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Ventricular dyssynchrony is prevalent among

patient with heart failure (HF) and portends poor prog-

nosis.1,2 Ventricular dyssynchrony can manifest itself in

numerous forms—atrioventricular (AV) dyssynchrony,

interventricular (between the ventricles) dyssynchrony,

and intraventricular (within the ventricle) dyssynchrony.

While AV dyssynchrony is easily correctable with

pacemakers, the complex pathophysiology of both

interventricular and intraventricular dyssynchrony

makes management more challenging. Interventricular

dyssynchrony can be easily recognized as either a right

(RBBB) or a left bundle branch block (LBBB) on sur-

face electrocardiogram (ECG). Typically, electrical

activation in LBBB has a U-shaped pattern that begins at

the septum, courses through the apex, with delayed

activation of the lateral and posterolateral portions of the

left ventricle (LV).3 In patients with RBBB, the earliest

ventricular activation occurs on the left ventricular side

of the interventricular septum, after a considerable delay

arrives to the right ventricular (RV) side of the septum

with activation of the remainder of the ventricle even

later—RV anterior wall activation followed by lateral

wall and the outflow tract.4 This activation pattern in

RBBB (early activation of septum and delayed

activation of lateral wall) essentially mirrors the acti-

vation pattern in LBBB. Despite dyssynchronous

electrical activation in both, improvement with resyn-

chronization is only noted among those with LBBB.5

The prevalence of intraventricular dyssynchrony

(primarily LV) is now being increasing recognized.

Although it cannot be measured on surface ECG,

imaging modalities like echocardiography (e.g., strain

imaging) and radionuclide imaging approaches (e.g.,

phase analysis of gated SPECT/PET and ERNA) pro-

vide an opportunity to assess such a phenomenon. Gated

SPECT and PET are now established techniques to

determine the presence of intra-left-ventricular dyssyn-

chrony, and gender-specific cut-offs for the presence of

left intraventricular dyssynchrony are available from

gated SPECT studies.6 Previously, an equilibrium

radionuclide angiography (ERNA) study had shown that

intraventricular dyssynchrony is more closely related to

cardiac performance, than interventricular dyssyn-

chrony.7 In a study of 103 patients with dilated

cardiomyopathy, 25% of whom had LBBB, Fauchier

et al studied the relationship between inter- and intra-

ventricular dyssynchrony on ERNA, with cardiac

hemodynamic status and cardiac events (cardiac death

and worsening HF). Increasing left and right intraven-

tricular dyssynchrony correlated with a lower LV

ejection fraction and cardiac index, while interventric-

ular dyssynchrony was not related to these

hemodynamic parameters. Additional studies have also

shown a strong relationship between left intraventricular

dyssynchrony with HF outcomes and arrhythmic

events,2,8 though there is paucity of studies on right

intraventricular dyssynchrony.

Despite these observations, novel imaging approa-

ches that measure intraventricular dyssynchrony, left

ventricular in particular, have failed to show any benefit

from dyssynchrony-guided resynchronization.9 Thus
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currently, electrical interventricular dyssynchrony with a

LBBB pattern is widely accepted as the strongest pre-

dictor of improvement in cardiac function after

resynchronization.10 However, RBBB is also recognized

as not being completely benign.11 Furthermore, studies

have also shown that those with RBBB and concomitant

left ventricular conduction abnormalities may also ben-

efit with CRT.12,13 Although surface ECG is routinely

used to determine cardiac conduction abnormalities, it

may not completely represent the activation of the

myocardial substrate in its entirety.14 ECG may not be

able to capture the severity of the electrical delay in all

segments and regional variations in small electrical

vectors may not be captured. Interstitial fibrosis and

consequent heterogeneous depolarization produce vari-

ations in regional loading conditions that result in

mechanical dyssynchrony that may be better represented

by mechanical activation than by electrical activation.

Hence, a different approach to measure interventricular

dyssynchrony could involve the assessment of the tim-

ing of myocardial contractility. Although this has been

previously performed using ERNA,7,15 the wider use of

gated SPECT makes it a more attractive approach.

In the current issue of the journal, Zhou et al report

the application of phase analysis of gated SPECT to

develop a tool for measuring interventricular dyssyn-

chrony.16 They further report whether interventricular

dyssynchrony measured by their tool relates to ECG

evidence of interventricular conduction delay. The

authors performed a retrospective study of 61 patients

with dilated cardiomyopathy who underwent both a 12-

lead ECG and a gated Tc-99m SPECT. All the patients

included in this analysis had either LBBB or RBBB on

ECG, and all had Tc-99m uptake in the RV on SPECT.

Various LV and RV parameters (base, apex, myocardial

radius, and the center of the ventricle) were manually

identified from their respective images in short-axis

orientation. An automated sampling algorithm searched

for the maximal circumferential count profiles in a 3-

dimensional fashion, separately for the LV and RV.

First-harmonic Fourier transformation, of the circum-

ferential count profiles was performed by the phase

analysis technique to yield the timing of the onset of

contraction (phase, in degrees) of each myocardial

sample. This is a standard approach of assessing the

timing of ventricular contractility by phase analysis. The

LV and RV phase profiles were segmented using a 13-

segment model and mean phase for each of the LV and

RV segments were determined. The difference between

the mean phase of the mid LV free wall and the mid LV

septum constituted the LV contraction delay, while the

difference between the mid RV free wall and mid RV

septum represented the RV contraction delay. Inter-

ventricular conduction delay was defined as follows:

(a) difference in LV contraction[ difference in RV

contraction (DLV[DRV), signified the LV to con-

tract after the RV.

(b) difference in LV contraction\ difference in RV

contraction (DLV\DRV), signified the LV to con-

tract earlier than the RV.

Concordance between interventricular contraction

delay by gated SPECT and interventricular conduction

delay on ECG was determined for all patients. In a

predominantly male population (85%), with a mean LV

ejection fraction of 28% and mean QRS duration of

163 milliseconds (ms), LBBB was present in 30 and

RBBB in 31 patients. Among patients with LBBB, 90%

(27 of 30) had DLV[DRV, and among the RBBB

patients 84% (26 of 31) had DLV\DRV, with a good

overall agreement of 87% and a Kappa statistic of 74%.

This study extends the applicability of the phase

analysis technique of timing left intraventricular con-

traction, to timing right intraventricular contraction, and

provides the ability to measure the temporal differences

in the contraction of the two ventricles. The results

presented in this analysis simply show that electrical

conduction differences across the ventricles can be

identified as either being LBBB or RBBB, based on the

timing of contractility/thickening of the LV or RV

segments on phase analysis, and thus proves what is

evident on a regular surface ECG. The study lacks val-

idation of the measured differences in a normal

population without any bundle branch block, which

would allow the user of this technique to separate a true

bundle branch block from noise. It is important to note

that all patients in this study had either LBBB or RBBB.

Whether this tool will perform in a similar fashion

among those with HF, but without either form of bundle

branch block and identify dyssynchrony that does not

confine to these two electrical patterns needs to be

evaluated. This is critical, as observations have shown

(echocardiographic and radionuclide imaging) that not

all patients with LBBB may be dyssynchronous, despite

a septal to lateral contraction delay.17,18 Furthermore, it

is likely that many patients with HF and no bundle

branch block could have mechanical, and perhaps

electrical, activation in a manner similar to those with a

bundle branch block.17 This will have profound impli-

cations, as a subpopulation without electrical LBBB

could have a similar degree of improvement with

resynchronization if mechanical contraction parallels a

LBBB pattern. In addition to the identification of con-

traction pattern, it is also important to account for

confounding caused by the presence of scar, as an area

of scar will be the last to contract regardless of the

electrical bundle pattern, and this was not accounted for

in this study. Furthermore, this tool mandates tracer
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uptake in the RV—which was present in among all

patients included in this highly selected population.

Despite cardiomyopathy, many patients may not have

RV uptake and this may limit the effectiveness of this

tool.

Nonetheless, this novel tool does open the appli-

cability of assessing interventricular dyssynchrony by

gated SPECT—the most widely used cardiac radionu-

clide imaging technique. In a LBBB population, this tool

will need prospective evaluation comparing CRT

response stratified by the presence of electrical versus

mechanical LBBB. It has to be kept in mind that con-

ventional CRT is designed and implanted in a fashion to

reduce septal to lateral wall delay in the LV, and thus

can only correct dyssynchrony caused by LBBB and not

by other conduction abnormalities. Thus, it is plausible

that the lack of improvement with CRT in other con-

duction abnormalities is actually a limitation of the CRT

itself and does not disprove the utility of dyssynchrony-

guided resynchronization. The real value of this tool

developed by Zhou et al will only come to fruition when

the electrophysiology field matures to develop the abil-

ity to correct non-LBBB dyssynchrony, perhaps with

multisite pacing.
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