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The survival rate associated with heart failure (HF)

has been significantly improved in recent years due to

improved preventive approaches and device treatments

to improve cardiac function and prevent sudden cardiac

death.1 Implantable devices used in cardiac resynchro-

nization therapy (CRT) and implantable cardioverter

defibrillators (ICDs) contribute to improving outcomes

for HF patients. The use of ICD implantation has been

stable over the years and overall the ICD has resulted in

reduced mortality.2 However, it is true that limited

numbers of patients have benefited from ICD implan-

tation.3 A meta-analysis showed that some sub-study

populations had no benefits from ICD implantation.4 At

present, ICD implantation may be the best therapeutic

option for preventing sudden cardiac death in patients

with left ventricular ejection fraction (LVEF) of\35%.

If predictors for ICD effectiveness or non-response can

be identified, other treatment approaches may be avail-

able to the non-responder. In addition, with

implantable devices, infective endocarditis can be a

cause for major concern, and therefore unnecessary or

ineffective implantation should be avoided.5,6 Diagnos-

tic approaches have therefore been developed in order to

select suitable patients for ICD treatments. Nuclear

cardiology imaging has contributed to predicting an

individual’s response to ICD treatments (Table 1).3,7,8

Recently, Fallavollita et al reported that sympathetic

denervation predicts cause-specific mortality from sud-

den cardiac death independently of LVEF in patients

with coronary artery disease (CAD) and LV dysfunc-

tion.8 Cardiac sympathetic nervous function was

evaluated using 11C-hydroxyephedrine (HED), which

reflects presynaptic sympathetic nervous function.9,10

This approach may be able to detect patients who are at

higher risk for arrhythmia-induced sudden cardiac death

regardless of LVEF. ACC/AHA guidelines for the

appropriate use of implantable defibrillators address the

importance of detecting LV dyssynchrony.11 LV

dyssynchrony was previously evaluated mainly by

echocardiography.12

Using gated single-photon emission computed

tomography (SPECT), LV dyssynchrony can be easily

and reliably estimated.13,14 Dyssynchrony is defined as

‘‘ventricular electromechanical delay’’. Prolongation of

the QRS complex is seen in approximately one-third of

patients with advanced HF, and this prolongation may

be associated with varying degrees of ventricular elec-

tromechanical delay. Among several dyssynchrony

parameters, the phase standard deviations (SD) and

bandwidth have been most useful for differentiating

between patients with and without dyssynchrony.15

Araujo et al evaluated the usefulness of dyssynchrony

parameters in patients who had ICDs. At 1 year, patients

with events had higher phase SD and higher histogram

bandwidth than did patients without events.7 This pre-

vious study raised the research question of whether

dyssynchrony can be a predictor of outcomes in patients

with ICD implantation.

In this issue of Journal of Nuclear Cardiology,

Zafrir et al evaluated the predictive value of LV

mechanical dyssynchrony for major cardiac events

(MACE) in patients who had ICD implantation.16 At a
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mean point of 23.7 months, the authors followed up the

study population minus those patients who were lost to

follow-up. All mortality causes and other major cardiac

events were examined and all patients were closely

observed by a heart failure clinic or arrhythmia clinic.

Such strong follow-up surely strengthens the quality of

evidence, something that is often a challenge with

prognostic studies.17 As mentioned before, some previ-

ous studies looked at the prognostic value of ventricular

dyssynchrony, detected using gated SPECT myocardial

perfusion imaging (MPI), in heart failure.18 However,

the prognostic value of ventricular dyssynchrony in

specific population such as patients with ICD implan-

tation has not been fully studied. The most important

finding of the present study by Zafrir et al that the

authors evaluated was the prognostic value of LV ven-

tricular dyssynchrony in patients with ICD implantation.

When the phase cut-off value of 60� was applied,

patients who had cardiac death and progression of

congestive heart failure (CHF) were able to be differ-

entiated from patients without such cardiac events.

However, this cut-off value could not be used to dif-

ferentiate between patients with ventricular tachycardia

(VT)/ventricular fibrillation (VF) events and patients

without VT/VF events. This is the difference between

the current study and a recent study by Aljaroudi

et al.7,16 These data may imply that abnormal LV

mechanical dyssynchrony was associated with devel-

oping cardiac dysfunction rather than with increasing

life-threatening arrhythmia in this study population. In

addition, a Kaplan-Meier survival curve clearly sepa-

rated the cardiac death group and the survival group

based on LV mechanical dyssynchrony cut-off value.

This cut-off value could also be used to effectively

differentiate between the deteriorating HF and stable HF

groups in the ICD population. There was no difference

in LV mechanical dyssynchrony between the VT/VF

event group and the group without VT/VF events. Based

on these current data, LV mechanical dyssynchrony may

be an important predictor of developing LV dysfunction

without wide QRS complex in those patients who

required ICD implantation. The developing LV dys-

function seems to be associated with subsequent cardiac

death. However, the authors did not provide detailed

causes of death in this issue of Journal of Nuclear

Cardiology. Thus, these postulations are speculation and

the authors are expected to provide these important data

as part of their future work.

Another important finding of the current study

should be the independent predictors of cardiac death in

the ICD implant population. The independent predictors

include wide QRS complex and LV mechanical

dyssynchrony. Current ACC/AHA guidelines for the

appropriate use of ICD implantation stipulate the pres-

ence of reduced LVEF.11 There are many controversial

opinions regarding this ICD indication, and many car-

diologists are seeking better or alternative indications

for ICD implantation. The current data showed that

reduced LVEF was not significant for predicting cardiac

death using either univariate analysis or multivariate

analysis. Although the numbers of the study population

were limited, this finding strongly suggests that other

indications for ICD implantation should be sought.

Despite the important findings by Zafrir et al, sev-

eral critical issues remain. First, the authors applied a

phase SD of 60� as a cut-off value based on their

experiences. However, this cut-off value does not seem

to have been validated. Although the results of the

current study showed that this cut-off value could be

used to distinguish between patients with cardiac events

and those with non-cardiac events, this cut-off value

needs to be validated by other standard measurements.

Second, the authors included coronary artery disease and

non-ischemic heart failure in this study. Some of the

patients had stress and rest myocardial perfusion imag-

ing and the remaining patients had only rest imaging.

Myocardial ischemia and viable myocardium not treated

by revascularization are also associated with significant

deterioration of the LV function over time and increased

cardiovascular events.19 In fact, Buxton et al reported

Table 1. PET and SPECT for patients with implantable ICDs

Tests Pathophysiology Indication

99mTc RBC RNA LV systolic function measurements ICDs indication
11C-hydroxyephedrine Sympathetic nervous function Predicting sudden cardiac death
99mTc-sestamibi LV dyssynchrony Possibly predicting major cardiac events
18F-fluorodeoxyglucose Inflammation Mechanical lead infection

ICDs implantable cardioverter defibrillators, LV left ventricle, RBC red blood cell, RNA radionuclide angiography
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that the sudden cardiac death ratio increased in CAD

patients and that the mortality did not depend on the

LVEF in CAD.20 In the current study, some patients

who had positive summed difference scores may have

required revascularization. In this regard, if the authors

truly aimed to show the prognostic value of LV

dyssynchrony in patients with ICD implantation,

patients shown to have myocardial ischemia should have

been excluded. Third, there seem to be many differences

in baseline variables between the cardiac event group

and non-event group. However, the authors performed

only unadjusted Kaplan-Meier survival analysis.

Although the size of the study population was sufficient

considering the specific study population, the sample

size and/or the number of major cardiac events may

have been small for adjusted survival analysis. That

being the case, this study needs further analysis to

confirm the current results using appropriate adjusted

survival analysis. Finally, the authors noted that patients

who had greater dyssynchrony without left bundle

branch block (LBBB) or wide QRS complex may

require a CRT defibrillator (CRT-D) instead of an ICD.

This question has just been raised in light of the current

data. ACC/AHA guidelines for the appropriate use of

ICDs recommend the application of dyssynchrony data

in decision-making.11 To confirm their hypothesis, the

authors may conduct follow-up rest ECG, LVEF, and

look at whether the QRS complex became wider than

120 mm per second in patients who showed significant

LV dyssynchrony at the baseline without wide QRS.

Based on the recent development of HF treatments,

especially those involving implanted devices, the next

step in HF device treatments should be to improve the

effectiveness of these devices. In this regard, selecting

suitable patients or developing appropriate indications

for these devices should be considered to be further

improvements in the quality of HF patient care. The

findings of Zafrir et al thus represent a significant con-

tribution towards establishing additional or alternative

indications for ICD implantation in patients with HF.

This study presents several ideas to our societies and

will certainly lead to a number of related research pro-

jects on these important issues.
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