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Cardiac resynchronization therapy (CRT) improves

left ventricular (LV) remodeling, quality of life, and

survival among patients with heart failure, reduced

ejection fraction (EF) and electrical dyssynchrony.1-3

The 2012 guidelines for CRT implantation have very

stringent class I indication as they require EF B 35%,

New York Heart Association (NYHA) class C II with

left bundle branch block (LBBB) and QRS C 150 ms as

compared to a lower QRS threshold C 120-130 ms with

2008 guidelines.4 This was driven in part by the results

from the Multicenter Automatic Defibrillator Implanta-

tion Trial With Cardiac Resynchronization Therapy

(MADIT-CRT) that identified these parameters among

others as powerful predictors of response to CRT.5 Still,

a significant proportion of patients do not derive the

expected benefit from such expensive and invasive

procedure; and the rate of non-responders has not sig-

nificantly changed over the last decade despite update in

guidelines and more rigorous selection criteria.6,7

Extensive research has been done over the last

decade to improve patient selection for CRT. One of the

aims for CRT is to restore mechanical synchronicity,

improving cardiac output and promoting LV reverse

remodeling. Hence, significant work on detecting and

quantifying indices of LV mechanical dyssynchrony

(LVMD) was under way. While many parameters

reflecting certain aspects of LVMD with echocardiog-

raphy were established, none of them were able to

predict response to CRT8; this was in part driven by the

high inter and intra-observer variability obtaining these

indices. Other imaging modalities such as cardiac

magnetic resonance imaging provide a more robust and

reproducible LVMD indices; however, the limited

availability, high cost and time have restricted its use.9

Chen et al published a pioneer paper in 2005 and

showed that LVMD indices can be derived retrospec-

tively from previously and routinely performed gated

single-photon emission tomography (SPECT) using

phase analysis without additional cost or radiation bur-

den; two parameters stood up: phase standard deviation

(SD) and histogram bandwidth (BW).10 Shortly after,

many papers followed and showed several important key

findings: (1) LVMD indices by phase analysis are

reproducible and repeatable11; (2) LVMD correlate

mildly to moderately with electrical dyssynchrony,

hence being able to discriminate better responder to

CRT than QRS duration,12 (3) the higher the phase SD/

BW indices (i.e. the more the LVMD), the greater the

response with CRT.13,14

Moreover, there were significant efforts to further

refine patient selection for CRT. An important lesson

was learned: patients with large scar burden respond

poorly to CRT, particularly if the LV lead is placed

overlying a scarred area.15 In addition, placing the LV

lead in concordance with the latest site of onset of

mechanical contraction provided better response to

CRT.16 This was made possible by taking advantage of

the polar map generated rather than LVMD indices

alone. Hence, using these perfusion and contraction

polar maps to guide electrophysiologist to place the lead

correctly seems crucial and awaits verification in a

randomized trial.17

The problem with phase SD/BW is that different

cut-off values for CRT responders were published.13,14

The paper by Tao et al provided an alternative solution;

while studying the generated polar maps of mechanical

contraction, two contraction patterns were identified: U

shape and non-U shape.18 Although all patients met the
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guidelines criteria for CRT, only 50% of those with non-

U shape contraction pattern responded at 6 months vs

90% of those with U shape pattern. After adjustment for

QRS, scar and phase SD, U shape contraction pattern

remained an independent predictor of CRT response at

6 months (odds ratio 16.0, P = .012).18

In this current review paper, the authors summa-

rized the role of LMVD in predicting response to CRT,

compared phase analysis to other imaging modalities,

and focused on the recent undergoing research, chal-

lenges and future of this technology.19 While most

papers focused on systolic LVMD, the importance of

diastolic LVMD rose to the surface and was extensively

reviewed and brought to light in the review article.19

Indeed, it is well known that diastolic dysfunction plays

a crucial role in LV mechanics, impacts symptoms and

has significant prognostic value.20 Diastolic parameters

such as peak filling rate and time to peak filling used to

be determined with nuclear imaging as surrogate for

diastolic function long before echocardiography intro-

duced tissue Doppler imaging. In a step forward, phase

analysis quantifies diastolic LVMD indices by analysis

the diastolic part of gated SPECT.21 The review paper

nicely summarized the recent papers on diastolic LVMD

which seems to be complimentary to systolic LVMD,

have prognostic value and are likely to play an important

role in fine tuning patient selection for CRT.19,22,23

It seems things are getting bit more complex with

several parameters from gated SPECT and LVMD

impacting CRT response, not forgetting clinical

parameters (Figure 1). While each of these parameters

have shown in a paper or other its ability to discriminate

CRT responder, there is still no single parameter or cut-

off value that has high enough diagnostic accuracy and

provides robust clinical decision to proceed or amend

guidelines. In addition, in the absence of a randomized

Figure 1. Parameters from gated SPECT MPI that predict and optimize response to CRT. The
figure illustrate several parameters extracted from gated myocardial perfusion imaging (MPI) that
predict and optimize response to CRT. These include: (1) classical parameters (ejection fraction-
panel A, and fixed perfusion defect size-panel B); (2) left ventricular mechanical dyssynchrony
indices (i.e. phase standard deviation and bandwidth) from the histogram plots in systolic and
diastolic phases (C and D, respectively); (3) contraction patterns (U shape which is more likely to
respond to CRT-panel E; and non-U shape which is less likely to respond to CRT-panel F); (4)
optimal left ventricular (LV) lead placement overlaying the mid inferior myocardium with adequate
viability (red arrow-panel G) with the latest onset of mechanical contraction (red arrow-panel H),
away from large scar burden (dark areas with count less than 50% -panel G) C and D are
reproduced with permission from Wang et al (Figure 1)23 E and F are reproduced with permission
from Tao et al (Figure 2)18 G and H are reproduced with permission from Wang et al (Figure 8)17.
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trial, it is hard to make solid changes for the guidelines.

However, there might be a solution. The ESC have

established an online calculator using more than seven

parameters for patients with hypertrophic cardiomy-

opathy which compiles all data and provides an

estimated risk of sudden cardiac death and accordingly

gives the recommendation to put an ICD or not.24 We

can do a similar online calculator for CRT using

MADIT-CRT clinical and echocardiography criteria that

predicted best CRT response, adding LVMD phase

indices, polar map U shape and scar burden (Table 1).

Obviously, these parameters have to be extracted from

large multicenter registries, try to identify the most

powerful predictors among them and build such model

and then validate it. In addition, a certain threshold value

for CRT response must be identified to recommend CRT

implantation while maintaining cost-effectiveness. This

exercise was done for hypertrophic cardiomyopathy, and

can be reproduced (although more complex) with CRT.

Perhaps the future of identifying CRT responder is

through seeking the help of Radiomics. This is an

emerging field of medical study that extracts large

quantitative features from medical images using certain

data-characteristic algorithm that fail to be identified or

appreciated by the naked eye. This has worked with

cardiac computed tomography in identifying certain

high-risk vulnerable plaques with higher diagnostic

accuracy than visual or standard quantitative assess-

ment.25 Perhaps radiomics could extract and compiles

more data from the perfusion and contraction polar maps

through special algorithms and predict better CRT

responders. This is an evolving field and showing

promises.

Still, many challenges remain to be solved. First, the

definition of CRT response using a 5% change in LVEF

and subjective improvement in NYHA class has its

limitation; however, it is universally adopted now which

simplifies combining data from studies. Second, there

are different cut-off values for SD for response; hence a

calculator with risk prediction using SD as continuous

variable seems more logical but clinically not helpful to

make a decision of yes/no. Third, while most studies

published data on LVMD using ECTb quantitative

software, many physicians do gated SPECT using other

commercially available software with less established

data for LVMD. Several studies showed similar values

although not identical for LVMD using ECTb vs other

software.26,27 Efforts have to be made in order to stan-

dardize these values, use a phantom to calibrate them to

pool large data from multicenters. Fourth, most studies

focused on left intraventricular mechanical dyssyn-

chrony and ignored interventricular dyssynchrony (i.e.

between right and left ventricles) that plays a crucial role

in CRT response.28

While this review paper focused on CRT, it also

reminded us that LVMD is a powerful prognostic mar-

ker of all-cause death, independent of traditional risk

factors, and can risk-stratify different cohorts.29,30

Moreover, stress induced worsening of LVMD indices

has incremental value to diagnose coronary artery dis-

ease, similar to LVEF reserve, stunning, and coronary

flow reserve.31 Therefore, LVMD indices should

reported routinely along other gated SPECT data.

Combining all these parameters perhaps could yield an

objective score that classifies MPI as low, intermediate

or high-risk study. Although less data exist with LVMD

and PET, these parameters were also tested with gated

PET32 and should be further be studied and reported,

particularly that the field of PET is evolving at a very

fast pace.

Disclaimers

Patients with life expectancy less than 6 months are
excluded If CRT implantation is recommended, LV lead should
be placed at latest site of onset mechanical contraction and
away from high scan burden area to ensure high rate of CRT
response.

Disclosure

The authors have indicated that they have no financial
conflict of interest.

Table 1. CRT-response on-line calculator

Female gender: yes/no

Left ventricular end-diastolic volume index: mL/m2

Left ventricular ejection fraction: %

Left atrial volume index: mL/m2

Non-ischemic cardiomyopathy: Yes/No

New York Heart Association class: I-IV

Left bundle branch block: Yes/No

QRS duration: ms

Sinus rhythm: Yes/No

Scar burden: % LV mass

Phase analysis systolic standard deviation: Æ

Phase analysis systolic histogram bandwidth: Æ

U shape contraction polar map: Yes/No

Phase analysis diastolic standard deviation: Æ

Predicted CRT-response rate: —%

CRT implantation: recommended; considered; less likely to

be helpful
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