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Background. Left ventricular mechanical dyssynchrony has been shown to provide sig-
nificant clinical values for chronic heart failure (HF) and cardiac resynchronization therapy
(CRT). The purpose of this study was to evaluate whether electrical dyssynchrony combined
with mechanical dyssynchrony has an incremental benefit over electrical dyssynchrony or
mechanical dyssynchrony alone to predict clinical events in patients with acute heart failure
(AHF).

Methods. Ninety-six AHF patients who received standard 12-lead ECG, gated single-
photon emission computed tomography (SPECT) myocardial perfusion imaging (MPI), and
echocardiography were enrolled. Thirty-two normal subjects were collected as the control
group to get the normal database of mechanical dyssynchrony. The end point is the composite
of all-cause death and heart transplantation. Electrical dyssynchrony was defined as QRS
duration > 120 ms. Mechanical dyssynchrony was defined as > mean 1 2 3 SD phase standard
deviation (PSD) or phase bandwidth (PBW) based on our normal database.

Results. During the follow-up of 28 ± 10 months, complete data were obtained in 92
patients. 26 (28.3%) Patients who reached the end point were classified into the event group.
There were no significant differences in PSD or PBW between the event and non-event groups.
However, PBW > 77.76� was independently associated with the end point in the univariate and
multivariate analysis (hazard ratio 2.92, 95% confidence interval 1.00-8.47, P = .049; hazard
ratio 3.89, 95% confidence interval 1.01-14.97, P = .048). The Kaplan-Meier curve with a log-
rank test showed that the end point rate was significantly higher in the patients with PBW >
77.76� (log-rank P = .039). Moreover, the ROC curve analysis showed that the area under the
curve (AUC) for predicting end point events by the integrative analysis of QRS > 120 ms and
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PBW > 77.76� was significantly improved compared to QRS duration > 120 ms (AUC: 0.75 vs
0.68, P = .001) or PBW > 77.76� (AUC: 0.75 vs 0.62, P = .049), respectively. The model of
combined electrical and mechanical dyssynchrony yielded a further significantly improved risk
prediction for adverse events in the global v2.

Conclusions. The combination of QRS duration > 120 ms and PBW > 77.76� was an
independent predictor of all-cause death and heart transplantation in AHF patients. The
integrative analysis of electrical and mechanical dyssynchrony provides incremental prognostic
value for clinical use. (J Nucl Cardiol 2021;28:140–9.)

Key Words: Acute heart failure Æ electrical dyssynchrony Æ mechanical dyssynchrony Æ
myocardial perfusion imaging

Abbreviations
AHF Acute heart failure

HF Heart failure

LV Left ventricle

LVEF Left ventricular ejection fraction

LVMD Left ventricular mechanical

dyssynchrony

NYHA New York Heart Association

PBW Phase bandwidth

PSD Phase standard deviation

SPECT Single-photon emission computed

tomography

INTRODUCTION

Acute heart failure (AHF) refers to a rapid onset or

worsening of symptoms and/or signs of heart failure

(HF).1 AHF may present as a first occurrence, or as a

consequence of acute decompensation of chronic HF.

Previous studies have shown that left ventricular ejec-

tion fraction (LVEF) and QRS duration are well-

established predictors in patients with chronic heart

failure.2 A wide QRS complex on the surface ECG is a

marker of poor prognosis in patients with HF.3

Left ventricular mechanical dyssynchrony (LVMD)

plays an important role in the pathogenesis of HF.

However, because patients with AHF may have transient

episodes of LVMD resulting in acute elevation of left

ventricle (LV) fulfilling pressure and pulmonary edema,

assessment of arrhythmias usually needs to be per-

formed under stable clinical conditions.4,5 Lee et al

found that AHF patients had worse LVMD than chronic

HF patients.6 Therefore, LVMD may be a prognostic

factor for the patients with AHF, even though it has

recovered in patients with chronic HF.7,8

Noteworthy, electrical dyssynchrony and mechani-

cal dyssynchrony are not always interchangeable: only

60% of patients with left bundle branch block selected

according to the Strauss criteria had mechanical dyssyn-

chrony measured by phase analysis on gated MPI.9

Moreover, studies have found that intraventricular rather

than interventricular dyssynchrony measured by tissue

Doppler has increased prognostic value over QRS

duration in patients with chronic HF.4,5

In this study, we seek to determine whether the

combination of QRS duration on ECG and mechanical

dyssynchrony measured on gated SPECT MPI has an

incremental prognostic value over QRS duration or

mechanical dyssynchrony alone in AHF patients.

METHODS

Study Population

From May 2012 to September 2016, 96 AHF patients who

met one of the following inclusion criteria were enrolled in our

study: (1) pulmonary congestion; (2) heart dysfunction, which

is physically examined for signs or symptoms of HF, including

exertional dyspnea and paroxysmal nocturnal dyspnea/orthop-

nea, edema of the lower extremities; (3) structural heart

disease, including ischemic cardiomyopathy, myocardial

infarction, dilated cardiomyopathy, hypertrophic cardiomy-

opathy in dilation stage, hypertensive heart disease. Pulmonary

congestion was defined as ‘‘congestion’’ on a chest x-ray and/

or as rales on physical examination. Exclusion criteria included

age more than 80 years, pacemaker, implantable cardioverter

defibrillator, significant structural valvar disease, coexisting

malignant disease, or severe illness. All subjects underwent

standard 12-lead ECG, echocardiography, and gated rest

SPECT MPI.

Thirty-two subjects who were free of hypertension,

diabetes mellitus, heart failure, coronary heart disease, con-

genital heart disease, valvular heart disease, and other cardiac

diseases were enrolled in the database of normal subjects from

2009 to 2012 and were used as the control group. Both the

AHF patients and the control subjects were enrolled from the

First Affiliated Hospital of Nanjing Medical University. The

study was approved by the Institutional Ethical Committee of

the First Affiliated Hospital of Nanjing Medical University,

and written informed consent forms were obtained from all

participants.

See related editorial, pp. 150–152
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Myocardial 99mTc-Sestamibi Scintigraphy

First, all AHF patients in this study were evaluated to see

if they could lie down for more than 4 hours before receiving

gated rest SPECT MPI scan to ensure that they could complete

the scan successfully. Then, the gated rest SPECT MPI was

performed around 60 minutes post injection using 20-30 mCi

of Tc-99m sestamibi. SPECT planar images were acquired

with a dual-headed camera (Philips Medical Systems, Milpitas,

CA, USA) using a standard resting protocol. The imaging

parameters were 20% energy window around 140 keV, 180�
orbit, and 32 steps with 25 seconds per step, 8-bin gating, and

64 projections per gate. The total acquisition time was 14

minutes for each patient. Image reconstruction and reorienta-

tion were completed with Emory Reconstruction Toolbox

(ERToolbox; Atlanta, GA). SPECT images were reconstructed

by ordered subset expectation maximization (OSEM) with 3

iterations and 10 subsets and then filtered by a Butterworth

low-pass filter with a cut off frequency of 0.4 cycles�cm-1 and

an order of 10.

The resulting short-axis images were input into Emory

Cardiac Toolbox (ECToolbox V4.0; Syntermed, Atlanta, GA)

to identify the LV parameters. These parameters were then

submitted to an automatic myocardial sampling algorithm,

which searched in 3D for maximal count circumferential

profiles in each cardiac frame. Subsequently, the LV dyssyn-

chrony phase angles were calculated by the 1-harmonic Fourier

approximation, which measures the change of counts in the left

ventricular myocardium in a cardiac cycle.10,11 The mechan-

ical dyssynchrony was characterized by the phase standard

deviation (PSD) and phase histogram bandwidth (PBW),

which represent the standard deviation of phase distribution

and the phase bandwidth that includes 95% of the samples over

the left ventricle, respectively.

Electrocardiography and Echocardiography

A 12-lead surface continuous ECG was recorded at rest

after admission. The QRS width was automatically measured

using Fukuda Denshi FX-8322 (Fukuda Denshi, Tokyo,

Japan).

Echocardiography was performed using the Vivid E9

ultrasound system (GE HealthCare, Wauwatosa, WI, USA).

LV parameters were acquired by M-mode echocardiography

according to the guidelines of the American Society of

Echocardiography.12 The LV end-systolic volumes, end-dias-

tolic volumes, and LVEF were measured using the modified

biplane Simpson rule.

Study End Point

The composite event of all-cause death or heart trans-

plantation was defined as the study end point. Patients were

followed up to 3 years after inclusion. End events were

ascertained every 6 months by phone contact with patients or

their relatives, as well as checking patient hospital records and

government records of death.

Statistics

Differences between the event and non-event groups were

compared by the Student t-test and nonparametric Mann-

Whitney U-test for continuous variables and Pearson v2 test for
categorical variables. The univariate Cox regression analysis

was applied to estimate potential predictors for events at the

long-term follow-up. The stepwise Cox regression was per-

formed to analyze the independent predictors of

mortality/heart transplantation. Variables with P\ .10 in the

univariate Cox regression were included, and variables with P
[ .05 in the stepwise Cox regression were excluded. Differ-

ences in events were compared across subgroups by Kaplan-

Meier analysis using the log-rank test. The predictive powers

of electrical dyssynchrony, mechanical dyssynchrony, and

their combination were evaluated using the receiver operator

characteristic (ROC) curve analysis. P\ 0.05 was considered

to be statistically significant. v2 Statistic by a likelihood ratio

test was performed to calculate the incremental value of

electrical and mechanical dyssynchrony. Statistical analysis

was performed by R ver.3.6.0 software (R Foundation for

Statistical Computing, Vienna, Austria).

RESULTS

Patient Characteristics

During the follow-up of 28 ± 10 months, complete

data were obtained in 92 AHF patients. The baseline

characteristics are listed in Table 1. Twenty-four

patients with all-cause death and 2 patients with heart-

transplant were included in the event group. The rest 66

patients were classified as the non-event group. The

average age was 54.6 years, and 70 (76.1%) patients

were male. Ischemic heart failure was found in 19

(20.7%) patients, and 58 (63%) patients were classified

as NYHA functional class III. Systolic blood pressure,

diastolic blood pressure, proBNP, the width of QRS, and

rest scar detected from SPECT MPI were significantly

different between the event and non-event groups. In the

quantitative analysis of PSD and PBW, there was no

significant difference between the groups with and

without events. However, after dichotomizing PSD and

PBW, there was a significant difference in PBW

between groups with and without events.

Mechanical Dyssynchrony

The baseline characteristics and parameters of rest

SPECT MPI of controls and AHF patients are summa-

rized in Table 2. Compared with the controls, the AHF

patients had significantly elevated rest scar, PSD, and

PBW. We defined 21.25� of PSD and 77.76� of PBW,

which were mean ? 2 9 SD from the control group, as

the threshold of LVMD.
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Prediction of End Point Events

In the univariate analysis, as shown in Table 3, ESV

(HR 1.04; 95% CI 1.00-1.08; P = .039), EDV (HR 1.05;

95% CI 1.00-1.09; P = .033), and rest scar (HR 1.04;

95% CI 1.02-1.06; P \ .001) were associated with

adverse events. Both electrical dyssynchrony defined by

QRS duration (HR 1.02; 95% CI 1.01-1.03; P = 0.001),

and mechanical dyssynchrony defined by PBW[77.76�
(HR 2.92; 95% CI 1.00-8.47; P = .049) were associated

with adverse events. However, PSD[21.25� and LVEF

were not significantly associated with clinical events

(HR 1.98; 95% CI 0.79-4.93; P = .143). In the

multivariate Cox proportional hazard analysis, both

QRS duration[ 120 ms (HR 1.03; 95% CI 1.01-1.04;

P\ .001) and PBW[ 77.76� (HR 5.05; 95% CI 1.44-

Table 1. Baseline characteristics of the patients with acute heart failure

Variables All (n = 92) Event (n = 26) Non-event (n = 66)
P-

value

Age (years) 54.6 (16.0) 57.7 (16.4) 53.4 (15.7) .241

Male 70 (76.1%) 18 (69.2%) 52 (78.8%) .333

Diabetes 20 (21.7%) 5 (19.2%) 15 (22.7%) .714

Ischemic heart failure 19 (20.7%) 5 (19.2%) 14 (21.2%) .833

Smoke 41 (44.6%) 9 (34.6%) 32 (48.5%) .228

NYHA .626

II 16 (17.4%) 3 (11.5%) 13 (19.7%)

III 58 (63.0%) 18 (69.2%) 40 (60.6%)

IV 18 (19.6%) 5 (19.2%) 13 (19.7%)

Systolic blood pressure (mmHg) 123 (21.0) 113 (14.2) 127 (22.1) .005

Diastolic blood pressure

(mmHg)

79.7 (14.6) 71.8 (10.3) 82.8 (15.0) .001

Potassium (mmol�L-1) 3.89 (0.60) 4.08 (0.50) 3.82 (0.62) .062

Sodium (mmol�L-1) 138 (5.8) 138 (4.4) 138 (6.3) .889

Albumin (g�L-1) 37.6 (5.3) 38.0 (4.4) 37.5 (5.6) .673

Blood urea nitrogen (mmol�L-1) 8.92 (8.32) 7.94 (3.40) 9.31 (9.58) .256

Creatinine (lmoI�L-1) 99.7 (38.9) 107 (41.9) 96.8 (37.6) .479

Uric acid (lmoI�L-1) 538 (188) 589 (234) 518 (165) .105

NT-proBNP (ng/L) 2,612 [1,269-

5,424]

3,850 [2,295-

7,809]

2,124 [1,097-3,842] .006

LVEF (%) 34.7 (10.4) 34.2 (8.96) 34.8 (10.9) .798

Width of QRS (ms) 118 (26.8) 131 (25.7) 112 (25.4) .002

Body mass index (kg�m-2) 23.7 (5.09) 21.4 (4.13) 24.6 (5.18) .006

Antisterone 86 (93.5%) 25 (96.2%) 61 (92.4%) .514

ACEI/ARB 72 (78.3%) 21 (80.8%) 51 (77.3%) .714

Beta-blocker 75 (81.5%) 21 (80.8%) 54 (81.8%) .907

Aspirin 52 (56.5%) 14 (53.8%) 38 (57.6%) .745

Rest scar 24.4 (15.4) 32.5 (18.2) 21.2 (13.0) .006

PSD 34.6 (21.3) 38.9 (20.4) 32.9 (21.6) .228

PBW 138 (90.6) 158 (90.1) 130 (90.2) .179

PSD[21.25� 59 (64.1%) 20 (76.9%) 39 (59.1%) .108

PBW[77.76� 62 (67.4%) 22 (84.6%) 40 (60.6%) .027

EDV 250.2 (105.6) 282.5 (118.1) 237.5 (98.3) .066

ESV 194.4 (97.1) 225.5 (103.6) 182.2 (92.4) .053

Data are presented as mean (SD) or median (interquartile range), or n (%)
NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association functional class; LVEF, left ventricular
ejection fraction; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker; PSD, phase standard
deviation; PBW, phase histogram bandwidth; EDV, end diastolic volume; ESV, end systolic volume
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14.69; P = .011) were independent predictors of adverse

events. PSD [ 21.25� was still negative to predict

clinical events.

Using both electrical and mechanical dyssynchrony

parameters, four subgroups were formed for Kaplan-

Meier analysis: (i) Group 1: QRS duration B 120 ms and

Table 2. The baseline characteristics and parameters of rest SPECT MPI in controls and patients with
acute heart failure

Control (n = 32) AHF (n = 92) P-value

Age (years) 53.0 (13.2) 54.6 (16.0) .612

Male 20 (62.5%) 70 (76.1%) .209

Body mass index (kg�m-2) 24.70 (3.05) 23.7 (5.09) .299

Rest scar 7.15 (3.24) 24.38 (15.42) \ .001

PSD 11.83 (4.71) 34.62 (21.32) \ .001

PBW 45.06 (16.35) 137.90 (90.59) \ .001

Data were presented as mean (SD) or median (interquartile range)

Table 3. Univariate and multivariate analysis of predictors for all-cause death and heart transplantation

Characteristics

Univariate analyses Multivariate analyses

HR (95% CI) P-value HR (95% CI) P-value

Age 1.02 (0.99-1.04) .272

LVEF 0.99 (0.96-1.03) .691

Male 0.67 (0.29-1.53) .337

NYHA

II Ref.

III 1.76 (0.52-5.97) .366

IV 1.58 (0.38-6.60) .533

Systolic blood pressure 0.97 (0.95-0.99) .003 0.96 (0.94-0.99) .0039

Sodium 0.99 (0.93-1.06) .851

Albumin 1.02 (0.95-1.09) .603

NT-proBNP per 1,000 ng�L-1 1.21 (1.11-1.31) \ .001 1.22 (1.12-1.34) \ .001

Creatinine 1.01 (1.00-1.01) .240

Ischemic heart failure 0.89 (0.34-2.36) .815

Diabetes 0.78 (0.29-2.06) .615

Body mass index 0.89 (0.082-0.97) .009 0.83 (0.74-0.93) .001

Width of QRS 1.02 (1.01-1.03) .001 1.03 (1.01-1.04) \ .001

Antisterone 2.05 (0.28-15.13) .482

ACEI/ARB 1.21 (0.45-3.20) .708

Beta-blocker 0.82 (0.0.31-2.18) .698

PSD[21.25� 1.98 (0.79-4.93) .143

PBW[77.76� 2.92 (1.00-8.47) .049 5.05 (1.44-14.69) .011

Rest scar 1.04 (1.02-1.06) \ .001

ESV, per 10 unit 1.04 (1.00-1.08) .039

EDV, per 10 unit 1.05 (1.00-1.09) .033

Variables with P\ .10 were included in the multivariate analysis
HR, hazard ratio; 95% CI, 95% confidence interval; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association
functional class; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker; PSD, phase standard
deviation; PBW, phase histogram bandwidth; EDV, end diastolic volume; ESV, end systolic volume
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PBW B 77.76�; (ii) Group 2: QRS duration B 120 ms

and PBW[ 77.76�; (iii) Group 3: QRS duration[ 120

ms and PBW B 77.76�; (iv) Group 4: QRS duration[
120 ms and PBW[77.76�. The Kaplan-Meier survival

probability curve showed that at 36 months, the PBW[
77.76� group had a higher end point rate than the PBW

B 77.76� group (log-rank P = .039; Figure 1). Adverse

events during follow-up were 0% (0/19) in Group 1,

25.0% (10/40) in Group 2, 36.4% (4/11) in Group 3, and

54.5% (12/22) in Group 4 (long rank P \ .001,

Figure 2).

As shown in Figure 3, QRS duration combined with

PBW showed the highest accuracy to predict end point

events compared to either QRS duration [ 120 ms

(AUC: 0.747 vs 0.679, P = .001) or PBW [ 77.76�
(AUC: 0.747 vs 0.620, P = .049) alone, respectively.

Furthermore, Figure 4A shows that the value of v2

values with the addition of electrical and mechanical

dyssynchrony above and beyond electrical dyssyn-

chrony or mechanical dyssynchrony alone, and the

incremental value of v2 values with the addition of

electrical and mechanical dyssynchrony above and

beyond clinical/laboratory values (4B). Clinical/labora-

tory values include systolic blood pressure, NT-proBNP

and body mass index.

An example of an AHF patient with electrical and

mechanical dyssynchrony is shown in Figure 5.

DISCUSSION

The main finding of this study is that the QRS

duration[ 120 ms and PBW[ 77.76� are independent

predictors of all-cause death and heart transplantation in

AHF patients. The combination of QRS duration and

PBW provides an incremental prognostic value to each

measure separately. LVMD measured by gated SPECT

MPI has been suggested useful for prognosis in the

chronic HF population13 and particularly in patient
Figure 1. Kaplan-Meier curve for patients with PBW B
77.76� and PBW[ 77.76�.

Figure 2. Kaplan-Meier curve for patients in Group 1: Q RS
duration B 120 ms and PBW B 77.76�; Group 2: QRS duration
B 120 ms and PBW[ 77.76�; Group 3: QRS duration[ 120
ms and PBW B 77.76�; Group 4: QRS duration[120 ms and
PBW[ 77.76�.

Figure 3. Receiver-operating characteristic curves to predict
clinical events occurring from enrollment to the end of the
follow-up period for QRS duration and PBW. AUC1= AUC of
QRS duration combined with PBW (AUC 0.75; sensitivity
62%; specificity 74%); AUC2= AUC of QRS duration (AUC
0.68; sensitivity 62%; specificity 74%); AUC3= AUC of PBW
(AUC 0.62; sensitivity 85%; specificity 39%).
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selection and prediction of response and prognosis for

cardiac resynchronization therapy (CRT).14,15 Henne-

man et al found that a cut off value of 43� for PSD

(sensitivity 0.7; specificity 0.7) and 135� for PBW

(sensitivity 0.74; specificity 0.74) could improve the

CRT patient selection.16 Furthermore, the phase analysis

of gated SPECT MPI was used to recommend the

optimal CRT LV lead positions, which could improve

volumetric response and long-term prognosis.13

Noteworthy, AHF patients have worse LV mechan-

ical dyssynchrony than chronic HF patients.7,8 A study

in 201 patients with acute onset cardiomyopathy and LV

dysfunction (LVEF \ 40%) showed that LV

dyssynchrony was observed in 54% patients, even with

a narrow QRS duration; and LV dyssynchrony was

resolved within 6 months in 42% of all patients after

conventional medical therapy.8 Another study in 50

patients with acute decompensated heart failure also

showed that LV dyssynchrony was present in about half

of the patients, whose hemodynamics recovered after

intensive medical therapy.7 The mechanism of worse

dyssynchrony in AHF could be that the activation of

renin-angiotensin and sympathetic systems leads to

tachycardia and an elevation in vascular resistance,

which may result in exacerbation of dyssynchrony.

Moreover, patients with baseline LV dyssynchrony had

Figure 4. The incremental value of v2 values with the addition of electrical and mechanical
dyssynchrony above and beyond electrical dyssynchrony or mechanical dyssynchrony alone (A),
and the incremental value of v2 values with the addition of electrical and mechanical dyssynchrony
above and beyond clinical/laboratory values (B). Clinical/laboratory values include systolic blood
pressure, NT-proBNP and body mass index. #P\ .05, ##P\ .01, ###P\ .001.
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more hemodynamic recovery after intensive medical

therapy than patients without baseline LV dyssyn-

chrony,7 suggesting that the presence of LV

dyssynchrony in the patients with acute decompensated

heart failure, LV dysfunction, and wide QRS duration,

although often associated with the propensity to have

CRT,17 could identify the patients with better hemody-

namic responses to intensive medical therapy as an

alternative to CRT.

In our study, no significant differences in PSD or

PBW were found between the patients with or without

clinical events. However, LVMD (PBW[77.76�), a cut
off value derived from our normal database, had a

clinically significant prognostic value for patients with

AHF. PBW[77.76� achieved an AUC of 0.62, whereas

PSD [ 21.25� did not show clinical significance. A

possible explanation is that PSD may be inappropriate to

characterize the widely distributed and sometimes multi-

peak distributions in phase histograms.18

According to the current guidelines, the selection

criteria of CRT implantation heavily relied on electrical

dyssynchrony on ECG without the use of mechanical

dyssynchrony.1 Mechanical dyssynchrony is a signifi-

cant prognosticator and independent of electrical

dyssynchrony in predicting adverse events in patients

with heart failure.19,20 However, electrical dyssynchrony

is not always accompanied by mechanical dyssyn-

chrony.9,21 The integrative analysis of electrical and

mechanical dyssynchrony has been demonstrated to

improve CRT patient selection.22,23 Our investigation in

this study demonstrated that the integrative analysis of

electrical and mechanical dyssynchrony had a significant

improvement over either QRS duration[120 ms (AUC:

0.75 vs 0.68, P = .001) or PBW[77.76� (AUC: 0.75 vs

0.62, P = .049) alone. Based on our prognostic model,

intensive medical therapy or early device therapy may

be considered for AHF patients with both electrical and

mechanical dyssynchrony. First, although the clinical

symptoms are not severe in AHF patients with both

Figure 5. An example of a 64 years old male patient with acute heart failure (LVEF = 46.8%).
This patient died 22 months after enrollment. (A) QRS duration (152 ms) measured by ECG. (B)
PBW (164�) measured by the phase analysis of gated SPECT MPI.

Journal of Nuclear Cardiology� Zhou et al 147

Volume 28, Number 1;140–9 Prognostic value of integrative analysis of electrical and mechanical dyssynchrony



electrical and mechanical dyssynchrony, intensive treat-

ment should be given to improve prognosis. Second,

regardless of LV dyssynchrony in AHF patients, medical

therapy instead of CRT should be the first choice

because LV dyssynchrony resolved within 6 months in

almost half of all patients after medical therapy.7,8

Third, early CRT should be considered for AHF patients

with both electrical and mechanical dyssynchrony who

do not respond to medical therapy.

STUDY LIMITATIONS

This study has several limitations. First, both

ischemic cardiomyopathy (ICM, n = 19, 20.7%) and

non-ICM patients were included in this study. Due to the

different etiology, patients with ICM and non-ICM have

different electrical activation and mechanical contrac-

tion patterns.24,25 Therefore, a single cut off value may

affect the accuracy to predict adverse events in AHF

patients. Second, this study enrolled a relatively small

number of patients from a single center with the inherent

limitation of such study design. Additional prospective

multicenter studies in a larger population are needed.

CONCLUSIONS

The combination of QRS duration [ 120 ms and

PBW [ 77.76� was an independent predictor of all-

cause death and heart transplantation in AHF patients.

The integrative analysis of electrical and mechanical

dyssynchrony provides incremental prognostic value for

clinical use.

NEW KNOWLEDGE GAINED

Electrical dyssynchrony combined with mechanical

dyssynchrony provides incremental prognostic value for

AHF patients.
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and intraventricular conduction abnormalities in patients eligible

for cardiac resynchronization therapy. Pacing Clin Electrophysiol

2004;27:1105-12. https://doi.org/10.1111/j.1540-8159.2004.00592

.x.

25. Lin X, Xu H, Zhao X, Chen J. Sites of latest mechanical activation

as assessed by SPECT myocardial perfusion imaging in ischemic

and dilated cardiomyopathy patients with LBBB. Eur J Nucl Med

Mol Imaging 2014;41:1232-9. https://doi.org/10.1007/s00259-01

4-2718-6.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Journal of Nuclear Cardiology� Zhou et al 149

Volume 28, Number 1;140–9 Prognostic value of integrative analysis of electrical and mechanical dyssynchrony

https://doi.org/10.1161/01.CIR.0000073597.57414.A9
https://doi.org/10.1007/s12350-019-01735-7
https://doi.org/10.4250/jcu.2012.20.3.117
https://doi.org/10.4250/jcu.2012.20.3.117
https://doi.org/10.1007/s11886-015-0687-4
https://doi.org/10.1007/s11886-015-0687-4
https://doi.org/10.2967/jnumed.107.049700
https://doi.org/10.2967/jnumed.107.049700
https://doi.org/10.1016/j.jacc.2004.08.016
https://doi.org/10.1016/j.jacc.2004.08.016
https://doi.org/10.1007/s12350-017-0863-6
https://doi.org/10.1007/s12350-017-0863-6
https://doi.org/10.1136/heartjnl-2017-311813
https://doi.org/10.1007/s12350-015-0388-9
https://doi.org/10.1136/heart.89.1.54
https://doi.org/10.1016/J.JELECTROCARD.2015.01.015
https://doi.org/10.1016/J.JELECTROCARD.2015.01.015
https://doi.org/10.1253/circj.cj-16-1181
https://doi.org/10.1253/circj.cj-16-1181
https://doi.org/10.1111/j.1540-8159.2004.00592.x
https://doi.org/10.1111/j.1540-8159.2004.00592.x
https://doi.org/10.1007/s00259-014-2718-6
https://doi.org/10.1007/s00259-014-2718-6

	Prognostic value of integrative analysis of electrical and mechanical dyssynchrony in patients with acute heart failure
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study Population
	Myocardial 99mTc-Sestamibi Scintigraphy
	Electrocardiography and Echocardiography
	Study End Point
	Statistics

	Results
	Patient Characteristics
	Mechanical Dyssynchrony
	Prediction of End Point Events

	Discussion
	Study Limitations
	Conclusions
	New knowledge gained
	Acknowledgments
	References




