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Abstract Left ventricular dyssynchrony (LVD) is an

independent predictor of adverse cardiovascular events,

death, and progression to heart failure. Myocardial perfu-

sion imaging (MPI) with ECG-gated single-photon emis-

sion computed tomography (SPECT) can be used to

diagnose LVD rapidly and automatically using phase

analysis (PA). The objective of this study was to evaluate

the prevalence and predictors of LVD in patients under-

going MPI. Clinical, electrocardiographic, and scinti-

graphic data from 1000 patients who underwent MPI with

ECG-gated SPECT over a period of 1 year were analyzed

retrospectively. TheEmoryCardiac Toolboxsoftware was

used for PA, and LVD was diagnosed based on the fol-

lowing criteria: standard deviation of LV phase distribution

C43� and/or phase histogram C140� in the resting and/or

stress phase of the examination. Several variables were

evaluated using univariate and multivariate analyses. The

prevalence of LVD in the study population was 6.5 %, and

the average age was 63.6 ± 12 years. The variables sig-

nificantly associated with LVD were male gender, obesity,

hypertension, diabetes, dyslipidemia, coronary artery dis-

ease (CAD), QRS interval C120 ms, LV dysfunction, and

myocardial perfusion defects (especially fixed defects) on

MPI. Although the PA parameters were greater at rest, both

phases could be used for diagnosis. Multivariate analysis

revealed that the variables significantly associated with

LVD were male sex, obesity, history of CAD, and QRS

interval C120 ms. The overall prevalence of LVD was

6.5 % in patients undergoing MPI in this study, and it

reached 42 % in the presence of certain risk factors.

Keywords Left ventricular dyssynchrony � Myocardial

perfusion imaging � Phase analysis

Introduction

Synchronous left ventricular (LV) contraction, which is

essential for heart function, serves as a major determinant of

heart performance. The loss of contraction synchrony

between the LV myocardial segments is known as LV

dyssynchrony (LVD). The heterogeneous mechanical action

caused by the uncoordinated contraction of the heartmuscles

is associated with changes in myocardial perfusion and

concentric LV remodeling, leading to progressive ventricu-

lar dilation and deterioration of cardiac function [1–3].

LVD can occur without signs or symptoms of heart

disease and with preserved ventricular function. In these

patients, LVD is a marker of progression to heart failure

(HF)and can help identify individuals at a higher risk of

developing HF in the future [1, 4].

The detection of LVD in the pre-symptomatic stage can

anticipate HF in genetically predisposed hearts [5]. Symp-

toms typically occur late during HF progression, and the

subclinical stage is the optimal period for intervention [6].

MPI with ECG-gated single-photon emission computed

tomography (SPECT) is widely performed to study

myocardial viability and ischemia, assess chest pain,

stratify cardiovascular risk, and locate infarcted areas [7].

Since the introduction of phase analysis (PA) in 2005,

MPI has also been used to evaluate the parameters of cardiac

synchrony, allowing the rapid and automatic diagnosis of
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ventricular dyssynchrony with high reproducibility, regard-

less of the examiner, andwithout additional discomfort to the

patient [8, 9]. However, this feature is underused because the

prevalence of LVD and the profile of patients to be evaluated

are unknown. The most frequently used PA parameters for

access to LVDare the phase histogrambandwidth (PHB) and

phase standard deviation (PSD). PHB values C140� and/or
PSD valuesC43� are indicators of significant LVD [10–15].

Materials and methods

This observational, retrospective study involved the anal-

ysis of an electronic database of 1,000 patients submitted to

MPI with ECG-gated SPECT at rest and under stress. This

study was conducted at the Center for Diagnostic Imaging

(CDI) in Rio de Janeiro, Leblon, Brazil, over a 1-year

period (from August 2013 to August 2014).

The inclusion criteriawere as follows: over 18 years old,

performance ofMPI at rest and under stress on the same day,

performance of the 12-lead electrocardiogram on the day of

the MPI examination, and regular R–R intervals, allowing

appropriate image acquisition via ECG-gated SPECT. The

exclusion criteria were as follows: electrocardiograms with

irregular rhythms (the presence of atrial or ventricular

arrhythmias), patients with pacemakers, patients with

implantable cardioverter-defibrillators, patients with cardiac

resynchronization systems, and patients with a body mass

index (BMI) C35 kg/m2.

Examination protocol

The patients were referred for MPI with ECG-gated

SPECT at rest and under stressby their doctors for various

reasons.

The patients underwent MPI at rest and under stress on

the same day (1-day protocol), with the resting phase

preceding the stress phase. Stress was induced either

pharmacologically (dipyridamole or dobutamine) or using

a treadmill exercise test. The standard radiotracer used was
99mTc sestamibi, which was injected via a peripheral vein.

The doses were 5–6 and 6–18 mCi at rest and during stress,

respectively.

Image acquisition

ECG-gated SPECT images were acquired at rest and after

stress 10 min after tracer injection using a Discovery 530

gamma camera (GE Healthcare�) equipped with a cad-

mium-zinc-telluride (CZT) solid-state detector and pinhole

collimator with an image acquisition speed of 8 frames per

cardiac cycle.

The rest and stress scan time was 6 and 3 min, respec-

tively. After acquisition, the images were reconstructed

using the short-axis orientation, and the Emory Cardiac

Toolbox software (Emory University/Syntermed, Atlanta,

Georgia, USA) was used for PA analysis.

Data collection

The clinical data collected included age, sex, weight (kg),

height (m), BMI (kg/m2), history of hypertension, diabetes,

dyslipidemia, and smoking, and personal or family history

of coronary artery disease (CAD). Printed 12-lead elec-

trocardiograms obtained at rest before the administration of

the radiotracer were available for all the patients. The

duration of the QRS interval on the ECG was measured in

milliseconds using computer software; an interval\120 ms

was considered normal. The MPI data collected included

LV ejection fraction at rest and under stress, LV end-sys-

tolic volume and end-diastolic volume at rest and under

stress, LV ejection fraction at rest and under stress, and

pattern of myocardial perfusion in the report.

Criteria used for dyssynchrony diagnosis

The criteria used to diagnose LVD were PHB C140� and/or
PSD C43�. A patient was considered as having LVD if any

of these criteria was met either at rest or under stress.

Statistical analysis

Categorical variables are presented as absolute frequency

(n), relative frequency (n), and percentage (%). Numerical

variables are presented as mean, standard deviation (SD),

median, andminimum andmaximumvalues. TheChi square

test was used to analyze the association of categorical vari-

ables with dyssynchrony. Similarly, we used the Student

t test for numerical variables. The bivariate analysis was

performed to evaluate the association of each variable with

dyssynchrony. In order to compare different variables, we

used themodel multiple binary logistic regression. A p value

\0.05 was considered to indicate statistical significance.

The confidence interval for calculating prevalence was set at

95 %. Intraclass correlation coefficients were calculated

between dyssynchrony parameters obtained at rest and under

stress. All analyses were performed using the SPSS 17.0

(n)software for Windows (SPSS, Chicago, Illinois, USA).

Results

Data from a total of 1,100 patients were analyzed. One

hundred patients were excluded based on BMI exceeding

34.9 kg/m2 (48 individuals), irregular electrocardiographic
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rhythm (42 individuals), and presence of implantable car-

diac devices (primarily bicameral pacemakers, 10

individuals).

The clinical characteristics of the study population and

their associations with LVD are shown in Table 1.

Men accounted for 56.9 % of the study sample, and

prevalence of dyssynchrony in men was approximately 5

times higher than in women (Table 1).

The age of the patients ranged between 27 and 96 years,

with an average of 63.6 years. Most participants (63.8 %)

were over 59 years old.Although the prevalence ofLVDwas

higher in the 60–69 years age group, there was no statisti-

cally significant correlation between age and dyssynchrony.

Obesity had a positive association with LVD. Individ-

uals with a BMI of C30 kg/m2 accounted for only 23.5 %

of the study sample, but the prevalence of dyssynchrony in

this group was approximately 2 times higher than that in

the non-obese individuals, and the prevalence ratio was

1.89. This study only evaluated patients witha BMI

B34.9 kg/m2(grade I obesity), and a stronger association

might have been found if grade II and morbidly obese

individuals had been included.

Smoking, presence of symptoms, and family history of

CAD were not significantly associated with LVD. In con-

trast, high blood pressure, diabetes, and dyslipidemia were

significantly associated with LVD, with prevalence ratios

more than twice greater than in unaffected individuals

(Table 1).

The duration of the QRS interval was significantly

associated with dyssynchrony (p\ 0.001). Patients with a

QRS interval C120 ms accounted for 5.4 % of the sample

population, and the prevalence of LVD in this group was

24.1 %. The majority of individuals (94.6 %) had a narrow

QRS interval (\120 ms), and the prevalence of LVD in this

group was only 5.5 %. The prevalence ratio was 4.38.

There was a significant correlation between previous

history of CAD and LVD. The prevalence of dyssynchrony

among patients with CADwas approximately 5 times higher

than in those without CAD (prevalence ratio: 4.44)

(Table 1). Previous history of acute myocardial infarction

(AMI) was the variable most strongly associated with LVD.

Patients with AMI had a prevalence of dyssynchrony that

was 7.26 times higher than in those without AMI. The

prevalence of LVD among individuals who had undergone

surgical revascularization was significantly higher than that

in patients who underwent percutaneous coronary angio-

plasty (15.8 vs. 12.8 %).

With regard to the pattern of myocardial perfusion in the

MPI examination report, fixed defects (suggestive of

myocardialfibrosis)weremore strongly associatedwithLVD.

Only 73 reports described fixed defects,with a prevalence of

dyssynchrony of 41.1 %. However, the correlation of

dyssynchrony with reversible defects (compatible with pres-

ence of myocardial ischemia) did not seem to be significant:

61 reports described reversible defects, with a prevalence of

4.9 %. In addition, 48 reports described partially reversible

defects (suggestive of ischemia associated with myocardial

fibrosis) possibly due to presence of fibrosis (fixed defect),

with a prevalence of LVD of 27.1 %. All associations were

statistically significant (p\ 0.001) (Table 2).

The presence of LV dysfunction correlated with LVD

(p\ 0.001). Patients with normal LV function (LV ejec-

tion fraction [LVEF] C45 %) accounted for the majority of

the population (96.9 %), and the prevalence of LVD in this

group was estimated to be 3.6 %. Furthermore, the preva-

lence of LVD was 95.2 % in patients with mild to mod-

erate dysfunction (LVEF of 36–44 %) and 100 % among

those with severe dysfunction (LVEF B35 %).

The patients with LVD showed higher average end-

systolic and end-diastolic LV volumes. However, the dif-

ferences in these parameters between the rest and stress

phases were not statistically significant.

In this study, a multivariate analysis was performed

using a logistic regression model to investigate the rela-

tionships between a number of variables and dyssynchrony.

After the multivariate analysis, the variables that remained

significantly associated with LVD were obesity, dyslipi-

demia, fixed and partially reversible perfusion defects, and

LV dysfunction with an LVEF below 45 %.

A multivariate analysis was performed with risk factors

present before the MPI examination used to calculate the

expected prevalence of LVD. This analysis revealed that

the variables significantly associated with LVD were male

sex, obesity, history of CAD, and QRS interval C120 ms

(Table 3).

Based on this analysis, the final predictive model was

created for the expected prevalence of LVD before MPI

according to the risk factors of the patients (Table 4).

According to this predictive model, the expected

prevalence of LVD on MPI in men with a history of CAD

and a normal QRS interval is approximately 15 %. In such

patients, a QRS interval C120 ms increases the prevalence

to 42 %. The expected prevalence of LVD in obese women

with a history of CAD and a QRS interval of C120 ms is

approximately 17.4 %.

Regarding the PA measurements during stress and rest

phases, although the PSD and PHBwere greater at rest (27.6

vs. 20.2, p\ 0.001; and 78.2 vs. 55.6, p\ 0.001;respec-

tively), LVD could be diagnosed under stress in all patients

who were diagnosed at rest, with only minor differences in

values. Thus, as shown in Fig. 1, the two phaseswere equally

useful in the diagnosis, with intraclass correlation coeffi-

cients of 0.59 and 0.65, suggesting that both of them can be

used.
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Table 1 Demographic

characteristics of the population

and their associations with left

ventricular dyssynchrony

(LVD)

Variable Frequency LVD

N % Prevalence

(%)

Prevalence

ratio

p value

(v2 test)

Gender

Male 569 56.9 9.8 4.67 \0.001

Female 431 43.1 2.1 1.00

Age

B49 years 134 13.4 4.5 1.00 0.122

50–59 years 228 22.8 4.4 0.98

60–69 years 324 32.4 9.0 2.00

C 70 years 314 31.4 6.4 1.42

Obesity (BMI C30 kg/m2)

No 765 76.5 5.4 1.00 0.008

Yes 235 23.5 10.2 1.89

Family history of CAD

No 656 65.6 5.8 1.00 0.210

Yes 344 34.4 7.8 1.34

Smoking

Non-smoker 614 61.4 5.0 1.00 0.061

Smoker 74 7.4 8.1 1.62

Former smoker 312 31.2 9.0 1.80

Symptoms

Asymptomatic 625 62.5 6.1 1.00 0.400

Other symptoms 55 5.5 3.6 0.59

Typical pain, atypical pain, or dyspnea 320 32.0 7.8 1.28

Hypertension

No 336 33.6 3.3 1.00 0.003

Yes 664 66.4 8.1 2.45

DM

No 734 73.4 5.0 1.00 0.002

Yes 266 26.6 10.5 2.10

Dyslipidemia

No 402 40.2 3.7 1.00 0.004

Yes 598 59.8 8.4 2.27

QRS interval[120 ms

No 946 94.6 5.5 1.00 \0.001

Yes 54 5.4 24.1 4.38

Known coronary disease

No 735 73.5 3.4 1.00 \0.001

Yes 265 26.5 15.1 4.44

AMI

No 894 89.4 3.9 1.00 \0.001

Yes 106 10.6 28.3 7.26

CABG

No 905 90.5 5.5 1.00 \0.001

Yes 95 9.5 15.8 2.87
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Discussion

LVD has an important prognostic value. In patients with HF,

its presence indicatesan increased risk of malignant

arrhythmias and death from all causes, regardless of the

LVEF [5]. In asymptomatic patients without evidence of

heart disease and with normal LVEF, LVD is an early

marker of progression of LV dysfunction, and it helps to

identify individuals at a higher risk of developing HF [4–6].

LVD can be diagnosed by MPI quickly and automati-

cally based on PA parameters obtained using software. The

technique does not depend on the examiner, it is easily

accessible, and it allows a retrospective evaluation [10–20].

In this study, the variables most closely associated with

LVD were male sex, presence of hypertension, diabetes,

dyslipidemia, and obesity, QRS interval C120 ms, history

of CAD (primarily acute myocardial infarction), LV dys-

function (LVEF \45 %), and presence of myocardial

Table 2 Prevalence of left

ventricular dyssynchrony

(LVD) according to the

perfusion pattern in the

myocardial perfusion imaging

examination report

Report Total LVD p value

No Yes (v2 test)

N % N % N % 95 % CI

Normal perfusion 818 100 799 97.7 19 2.3 1.4–3.5 \0.001

Reversible defect 61 100 58 95.1 3 4.9 1.3–12.8

Fixed defect 73 100 43 58.9 30 41.1 30.3–52.6

Partially reversible defect 48 100 35 72.9 13 27.1 16.0–40.9

Total 1.000 100 935 93.5 65 6.5 5.1–8.2

95 % CI 95 % confidence interval

Table 3 Multivariate analysis

of the clinical variables of the

patients and their associations

with left ventricular

dyssynchrony

Dichotomous variable Univariate logistic Multivariate logistic Multivariate logistic

Models Model 1 Model 2 (final)

OR p value ORadj* p value ORadj* 95 % CI p value

Obesity (BMI C30 kg/m2) 2.01 0.009 1.97 0.023 2.19 1.25–3.85 0.006

Advanced age(C 65 years) 1.78 0.028 1.34 0.325

Male sex 5.12 \0.001 4.29 \0.001 3.58 1.72–7.45 0.001

Symptoms 1.20 0.487 1.69 0.069

Hypertension 2.61 0.004 1.58 0.217

Diabetes 2.22 0.002 1.59 0.106

Dyslipidemia 2.35 0.005 1.43 0.285

Smoking (current or former) 1.82 0.020 1.26 0.415

Family history of CAD 1.38 0.212 1.22 0.486

Known coronary disease 5.05 \0.001 3.16 \0.001 4.16 2.41–7.18 \0.001

QRS interval C120 ms 5.45 \0.001 3.68 0.001 3.93 1.89–8.18 \0.001

Only variables with p\ 0.05 were included in the final model

BMI body mass index, CAD coronary artery disease, OR odds ratio, 95 % CI 95 % confidence interval

* ORadj = adjusted odds ratio = eb

Table 1 continued
Variable Frequency LVD

N % Prevalence

(%)

Prevalence

ratio

p value

(v2 test)

PTCA

No 836 83.6 5.3 1.00 \0.001

Yes 164 16.4 12.8 2.42

BMI body mass index, CAD coronary artery disease, DM diabetes mellitus, AMI acute myocardial

infarction, CABG coronary artery bypass grafting, PTCA percutaneous transluminal coronary angioplasty
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perfusion defects, especially of the fixed type(suggestive of

myocardial fibrosis).

Although older age was previously found to be associ-

ated with LVD [4], no statistically significant association

was detected in the present study. The average age of the

study group was 63.6 years, and the prevalence of LVD

was higher in the 60–69 years age group.

In this study, gender male was an independent predictor

of LVD as previously described 1. During the cardiac aging

process, women are more likely to preserve myocardial

mass and structure, whereas men tend to have greater

myocyte cell loss and cellular reactive hypertrophy. These

sex-related differences may also reflect different mecha-

nisms of dyssynchrony induction among the two gender

groups [1].

Presence of symptoms (including chest pain or dyspnea)

and family history of CAD showed no correlations with

LVD. Smoking showed a weak association with LVD,

which was not statistically significant.

Obesity was significantly associated with LVD both in

the univariate and multivariate analyses. The prevalence of

LVD in individuals with a BMI\30 kg/m2 was 5.4 %, and

it was almost twice higher in obese individuals (10.2 %).

The duration of the QRS interval was associated with

LVD in both the univariate and multivariate analyses. The

prevalence of LVD in patients with a QRS interval

C120 ms was 24.1 %, approximately five times higher

than in patients with a QRS interval\120 ms (5.5 %). This

finding confirms the hypothesis that electrical dyssyn-

chrony can cause mechanical dyssynchrony.

In the logistic regression model, the QRS interval was not

associated with LVD, probably because this analysis inclu-

ded data on MPIusing ECG-gated SPECT. Approximately

60 % of the patients with a QRS interval C120 ms had fixed

defects and/or LV dysfunction, and these variables were

associated with LVD in the multivariate analysis.

Hypertension, diabetes, and dyslipidemia are known

causes of LVD. In the present study, these risk factors were

associated with LVD, and their prevalence ratio was more

than two times higher than that in normal subjects.

Previous history of CAD showed a statistically signifi-

cant association with LVD. The prevalence of LVD in

patients with AMI was 7.26 times higher than in individ-

uals without AMI. Myocardial revascularization was also

associated with LVD, and the prevalence of LVD was

slightly higher in patients who underwent surgical revas-

cularization compared with those who underwent percuta-

neous revascularization (15.8 vs. 12.8).

Based on the examination reports of patients who

underwent MPI with gated SPECT, presence of fixed per-

fusion defects (suggestive of myocardial fibrosis) had the

strongest correlation with LVD. Reversible defects (com-

patible with myocardial ischemia) showed a positive but

weaker association. Therefore, LVD on MPI appears to be

more strongly associated with presence of fibrotic scarring

than presence of myocardial ischemia.

Based on the examination reports, most patients

(96.9 %) had a normal LVEF (C45 %), and the prevalence

of LVD in this group was only 3.6 %. In contrast, 70.6 %

of the patients with mild to moderate dysfunction and all

the patients with severe LV dysfunction (LVEF B35 %)

had LVD.

In agreement with the results of previous studies, the PA

parameters were higher in the resting phase, as physical

Table 4 Expected prevalence of left ventricular dyssynchrony(LVD)

according to the logistic model

Sex Altered QRS Not obese Obese

inTerval Known CAD Known CAD

(C120 ms) No (%) Yes (%) No (%) Yes (%)

Female No 0.7 5.4 3.5 5.2

Yes 2.7 18.0 12.3 17.4

Male No 2.3 15.8 10.7 15.3

Yes 8.3 42.0 31.6 41.0

CAD coronary artery disease. The prevalence of LVD in the sample

was 6.5 %
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Fig. 1 a Correlation between phase standard deviation (PSD) at rest

and post stress imaging. b Correlation between phase histogram

bandwidth (PHB) at rest and post stress imaging
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effort optimizes the timing of intraventricular contraction

[21–23]. These findings were thought to be related to

stress-induced increased hyperemia leading to more signal

and less noise during phase analysis, but also to improved

LV contractility that can occur with vasodilator testing

[24]. Some research suggests that this relationship is

reversed in the presence of myocardial ischemia, with

values in the stress phase exceeding those in the rest phase

[23]. Such a relationship was not observed in the current

study, which demonstrated that PA parameters in subjects

with ischemia were greater at rest than under stress. In the

above investigations, 201TI was used as a radiotracer, and

the fact that image acquisition began 5 min after injection,

allowing early assessment of the stress phase, was used to

justify this finding. Although 99mTc sestamibi was used in

the present study, data acquisitions also began early after

stress induction, and therefore our data contradict the

previous results.

This study evaluated the prevalence of dyssynchrony in a

non-selected population patients undergoing MPI. The

findings obtained in patients with normal ventricular func-

tion indicate that such patients may develop dysfunction in

the future, and closer monitoring may be recommended.

Further study is required to confirm this hypothesis.

Conclusions

LVD is an important and relatively frequent prognostic

marker, with a prevalence of 6.5 %. Furthermore, the

prevalence of LVD can reach 42 % in the presence of some

risk factors. MPI can be used to diagnose LVD without

causing additional discomfort to patients undergoing the

examination, and both the rest and stress phases can be

utilized for this purpose.

Limitations

This was a single-center study, although it was conducted

at a major reference center in Brazil. The study population,

which included individuals with suspected CAD and/or risk

factors that necessitated MPI with ECG-gated SPECT, may

not fully represent the general population.
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