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ABSTRACT 24 

Aims: To noninvasively characterize, by means of late gadolinium enhancement cardiac 25 

magnetic resonance (LGE-CMR), scar differences and potential variables associated with VT 26 

occurrence in chronic post-MI patients. 27 

Methods: A case-control study was designed through retrospective LGE-CMR data analysis 28 

of chronic post-MI patients i) consecutively referred for VT substrate ablation after a first VT 29 

episode (n=66), and ii) from a control group (n=84) with no arrhythmia evidence. The 30 

myocardium was characterized differentiating core, border zone (BZ) and BZ channels (BZC) 31 

using the ADAS 3D post-processing imaging platform. Clinical and scar characteristics, 32 

including a novel parameter, the BZC mass, were compared between both groups. 33 

Results: 150 post-MI patients were included. Four multivariable Cox proportional hazards 34 

regression models were created for total scar mass, BZ mass, core mass, and BZC mass, 35 

adjusting them by age, sex, and LVEF. A cut-off of 5.15 g of BZC mass identified the cases 36 

with 92.4% sensitivity and 86.9% specificity [AUC 0.93 (0.89 – 0.97); p < 0.001], with a 37 

significant increase in the AUC compared to other scar parameters (p < 0.001 for all pairwise 38 

comparisons). Adding BZC mass to LVEF allowed to reclassify 33.3% of the cases and 39 

39.3% of the controls [NRI = 0.73 (0.71 – 0.74)]. 40 

Conclusions: The mass of BZC is the strongest independent variable associated with the 41 

occurrence of SMVT in post-MI patients after adjustment for age, sex, and LVEF. BZC mass 42 

measurement could permit a more accurate VT risk stratification than LVEF in chronic post-43 

MI patients. 44 

 45 

KEYWORDS 46 

Myocardial infarction; arrhythmogenic substrate; scar arrhythmogenicity; cardiac magnetic 47 
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WHAT’S NEW? 49 

• This is the first report describing the border zone channel (BZC) mass as a powerful 50 

non-invasive, CMR-derived parameter that may improve arrhythmia risk stratification 51 

in chronic post-MI patients.  52 

• BZC mass is the strongest independent scar-derived variable associated with the 53 

appearance of clinical sustained monomorphic VTs in chronic post-MI patients after 54 

covariate adjustment for age, sex, and LVEF.  55 

• Adding the information of CMR-derived BZC mass to LVEF could improve the 56 

accuracy of VT risk stratification in chronic post-MI patients. 57 

• The BZC mass is intrinsically linked to the qualitative structure of the scar, its 58 

heterogeneity and spatial distribution, and is related to the presence and amount of 59 

slow conducting channels within the scar.  60 
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INTRODUCTION 61 

The presence of viable strands of cardiomyocytes embedded within fibrotic tissue is known to 62 

be the substrate for the appearance of scar-related reentrant ventricular arrhythmias (VA) in 63 

chronic ischemic cardiomyopathy (ICM).(1) Late gadolinium enhancement cardiac magnetic 64 

resonance (LGE-CMR) has proven to be a useful technique in the non-invasive 65 

characterization of the scarred tissue and the underlying arrhythmogenic substrate.(2) 66 

Previous studies identified the CMR-derived infarct mass as a better predictor of sustained 67 

monomorphic ventricular tachycardia (SMVT) inducibility during an electrophysiologic study 68 

(EPS), when compared to left ventricular ejection fraction (LVEF).(3) In fact, the presence of 69 

significant scarring (>5% of the LV mass) is an independent predictor of adverse outcome in 70 

patients being considered for implantable cardioverter-defibrillator (ICD) placement.(4) On 71 

the other hand, in inducible patients for SMVT during EPS, more heterogeneous scars (i.e. 72 

with greater border zone mass) can be found.(5) Similarly, the presence of heterogeneous 73 

tissue channels, which correlate with voltage channels after endocardial voltage mapping of 74 

the scar, can be more frequently observed in patients suffering from SMVT than in matched 75 

controls for age, sex, infarct location, and LVEF.(6) However, the lack of solid evidence and 76 

randomized trials makes LVEF still the main decision parameter when assessing suitability 77 

for ICD implantation in primary prevention.(7,8) In the present study, we sought to 78 

characterize scar differences and potential variables associated with arrhythmogenicity in 79 

post-myocardial infarction (MI) patients using a commercially available, post-processing 80 

imaging platform with FDA 510(k) Clearance and CE Mark approval.  81 
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METHODS 82 

Study population 83 

Figure 1 shows the flow diagram of the study population. A case-control study was designed 84 

through retrospective LGE-CMR data analysis from our imaging database. In brief, cases 85 

were recruited from: i) a prospective cohort of post-MI patients referred for VT substrate 86 

ablation after a first SMVT episode, and ii) an additional prospective cohort of post-MI 87 

patients who underwent ICD implantation in primary prevention and had any documented 88 

episode of SMVT thereafter. All the cases had undergone a CMR study right before substrate 89 

ablation or before ICD implantation (which is regular practice in our institution). 90 

On the other hand, controls were selected from: i) a cohort of consecutive post-MI patients 91 

with no arrhythmia evidence, either in terms of standard clinical follow-up for those with 92 

LVEF > 35%, or after periodic ICD interrogations (at least once per year) for those with ICD 93 

in primary prevention (LVEF  35%); and ii) a prospective cohort of post-MI patients 94 

undergoing ICD implantation in primary prevention, with no documented SMVT episodes 95 

thereafter. All the controls had to have a CMR study performed at least 4 years after the MI 96 

(which is regular practice in our institution), or right before the ICD implantation, when 97 

indicated.  98 

All patients were treated according to clinical guidelines, and none of them had been pre-99 

treated with antiarrhythmic drugs. SMVT was defined as any ventricular rhythm faster than 100 

100 beats per minute, lasting  30 s or requiring termination due to hemodynamic instability 101 

or by antitachycardia pacing (ATP) or shocks. The study complied with the Declaration of 102 

Helsinki, and the local ethics committee approved the study protocol.  103 

 104 

LGE-CMR processing 105 
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LGE-CMR tests were performed using a 3-Tesla scanner (MAGNETOM Trio, Siemens 106 

Healthcare, Erlangen, Germany), or 1.5-Tesla scanners (ACHIEVA, Philips, The 107 

Netherlands; and MAGNETOM Aera, Siemens Healthcare, Erlangen, Germany). In patients 108 

previously implanted with an ICD, LGE-CMR was performed using a specific wide-band 109 

sequence to avoid device artefacts. Image acquisition protocol is summarized in the 110 

Supplementary Methods. All LGE-CMR images were analyzed using a previously described 111 

protocol.(9) A full left ventricular (LV) volume was reconstructed in the axial orientation, and 112 

the resulting images were processed with ADAS 3D LV software (ADAS3D Medical, 113 

Barcelona, Spain). Ten concentric surface layers (from 10% to 90%) were created 114 

automatically from endocardium to epicardium of the LV wall thickness, obtaining a 3D shell 115 

for each layer. Color-coded pixel signal intensity (PSI) maps based on LGE-CMR images 116 

were projected to each shell, following a trilinear interpolation algorithm. A PSI-based 117 

algorithm was applied to characterize the hyperenhanced area as core zone, border zone (BZ) 118 

or healthy tissue using 40% ± 5% and 60% ± 5% of the maximum PSI as thresholds.(9) 119 

 120 

Myocardial scar characterization 121 

The total scar mass, BZ mass, and core mass in each shell were automatically measured using 122 

the ADAS 3D LV software. BZ channels (BZCs) were defined as continuous corridors of BZ 123 

surrounded by scar core or an anatomical barrier (i.e. mitral annulus) connecting two areas of 124 

healthy tissue. The BZC mass, defined as grams of BZ tissue that make up BZC, was obtained 125 

by multiplying the number of image voxels within the identified BZC by the voxel volume 126 

and a myocardial density of 1.05 g/cm3 (see Supplementary Methods for rationale and 127 

calculation method), using a full-automated tool embedded within the ADAS 3D LV 128 

software. 129 

 130 
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Statistical analysis 131 

Continuous variables are given as mean ± standard deviation or median (interquartile range, 132 

IQR), as appropriate. Categorical variables are given as total number and percentages. To 133 

compare the means of 2 variables, the Student t-test or Wilcoxon test were used, when 134 

applicable. Proportions were compared using the χ2 or Fisher exact test, as fitted. Time-135 

dependent receiver-operating characteristic (ROC) curve analyses were used to evaluate the 136 

optimal cut-off value of BZC mass for predicting occurrence of VT. Comparisons of AUCs 137 

were performed using the De Long’s test. Kaplan-Meier curves and the log-rank test were 138 

used to assess cumulative survival. Cox proportional hazard models were used to assess 139 

relative risks. The overall discriminatory capacity of the Cox models was assessed by using 140 

the Harrell concordance index (C-index), which was validated by bootstrapping with 1000 141 

replications. Propensity scores (PS) were calculated for cases and controls using a 142 

multivariable regression model that included the following clinical variables: age, sex, and 143 

LVEF. Pairing was performed using a greedy protocol 1:1 (caliper 0.01), with no 144 

replacement, and adequate goodness of fit was assumed if standardized differences were < 145 

10%. Predictive capabilities were further evaluated using continuous net reclassification 146 

improvement (NRI), and integrated discrimination improvement (IDI). P < 0.05 was 147 

considered of statistical significance. Statistical analysis was performed using IBM SPSS 148 

Statistics, version 26.0 (IBM Corp. Released 2019; Armonk, NY: IBM Corp.), MedCalc 149 

Statistical Software version 16.4.3 (MedCalc Software bv, Ostend, Belgium), and SAS 9.3 150 

(SAS Institute, Inc., Cary, NC).   151 
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RESULTS 152 

Patient population 153 

One hundred and fifty chronic post-MI patients were included for analysis (figure 1). There 154 

were 66 cases; 59/66 (89%) were patients referred for VT substrate ablation after a first 155 

documented SMVT, and 7/66 (11%) had any documented SMVT episode after ICD 156 

implantation in primary prevention. The median time from MI until the first VT episode was 157 

72 (IQR 22 – 151, range 13 – 404) months, whereas the median time from MI until the CMR 158 

acquisition in this group was 37 (22 – 131) months. Among those referred for VT ablation, 159 

37/59 (63%) had a previously implanted ICD. From them, 23/37 (62%) underwent a 3-Tesla 160 

CMR before the ICD implantation, and 14/37 (38%) underwent a 1.5-Tesla CMR before 161 

ablation using a wideband sequence to avoid ICD artifacts.  162 

There were 84 controls; 38/84 (45%) were patients with no arrhythmia evidence, and 46/84 163 

(55%) were ICD carriers in primary prevention with no arrhythmia evidence after a median 164 

follow-up of 31 (IQR 12 – 64) months post-implantation (figure 1). The median time from MI 165 

until study inclusion was 57 (IQR 51 – 115, range 48 – 408) months (p = 0.89 for the 166 

comparison with cases, table 1). For the controls, all the CMR studies were performed at least 167 

4 years after the MI. 168 

 169 

Baseline characteristics and scar characterization 170 

Baseline characteristics of the total population can be found in table 1. Mean LVEF was 36  171 

13%, being similar between cases and controls (34  10 vs. 38  14%; p = 0.07). Compared to 172 

controls, cases were significantly older (67  9 vs. 62  11 years; p = 0.007), had more 173 

cardiovascular risk factors and were more frequently male (96% vs. 83%, p = 0.02) (table 1). 174 

Regarding scar characteristics, cases had a greater scar mass (33.5  15.5 vs. 20.9  16.1 g; p 175 

< 0.001), BZ mass (20.9  9.5 vs. 11.7  10.1 g; p < 0.001), core mas (12.4  8.3 vs. 9.2  8.8 176 
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g; p = 0.03), and BZC mass (9.7  4.1 vs. 2.8  3.4 g; p < 0.001) (table 1). These differences 177 

were also found in a propensity score-adjusted population (n = 132; 66 cases and 66 controls), 178 

controlling for relevant clinical covariates (age, sex, and LVEF) (supplementary table 1). 179 

There was only a slight negative linear correlation between scar mass and LVEF (r2 0.18; p < 180 

0.001), suggesting that not only the scar mass but also remodeling of the remote myocardium 181 

is contributing to the decrease in LVEF after MI. On the contrary, there was a strong positive 182 

linear association between scar mass and BZ mass (r2 0.80; p < 0.001), and a mild positive 183 

linear association between scar mass and BZC mass (r2 0.37; p < 0.001), suggesting a 184 

different spatial distribution of BZ tissue in scars with the same total scar mass. 185 

 186 

Scar variables associated with VT events 187 

Four multivariable Cox proportional hazards regression models were created for total scar 188 

mass (model 1), BZ mass (model 2), core mass (model 3), and BZC mass (model 4). All of 189 

them were adjusted by age, sex, and LVEF (table 2). In the corresponding models, only total 190 

scar mass, BZ mass, core mass, and BZC mass were independent variables associated with 191 

the development of VT, with similar findings after a doubly robust estimation weighting for 192 

the calculated propensity scores (table 2). Supplementary figure 1 shows the distribution of 193 

calculated BZC mass values between cases and controls. The overall diagnostic performance 194 

of BZC mass to differentiate cases and controls was excellent, with an area under the ROC 195 

curve (AUC) of 0.93 [95% CI 0.89 to 0.97; p < 0.001). From De Long’s test, all pairwise 196 

comparisons of AUCs between BZC mass and total scar mass, BZ mass, and core mass 197 

showed statistical significance (p < 0.001). Time-dependent ROC curves for all the scar 198 

parameters analyzed are shown in figure 2. For BZC mass, a cut-off point of > 5.15 g showed 199 

92% sensitivity and 87% specificity values for the identification of patients with documented 200 
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VT. A visual example of the scar characteristics and differences between cases and controls is 201 

shown in figure 3.  202 

Interestingly, 49/66 (74%) of the cases had transmural scars, as opposed to only 48/84 (57%) 203 

of the controls (p = 0.03) (supplementary figure 2). Total scar mass, BZ mass, core mass, and 204 

BZC mass were significantly higher for transmural substrates as compared to non-transmural 205 

scars (p < 0.001 for all comparisons) (supplementary table 2). 206 

 207 

BZC mass vs. LVEF for prediction of VT events 208 

Out of 67 (45%) patients having a LVEF > 35%, 29 (43%) had a BZC mass > 5.15 g. Of 209 

them, 26 (90%) were cases. On the contrary, out of 83 (55%) patients with LVEF  35%, 40 210 

(48%) had a BZC mass < 5.15 g and, from them, 36 (90%) were controls. Cumulative 211 

survival curves from MI until first documented SMVT episode according to the used LVEF 212 

and BZC mass cut-off points are shown in figure 4. 213 

A LVEF ≤ 35% would have classified at a significant arrhythmia risk only 39/66 (59%) of the 214 

cases. Conversely, a LVEF > 35% would not have identified 44/84 (52%) of the controls. 215 

Patients fulfilling the combined criterium of LVEF > 35% and BZC mass  ≤ 5.15 g (n = 38) 216 

were mostly controls (37/38, 93%). Adding BZC mass to LVEF to stratify the VT occurrence 217 

risk allowed to reclassify 33.3% of the cases and 39.3% of the controls. The NRI was 0.73 218 

(95% CI 0.71 to 0.74), which amounted to 36.7% of all cases being reclassified (figure 5). 219 

Compared with a VT risk stratification purely based on LVEF [c-index = 0.55 (95% CI 0.46 220 

to 0.63)], there was a significant improvement in discrimination by using the BZC mass, 221 

confirmed by a c-index difference of 0.39 (95% CI 0.29 to 0.48; p < 0.001). The diagnostic 222 

performance of LVEF [AUC = 0.46 (95% CI 0.36 to 0.55)] was significantly improved by 223 

combining it with the BZC mass (IDI = 0.62, p < 0.001). Combined diagnostic performance 224 
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of LVEF and BZC mass for predicting the occurrence of SMVT episodes in the study 225 

population is shown on table 3.  226 



12 

DISCUSSION 227 

Main findings 228 

This study is the first report describing the BZC mass as a powerful noninvasive, CMR-229 

derived parameter that can be easily quantified and may improve arrhythmia risk stratification 230 

in chronic post-MI patients. It is also the first clinical study to report the feasibility of 231 

calculating the BZC mass in an automated way, using a commercially available cardiac 232 

imaging post-processing platform with FDA 510(k) Clearance and CE Mark approval. 233 

The BZC mass is intrinsically linked to the qualitative structure of the scar, its heterogeneity 234 

and spatial distribution, and is related to the presence and amount of slow conducting 235 

channels within the scar. (6,10) In a previous prospective study on CRT patients (the GAUDI 236 

study), (11) the dichotomic presence of BZC had already a similar positive predictive value 237 

for arrhythmia events (24-25%) to that of an increased BZ (not BZC) mass (> 5.35 g in that 238 

study). Although the presence of BZC and BZ mass showed a better diagnostic performance 239 

than total scar mass, in the present study the quantitative BZC mass has shown to be the most 240 

accurate parameter above all. 241 

On the other hand, the relative higher proportion of VA among patients with severely 242 

depressed LVEF may be explained because, the greater the scar, the higher the probability of 243 

LV systolic dysfunction, although this correlation is weak. (12) Similarly, the greater the scar, 244 

the higher the probability of having a greater mass of BZ and BZC. The BZC mass was, 245 

among all the scar determinants analyzed, the variable most highly associated with VT 246 

occurrence, after covariate adjustment for age, sex, and LVEF. Most likely, the BZC mass 247 

constitutes the characteristic that gets closer to the true histological substrate that gives rise to 248 

post-MI scar-related reentrant VTs, that is, the basis of scar arrhythmogenicity. 249 

The major findings of the study can be summarized as the following: 250 



13 

i. Among all the scar parameters analyzed, BZC mass was the strongest independent 251 

variable associated with the appearance of clinical SMVT in chronic post-MI patients 252 

after covariate adjustment for age, sex, and LVEF. The overall diagnostic performance 253 

of BZC mass to identify post-MI patients with SMVT was very high (sensitivity 254 

92.4% and specificity 86.9% for the cut-off value of > 5.15 g). 255 

ii. Adding the information of CMR-derived BZC mass to LVEF could improve the 256 

accuracy of VT risk stratification in chronic post-MI patients, as shown by significant 257 

increases in AUC with respect to other scar determinants, IDI, and NRI. 258 

 259 

Rationale for the quantitative evaluation of the BZC mass 260 

LGE-CMR is recognized as the gold standard technique to determine the location and extent 261 

of myocardial scar.(13) The CMR-defined scar has a good correlation with low-voltage areas 262 

in the electroanatomical maps (EAM).(10,14) Moreover, the size and heterogeneity of the 263 

post-MI scar, as evaluated with CMR, are variables that, unlike LVEF, have been associated 264 

with VT inducibility,(3,5) arrhythmia events, and even mortality.(2,4,15) In a recently 265 

published, retrospective study, the presence of ‘grey zone’13 fibrosis (i.e. BZ mass) > 5.0 g 266 

showed an 84% sensitivity and 72% specificity to predict the occurrence of sudden cardiac 267 

death (SCD) in chronic post-MI patients.(16) Moreover, post-MI patients with documented 268 

SMVT had more conducting channels, as evaluated during EAM, when compared to 269 

controls.(17) CMR permits to identify BZC that correlate well with the EAM conducting 270 

channels within the scar.(10) In fact, the presence of BZC has been associated (11) with a 271 

higher risk of VA/SCD, and could help deciding whether to implant an ICD in candidates for 272 

cardiac resynchronization therapy. In addition, CMR-guided VT substrate ablation 273 

approaches, which are based on the ablation of BZC identified on CMR, have shown 274 

improvement in arrhythmia-free survival during follow-up.(18) The assessment of the clinical 275 
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value of BZC mass quantification in the present study has been the necessary next step to set 276 

up future prospective studies to confirm the role of CMR in improving risk stratification for 277 

VA and SCD in post-MI patients.  278 

 279 

Clinical implications for SCD risk stratification 280 

In chronic post-MI patients, VA causing SCD are mostly reentrant SMVT. Therefore, 281 

identification of scars with arrhythmogenic characteristics could help better identify patients 282 

at a higher risk of SCD. In previous reports, LVEF has shown low-specificity in 283 

differentiating the risk of SCD from risk of death associated with comorbidities or the 284 

evolution of heart failure.(15) With the current, LVEF-based decision algorithms used for 285 

primary prevention of SCD with ICDs, the contemporary rate of appropriated therapies is 286 

very low, inferior than in classical ICD implantation trials that provided the evidence for 287 

current recommendations. Therefore, a more accurate identification of patients at risk is 288 

urgently needed. Upon further validation, the use of BZC mass may help improving the 289 

selection of post-MI patients for ICD implantation (i.e., in cardiac resynchronization therapy 290 

candidates), (11) or contribute to decide closer monitoring or to carry out additional screening 291 

tests (i.e. electrophysiological studies) in those patients at higher arrhythmic risk, regardless 292 

of their LVEF.(11) Yet, it shall be reminded that most cases of SCD in post-MI patients occur 293 

with normal or moderately reduced LVEF.(19) Larger cohort studies would be necessary to 294 

prospectively evaluate the use of BZC mass and its predictive accuracy for the appearance of 295 

VA and SCD. 296 

 297 

Study limitations 298 

Despite the inherent limitations of a case-control design, it can be acceptable to propose new 299 

variables to be tested when a low event rate is observed. However, the generated risk and 300 
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effect of the scar variables analyzed could have been overestimated. On the other hand, post-301 

MI scar may suffer structural changes in the long-term, (20) being therefore unknown which 302 

would be the best timing for a BZC mass screening. VT screening capacity was limited for 303 

those patients who were not ICD carriers, as no continuous monitoring was available. Finally, 304 

optimal CMR quality should be a requisite to obtain reliable BZC mass measurements. 305 

Medical decision-making based on the BZC mass should be supported by external clinical 306 

validation in prospective studies. Lastly, it shall be reminded that SCD in post-MI patients 307 

may not be always due to SMVT degenerating into VF.  308 

 309 

Conclusions 310 

The mass of BZC is the strongest independent variable associated with the occurrence of 311 

SMVT in post-MI patients after adjustment for sex, LVEF, and total scar mass. The 312 

determination of BZC could be used to assess the risk of having SMVT, although it is still 313 

unclear its precise role in estimating the global risk of SCD.  314 
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FIGURE LEGENDS 397 

Graphical Abstract. Main findings of the study. CMR permits to identify and 398 

characterize the components of the myocardial scar after a MI. Using a dedicated 399 

software, post-processed CMR images allow to quantify the mass (in grams) of the 400 

different scar components. A BZC mass > 5.15 g has shown to be strongly associated 401 

with the occurrence of VT events (survival curve). Examples of scars with and without 402 

critical BZC mass are shown.  403 

Figure 1. Flow chart of the study population. 404 

Figure 2. Time-dependent ROC curves for different scar determinants. Increased 405 

diagnostic performance is constantly noted at different time-points after MI when using 406 

BZC mass as compared to other scar variables. P < 0.001 applied for all ROC curves. 407 

Figure 3. Example of the scar differences between cases and controls. From top left 408 

to bottom right in each panel, the 10%, 30%, 50%, and 90% myocardial layers are 409 

visualized. Core is color-coded in red, BZ in green, and healthy myocardium in pink.  410 

Green panel: CMR images of an asymptomatic patient (control) with anterior MI 5 411 

years before the CMR acquisition; his LVEF was 42%, scar mass 21.31 g and BZC 412 

mass 0 g. Red panel: CMR images of a patient with incessant, sustained monomorphic 413 

VT (case), and an inferolateral MI 6 years before the CMR acquisition; his LVEF was 414 

45%, scar mass 29.55 g and BZC mass 10.56 g. White lines delimit the identified BZC.  415 

Figure 4. Kaplan-Meier survival curves for SMVT occurrence after MI. VT-free 416 

survival according to the amount of BZC mass within the scar (panel A), and LVEF 417 

(panel B). P-values for log-rank tests are shown in each curve. 418 

Figure 5. Reclassification analysis. Proportion of patients correctly reclassified as 419 

cases or controls using BZC mass, as compared to LVEF.   420 
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TABLES 421 

Table 1. Clinical and scar characteristics of the patient population. 422 

 

TOTAL 

(n = 150) 

CASES 

(n = 66) 

CONTROLS 

(n = 84) 

p 

Age (years) 64  11 67  9 62  11 0.007* 

Male sex 133 (89%) 63 (96%) 70 (83%) 0.02* 

Hypertension 89 (65%) 46 (78%) 43 (54%) 0.004* 

Diabetes mellitus 41 (30%) 21 (36%) 20 (25%) 0.14 

Dyslipidemia 81 (59%) 44 (75%) 37 (47%) 0.001* 

Smoker 27 (20%) 5 (9%) 22 (28%) 0.005* 

Atrial fibrillation 6 (4%) 1 (2%) 5 (6%) 0.20 

LVEF (%) 36  13 34  10 38  14 0.07 

MI location (anterior) 65 (44%) 26 (40%) 39 (46%) 0.46 

Time since MI (months) 58 (31 – 120) 72 (22 – 151) 57 (51 – 115) 0.89 

Betablockers 112 (81%) 43 (73%) 69 (87%) 0.03* 

ACEI/ARB 97 (70%) 37 (63%) 60 (76%) 0.08 

Diuretics 64 (46%) 29 (49%) 35 (44%) 0.54 

MRA 72 (52%) 36 (61%) 36 (46%) 0.07 

Statins 130 (94%) 58 (98%) 72 (91%) 0.07 

Total scar mass (g) 26.4  17.0 33.5  15.5 20.9  16.1 < 0.001* 

BZ mass (g) 15.7  10.9 20.9  9.5 11.7  10.1 < 0.001* 

Core mass (g) 10.6  8.7 12.4  8.3 9.2  8.8 0.03* 

BZC mass (g) 5.8  5.1 9.7  4.2 3.4  2.8 < 0.001* 

MI: Myocardial infarction; LVEF: left ventricular ejection fraction; ACEI: angiotensin-423 

converting enzyme inhibitor; ARB: angiotensin receptor blocker; MRA: 424 

mineralocorticoid-receptor antagonists; BZ: border zone; BZC: border zone channel. * 425 

Statistically significant differences (p < 0.05).  426 
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Table 2. Multivariable Cox proportional hazards regression models to identify 427 

independent variables associated with VT events in the study population.  428 

MULTIVARIABLE MODEL 1 

 

Covariate adjustment PS as covariate “doubly robust” 

HR (95% CI) 
p 

c-statistic HR (95% CI) p 

Age (years) 
1.02 (0.99 – 1.06) 0.13 

0.69 

1.06 (1.01 – 1.12) 0.02* 

Male sex 1.07 (0.32 – 3.59) 0.92 1.06 (0.31 – 3.60) 0.50 

LVEF (%) 1.00 (0.98 – 1.03) 0.83 1.00 (0.97 – 1.03) 0.93 

Total scar mass (g) 1.03 (1.02 – 1.05) < 0.001* 1.03 (1.02 – 1.05) < 0.001* 

MULTIVARIABLE MODEL 2 

 

Covariate adjustment PS as covariate “doubly robust” 

HR (95% CI) p c-statistic HR (95% CI) p 

Age (years) 1.02 (0.99 – 1.05) 0.23 

0.73 

1.05 (1.00 – 1.11) 0.047* 

Male sex 0.85 (0.25 – 2.91) 0.80 0.85 (0.24 – 2.92) 0.57 

LVEF (%) 0.99 (0.97 – 1.02) 0.56 0.99 (0.96 – 1.02) 0.32 

BZ mass (g) 
1.06 (1.04 – 1.09) < 0.001* 1.06 (1.04 – 1.09) < 0.001* 

MULTIVARIABLE MODEL 3 

 

Covariate adjustment PS as covariate “doubly robust” 

HR (95% CI) p c-statistic HR (95% CI) p 
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Age (years) 
1.03 (1.00 – 1.06) 0.05 

0.61 

1.02 (0.99 – 1.05) 0.31 

Male sex 
1.53 (0.47 – 4.99) 0.48 1.53 (0.47 – 4.99) 0.40 

LVEF (%) 
0.99 (0.96 – 1.01) 0.24 0.98 (0.96 – 1.01) 0.26 

Core mass (g) 
1.00 (0.97 – 1.03) 0.94 1.00 (0.97 – 1.04) 0.85 

MULTIVARIABLE MODEL 4 

 

Covariate adjustment PS as covariate “doubly robust” 

HR (95% CI) p c-statistic HR (95% CI) p 

Age (years) 1.02 (0.99 – 1.05) 0.31 

0.77 

1.04 (0.99 – 1.09) 0.13 

Male sex 0.94 (0.28 – 3.18) 0.92  0.94 (0.27 – 3.18) 0.51 

LVEF (%) 0.99 (0.97 – 1.02) 0.58 0.99 (0.96 – 1.02) 0.54 

BZC mass (g) 
1.12 (1.07 – 1.17) < 0.001* 1.11 (1.07 – 1.16) < 0.001* 

LVEF: left ventricular ejection fraction; BZ: border zone; BZC: border zone channel; 429 

HR: hazard ratio; CI: confidence interval; PS: propensity score. *Statistically 430 

significant differences (p < 0.05).  431 
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Table 3. Diagnostic performance of LVEF, BZC mass and a combination of both for 432 

predicting the occurrence of SMVT episodes in the study population.  433 

LVEF performance CASE CONTROL TOTAL 

LVEF  35% (high risk) 39 44 83 

LVEF > 35% (low risk) 27 40 67 

TOTAL 66 84 150 

Se = 59.1%; Sp 47.6% 

BZC mass performance CASE CONTROL TOTAL 

BZC mass > 5.15 g (high risk) 61 11 72 

BZC mass  ≤  5.15 g (low risk) 5 73 78 

TOTAL 66 84 150 

Se = 92.4%; Sp = 86.9% 

Combined performance (LVEF + BZC mass) CASE CONTROL TOTAL 

LVEF  35% and BZC mass > 5.15 g (high risk) 35 8 43 

LVEF > 35% and BZC mass  ≤ 5.15 g (low risk) 1 37 38 

TOTAL 36 45 81 

Se = 97.2%; Sp = 82.2% 

LVEF: Left ventricular ejection fraction; BZC: border zone channel; Se: Sensitivity; 434 

Sp: specificity. 435 


