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Introduction 76 

Cardiac resynchronization therapy (CRT) is an effective treatment for patients with 77 

symptomatic heart failure (HF), reduced systolic left ventricular (LV) function, and wide 78 

QRS complex. Nevertheless, about one-third of patients eligible according to current 79 

guidelines fail to benefit from CRT. Suboptimal CRT response has been attributed to 80 

factors including QRS duration (QRSd) <150 ms, non-left bundle branch block (non-81 

LBBB) morphology, ischemic cardiomyopathy, and suboptimal LV lead position.(1)  82 

Parameters derived from the three-dimensional (3D) vectorcardiogram (VCG) have 83 

recently been shown to be more accurate than QRSd or morphology in predicting CRT 84 

response.(2) The VCG represents the electrical heart vector in three orthogonal 85 

directions (X, Y, and Z) and can be derived from a true VCG lead system or synthesized 86 

from the standard 12-lead ECG using a mathematical transformation matrix.(3) The 3D 87 

area of the VCG QRS- (QRSarea) and T-loop (Tarea) are supposed to reflect unopposed 88 

electrical forces during ventricular depolarization and repolarization respectively. Both 89 

QRSarea and Tarea have been shown to be strong predictors for LV reverse remodeling 90 

after CRT.(2, 4) In a small study it was observed that QRSarea was relatively reduced in 91 

patients with ischemic cardiomyopathy, suggesting an association between QRSarea  and 92 

myocardial scar.(4) 93 

Ischemic cardiomyopathy, the presence and size of scar burden, and positioning the LV 94 

lead in scar are negatively associated with CRT outcome.(5) CMR is able to characterize 95 

different types of myocardial scar including focal scar with delayed enhancement (DE-96 

CMR) and diffuse fibrosis with T1 mapping. Recent work demonstrated that focal scar, 97 

but not diffuse fibrosis, was associated with poor CRT response.(6) 98 

Summarizing the above literature, it appears that certain electrical characteristics from 99 

the VCG and low myocardial scar burden is favorable for response to CRT. The 100 

association between VCG and myocardial scar as measured by CMR is however not 101 

known.  102 

The purpose of this study was therefore to investigate the association between VCG 103 

parameters and myocardial scar (both focal and diffuse) on CMR in HF patients with 104 

ventricular conduction disturbance, and whether combining VCG with CMR scar 105 

parameters improves prediction to CRT response.  106 

 107 

Methods  108 
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suggesting that myocardial scar leads to a smaller QRSarea, Additionally, by combining 240 

QRSarea and CMR focal scar assessment, CRT response prediction improves beyond that 241 

by either VCG or scar parameters alone.  242 

 243 

The role of VCG in clinical context  244 

The VCG technique was first described almost a century ago. VCG measures the 245 

electrical activity of the heart as a vector loop consisting of momentary magnitudes and 246 

directions in 3D space for each time point in the heart cycle. Various VCG systems have 247 

been introduced, from which the Frank VCG system (employing seven recording 248 

electrodes) was the most common VCG system in clinical care in the 1960s together 249 

with the current 12-lead ECG system.(11) After two periods of discontinuation in 250 

clinical practice, interest in the use of VCG regained in the late 1980s, and mathematical 251 

matrices were developed to synthesize the VCG from the 12-lead ECG.(3) Advantages of 252 

VCG parameters over the 12-lead ECG-derived morphology definitions (like LBBB) is 253 

that VCG parameters are objective continuous parameters and therefore more suitable 254 

for statistical analyses. QRSarea and Tarea defined as the 3D integral of the QRS- and T-255 

wave loop respectively, resemble dispersion of depolarization and repolarization, and 256 

are the most common VCG parameters recently investigated in CRT.(2, 4, 12-14)  257 

 258 

The association between VCG and CMR scar  259 

The usefulness of VCG for identification of myocardial scar has been investigated by 260 

Bizarro et al. almost four decades ago.(15) In this small study, automatically generated 261 

VCG parameters from both the QRS- and T-  loop were able to identify 85% of the 262 

patients with autopsy-confirmed scar. Ever since, the majority of studies have focused 263 

on comparing features from the 12-lead ECG with myocardial scar.(16, 17) However, 264 

the use of these ECG criteria in estimating scar extent is complex and particularly 265 

debatable in patients ventricular conduction disturbances.(17)  266 

In the present study, correlation analyses suggested that QRSarea decreased with focal 267 

scar burden (encompassing dense scar core), and to a lesser extent scar border zone; 268 

but VCG parameters were not significantly associated with measures of diffuse fibrosis. 269 

This suggests that scar tissue with higher density affects the VCG 3D loop the most.   270 

A low QRSarea theoretically resembles less dispersion and subsequently a small amount 271 

of unopposed forces during ventricular depolarization. The size of these forces likely 272 
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Figure 1 475 

Graphical representation of CMR and VCG assessment approach.  476 

  477 
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Figure 4 491 

Scatter plots of CMR scar parameters vs. VCG parameters. Correlation coefficients are 492 

based on Spearman correlation analyses. All focal scar CMR parameters correlated 493 

inversely with the VCG parameter. 494 
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