 25 (16.6%) archive one,
45 (28.1%) two, 45 (28.1%) three, and 22 (13.8%) four
favorable clinical outcomes. Incident myocardial infarc-
tion occurred in 1 (0.6%) subject, 19 (9.5%) required
hospitalization for any cause and nobody underwent
cardiac transplantation.

Left Ventricular Diastolic Dyssynchrony

Complete and detailed values of segmental walls of
the GMP-SPECT diastolic dyssynchrony of the popula-
tion of study are presented in Supplementary Table 1. At
baseline, LVDPSD was 53.53° (x 20.85), ESEI 0.613
(IR: 0.490 to 0.697), and EDEI 0.570 (IR: 0.646 to

Subjects submitted to
CRT procedure
N=198

Incomplete assessment

(n=10) or missing data by

error in filling the

standardized form (n=28)
(n=38)

Complete clinical data,
CRT and gSPECT (DP)
information at baseline
N=160

Died before second visit
(n=20)

Complete clinical data,
CRT and gSPECT-MPI (DP)
information at follow-up

N=140

Figure 1. Study flow chart. CRT cardiac resynchronization
therapy; gSPECT-MPI (DP) gated single-photon emission
computed tomography diastolic phase.
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0.449). Baseline LVDD was present in 81 (50.6%) and
at follow-up in 42 (32.3%) subjects (P < 0.001). Left
ventricular systolic dyssynchrony (LVSD) was present
in 124 (77.5%) subjects and at follow-up in 91 (57.9%)
(P < 0.001) (Table 2). There was a statistically signif-
icant change in LVDPSD at follow-up (P < 0.001), but
no for ESEI (P = 0.408) and EDEI (P = 0.897) (Fig-
ure 3). Furthermore, all segments had a statistically
significant change at follow-up, except for the basal-
inferior (P = 0.561) and the apical-lateral (P = 0.981)
segments (Supplementary Table 1). We found a signif-
icant correlation between LVDPSD at baseline and
LVEF (r = — 0.541, 95% CI — 0.652 to — 0.406),
LVESV (r = 0.562, 95% CI 0.431 to 0.670), LVEDV (r
= 0.531, 95% CI 0.395 to 0.645), and LV Mass (r =
0.461, 95% CI1 0.312 to 0.587) at follow-up. In the linear

Table 1. Characteristics of subjects of VISION-
CRT

Parameter Frequency (n = 160)
Male 97 (60.6%)
Age (years) 56 (+ 11.27)
Weight (kg) 71.5 (+ 14.51)
Height (m) 1.64 (+ 0.10)
Ethnicity
Hispanic 89 (55.6%)
Caucasian 18 (11.3%)
Indian 30 (18.8%)
African 15 (9.4%)
Asian 8 (5%)
Comorbidities
T2D 38 (23.8%)
Arterial Hypertension 89 (55.6%)
Dyslipidemia 44 (27.5%)
Smoking 26 (16.3%)

Previous history of CAD
Medication at follow-up
Aspirin

30 (18.8%)

70 (43.8%)
Beta blockers 132 (85.2%)
ACE inhibitors 95 (59.4%)
ARBs 37 (23.1%)
Diuretics 121 (75.6%)
Statins 50 (31.3%)

Age, weight, and height are expressed in mean and SD ().
The rest of the variables are expressed in numbers and
absolute percentage (%)

72D type 2 diabetes; ACE Angiotensin-converting enzyme;
ARB Angiotensin Il receptor blocker; CAD Coronary artery
disease
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Table 2. Baseline and follow-up characteristics of subjects of VISION-CRT

Parameter Baseline (n = 160) Follow-up (n = 140) P value
Minnesota score 47 (30-61) 26 (10-43) < 0.001
Functional class (NYHA) < 0.001
I 0 56 (36.8%)
I 41 (25.8%) 65 (42.8%)
11 94 (59.1%) 26 (17.1%)
\Y 24 (15.1%) 5 (3.3%)
SPECT assessment
LVESV (mL) 162 (114-243) 125 (76.2-229.25) < 0.001
LVEDV (mL) 220 (166-316) 190 (133-299) < 0.001
LVEF (%) 25 (17-35.5) 33 (19.25-45) < 0.001
LV Mass (gr) 200 (169-243.5) 178 (143-2206) < 0.001
LVSPSD (°) 58 (36.2-75.2) 49 (26-68.59) < 0.001
LVDPSD (°) 53.53 (+ 20.86) 40.44 (+ 26.13) < 0.001
LVSD (n;%) 124 (77.5%) 91 (57.9%) < 0.001
LVDD (n;%) 81 (50.6%) 42 (30%) < 0.001

LVSD was defined as LV systolic phase standard deviation > 43°. LVDD was defined as LVDPSD > 40 + 14°

NYHA New York Heart Association; LVESV left ventricular end-systolic volume; LVEDV left ventricular end-diastolic volume; LVEF
left ventricular ejection fraction; LVSPSD left ventricular systolic phase standard deviation; LVDPSD left ventricular diastolic phase
standard deviation; LVSD left ventricular systolic dyssynchrony; LVDD left ventricle diastolic dyssynchrony
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Figure 2. This is an example of the automatized analysis made with 99mTc-MIBI SPECT and
reported no evidence of infarction or ischemia, LVEF-34%, LVEDV-193 mL, LVESV-128 mL,
diastolic standard deviation-58.4°. San Jude cardiac resynchronizer was placed in DDD mode. At
follow-up, the patient improved LVEF to 40%, LVEDV decreased to 160 mL, LVESV decreased to
97 mL, and diastolic standard deviation improved to 26.2°.
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Figure 3. Systolic and diastolic phase standard deviation values (A), dyssynchrony frequency and
percentage (B), end-systolic (C) and end-diastolic, (D) eccentricity indexes at baseline and follow-
up in subjects of VISION-CRT. LVSD left ventricular systolic dyssynchrony; LVDD left ventricular
diastolic dyssynchrony; ES end systolic; ED end diastolic. ***P value < 0.001; systolic
dyssynchrony as defined as phase SD > 43° and diastolic phase standard deviation > 40 + 14°.

regression analysis, we found that LVDPSD at baseline
was associated with LVEF (f = — 0.336), LVESV
(p = — 2.161), LVEDV (f = — 1.991), and LV Mass
(p = — 0.849) at follow-up after adjusting for ESEI and
EDEI, age, and sex (Figure 4). Furthermore, in the
Poisson regression analysis, we found that there was not
a significant association between any diastolic dyssyn-
chrony values for improvement of clinical response,
even in the stratification for clinical outcomes (Table 3).
These results were replicable in the absolute changes in
clinical outcomes at follow-up (Supplementary
Tables 2, 3). Finally, in our linear regression models,
EDEI and LVDPSD were associated with changes in
NYHA functional class and LVEEF, respectively, but did
not reach statistical significance (Supplementary
Table 3).

In addition, we also found that the standard devi-
ation of the systolic phase was not associated as an
independent predictor for clinical outcomes (Supple-
mentary Table 4).

DISCUSSION

This study compiles the results of cardiac dyssyn-
chrony in subjects who underwent CRT and were
followed by 6 months. We found that CRT improves
cardiac functionality in both systolic and diastolic
dyssynchrony assessed with GMP-SPECT. Furthermore,
we found that most of the subjects had a favorable clinical
response at follow-up in which the improvement of
functional class was the most frequent (65.6%). Finally,
we found a strong association of LVDPSD with cardiac
functionally (LVEF, LVESV, LVEDYV, and LV Mass) at
follow-up. We also report that LVDPSD was not asso-
ciated with any favorable outcome in the period of study.

Previous studies have shown that LVDD plays an
important role in subjects with heart failure, indepen-
dently of the cause.” As a consequence, LV diastolic
dyssynchrony is related to alterations in the diastolic
filling pattern of the left ventricle, which may further
compromise the hemodynamic function of the failing
heart.>*
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Figure 4. Correlation of diastolic phase SD at baseline with LVEF (A), LVESV (B), LVEDV (C),
and LV Mass (D) at follow-up. LVEF-FU left ventricular ejection fraction at follow-up; LVESV-FU
left ventricular end-systolic volume at follow-up; LVEDV-FU left ventricular end-diastolic volume
at follow-up; LV mass at follow-up; SD standard deviation. R* adjusted for ES and ED eccentricity,
sex, and age.

Table 3. Poisson regression model of primary outcome using cardiac dyssynchrony values in VISION-
CRT adjusted for age and sex

Standard rP

Model Variables B error Z IRR 95% CI value
A NYHA (< 1) AIC: 292.91 LVDPSD 0.01 0.01 0.95 1.00 0.99-1.02 0.341
ESEI - 0.30 1.04 —0.29 0.74 0.10-5.74 0.775

EDE 0.74 1.03 0.717 2.10 0.30-17.44 0.474

A LVEF (= 5%) AIC: 265.43 LVDPSD — 0.01 0.01 —1.04 099 0.98-1.01 0.300
ESEI 0.51 1.34 0.38 1.67 0.12-23.31 0.704

EDEI 0.52 1.29 0.40 1.68 0.16-24.51 0.688

A ESV (< 15%) AIC: 283.10 LVDPSD - 0.01 0.01 - 0.91 0.99 0.98-1.01 0.362
ESEI 1.43 1.17 1.22 4.20 0.42-42.14 0.221

EDEI - 0.94 1.05 — 090 0.39 0.06-3.41 0.370

A Minnesota score (< 5 pts) AIC: LVDPSD — 0.01 0.01 —0.77 0.10 0.98-1.006 0.440
284.38 ESEI 0.38 1.17 0.33 1.47 0.14-14.52 0.742
EDEI - 0.19 1.09 - 0.18 0.82 0.11-7.90 0.861

A NYHA (< 1) changes in NYHA score < 1 pt at follow-up; A LVEF (+) absolute positive changes in LVEF (%), A ESV (—) absolute
negative changes in ESV score; A Minnesota Score (—) absolute negative changes in Minnesota score, LVDPSD left ventricular
diastolic phase standard deviation; ESEl end-systolic eccentricity index; ED end-diastolic eccentricity index
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Phase analysis in GMP-SPECT has proven to be a
novel method with high robust, reproductible, and
accurate measurements to evaluate mechanical dyssyn-
chrony, mechanical activation pattern, and myocardial
perfusion using an automated approach.”'" Previous
studies have compared its correlation and performance
with tissue Doppler imaging and real-time 3-dimen-
sional echocardiography, showing good correlation with
systolic and diastolic standard deviation in subjects with
heart failure.”?%?! Nevertheless, the main focus of
mechanical dyssynchrony has been in LV systolic phase,
leaving the evaluation of LVDD as an area of oppor-
tunity for further studies. A previous study has evaluated
the effect of LV systolic phase and its role in subjects
with CRT and found that at follow-up, there was an
improvement in both LV remodeling and diastolic
dyssynchrony, especially in those with lateral lead
location.”” It has been previously suggested that CRT
implantation should be considered for subjects with
baseline LV mechanical dyssynchrony and performed
with LV pacing lead placed in the site of latest
mechanical activation with viable myocardium with
favorable response; nevertheless, this evaluation had
been shown to be retrospectively.”” A recent review
suggests that targeting mechanical dyssynchrony instead
of electrical dyssynchrony can potentially improve the
prognosis in subjects who underwent CRT and these
could also be a predictable factor for clinical out-
comes.”” The use of diastolic dyssynchrony as an
independent predictor to evaluate adverse clinical out-
comes and mortality has been previously explored in
subjects with history of CAD.** Although our results
shown that LVDD and LVSD were not associated with
overall favorable clinical response, the improvement in
both systolic and diastolic dyssynchrony was significant,
suggesting its importance in the evaluation of subjects
who underwent CRT.

STRENGTHS AND LIMITATIONS

This study was an international multicenter collab-
oration of eight countries receiving diverse
representative population, so it can be reproduced in
other countries. Second, the phase analysis of both
systolic and diastolic cardiac dyssynchrony values were
made using automatized central core lab without the
interference of any physician, leading to a high repro-
ductible technique and results.

Nevertheless, some limitations need to be acknowl-
edged. The study was not designed as a randomized
clinical trial due to the intervention of electrophysiol-
ogists in the implantation of CRT guided by their
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respective guidelines and not by the GMP-SPECT
results. Second, the time of follow-up was established
under the hypothesis for assessment of the favorable
clinical outcomes in these subjects; nevertheless, this
may be a potential explanation in the poor association
between diastolic dyssynchrony and favorable out-
comes, meaning that a longer period of follow-up may
be necessary to evaluate real changes in clinical out-
comes. Third, the echocardiographic data were
incomplete, and therefore the comparison between
GMP-SPECT and Echo could not be made. Fourth, we
used phase standard deviation values for our analysis
leaving other parameters for measure dyssynchrony that
are less dependent of histogram shape, such as entropy,
as an area of opportunity for further studies.

CONCLUSION

In our study, CRT improves both systolic and
diastolic dyssynchrony values at 6-month follow-up.
LVDD at baseline is correlated with cardiac function-
ality at follow-up, but not with overall favorable clinical
outcomes. Further investigation with longer follow-up
period is needed to assess LVDD in CRT response.
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